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*NOTICES"' 

JPO "n<I INPlT ,.,e n<>t resp<>tt~ible for "n'I' 
damages ca.u~ed by th~. u~e of th,~ trnns.l,.tion. 

1.T;-1ts d-c- ►::..m':er.t h~s be~n t~;sr:<$1;,st<:►~ by c-c-rr-1ptrte-r. Sc, t~1e- tr~t!sl:zit;:e,n miy r.,:,t 
:~flet:.t t!'i* ortgin~J pr1--::d$-1;~Jf. 
2. ''''·"·" s~m...,,-;:. t~'J.e- ...,..,,,,-.J'► ti 't\"l'ii;:,;1'; -:-;an not t;~ tr~m~~at-:'<1 

3. !n the ;jr~wir.91$1 any W!'}td$ are no~. tr~n,sl~ted. 

DETAILED DESCRIPTION 

[D~t~1lt-"':d Ot-"':s<.ri:pti:::m 0f tn-..:· Xw.ff:ntiu:1J 

[OOH1j 
tF:-et ►:J e.f t~}~ I~ventJ.::,rilTh•~ c:,1--.~sent lri.vention re1.at~s to the 1J/sp0y· devf:;,z ~1td :11ethc,::l f,:,r 
,:J~recttng ti-:1~ posito-n of the ey~ of .::. er z. phJ!\:tlit"{ of ct:~e:vers, ;snd rtt~~;ng 3~dt:11-en~iona; 

s-:.enogrn;:1hv ob~~:~•e ~.-~•ith t~~t'! rno::}cn p~r~.tlo:>: ,:.sf bor:h e·te~~ and e~µedat!v o:::~er ob~~:...,,,::xs 
otht-:t th.:-~n th<t-: u:..:St-::v~• nf .?i-dk::~.::':n~.k1-r•~! $('.t-:iK;og:r<1:~hy «:"t-: rd.;,tic,,rJ w1th the': :~•;£~-Gt": d::;ploy 
..:1-~1 ... tr.f!' ~ n-=-1 ::-n~t:--,.i::,d fnr ~~~t:lif'l.r) c-b:-.f!':v -2:.t~,rn ..:•f ;j. two~d! rr:ensk'tn.:.sl i n:ag~. 

t0002) 
[Ot:~'Y.::ip~:cn ,:;;f m.,:: Pri;:.:-t ArlJC~1nve::-it~~:•.n~1ih•, -e"'.1:s -ij -:~t:t;n:~Y;r.G-pi~: di~p/3y f-l.f:vC,;-_:t\. -:.he th-ing o,:;:,f th.f:: 2 
~y•.-: tyµ,e i~. k:x.N,•n ue:st, flg-55; i~ t::e ccr;ven~icn~.t i e·f,;; type stere-:~sc-:1pk:: -:..t\sp~y (i{:;~v}c•::. 

Th<t-: irnQr~* 206 fr::- ri.qht {-:vi:~. ~n-c.: ttii: i!:~~Jicl' 208 for tf:ft f:yess ~r* dib'.otcwr:d {1n th~ ~.:~~::-1 202 
..:•ft:--~~ disp·tr.y d~vic~ 2nn lil-f.f!' N~i ~6. ~n,~ i-:-·nag~ 2fJ6 fo:- nght ~yeis v-,rn~_; stl•':'.l\\':~ aes th~ right ey~ 

:}e fer this image u;;ing f~;Hn na~h stud~' ~y:;t~ms, ~ut:tt ~;; 3 p<Ct1aN2~ti-:.n eye,;i;ass1 the im;:sg~ 
2'08 (1_:,.i· 1:t;TT :t;y~s: w:~.s. s;rnu~~,:me,:;.,~..:sty- sf:(N1.•n ,:y_; m!": !t:~:'t t:~)-.1'1'.: 40, lfft:d tht:~ 'St•:::·•::~1su1pf<. pi<:~-1Jfe 204 
:~. $~'.-i'J.wn \•'i~t~1 moti;:,;m µ3rollax i';r t;ot~1 f!V~:S. 
As o: ~_;t~:-~osl::cph::: dtisplay 11~vke ...,,.,,:--uch .;:k..,~s nnt ::-l~~d fit:~in i:~st--:: ?tudy '.S}'Sten•$~ su1:::h ~~ {) 

~-►'.:•liri:w-fo:m efe-gi.s-:-s, there .sre a Rf:NTI cut~. ty~t~m ot r-tg. S7 and .?. p.sr~H.?.x tjar!iff ~•{st~fn f)t· 

~~.S.6. 
[C00:31ll•-i: s:t:t;n:;(,:_r.;;,.~cpi:~:;: dC~pi-jj'!" d;i;;v~-::.e cf t:x:>: REN"Tt tura ~vsten--i ~:.If fig.s;• o.:-mpr~sf!S the 

:nfJir:3t"'J.~ .?!{) -~!1d tJ~.e fH~f'rn ,;-.um t~►;se~ 2::.2 1 $:.:·ch as-~ !tqu•fJ f.r•rst~! dev ►f.e. S~pnr~tinn 
errflng-em~~t cf tl'"'~o'S rli$~L:::y r,xet R of ~ :-~1~t ~'!~ tm::;-g~ ~nd th~ disp1~)· ;-:-t:-:~l l . .:.f .~ tett eyif: 

;mage ~~ c~.rr:e,:; 1'.:,ut at t~~ in-d{;:itor 210, Th-e light fi",:,rr-i tf1~ right ~ye pi:<el R is proj~~rl o-~ the 

µc~~:::~c:n of th.:: :-{~~:t *)'e 3.S of th(: -:~bs~:-v*r :r: t!'":-t'! vi~ .. ~•i~~g ⇒:-~-~ 214 w~tri t~1* EENTI o..n·~ 1~1$ 

2::.2. Sirr::uit3f:'h~.ous!)',. t~:~ iig~it f::-c:n-c the- lt'!ft t'!'fe p/:"e! Lis prcje-~R~ on the- ~-:,s~!'3~rt of tf'le ~ft 
ic1yt-: 40 nf the vb-~~•-...''C"f n·• t:ie vtt":-win~J <'lrn;;; 21.4 ~"•:tt-\ thic'.'· RH,fft (.UVi:l :~n$. .2'!2, i}tid c:sn ~.-t-s: 
J~din~en~icn.-:,i s..:f!n-0.g~-;8:~1-t-rf w{H1 H~e n-~v-t;on ;);8:t.?.Hrlx cf b-:.~ttl ~1fe::-

[00041The ~te:--eosi::cp::f:: dt:;pl-ay 1jevke c.f the p~r;s!la:>: !::0rr~~f ;;vst•~n1 of ~g.S:S. ~ompri:.:-e-s th~ 
:n,:Ji,C3tC::- 2!.C ,jf~d th.i:~ slits: 2.1-6,. ~;~-ld~ ,3~ a i~f.,j:~-lld C:~v~t.lti devk•::. s~~p,:1,~1{i-cn :~:-r;:;:ngt~1lH:°;i~t. of the 
(Jispl«y ~ixt:: R vf;:;. nr.;fht ~yt: :~•:;:,(~t-: «ntv t~~-=- r.h$.µ·t.ffy p-:x9.t L er;:, !-t-:ft ,t-:v-rc· lffi,~qicl' ls ;,.:;j:·n~fl cut ,Nt 
th~ md:(.~t.or 21 n_ The Ct~ht fr,:.1:-n th~ nght ~ye p\xeC R t:- f.l-:l'J_ce-ct,e,·J 1Jn tt-1.e- rx:::-itir:n of th,ie nti~•t 
ey~ 3B nt the c-t::-~:ver in the v•~Y"i;f1.g .?.,i-t"!-~ :v ... : t11{ t~~ siit. 216. :::i:-n.u!tan~0us:y~ fhe iigMt frtv·ri 

th•~ ie:t eye plxe!: L is proj-~i::ted 011 th~· c:•os::ti1)f:t of the C~ft ~ye 4-0 cf the ,::it,ser.--•~r i:1 t~i-~~ vtewin9 
are·3 214 tr",' the sJl~ JJ.6., .:md ,:-..~1n s~~;i;; J·-di:-n~~n~~C:rt:~l S<1~nc-grap~sy fr,:;,:-n t~i~ n:o~~<.m p~r~!lax o,:;:,f 

hnti: ey,tts.. 
[fiOO'SjHnw~'\"er~ ~~x1-tit tx~tn el ~£~re ('_;_;rn ;y'5b~m ~n,d a p.:.sfelB .. ,:-:-: t..~n-•~r ~_;y'-5..t~m. Sir-::c~ w.:._1;.1:ii h-e 

in the ptetc<k.sc-:o:pi-c -::◊r:dit!•'.:•n ,,·h!:•:h the {m~1e indt!-dM in a :ight ir.d :~rt ~ye ;--epiate~ . ., Z:r:d 1·t 
wout,;.t se~~.f,~t~ ,;._,r ~ scre•~-t: ,-.;c<J!-d t-ec,:..,rrn.;~ Q3rk ;;fit ~epi::.r-.3te~ ii~>-:! e.·l~ 36' and 40' fr\.l:"(i tri~ 
vh:wtrs'J i:n~~1 lJ4 r.,,~·h-1:-:::n:~ th:t; pc1-ifa.m cf :~n ~1bs•::t·,.,.-~~r·s E':1/:i:'.::S :3-S ~~r:d 40 w.:~$. ':'.Y.~t t~p p:c~:irn;na:i:y,. 
t~ser~ ...,..,,,,os a µn;~U:,ttrn t,:'> whKC: a S~.'ilki cJ;s.~: ... ,,,ot:,:)r:, ~rf!a ts. iim:t~d. ·ns2n"!- is -~ s.ter-evscvr.:;lc -Ui~p:;s-:,• 
..:.h:!'vtr~ ot the f!:,g.59 whtd~ e-st-'!':Mle.d tne ,.;0!id ob$.e:v.;;t•f.:1-n ._1re..q ~l•-rJut ui~ ;?ENT! -;:.·~.ir,d ::;v.st,ern t.c:, 
e~J:mbite th{~ pn)biem. Tf1~ doubk~ RENTI Ciif~ ier:s 2.20 whi,:h eq;,._i;pped the ~:::;---e~f·t witn th<?. :::~-it 

222 is b*ing t;~~; fc:r thls !ttr!l~$hC:Pi•.: di~µi:3,:,1 ,:Jt'!vk~~- Tc· tbe ~~~~---en whi<X1 ~s~-~ th~ dcut.1!~ 
RN•tr: c.u•'a :~~1$ .?..?.C, ;.h~ i~,dtr;,tt'.'lr 2t6~": fo~ d~]ht ~ye. t:na-g~:; .. the µsuj~i'.t~t- ~en!j 21~:L.1, ~n,i 
th* tn.-j·•t«tor 2lf1-~2 ~md th~· ~r~Jf:ttcr :e~:~ 21s~1 tcr left e~<'~ ftn~ge5 ~r* :nd-=-pend~f•tiy provi1:h:'d 
t11/ t~~ projector 2 ! S 
[COOG]T"he 6Ct{i31~ R~NTI (W"...~ :-en~- 220 ha~- e t, . ._.1r:cth)tl w~!t:h tr-ar1smits i{~i-it t(r\~•·.gr.ds m~ 

1./16 .,Z-~ 
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direction by whi<~: t~ght ~n,e. fer :::hi~ i·~,~son. ~-.·h?n ~ ~ns<;n is ~-:e.'e'n from :::i1~ p~,$itkit') of tt')~ 
.... iev,•'tng ❖re~ 214 whld1 ta◊~s prc1~t:.Wr ten$ 21S·l,2::.8<2. th~ rl~:M· *"'e trn~,Ge K sn<l the left 
~-ye trn,:i,gf! L ...-m which it \\'t·r~ ~fi;,jf!Ctel".;1 (~~n t":~ &ee'°, t}~~ t•·~ht i'ffld ieit eyf!s 38 ()ltd 4Q <.nn Oe 

m~dr:. tti ~-rg·ceiv* ~r. im~ge :rtd~per.d~~~.:v~ ~:"ld it c ... 111 Cb1$.f:t\~.e ~r$ ~ s.::,iid. 
[OOOJ]Vlhen ~rt obs~r;.•~r F11ove:; b) t~e right an<.i l•~ft ,j!i"~ction$ 2~4--1 ot· the fon-~·~.rd/rea:w~td 
dir-ect:on 2Jt-··1., i"<e ~:1 tr-ring net to 31\NSY~ s~·;:,a:«te n~\)frt an ctt~e:ver;5 eye~ 3e .s~a 40 ft<•:f, m-::­
v~t'-1,gtn~J QH'i~ 2.14 bv rn:vvin~J the': pv~~tk•:n 1,f th1: ot·0j~~ttvf 21: S in ~<txnrd~:nt~ ~•,nt.t, ;)n !"J.l",:,$\:f',,,•''f:t 
:ikt":- the': d~J~•t ,ond l.f:ft dk-t-:.:.:~.ff.ln$ 224~·.2' vr th<1' fv:r:r~{~.n,·3/;e;'~W\"'fr~n·3 ditt-~t:t..,,r.1,n 2:✓.6·L 

tooos) 
[Prcb~~11:r b) Oe s•:dve,j t,,.,, .. the kri.-'NltionJH,:•"!"ev-er, in the :;;s;.,e of the ~ten-~s•:cpif: di~ptay' devt,:•e 
of th.:.:~ (),_:,.nventh::•n<i-1 REr,rn tura 1),'St.en·). t.c ttw vi\'.:~~ .. ~·in~; are.;j 214 h.:;:,lic\v~'Xj i3ni.·J :set.;::~ a:~ 
obs~r·vf:r, }J th~· ~o/;iJ: ,r;f.\$.;;;:T\~.::•fa-:,n ~:c-;;;; (·«/:~d $.V~prcbf: $.pf<1'.Q:"'.i$ .s~.n :~• tJ;e ntJht t:nd l.;;tl 
..:1ir-~ttio:---::.s of-the v•~wi~g .¥~-2: ::HA ~J•d B"•t! p:-r::iject.:.1:- ::n~ ;s n:cv~d in ,cKr.n:-·do:~f..€ i~.:ith ~~ r:n.ie 
ob~e:ve.r1 The qu~~it)· cf th-e v~ry t~a:1g cf th-e t>N1)YG1rn~r:sic,r:~i ;mag-e wh~cr:, t,~:::,:•fn~s 
;nsuffo:ie:it f the i~:l..:-i3t_i<::.-n t·•:-:,gkx~ cf :~n irn~1ge j <md it ,:-..<K:~~ul nut univ he .i,,,•ls~b!& to a ~1:ifl,. b~t 
c:~r: bt:~ s~~~;n ii:s:o hi3G tr!,!": :::•r~,b!\'.:~~-~ uf ,....,.t:-:-:s.-ening, tc., 1..:-t.ht:~•· 1..:-t>-:3~~rv;i;;:s,. fc-r t~.:-::~i-r1pk:\ thc:5:t~ ~-v;-i~::i- .:1n~ 
k.x~v.;r.g from h~ck. 
[t:009 JS.tn•':'f! di?hH'b.~r:-c~ or t:~f! irna,;i:~ by ~ suf>pn->!"'*- t•\•nt.:-k'i ta:-.-,~ pl.cKe ~-::-etv;~en ,e;sf:_h p:r.:.)j-et"fn:­
if diff~r~~t ?rv::,vemerit ;:H:c,:,r1ing b each obs~rver is p~rf<•tm~:d ~ver1 ;f ft pr~p~res a pk:rs~lt'f .-ot" 
;::1 i·•:::iJ~~::.--:tc·~S 2:iS ~:(xn:-:::s~~::1m.ii~~g t.c;,, ph.H~--:tlity ,;::if ~::,bse:V!":[:~ .• h'i1:~n:-::: "tJV~'S. <1: }}robh:.rn that it .c<:u;d 
:-~~J,:')Qrn.i on~y- tf.:- a ;:,;m~ <'J~J$~:r;.·(!1r. ·n,.(!1 f.\!"-i!'$~ ►;t in\··ent~o:n (!1~b:,e:,";. S<'Jltti ob~e:-..,,,3t:0t1 w~:i'.:le 1 ur a 

pCura:' ►ty of f.:•t:-S(!1!"Vif!rs m.o·~~e ~ .... •:tn<.:Bt ~HC~in fi3sC: st:.:-U-y s.y:stf!rns, ~w:'..~,. ~s g:~s.Si'!-$, or1rJ ~n t1t1j~<.t n.f 

th~ pr~s-erit itJr,,•·er.tion JS cb-:-erv-ers ,:,t~.~t rn~n a S<•lid ct:-:-erv3t'.C(Jn at~a ro p.'l)vt,:=~ U·1e :m~~": 
dC~pl.af d~v{-::e 3nd m~t~1l)d ot h-a:Vii)Q en~.t,¾e-d it tc O:j~~·e 2 de:zir tV.-'f'.:,yctimer:-$i•or:~; im3ge 
fi..,1:-th(;r, 
[Ci(!J.()j 

[M-eo::-is fer st~:,,:n9 p:-nt~i:e-n-:]Fig.l ~s --1 prindpCe ~xpt~.~iltorv ,,·t~•..,-\( nfthe pres~~( in\."el)tiQn. l.J"~e 
[ the pre~.ent i,nv~rttfon i~ Qn lm;s,g ... ~ disc:,lay ,j~v:~ whid": mak~s 3---dim~itsk,11~i :;cen•~~r~phy 

:"t"!(:•::.-~3n~t~ witJ, -ij i:.-tinnc:~,i~·H· dis;::"t--:tt~t)· .. an-d J fig,! {A). St setting <:J~..Jt ~-f t~i~ !ndC,;;.~tor 1~ wh:i:.:h 
•:Hsp1<ly'S tfi-:: ri.g:ht eye l:-n~ge , .. ~·bk;~) th•:; ::..,;,sit~i;,n det~<t-:1t· 24 ~nd the ob~e:).•~f 22 vf ~ (j.;:h;:~t.i•:,t:i 

p·i~sit~t•:11 whn ..:1:~t~r:t the pn;cjitk1n •':'.if tt~~ ohs~:r-,,...~r 22 whn ~xist~ in th-e ~.oltd t1.bse>v;st>◊n ~rea ·io 
k.rt~:.-.:-ec at? the rigt1t ev~ in-:a9~ gf!:-:-ernted t<'1{ Bi~ in-:a~i~ gene~·atk;~ r-,.~:-t ii::, ,•,tt:if:h genH;s~$ a 
;e,tt e-ye i:1T1age? an,j t~~ irna-ge ,;::~nerati-cn p~rt ~(i, -5?'i:,~ a t-eft e~·e in13ge, ~r:d ar:: ~~◄~n:~ 

pc~h:ic:rt, 8·i3~~;C en th~ pt·•::.-iJ~~::."J.kxJ !l;3h~ stud:·· ~-lnh: whld~ p~oi\'.:~(i."$ tht~ di~pi.;;-sy ~m.;::g;: !::i-f tht~ 
intiKil:t.r:-:- 14 rm ti1e o-~;se:-"','~f'~ :~~! .:.'Wtt-'<.tirm µosttio►;, ~rn'.i t~se .f.1tlset·\··er"s 2'2 fJf!lt'!t'l:3fJ.:"l t)f.1-Sitinn, 
p;nj;;;:·<.t .:-: t·i.qht t-:V'=" )rri-S:9~ vn th~ Of~$,ftjon .CG::1t;~!nlng thi:' Dh$-..:·::·vf::-1s. i . .2' dght '="Yt": ~t l.;;;~s.tJ .«nd. ft 

hs~ t~1.e- op-e~mg ;:xmtroi ::;,aft 2B 1.'1.•hCch ccritrcly the p-c~it~c-n ;,sm~ s{:;::e c.f .sn <-P~~in~ ,:,ta 
pr(ij~tted !:ight St'.t:df \.mit,, ar1d rnait~S ~ Y"tefeC·S(:C-p!1: pCdiif~ f'.:•bS~rv~ $(1 t"h~t ~ le.ft eye image 
:i~a:,•· h<.J:-::: p-:':l.:,.j~'Xt~d ,1,.-:,,n th~; r·c~~ricn <~:mrn:n;:n.g: th1:; ob'.Sl:-:::r;,,•e•·'s 22 it~:'\ i::;y~. 
[COU.]PW_i(!1!:tio►; <";~· i!l fJ.2.::-2.:it?.lx tm3,g'i! wnit·C: f~1:::.;-1-.-.•t-'<.l: :rnr,y.,.~m~:ritvt"Ui{! 1.''.lh.~,en,·er 22 :n ti1e s.fJ.:tu 
ob~€:,'\l;-st.;n-r:, ar~,ct 20 t.V t.t-Ss ::s rertcm~-&.d,. a:e;:r.t -~ moticn o~· ::h~· iJbs~r\.-er ~2 m th&. '.-'Jirl&. r?.i~-&. ::!;. 

perrr:ttted, Sir1t:-e h(1w w!"l~r~ .em irn.sg~ is itJ sc9r1t with ar: ctt-:-erv-e(~ m~vem~:nt ls d1~r:ge-:f. 

-.:,bs(;rv~t:on c.f 3 ~ti:'!ri:'!os,:;op,i,:; µict',.,i(<: ~-.·lti) rnc-tion i:~r~lia1. c3n t,* µ~:fun:-~t:d. Th~ p~sib(1tt 
dete<.D.:-r 24 -lit~:.:ect:~ t~t; t~y-~t,~it :'.'J~:,sitk.1 t"'l 1..:-f t~t; rt;Jht eyl'.:'. 3-8 -c".tnd ::he t*ft <-"')•e -4-0 of tt1~ ~~nset'\l~r 
22 $.p-i!'Gf:,;-_-aHy". The µosttion clf!te--t:1.0,· :,:4 :s :".fffJV~i.~{!!'.i -. .... :u~ th~ pr.;s.:t:<";~s r.a:cu/3t;nn part ..,1.,i:;~;,rJ1 

.::◊mptite:; the ~f'cr-em~F<N}ned t1t.-t-er"1~,··5 pc$.itbr. f'rnm the im~g* ct tw,j 5h-e<!?.tt; pt1ctce:; t.y twc 
:m.s,~mg d-ev1c~Y hc-ri:tc,ntalty' ai-t.sr1g~d "tlit~1 .a predet-em~•ined ir1terv~i, ~tid im3~!ng dev!te~ .. 
[COi :;nA$ ~no:-.:h?'r form, tt:-i:'! position dete-.:mr 24 ccrn~,r~:.e~ « p-osttton ~k:',.,i:«Ucn p:~rt ~tlht:;h 
c:-~tt1s!«t-t-:1> ~J•~ .:-~h.1rt-~n-te•1t:Gr1(:d u:..~st-~n.•c"::·''> r,0$1~5:.')t-: frr.:,m t::i~~ dc':tc-":-\:tiri-G sion«:· vf t:i.'{O $\":ts t1f tht": 
m2.:gn~t wit:": ,,....-rnr,_h tt:e Vli~,en,.t-'f Wi!l$ t-'qBippt:U, ~~ff.i !~sf! ffiagn'€'tjr_ Sf!'t:-~<.:r~ ~1Q,r:::·0nt.:,:!'f ;;Fangf!.rf 
~,;..-ifo a pred,~t-~rm\11ed i;1t~rv~!1 and a m~gnetic ;.,en;;o:-. As, anotn~r forrn~ the p,:,.$~ti(lf1 i;!etector 
24 ~11: af~~ :;orisi~t f:,f position :;;si~u!:~bon• parts liihk.h e.a\•:u!;st~ ~it ohs~rver's ~•f)stti1:.r:: fr,:,i:1 t~~~ 

..-J.i:'!k'Ci•Jn,~ sign~! of ~vo !tets <.if tht:· ~!"r;r~sonic S"~nso:-~ ho:ii(;l:":t~tt:, ~rrang*d 'i'>'i1°3'} ~ 

pn~-X:i:'t~f:mif:-t-"':d :·r•t-..:T·.,,·~J, «:~d ,on u!trqf,u:Hf. $i:'f1$.Vf, 
[cn1::::rr~e op,enffl9 tt,:r1,t:-n: r-,.~:-t is £-ets u:p e._1t_i1 0t t:~e r19ht ey~ l~f}e,ning ,:cn·~s~~t,:rK.ling tt":- th~ 

-w~rectt<:-ti p~s!tJl)i) ot the ct,,.;.erv-et~ 12 right ey~ 18., .and the Ceft e·,;e open.tng tt,r;--eip-...~r:d;fig b) 
::he det(:'•:dc-n p,:,sitkm i)f t~ii:'! le·ft ey❖. 4.0 .. pmjec~. a righ:: e•.,ff: imag·e ~n~ a ~eft €':"~ knag~ on ;;:n 
~::,bs,en.•·~r·s. det,efs.t~c-n p,:;..$iliun. :~.r:d a:t<}k!"::S. a ffi~n~1..:-s.;-_npC,:-,. pi<-tu:e obs.e(....,,:-: ':Nilb the fJ&r~ila;,,: ;m.a_.;.:e 
of b<";th oi!yes. ln t~i•:,";. .:.:.;;:;.~.- 1.~1~ <.:pening <.',QntroC p::ut iH S(!1ts up 1.t1~ srn-2,:i: <'Jf.'lf!ni;-1g r~,ginn 

(.-.·:ir-re5p.f')r:di:e;:g b:. t~:ec detect:i':>r1 f.:-05it;c.n c~ the :'ig~t :ei/e JO ~~-:1 trio:? le,ft ev~· 4C ◊t $Ht ct:-=:.-erve.:--- a5 
Q right e-)·-e cp~ning ilt1d a left -ef~ a-pen;~g. 

[D014']The c-p.::r:.tng o.:•r~t:·(;l; p;;::t 2-8 se~ wp an· cp{:'t1lng n;~gkit"'J t-.:, pr-.:~ect 3n image<.-:; tti* 
Pff!$Crll".~ti i~n~JE' ~Ji!.$E'd r.1:: tl1if! b-orn~eyf!:,";_ l:i{~:► v81 t.al''.\Q:Ut :5:-:.~-; mm ~ 9} .S n-:m} f>f n1e nbsen.1er 
v~{J"io as)<eti ~t.~t~$;_~c~l:y :"!·$ o ngM. ""!'{e op{!n!ng 3nd n :e~t ev,e f>:".!-ernncr ·p)f! eµ~nl:~ ri:..:;fl.trvl fJ.,.-:nt 

2.e s,-~ts up 13ri, ,:,pen{;1g t,:, ;:,r-:~J:~~t a right ey1-~ imag~ ix ~ !eft ey~ lmaQe ,::in il- di,fferent p,::jsition 
frcm the ;:,bserv~r·s 22: d~~tti-cn p;:,sCt{(iti fiirth~r, ,;,:-.ho-..·t-:- er: Cd~ntic.s; image ~s ctt':e! o!:)server~· 
beth ey:e:s( ~nd mak~ a t'a(;l·-dlm,i:'!ns:.i.1naf frn~q~ c-t:~~;,.,e, F,:,r thi$ r*as-.:,t:, ab-out ether- cb:;c~ni:-eVi: 
otht-~t th.:-~n ,:.,'".:{Yit-~rv-t-:r 2;: d~t~(tr:d «~ ~. -t~,ondid~t~ vf ~1l•d ,,·"Jh$.-..:T:..,·~ti-ti'n, t::t)1'\:'f" v:ri~ t1-i"-« :iq: ◄ t e~•·'f: 
:mag-e or a ::-=-ft -=-ve tm~g* i$ ~f~jf:tted,. ;;it'd~ c:~er tv.:c-~d:me~t-krtVil im~-.;1-=- t~r. bi,: C-b$1-:Ntd, 
tG015]The di~p!ay •)f th:~ ste;--:eo$c.:;,;:dc p!:r.tu:--e by the ,:;,c:,~ning ,::ont:"'O! part 28 an,j ~ t,.-..·o-· 

•:Hme~;~~o•x11 image ~e~s ~P "::~cf, -:,f tf)':°: ri-Ght .eye G~-ei~ing -:.o:n-:Sp<mding to ~h~ G~t~i.:tion 

µc~~:-.:lcn of ~r~ oU~rv·,i:'!r's rig!·-;1t etf!, an-d the )t":ft t'!V-S o~*nlng c:off~~~'Cn-:..ttng m the det-i:-~dcn 
f':,ti'Sifam t).f the :~!'1 f:y-t-:1 p-n.1-jc-~cts « ~~~:1:t ~'>'f: im«gf: .::-r:d « :eft. '=t-t-: irn;;;r{~*, ~nd m;skt-;~ ;~ 
~t9.1:-9.1os.-r.op;••~· ptrti.;r.;;:· obs~r'V~ wfUt ;;,: t~moo.;Jai· cJis.c;a:-ity . .c~n kien~.;,•~~i <ri:ia.g-e i1; si~•;.wn ;,.,;:.,; oth-~r 
ob~.ervers· t,:oth eye$: an-d .s t:i.,1;:0-•:limen~iona; Image iS ff•1ad•~ t,:, ,:.l)s~rv~ Ov proje,:tlng 

:s:in;u~:~n;i;;ou~ty the irr~i:~~ "\"'~·hk~h ~-"ti:-:::nd':3 ~~l~he~ nn-e ,::.tf :~ i·\~3ht ~~','\'.:~ u::::i~~ni•'lg ur .$ l~~rt t~ve op.£:nln~ 
:n U•f:' pO$.J~50n ,;;-;x,c,;;-~pt tht: :JU~':'f ,, cu•G <..:.1-rr1;$.p-cn:.i$., 
[C01.61Tt•1: f;-pc'::Hn(.i r.vntn.): p~:-t .?S prnJ~:.'".t$ tn;;;:· Sm.:-:~Je whith ~t:ts up thf: riQht t~:/~ f;>:)t-":nint~ 1]-tE 

2./16 .,Z-~ 
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anO th.:: :e~ eve ,::,::,ening 12-8, «nd :~. t'!q:.:i,1~lent to the ,.eni::~:- of the detectton p{.1$:ticn ~l tt1-~ 
n·;t~t *V? 3S ~nd t:"°1':'! left ey* 40 of an cb~erve: $,, t!'":«t « b-o~nci~ry' tY~«v c•:Off~e J~ shc--. ... ,n ln FIG. 1 
(B) i.H)d {C}1 ,b.,n <.1:tHfff'-.•e~- ii£ made to -..1t.;s-erve-:- :$terecl£s:cp;r._ pi•;tt.Fiii!' ,,·ltt1 ~ t}fn~1f .. ~J~a:r dt~parfty: 

~nd ;;ifi Iderttl::~.i im~ge :,s $.r~o;.~-rn ~·$ ,:;tMf:f •~bs<:.t'l/~f5. btitn ~'{*$, ~t"d ~ two~<iirr.r:nsii':>n~i tm;;;l)e iis. 
m~de to cb;;e:-ve .. As~ pr•:•J~teG light study ur:tit: the:--e is t!r:'"i~•f:Jtvt;;:-Cn ~YSt\;mJ ~ sp~i.:e d;visioa 

:r'{stem, or 3 p'3!a:tu~tJ.\)ft d:v:st-::,:·1 sy~tem, T~e prc}ected Hg:":t !tWdy {.;nJt ,:1f tlrr:~ sri,~fl::g i·s f:f~t 
:-)C"f:mis1;d l"m tl'>f: ,Of th<t: sS::ql~ dk;pii)y d~ViO;" \\•hk·h dtspl«v~ ct rkjht t:v~ i,m«~)~· ;~:id ,:'.l l~tl ~'{t-:: 

::m;~1:}t-: s~ot~t":-nt:;:;;;h,, ;,;;:; tht-: k::t:ir.c1:t:J~ 3.4 :·1k'-t-: fir~ .. t {A;. H. t""Otl~p:is~s th~ ~.-q:;r:ritng ~tttn9 de,rk~"=· 16 

wi-:,1~h b inst,~lled 11.~a:- t~~ project.::•r f•~ns ts: ~n.d t'"i:1-~ 1,xoJeo-:,::ir k~ns ts: :.~•hi,c~ ,:·3~TY out 

•~nlargem•~:r:t ;:i:r<{J~~tion ,:,f tt1~ irnag-.; from ~ ,~is:;::.lay de'~•io~ .• ~nd S•~~ up the p.::◄ $itk1.r1 ~nd stze ~f 
an u::-~::ni, .. :g{ -ijf~d th.~:: s('f!":,t~(~ 1::3 wf1./ct1. rk~$ b-e!":n .tn1::~f:gi::~d C::-s tn,:: f~:1.1.:31 p.1.:.-slth::-n of (he proEectnr 
lt:n% 15} smt~ "'t~.f~.'$. p~,n,Sd-t-:d -...-~,(ith tfjf: tn~,og1; fon1t:-:ti{1\~ {un .. ::t~on t"°l c1:~• ~;1f.1t-:rtH'.f"{:' ):1;,:'.lg~ to ;,s su:\d 
•Jt.se•v,3t•0n ~n'!R. 

[0017]S,/X~F(lr!/Zing ~,•tth the ~-l!'{it<hir:g di:$p~~..,~ or the n9ht: ey~ in1~g1 ~)X))~:li~g [ th~ o~~!ng 

f..o~;tn.)i p;;;rt 2.::3 J h:;, h'-if: i•idi~:Sl(x 14_. .:::,id :~ !:::;ft :::;ye iff1.e"":1:;3~\ th~~ p,:-;~:tiun ~:•.f th~:: right t--::::,,·e ,,:,,t}l:'::ning 

of th<:~ u~~::ni••iSf 5::::;rtin{? devi..:~ 16 .e"":md a h:ft !":),'e cp,:n:bg C~ sw·/t1':.he~j t~, t~i;s pfC-je,;:.tt~: lttJht s{udy 

!.1r.it. The pn)j,;:,:::f_tert lit{ht stl:d1/ u~•it fjr a sp;.sr.e d•vt'Sit.:-r. 'S:1/ste~n ::S prerni::;er~ .:."tn ;, p?.ii:r t:oi• dtsp.ia~• 
..:1-~1..-tr.f!' ~s t:--~~ indtr.~tr.ff 14 r.:.:.1n·esr-,0nding t..:. ;j. r<ght ~ye :~◄.;j.Qe Rn..:1 .:.s left ey~ 1mag~. ·-n-~~ rx~ir ef" 

projectx,r !:l'.:~s whi.cti f'.:3r:ie-s f'.:•ut ~~:ars:;em~nt p~:•j~tk•~ i)f t~~ irna9~ fr,:,rr-1 a psir ct dis.pl~·~• 

ffovC.:-,::::; individu:~,lly, !t ;:.~Cfn~ri~~~; .e"":1: p<:::-ir c.f CP,!":ning 1:;~~tt~n;3 d~~-vite ,;.:..hi<'t-1 is lnst.:1t;t~d :wi3.:· the p:~lr 
of pro3~::-.tor !ens i:n;;.i sf!t:,;_ up ;.h.~ pos.:t,,..;n :"!f'i.:.1 si.::.~· vr .~n o.p~m~n}. i:n;;.i 3 sc..r~► i .._;,,fw .. :h i~,;i:s bet'!n 
i:rr~nl.)eti m ~J'.i! ~·-:-x:oi p0$•t►f.1n of a poj~ <.:t" fJrnJ(:!:r~;:w C~•1s, . .;!rt;;.i ".!4i!-$ pm•,..-ldeti wit!~ th.e f:~~:::ge 

k,tm~til'.>~ t~1!'l-Ct!:1'.:,n ot ir: ap~rtl.ire irr-1age to a ~l)J.t1 ,:,t.ser..-:zitil):1 irea, 

[COlS]!i''I t~!S c-~se, the ,:,::;,~ning (;:'.)f:t::'l)l p.art 2~ ('.,-~rt{~$ Cltt Sitrwit:~n~f'.:•US ~~ttf~g (lltt ~f --s ti~:~t 

*)'-S c~*nlng an,j ·~1.~ teft ey* .open{nG for t;--i* i·/9ht t'!V-S frn~qe: ~nci 1~tt eve lrr1~ge to a 4ispl~)' 
,1t:·vtt~ .:-~t .:-~ p«a· of \.}EJr:nt:~g 'Y.~ttin~J d~vi-tk· iit ;~ ::-.ovpl~~ $)'f1f.t\s·1,)n•P.:ing i.t...-ith « p;,;;f;slt~: dis.µ:;~y. 
Sirn::.¥,~ the p::--cje..:iJc:n cpttt•~i ~yst~:m or.~ pci~r•2:atfo:-1 11h,t~i-en is·'{StHt< 1s pre1ri;~.-et~ ,:;.r. tJ-•~ p.:~t.-· 
,:,f ,~isplay d~·,:x>~ i:crrespf:,11dlng to ~ r{g~t ~ye tm~1Je and ~ left: eye !.fY:Qg:e a~ the indiC'3Wr 14, 

s.:.:~p:~t·:~t•:: lnt1) fv,;c lig:hrs 11t!th ~1 pi;,,:~~~ af pc{:~i·;:,;:at.i,:-;ri ~..,•i~i,:-..h is i:Hfi:;:-:i;:;rK i:i :.:h~~ !ight frnrn .:1 ligl""i~ 

$Ot;n.x:, ~nd t◊ (1- p-a;t· <.tf ,:,\isp~7 dev·k;~ ·r:1.1-.:: i•i-ddent p-c;~:~z.ati-:,n bearn ~p!itt~:r :·or se::1~n~tio-n.­

·-r~,~ f>..')Co::-tr~t~.:.1n t-.~.~n"'l S}Jlitt.f!'r ~f ~ £:ynu1~st:- wh:d-:, syN~hes•ze:- t:~~ it·r:a~J:~ lig~~t from '.-'.-":l'-1~c~1 th~ 
pc~~~ nf pcl'3r-<.?..';:i:rtnn frnn-~ ~ r,.~ir nf dt:-f.l-laf d~vk·e diff~:-"JS, 'fh:e- pt·njecti.'jf ~~ns wh:d-. r..;;t:rrie~ i:-.n.ff 

w::ntsrQem~nt :}:F(i_3-=:c.t:on ,:,f t!i-::: im3ge ;ight tn)m the ;>clar12.at:i,::•t1 t,~m $p!itter tor a sy·ntheslsr !t 
c~rripris<.~ <:::- s~:n;t:n whk:h he.i:s G~~::n <:1:rri:n;3~~<l l:1. t~s~:: pt)i-ijrCi~1::.:icn o)n:.:n.1l t")•p,,e ,:;:,t:-1:-::::~ing s·e:ttin.g 

~-J-ev ► ::-.e wl"ii.:.:t, ~ets up thf!' o.p~rn~)(~ :x·rs~ti:r~n ·wh~r..~1· tmnsrnil"$ seCt~ctiv~:y t3')e t:n&gf! it9t~t fri1n1 

whid~ it l$ iJ•st.:-~li~r] fl-t-:~i-:- tflt: pn.:jc-x-tr.-.r l*ns ;rnd ct p,i;:;.::1f: t1f pu:;j:f.~i:ltivn diff-t-:1'$ by th* ~xistf:nt·f: t1f" 

the rot&t◊f).' pc~arJz.at{,:,f! i)t incJder:t: ii•:;t1t, ~.tid t~i~ toe ... ~! pc~ftior: ct ~ prcj~ttor :e;-1.i~ ~.r~d Vias 
pt(f,,.'ided ~<.,•ith the Cm~~e tortniticn ft3r1d~c-n cf ~ti aperlti~ imig~ t,:, a sc!:id ob:::~r,.•'3:t:0;1 .zr~a. 

[OU1':.1]!n t~ji:S c::1se, the <:J::0:::;ninb1 '!'.".tx~t:1)i p;jrt 2.::3 <::1r:·f!":S cut p•::ftuil:~tk•n t':unt::-cl so th\.it t!te 

in1a~]i! ;:gm. fl"J~ ► ~:S:x~n•j•n(~ to eat·3') of t3')e p\.1-Sition ;,.·.i:- ;.h~ n~:~it -e·{e .:.1-p~,-iir~g of <1 pfJ.:a~ir~tlnn 

-:":,r.tm.l de;.1jc~ ~nd ~ t~=-"t ~'{* cp~~i!1Q rnRV trRn•:;mit th* right e.y~ imag~ ~nd lef~ ey~ irm~gi- ~s:. ,., 

psir cf (!!splay 6evice ~)·r.chr;:,niz;ng wiW ~ pa:a!C~; dis::,Jiy, A~ tr .. ~ ))penit1{~ setti;1~ devfr::e 1.6 i~ 

t;--1* t•r-:~e.;;te,j ltght stu,jy ~nit of :::lrne ~hadn-g ar,vj sµa~e div'isii~n .. t~1e. !iq..,iid C,i)'~t«l 00v'k!:' ~ ... •hid~ 
S*t:1 up a tro•n:StY~ls:~l-cn p~:-..::,itk.1i~1 -ci:n.':•.itr~ritv bt t.h<: ",,•t1it3g,::, ~-..o:ntrn: cf the :1ubcHvide1 ;lqukl c.:1·sl[j) 
$t-'gmf!nt is t;~,e.j. 

[t:Oi◊ Jrhe r:«~l~ritotkm <>~ntr-:'<i t1/pe c~wniri-g $-~ttmg d-evfte :n t;.f: proje<.t&j light $Wth' ur:it cf 
pciar;2.atfo11 div~~icn, ft C()!'t~titutes frcm ~ tiqc.:i,j ,:ryst;s; de¥i•:e i)natrtx p-i (ei:} Vihk~ ,::ontn):s tli:,;: 

rot~tory ::,,)tariz~tion cf tndd~nt !tght bv e,.isten,:.e cf ~ri ~µpil-.:ation tl t;--j* di~ ..... -? ;b;.-!ta-ge tc th~ 
;;;1.,f:,·fa<id-t-:d :iqt!td t·i:-·fs.t«: :St-:~Jn~~nt. ;,;;nd ~. r:-:.1-1;:;;::-,.z~ng pl.:-~tt-: w~;jo~ tr.:-1ns1n)ts. u:1(~' imog~ :tgt,t t'i/'ltfl 
t3'se $p,ttr.:fi-:-. pl~ne Q.f' pn:;;ni.ation ::'.'11 . .itf.\1Jtt-i!d fr•;'.'lm t3'se !iquld GV~tn: .:.i~v~c..~. A p~vJ~r.te;.1 :i{.i.ht £t'tH.i:»'" 

• ... 1riit is prcv-fde<l wlth the vfrtu·aHm~ge gen•~f~tion c.::,m::,onent to ~..-ln.fch the .:;a!iber of the 
;xoject-:,.r !:~i1s 16 JS exparn::e,:t, for -.;.:<atn,pk,, ~ co~.:;av~· $lafao~ fY:irr,::ir. 
[C0211Tt1(: -:~penfnb' ,:.c:rct:ui p~:t 28 ,.ontr-:,ts ~r1. ,,µenln~ t•os:t:.on :igh::: an-d l*ft t.•y :.>?i:"lG 
li"Vf:i!t'°.l'\~t«: ;;1f1d .01;:;;nti,in{1 th~ tr«n'b'.mis~km p~"J.s.:t:cn 0f thf: {1;~~•i:1{~ $,:tt;nt~ :.lt-:~,,,-::-t~ 3 6 B'f <.('.HTy'"ing 
ot:t the m.:...1~~mer~t c,·J"~tr-n:s cf the p:-·,:.1j~t.tm· len~ 1 f> to nptk:;}i ffx•s d::-~..:·Uon, a~~ ,::.f.:i:e-ning ~i:-::,sition 

;s Cf'.:,ntr-:-t~ed forwatf:i and b~;:kv..-at(:L By that1:1Ji!'l·Q th-e f-.:x~c d!:~tir:~ of the p-roj<?.,::b::,r ie~s 1 G, an 
oper:tng µc~kicn ~s at~o o:,t~ti·ollabl~ for .. -.•an.i and ~~cJ,:-.~•an.t The o::,':'!nlng ct1n:::ml p.:3it Zt= 
f..tx;t,1)i1 .e"":m uµ-e:-iln;3 pc:hlfi(x~ tor..-~•i:rfJ i:nd ba,:-..k-..-l~~rd t•''l tXlntrc!lk,-g the t.•:EHi$t:!!S:S::'Cn ::1.~:,.S.\~mn in 
th~ i?.-::~tn3t,,..J~) !-J:trif!.:.:t:l"g) !".:of .:l plc.::raiity- of .:.1-µ~,-ii:::9 s~~.t►~)(~ devi::-.~s HS hv tl~ i.Ymtr~~ t1~fvr~ ~fl.d 
~h:r-d r..r. cp~:r-l~(: r,o·?it:c~ cr.rr'{ir:9 ou:: the p:Htn! !ctminat~s cf tho:? openi~g s~u~~g (1~vke lf: to 
;:,pttc;s; axt;;:. directh)n. 

[D0.22]The O:•t1tfo1 befcre ?nd t,t":hind ~r1, ,)pe,n{r.v~ posit:.on an«nge~ «n opening $'-~ttir-:g devtt;~ 
i:~Ji:nt hv tun..,i5rG/t'-e.S:-w.~r(l: -;Jlc·ec..~icn to .~n or:-ttr n.--ds. Pn.:.i i~ pn.-~v:de~ rn~ -.J)f:').1$if:i.:~ b:./8:fti :.J,tl"J.:.cn 
mokes -~ \··eitic~l dtt"-ed3::'.'1!1 !i~!~'.t e ►tJu:,;.~ o:n -~ s.t·~~f!::. 3n thi$ G!,$~, t~i·~ l"Jf . ..e_n:• ► ;[4 (t}t~t:t1l p;;rt J_S 

c.:,r:trols an ,::,;:,}~ning pf:,skk.ri Ov ci-:0itge cf the tran~rnissic~ pf:.sit~•:•.f: in the t·}9ht a~,j !eft 
~H~tt::Cr<:$ of the cp~nir:g ::.:~ttfng, devtce arrar1•~!'.:d isi~mt right ir.d :~It. :;i11d C,jht!o;s sn (r::,en:r:g 
µc~~:::~c:n by' chan~•t'! of the: :::r~ns:ni:S:$iOn ;,'C~~:::~n Gf tht: :.:antli~q ....,,erdc~t dir;;.'Ction of an ~1.~eaing 
St"L:t:-•ig ,;-J*v:·c..-t-"': for.,v;:;;fd ;:;;n:.i h«tk}":..'9:rd 
[t:Oi'?.Jrhe image 9~~*tatbn p~,t 26 g~F-~tr':l:~s the two-~,-;imen,sk~r.~: fm~ge .-j:Q!h o,t th-e ~~ght 

ey~ im.sge ~r:d !eh: ey'~ irnag~· ~..,_•hkh were ;;een from the ,::it,serv-.;r'$ 2~ dete,::ticn p•:◄$~tk1.r1 bas•~d 
-.:1r: t:\e thn·.::~ dim~n.sC.;:1n~l :rn⇒9-e dal.s Cy· whi,;:,h rnod-elin~ w~-$ (Mr:Ct:-d t-ut. Th~ twci·Gln:~ns:onsl 
irm~,~e. data cf the rigl"it ~ye im~~·t'! an-d l*ft *'t'? irn~-Ge wrj:d~ ~ .. ✓':'!to:'! s~t~ fr..:1m t:·i~ ob,~rver·'s 22 
d-t-:tt:r~mn pt1-'>itit:n :~ «I~ •t}t-":-nl;'."fOb~t-: v•,-S~h ifltf:rr.-ol,ot;or1 0f tht-: h""':.:>-·tfarn:f1$:Q.f1.:-:.t irni~Gt~ doto .,,,.,-hk"h 
::rJ-nk~•; at ~)<-Fi abj-ert ~·•um ;~ ~•-r;.n2un~.;;;t cJi.ft-erent p,..1:;itinn. 
tG024]If i:t ~s. on an,:•t~~r ~:-rm .:,ft~~ pi"-:::sent !:nventior:1, ~ pllJ:·aiity ,:,f f:,l)s,~.rv·N'S c~r:: <Ji~,-0 l)e 
me.i:de w Cli:H~P;e;,; ~ti:;n;t)'3~:op~f.. p:<n..1t·•::. in thf~ t:;)~~~. th~~,r~~ i3:re indl~·~d~..1<::t! µ:roje,;:.tio-•~ <.lf i'J.:-i irna-;.:e 

oc(,"Vf'-1:1nti tr.-. .:-~ pkHi:l·t)t~, .c,f .:.1-h'b'.*rv·t:r$' p-r.-.'S.;tirJfl• smt~ \.·0mmunlty prnJer.tkm cf ;;1r1 id~nt3:.a: fffl~t}t~­

T-.,vv Cf mv·r~· ct.1-.~eP,'>:·Vi· indivtdu;:;;; on::.jf:tt:of"i fit·st qt-:-;-1t:·::-;,;;~k·s tht: :i~J}~\. e;~r: irn«~i"=" t:nd l~ft. ~Y* 

3./16 .,Z-~ 
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lm~,~e ~1·nid1 det~-:u,.'C a p!,...:r~tlty cf o~J:.e:rver~ bv i::he p<s~lticn ,j*t*ctcr 24,, and ~ pkir~Hty" ~t 
-.:,bs~rv*~"$1 e~,:h io-:1kW at tty· trs* irnag(: -;J.l;!ne,ra-ti<•n p~rt 2€-, Di~p!a~1 :.e,q~ .. h".:nttaily tt:e :ight ~Y'i: 
•mage ~:.-1:= left ey~ image ;11/hicJ. '\\"em geF-f!r.a-tf!d by U~e <Ndi.cnt:i--:.f 14 fv:r ~very l-:?t.cyer•.·er~ vt" a 
pCt.ira:fcy ◊t., t:.r~d the o·~~ntrt~ -:-Cir.~!: P*:t 28., ~$1-':d er. a p:ur;;;l:ty of ~t.-t.e~•<;?,~~, detecti-cr: 
p:,:,sit1N)_, ~c~ 1;::,bs~:f"'V'J-~1·s right er)~ i{r1a:g•~ is prcj.z,:.ted en thE" ~••:.sit;f:•n com;s\rling .;s nght ~~ve,. 

ano m.:: ;:~Dsiti,,n anc !:.:!z~ ,:.l an op€'n!ng of s prc~e•.:R~ ;j,~ht ~ttKi>' u:1:t ~r~ ccntroi;~d to p:uject ~ 
lt:ft t:v-e irri«~J"' <Hi ~hf: rx1s5fa~n :::.or1tt:,in:·~•r.;i: ~ lt:ft t:y-e. 
rm:i-2s]rwv (J.f n;Q.f"{:", ;:,Jthou;3:-:: 9 plt~ff:,tlty (;f Ob$~H•'i:'f:S «n-: d~t~X"t9.d bv U~ti;:' f.,IJ$:t.,f>ti dt'.:tt:ctf.:,:· ..?4, 

an ot~:::ren..·erl~ comrn"-lr~itv µroj-e<t!on~ Th-e irn~ge 9en~r~ton µart 26 ge;1-~r~t-~s the rig~it ~ye 
irt1age ~:1,~ left: ey~· !rnage :.~•hid"\ a-ny c;1•~ e.f a pil.iroH)• of ob::~f-.•e:·s k,oked ~t, ,:;\sp;<lys ~ rtGht 
~~y1:~ hn<:::g-r: .:-~nd <:1- :'!'.:ft oi:'(1:"; :r,,-ijbl~~ 1-:m t:he inG!1..:.-ijt.ur !.4-, i3::-ff] th~~ .i.:.-p~~n\ng tG::-i~{C•! ~•,=~1t 28. B~:s·ed oci 

.:-~ plvrn:St-y' of -t1h'>f:t·v-t-:t'$' iJf:tf:.ct:on ()0$,i~inn, « ~~-t)l~t -t-Wi:' im«;3.;:' is p:--t1jc-xtf:d -t1\~ th,:; pi.)s.itivn 

..:.·nnt~in•ng ~ piut~.:~ty· cf ct1?ei\·e1-s' r•ght f'!Ye,. ~:-•~i t:--,~ f.)Osit.inn an.:t ;c_;;-:;--~ nt an ,--:p~n:ng ti'f o 
project~d :::9~t r,b.;i::!)• ~1.r:it ~re (O:':tr,)!Ce,:1· tc, i=•fC~}~Ct ~ )~ft ~ve Cm~g~ :)rl the p({~ti(r~ 1:cnt~;f·i}:i,Q ~ 

;:,tw·<::i:i'Ct.:,t ,::f: faa~bs-r:rv~~r~1 1-i:n oi:'(1:";. 

[OU~~6]Th~~ pn.::~$1:~n{ ~m•·-i:riti-c .. n ~~; i:n irnag,:: d~s~:~1y nwrn:,;jf.l wbi-:.h n~<:::k-:::s 3d_fo·n~:~S••;:;1n-<:1: 
s;::er..::..--:wBp~;-{ re-t.ng~;il~ v~·:th a h::r-0cu:~r r_:isp...sr:ty, .~nd t,; pr,ovki~-r..: \\·tt1: the k~=k~i;....,·ir,-;:: proc,:::s~. 
·-r~,~ f>..')$•~:"rnn cf ti":e nt",:_C-...er.1e:-· :?.:?. whn e-:,:-.ist-s ;:11 ~r,~ ~hr~e di~n~~f_;on~i d•sp::.:.s},. n~9tt~1~1 .2n. The 
d-etectJng pc~:ticn prc-::e$$ ta- d-eted; the !:tr1age get1:~rab◊r: p(OC~s~ in 'llf,ith t:'le ;--l~~t ~ye i«tQ'de 
-.-..•hide th;::; ub:.'.;:i;;r\•e~ 22 or the d-i:t•::d~c:n p<::.-.$iti,::,r!, k)c,k-:::d ~1t1 <:ind i3 h::ft !!),'~~ C::-n:~.g::~ \.ire '9-{::~t~n1b.::~d; 
th~ im~-tJe .::.i•~p::~y· !"-fff..'f..-:":S> m wh:<.t~ a :igf~i. ey'i! !n:a~Ji:' -~~-ti a ~i:'~l i:'}··e. imo~,te .;erf! -titS{~tO'{f!ti .. ~s-<:d 

'.)t: an o-t;s.,e:).•.::-,-·~ ne:..e.-..·~lor. p-ositi;:.Jn, ti·{ n~-r: r.,osJti'.)r, -::~f ti:e oµ~n:ng of o pw_:-r:c:.K.:ri fJ.:'":-:fa:~l 

~)·~t~m .. a~d c,:,ntr,j; l'.>t· a s;ze, Th~· t~re~•dlm~:':·Sia-nit 11sp!.ay p-roc~s:S fn w~Hth prnjed a :ight 
ey-:. !m.?.~e ;:,~ b'"il'.: posttto:-: c ... ::mt.~ir.ir,~ tr,~ l'.>bs-:.rv~r·s 22 1i9~t ~--.,•e1 ind prcj~:1'.:t s :~n ~V* :m~,;:e 
-.:,t: tr:.e po$itton c,.1rtt,cl:[n~n(~ ttit'! obs--~r ... ~r·s 22 left eve( ~nd it m:;"lk~$! a stt:r.::,)sc.opk pk:tu:-"-; 
v~~.;t;:,,,~· 1.gtth ~ t,;n0(.u:~r dl$.µQnty; t:·,.r £:f':-t1tl1:c'::· dlff,;:,f~nt 0pf:ning ~t-~ttin~} ;,);,;t fn::-:ri the upf:t:l:-i~i 

p-c~3tk~n (."ti el. p·r-t~J~rttnn i':'.,f.!-~Jr-.:~: sy~tf!:"f\ The t•,v.-:·H::.~;m~n$;nn~l .:t;spt;:.sy p-rnc~ss ,•~hf.:::h pr◊jed::::s 

•~ither a right ey•~· !ma-ge .;:;,r .s h~Ft 1-~ye ;m-il-ge en ;s -:!Ftte:"e:--:t pc-s-mon from an ot,ser.t•~f'$ dete,::bon 
~m~~t:ic:n{ :shuw~ ~K: i,:;3-:::n:tit:i!>l hn<::sw :~s ctf:er CtiS::~~ve::-':3' ;::;ye, :~r~d n1:~1kes- <:J ~w,::_1,cfo-r1:t~:~stnnai 
im{)g-e -:,tl:.\s-er..-1'.;; <.K-CGrdin,.; t,:, t:'":,;: irna•~•::: ,i~s::,!{)'f metnQ.,i cd sudc the ;;n~$-~nt tnv~nt:on. A ti:r~~ 
t1iment:nn.:.sl dt~p!~r' ,-:~n t~ :S-een . ._..\(:t~x--:ut g~;:.sss~s .. rnnt~i::,:11 pr.r,?.,C\;:.sx from wtwJ--: a t~i:spt=!iy pitil.:r~ 

c:--~.:.sf'I.Qes with an ..:.;t.se:--'i~f':S- rncv~m~:--:ts t·,?.,n E;e re~.i~t~rl .. ;md h:rthe:·, d f\\'CAdt:-n~f!sf.::.r.a: in·vs.g:e­
•::tr. be ·-.,·hti•:ih' cc~piay~ s,:, tr:iat ::,:er.sen~ other than s ~!Cd ,::,t,ser:,~.r c~n ur.de:~tanC the 
c~nti:~nts. 

[C0/47] 

[M-vdf: for r.~•;ry~•:·g Q.1,jt t~K' inv~·ritfon] 
A -;·t.st,;e,i)t·y-::or:tent~ ~ t. ~u:tprnent C►:,n~gur3t:Ccr,. l ... d!sp~~'}',fti~ttior, 2. ;:,t;.serv·~r·s det-&~t:r:9 
~-►'.:•Sitk,n 3, rlght ~ye image. The ~-rcj~t.tio~ -:i:isp;.ay de~o:.nded ron1p,srst:Cv~:r~ t:~ pmj~.-::,t:Cn 
op-r:!!,/n~] c1:~n:t-r,::_1! 1 . .i:~qui~lffi~~nt r.cnn~}uri:tk>n ~u op-r:!!,/n~; C<:Jntn:,.il 7. t~•110 C·r mo~e cb~~~·vefS, ~nd 

~--Jcsplay~f1.m.-..·tlo.r. F:f,t.2 .~r-r: the e.rnb•v·'C.Hmf!nt$ of t~1~ ltn-2.:g~ Gi:;.µ:ny -t1~~v~r...::- by tr,f! prt'!::.*~t 

:n,.:'&.~'.tt~o-r- b•i,' th:::: r,rnjett5D~ di~pt~y b:-· th&. ,;}€~~fr>!"in:-: 4. ti.me 1$h~rir.g af;;; :~r!' ~y~ •:m~ge, the 
project!a-n dC~pl.sf t•'}' ◊per,ing c,:,titrn1 S. ~p--3(e divtsk,n .. and c~~ing C►'.:•ntfc-1 6, d-ev;ati-:x:. in 
fig .~1 :-.:h? t::-n~-Ge di~piaf ,:Jevke 10 cf the ~r<::$ient in-:.-·t'!nUc·n l!t p:'Pvkl*d v~·lt.h th~ !ight s~wr~e uriit 
~(.{\ ::h.;;;~ tn~~tr'3t<.tr 14, the ~rq_j*,1,.:ticn !:~'::ns unit 15, tr:1~~ ::_)penii~.g: setting ~t1:'::vt.:::e 1.6.- GfJ{i trJ.~ sa~e.a.:~n 
lB pr'.)'..•:G-i!d ...,,,;t~~ tni:' im.;eg~ :·ormot,,,..,_n h.ff'ict:<;~; ~$ o prn3-r:rJ.io·n 'l'J.f.lt~r..~ 1J:-:.tt to the 3-D ol1::.f!:--v~tit)n 
~f~;J :2n, The Otl5erver p<r-~iticn d~t17ttCD!'i 1j~\tke 24 \Nr)S prcvide<.i tc the ?lt"} cbri~rv*tk•1'"l ~f":<.l 20 .. 

.?.nd th~ ,:rbservo:.r's 22: pc,~itCcr, ;s det~·•:ted. 
[C02B1Tt1(: ::,,,1sjt;,:,n det;;.'<tion info::-mat.i•:)f': .of tt"le iight e~t(: ,)f t!"it'! obs--~iver·s 22 :d~tectt~rt 
pvs~tk•n, spc-:\:ifiri:-llv Ob$~fVi:f 22 t·,t, d9.tt-:.ct.;:'{J: with ttcc-: Gt;s~r•..,~:r pv:SttiG~• dt--tr:(tivn :--3-~~.._.·i-c..~ ~~4., 

~nti th~ :-r:ft -r:y:e ::S gt\.--r:~, tr.; the irna~!€-' (~f!ne:-a:..~:1-g df!vicf! :~6. Th~ :mpge g.::-,-ie:-.~t:ng d~v:c~ 2i-S. 

g~nerate·s t~,~ irnag~ •:la-ta- of the Ci;tpiR~• object ~een frcm ~~ch µ.:;.::::.itkin ►:,( th.~ iight eye ?.tnd left 
ey~ of th~~ ob(v~r-.,.e:· 22 wt°li:ch Vi~f>-'.:: dete,t•~:d as d9ht ~·')fe im;s,~1-~ data arw:J ieft ey~ 1rn;;l9e 4.~ro, 
r~~µ':x.:t:,-·e~ v. 
[W'.::29 ]r-t1 the': r\•r~h spt·~d bus 34 nf tf19. tm.;,-g~ (,it-:n~rnt1~,g df:v:·c-t-~ ;~b, the-: G~~ntng contrr>i unit 
26., the d:;pfe\'{ rcntrci 30, ~mi the :i9~t ::sot:rc~ .-.:1r,ve J:?. a~·e rnnne.:·t.~d. t~s the •rn.a-;::e 
~·l'.:fH~r.?.tir.g d~v:ce: 2G., the c;:,,mpuW:- sy-:-~m pro¥{-:i:~d w::t!1 th~ gr~ph~ flW1ttic11 ,:,f itf1'.:>delli'1g a~d 
o n~nd.::rl!"!•G can l:1t'! us-2d ~ere, The l;Ght scw·o.'! drive 32 ,:a:•ries ,:_,~t t.h.:: lighting .drive cf the iigh-::: 
s-ourc!! G.•f thi:; light S:uun.:e ,;,m/t 12 by ~h~~ b\J~Y <1.1nd}tio:-i faa,f f:quiprn,::nt. .:~nd ;,~~:n,;-:r~t•::S the i;t3ht 

fo► :,~1~C~f! pro:iertJr.1n. The ti:spiO)' ,.:ontn.l:: 30 di:$S)l~vs t~~-r: r ►(~ht ev~ •m?.-ge 3nd ;~ft ~'i~ fm~g~ 

(.-.·:ir-re5p.f')~di!-i:g b:. a detect•n-n r:-c~5tic-n of the .:.-bse:·v-=?r 2~ gener:1:ted w5th !':he :m;5ig1':' :Jene~t11·--.g 

-w~vC(e 2(: en the mct:-c.,~t►'.:•r 1-;i_ T~iztl'.: ere thtl'.:e k::M~s of d1tpl~•{ tvp,e~ ot the :i9ht: e'i"r:. ~~~sg~ and 
ieft ey:e: i·mag* t,:, tt"i,t'! lndkaw:· l~~ tirne-·di~••isl,:,r: sy~tl;'!m, a s::,,~ce ,:Ji,-·iston syst<:t:·), iH:d ~ 

f.H.1i.:3f:2.&:tio:i Glv~Si.i.~n sy-$(t-':l'n 
[OU30j!f it/$ :n t•me~div::Stnn 'S-·•tst.::-,-:n, .~ s.ingle. -tii~:)fa·{ ::-Je'..·:<.-e i~ t.-$t-'<'J f'l';r U~i:' ln~iK:.1tor .14. Oat~◄~ 

other haw.l:. ~bout z. s::0c~ ,:Hvi~;c,n s·.,/stem ~nd a pct-iHtiatk,.r: div;:::,ion ;tyst-~n1, <> di5play· ,j~¥ke 
for e:<cli..t$iV~ use ;s t:::.:~1 p,er e;s,:h c.f s rig~t e''(e imago:. and s lo:.ft o:.)'e tm~ge, Since the smgte 
dl:tµiay' devke :~ us~d ~s the i:~:dlc~t,:.,r .i4 iht ts 1r1 tr:1* ernbcOitY:en:-.: of fig.2, it t,sn re~ponC to 
t~rr"J.t-~-divis~v-r• sv'>r,~m. 
[D0~1jThe o-~*!'l•t~~ Q."Xctr:)l umt 2S .-::)rf'"-':S~1F-ds tc e~d~ detect~n p.-:dtta!'i ~fa r1gt1t ey~ ;;;nd ~ 
left et~~ de-te<t~d Z·bcut the ,:;,t,serv~r 22, T~1~ openm.g position c-f the prcj~-::tlcn o::,tical $)"!h~rn 
whidc µn,.:,ject;:. «n im:ij9t: on the P+'Qi-.:.1t: 'l'•;J:id~ ,,;:-:,nt~h~s tth": ,,.:,bs~:··ver's 2:2 rigf)t ..::)·e to the t:,mng 

w!"iic.h (l::spl;fie-<f the r:grit (:'ye im~~:t'! on :-.:h? tn-:..ti~:Gt.or !4~ an,:J pr-.:~ec~ ~rt (mag~ on ~he ~~'Qi~1.:: 
"'•m:d1: .cont~:ns U;-e nh$er•\(f:r':; i.i ir:'!t 1:y~ tn the t:·~~•f~G ...,...,:H..-:h ::.~:~p!oyt-:d tht: :f.:·1! '=:·e iiT;;:;c~f! nn 

Ul~· mdic~trx 14 ls :~et tlp. Dy ,~~ .. ~tVH(~~;;~;1t :r:cntn.)t l..lf Uw •;pening [;:r_;.s:~_;f;n at t~i::: u~J~nlt:9 ~~Wng 

d-e,..-fce ;,; t,y the c-p~·riing o:,ri-ti~,::,; unit 28 in ;;ync with the ~;,dtchin•Q d;:::rµf;s~• of the rJ-Qht ey~~ 
;m~1ge ;)nd !t~ft:: e\'!": /:n-:1:ge •:-Jf m;s i:rH:fa:..;stur :S.4f lltoi: faa1bs-i:rv!!r 22 ~:a~, u!"J$<:~:rve i:n n~S.p(.l.m:.e tc 

pq)Jo,;:·<.t:t".i-n Gf U~,;:· :f.h~r~Jlox im«;}o,;:' of U•~ s~·mf.:· IJhj-t-:rt wi:tb «~6rn~~th diiie•~:1,ct-~ t•">'h;ct, is diff,;;r,:;nt. m 
.:-~ t·i{:ht -t-:1/f.:" ~::,i « t:..:·ft "=··~tt-~ v:;:, ~.hr: s.t·r-ef:t: H:I .. ~nd c:«i~ t'.'t-~tr.1(i,nin: .:-1 $t.;:'f~"V~.t".iJf.1it" p;cttH~ :.'il·lth [! 
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bin-.:~t.:ut~t· disp,ar{ty. 
[-00321:rf sri~·l:.~'n in th.:; ~-r;~:~O$hCP~h dl~piay· devke 10 cf the ~,r.:;:.e-nt inv'en-:::~c:n, fr◊fn cth{;:· 
..-;.,t.se•v~:r~ other than cbl£ecvet 1:::: dete1':..i:ed }Vitr. t:--1~ ob.s~1'~1e:- vos;tion det~t"!m1 devlc-::: 24., 
o~*:"ltng 5'tttir:g 0\,(t (~ ~.l't~ l'}!'}ert:F<g settt~,g ·~~"·lt* 1.6 {r$ p;t.rt:'.:lrmOO $1~ u,;;J tM.-=: t\\'.C~,d~m~f'ISf~flr)l 

irt1age of •~:fthet one cf 13 !19!'-it ~"•/e i;-n?$ge o:- a left ef~ itnag~· 1.-..-h kh is •:.s t·f,/ing td.Jt the swtt>:::h it1g 
di~piay' t-.:, trj~ fnd:t<~Ko:- 14 b1· time ~i'l:sr:ng -::an b\'2" ..:1bser.t~.1:t Fi.g,3 i~ ar. c~~enrat~))f': a:-es cf 
$\."f{:'f:l~ 1H frf;,nt f~::..:e by th<t-: kn;;i.r~r: dh.{}t«v d£·•v:·(""t-"': .:.1-{ f•r~.2. }:f th~ 3D Ut1St-:\'\•('lt~vn t!rf":« 2(} is s.~t 
'tt"l th~ ~f~"S(,dt:ef] r;rn(:t-: tlSf:.d ~$ ~.hi'.:' frof"it i.J.f thi':' $\."f{:"f:f: lH t.1-i the-'":- ;g.;jo-t-: d::Spi¢'{ d.::~V){.~ 10 ;:;n,:-J 

an ot~:::ren..·erl~ right ey~ 38 Qnd left eye 40 e:>:\st in thi:::, 30 1)b-s~:rV'il-tion are;s 2-cJ J in n-~sµN:se to 
r,r.:J}~~tion ,:,f ti-:1~ image ,:,f ~zimi..itl":1 •:lftfun-)n,c~ dl,ffere-nt., :--esi::,~ctiv~ly~ a :;t,-~r--:::0~:0µ1,: ;>kt~r~ iS 

ob~;f~:r ..... ·amf:. 

[C(G]1If ~;; cbs.eP,'>.:·::- :~ tn the 3D ut:st-:rv~tK•:n ~ff:'.:-"'! ?.H, in 'C'Yf:ry pu;;;itk1:~1 hic1· elm vb$-e:'\--e ;:; thr,:;\: 
..:1iment:on.:.sl dt~p!~r'- ·-r}<ilt.1s, re>Rl t•:~~ h.2:s (;~tf!-cte..:1 t:-~~ f-H">S<f_;on of-the <..":-tHer,,e~ '-''-''MiJ exi2 . .ts i~:. 

the JO Ob·$~fV.?.ti-cn ~r~-~ 10 t>y the (,t~~◊S(Op{( disc:,!sy G~\'i(:'.: 1:J Sid~: s r}Qht e~·~ im~g~ ~nd ~ 
;;i:;ft ;i:;ye i:ff1-l1:;3~~ r,tlh;i:;n an ul:~:~~t~l tx-.,:Jy is ~~~~~:rt frc-m e:~-r .. h ~r:c,.,,·-1:~:ne~il t~•n;i:; <:K~:c:rdirn~ to ~~n 
ob~:t~r ..... •~~:r:1 ::i.t.-=.-tk.):i 3::-~~ g~rn;r-:e--:i:ti:x~ in re;,;J tirn;i:;1 ~1:nd it p::-cfe~:ts G::-i :~n i)bs~rv";i:";:·'s right ;:y::~ ?.S o3fR::i 

left eye- 4ft r-cr trfrs. ~~;.ssnn. :f ;.sn 0h~i:'r·~1er :rn0ves: ir: th-e 3ti c-h,.;~:-v.;-:tinn ..Sff.~ 2.Dt ${_;.lid 
..:•t.se:--v,3f_;on 1..-•,•:-N-.:h hHt~ moUnn p~•~:t~x 1~ i::cn1·h~:1f.:.t~cn :.~•ith thi:s t:an t~ ::.~rti:;.rn1~d. 

[C034]T.he regi,jri. ,:,f tr1~ ~~~tsi►:i~ of the JO obsl'.:tvaticn ~re~ 20 turr<$ intc the 2D c~rv~ti-:,fi 
~~r!":.e--:t 36 whl:d, <::::in ob~:i:;:"..'e 3 t, .. ,.".t.1·dirr1:~~•iG:kJ:i'3l ;~n~19e~ Fi.:ff tfo~ ti:~~1:~;~-::,,nt s.Crn:e it v,.W -c:·.~is~ i:-i thf:: 

ZD ::::tt:iserv-a:.~o:n .~!"{::"!, J6 ~N~H'!'!1 c-t.1"-Jei· c-trse:ve:"$ otn:i:'f :.h::m Ui-€' !'>h-$i:'f':./f!{ -1,_;,•t~-::~ f~,o~ t1~n fhr~ t:¼r,get 
..-::-t tl"~e .:.1~t~:(ti:ng p• ... --.sttto•i ►n thf!' '.5,D -:'J.~.1:;~:rv.~t~o-n ca-ea :.?O -:'J.J-.1:;~:r~(: S\~•ivlt;,:-:-eou~iv f;t}m thi:" 

r1~~ghtl-:-rrt-:,(::,d., t~i~ ci~ar t,.~<o,dirne~~::Ctr1~! i,rn.s9~ by µ-rojecti~:1 of s r:gm e'f~ im~~e: ::>r a left ey·r:. 
:m.s•~ I'.: is ;:,t:,ser..-:zi bie. 
[C03S1Fi-G.4 is ~. ~ow cho::t .of ti'":.e thr~e dim(:r:ti.ona·t Oisp~~v b)"' the tkn* dl\"'l~io:) ~t{J.~~~si:;g in 
thtl' imi:<}t-'":- d•~p::;:;;,f (J.f:Vff.t'":- 1°C cf ~i.:.;.;!. f::r'>~. ;:;;t Stic1-p S.t., tJ;i':' f.lbSi:fi.t?.t· f.'10$.Jtf:::-r: d-t~~d;t1n d,:;1.'tfx 

24 dete,::ts ttie p.-:.£-ttk;~ or tr.~ nbs~rvei·'s 22 ~~:;:~t .:.sl"}d left ey~, B•~ i-n:a9~ gene,,:.-ni•~g 0~vf.:·e 2.ti 
g~nerate-s tl":1~ irnag~ f.:,r !~rt ~y·-e:;, Qnd the im~ge foi· i'ight eye~ in foe foH0~~·1ng step. 51 ba$~d 

o~; the p~:,s.it_i,;jn -1.-:.-f ~1n ob~::;:'.,•~x:1 i-~~3ht ~1nd left. er":!:;, ~1nd Ct tranG::T!,/t$. ~o ~he f~~-:::rn~· bt-..lffor ,;.,f tftf:: 

-:! isp1<ly <>:-ntT-:.1: 3U, 

[t:036jrhe ..:1:•sp1ily c,'jf1.ts-n: 3n exp:-·e:i:st::s the tn-~,3ge foe· left ey~s to the in,jJt.o:tt~r 1A o~ ~;t_·,ep S.:1-
first. ~;y::-Kh:-r>ni-;;:3ng 1>v•t~ t:-,;~ rlisr,l--1y t",:f th<£. trn~.:;:~ tn:- h~ft ey~:s., the cp~r-lng ci::,nti--.:~~ H~it J~ 

,-:sn:-ies ,:,i.it ~ettir.g~out o:,ntr(ii of the opening ;>c5ibc-n fer Ceft e·~•·es ;::.·i· step S.4 ~t t~t~ o;>en,rrg 
S!!tti:n.g de•..-iJ.:~~ 1&. f"~x tJl.~$ :";i:;a1m1,, th;i:; :n·i";;sg~:: fl:-:- ;~;TT ;i:;y~~ hl1n1: th;i:; i.:-KCif.:atcr 14 iS: pn.1jl=x-~-e.r:! nn 

t~se Cor:-g-..-:.·lse :;::it r~-gi:on f.-:'.•ntntn:nt..f tJi(: ohs(:ri!et"$ Z:.? if!tt f!ye. Ne':<t,. a:t St~µ SS, tt~~ di'Si.:l-i!V 
t·:::-ntri.;.l ]0 dis~;;;•:-rs. the-'":- im;:SG•t-: fr.:-1· c·~Ght t-:V{:·~ t:-n th~ inr]!(;:,t,c;.::- 14, :sytKhronl~-jnG .... --..·it.h t.h~ dt$pl.:-1V 

of thi~ lm.?.-ge f-:,t ~g~t e'ieS, tt !:~ Step Sb ;,s~. ►~ t~I'.: op-e~!ng C(Jr1trci \.J;t!it 13 peri'D~':'tlS ~ettj~g~o-:..:t 
;::or.trol cf the (j::0'1'.:~i r.g p,:,s{ti;:,,~ fot r {~ ht -:.,/es t;:, tr1~ l)penit1 g settCn•.;I •:i l'.:vt(e: .1 G. f(r! thii r-r:.as,:,fi, 

if ~;ho't<vn i:n t!°P:~ f1)ifo).'\'ing .;J;smer•; t:i:nCn..;1, ttv: l:n~-:::ge f,::.,i: ri-gnt E':y":!:;$ ,:Jis.pl~~)H::~ un n-:1,~ i:~di..:-i=~t:-.>• 14 

is prnJ(:r.teti o·n ~Ji€' r.1hs.€'r·~~e:--:; ZZ •i~]~il i:'ye. 
[f:0~7jThe prnc~~-tA~g fr·nm 1$U(;~ ~f~r$..'S.l~S6 i:t: r~r,eat~rl irnf)i the d::t:.r,i;sy ~tn~ 1-;;f~~-t:ipmi:nt \~ 

p-ertc(n:}ed ~t Step s;. \,vr1~n the s:.•litc~;ng di'.':'-plsy •:yde c.f s ~g~t eye: im.sg~ Zi~d a ;e:tt e:•{e 
in,~9.e ~t time sr.1~~~t19 is r:!-~d~ into 1 / Cy'Cf.:::s c.f -60 ~~'C-:1:~1,ds ~$£ a dl*pia'{ pe:icd ,o:f tt1{; 
pn:".:'.!<:'r1t!::.x.._ fn.:-rn B· fikke: per e:~d~ Cm:~~}t~, si!"!.c .. e it i~~ a s-.,•itc!":iin;3 di:~pk.:t·{. trh: ~~b}r::xt f-:,.:- dgtJ~ 

f!V~S1 .!rtti th~ c~;Je-.r.t f"o:-- t~R !f"'fe-$, of ti ... ~.;-., :;n~<:ts., tt $~~-:'J.L::k1 just pf!':-t<";rn·~ ~-.~Jt l / -r.vc:es f1f .t /.0 

5-tconds, : -=- .• Q 1:2n,i~ti d,~~-g~. 
2., An ob1erve-r's ~~te:ct.{r1~ p~s!tibfl r-cg. s ;s an ~mt,o....1Cm~t!t -:if tr1~ ~bs-:.:r ... ~r p~stt!l)~ det€d~on 
-.-J-t'!Vk~e 2.4 cf Fi-1.).2 .. «nd <fot~,:-r:ed the po~itk:tn ,:.,.f ~n ob:;ot'!rve~·~s *"'e by t.l·h;· irrtag{; ::•t{J.~e~ing b1· 
tWi.J. f.~t'> !)f CO) t·.:-"'!m-t-:i«s. In f-io.5, tht-: .:.1-t"t'>f:t· .. ..--t-:t r:-t.1s~ti-t1n ::.fo1-tic'dit'l-n \.'&:Viti':' 2-4 t$ f>:-v,·i\.°&'d \',•tth 
tw~.;:t sets. of CCD !:::u•i<tr.~s 4i and 44, :"!n.:.1 to the 30 ot'l-sec·vatitm ;$.f-€';, 2~J ef" F:g.2, CCD t'I¼m.eri'!s 

42 il-nd 44 Sl-~parate a ~,:,.nzcnta! ::,r~~eten1:rined int~rva:~ an,j ~1---~ tnst.s;le<l ln tr,~ e-q~iip.rn~nt 

[C03B1Tt1(: -:..1Ds<;:i,•·*r ~,,:.,sitk•t~ cat,::.:f~,tli~g pa~t 46 caJ.t.:t;l~t<-~s the p-:1sitCon ,:.,.f tl'it'! right ;;)nd ~~dt *l''e 
vf t~~t· Ob$ic1fVi:'f '{{h-t.1 t<1t:t ~ Oh<1tt1;:::·«p:1 1Nith CCD c«m~~as 4/. ctnd 4:4 T~•i':' :.'bSf~t"\.'·~~r f;i...':$.it.l:cn 
;nf-=.1nnati.-:.·r- g:ene•·ati•~~ r,~rt ~is t:--·an;c.rm:t:s rn~ t:--,.:--e~~.:~;m~n:sin:"'l-E1:h .. J::.0rrlinate:s: inil."ffnm:t.it~f'> i:::,n fhe 

;:,t:,serv-:.r p,:,s-ttk,~ t3!•:uC.st~►:i by the ct)~rver pc~iti-cn (aici,.;l.?.ting patt 4<5 O<: v,. z; t,:, m~ imZ:ge 
gen~t·~tit:g dev!::.:e 26 -:~f t'lg,21 3n~ ~fs,:1 trj~ oµe,nl!"!-G ccntrof unit 28. F~g,6 i~ an expl,3n~t(1.(y" ·viett,,' 

~:1fth~:: ~:i:ithm:etic ~:(x;te::-iti} in tht~ cb~e•v.:.:~r ;.x..:~~t:icn ,::h:t~;:.~t:cn !'.:,\~::vi<";i:; ~~4 cf Fig.5. f:g .. -G {A.) ;s a 

µi?.>n v~~w ~'l-f ti:~ i-,e:~t►r.1:-: r~f t1"-ie (:n~cfng ~~r:1-s.~s ;-~~ an::.~ SC in:;rn:le.:.1 in rn~ p.;-.,:;:ti0n rH•::-f;,-fit for ;, 

pres.:ril">ed d:startt.e tn- the cb>:;erver and the :m.~{:tn'd· •:-:i!Irf.~CB :_Sr~ ~:---1,:1 S6 n.t" !'\,·o t?.lr:~er$:5. ThP­
~ide \•iev..- is e):pr.e.s~e:d tc( the tm-nt ..... :ew s~:l'.:n tf(::,m t~~ c~m~ta si.:;~ t►:, fig.6 {8} t(i f\g.6 ((). 
[D039]Tc- the imU-;Jt'!S 58- ~:~:d so of ~o $£h~,e~. irnag.:;,,j }'•:ith \;.-l-:, ,t.:~m(::'B~;, the Cet{;:(t}:ig P<•~:tlcn 
oi·lnc►~,-Je :·•i n·;-;s. .:.:ase 8~:k.-; 'foe· ;,:~ obseiver·-s €"y-es 31") ~c:.:.1 40 "".ritl"i :-.:.&ttern :-n-.;etrJ1t~g 1 ~no 
('i:tt'~3!<1tes tJ•-i'!' pcsme,n in:·o:rmot:on on an :npt.•ft(:r.i :rrn:1~]€' .. Sl::.c.:~ t~'li$ p,,v--.sttt-Dn mtorm..1tl;-.1::~ t'nn t1e 

:--epC.s,:e<l tc angfe inf<if·-rrmt!-e:,11] t~e pc-sftion cf 13ri, ~ye CQn 00 de•juce-:l fr,om t\.'liO ang;~s tc the 
~istan;::e in.:; th~ 1:smer.s t•l'.:~~een. ►'.:imer;s~ by the pr~r,,:ip:~ ~t tr!.tri)Qc..:t~t1bn, 

[D040Hf ~t o*sct·/t•es i:~: .de-r:o:il. th(: i·~xc~ ,,.Ht~ st":t t-:1 t~h~ c-enter of w,,•,:., carn*t·~s,. ?>~4 ~ ;~ ;;:xl$ 
.:-"'!nd the:: v--oxi'$ '{{:/: ~i':' $tit us; en th1: lt:n~ ~n ctnd Si. •"t"!""jf.lt-:ttivt-:!v, T,t,.•-t.1 t;rn1t-:r,:-"'!S i:l-:"'= f::$toH:::~d $:"J. 

th~~- tho;?, vptic ~xis m;sy be m~~f: p..~t'~C~-=-L Dist~n.::e ~m the :m~~f:s s:s ;s11d 6n *nd th~· ltr::;~s 
52 aw.l: SD t,:, th.~ in:a,;w ... ig surfaces 54 ~nd 56 i~ set to d for the im~ge en tiie ifr!ag:ng ~:;rfa-c~ 

54 and 5-6 t:r,~ged vlith 6 ~nd a e«me•"a in t~x;: lntt-.-:rv~i cf t:x;: lens~$ s:o Or)-:.,i Si, 
[D041];:.,ho:•t·~!rtg w thls *n,t-odt:n*nt. trH~ cc-o::-di!"!-~tt'!s {xO~ yo. io; ,:.,.f tl'it'! m~d-·p,....~tti-on P \.l ttw~ 
rioht (:"t'ic1· 38 ~r:-d tht-: iic1ll ic1yf: 40 wh~o1 Wt-:rn <1-ht~:nr:d bv p;;i.l.tic':r:1: •n•;:;;tcht:~~l Qf~ f.a:•(u!ot~-·d. "fhf: 

;~n(~le1; W9.!taJ. d~VJ Uwt:~2 r;f tt,~ str~~g~;~. :ine ..,.,,.-~;i:~J~ t·nn-n:e.:.'ts t~~,e c~nt2-t· p:)s;tmn ~ ti'f the t;,;U; 

ey~s cf FigJ3 (.~i and th~ ro:,slt1!:•n on the tm~:gi:19 si~ff~~::-e SA ~rid 56 of a (Qrnera first, ar,i;! t~~ 
~:1ptit~ ;,;.ids -:-f t~i!": tt~•i~;;,;;s S.:J :~nd S.2. ta n~a:in::, -e--:tnd 31s:o ~h~~ i3!-i(~tt~ al::,h-e:t t-;:.:- th~~ o~t,,;:. axis of the 

;;;tnjitiht :tnic· ,•...-hkh f.t)•<ni':'(.ts t::e b:::-th~-r:yt:'> r.c"::1tic1:r pv:;ttlG~; i:.- tc t:1-r:' imct~J'C' fcr•n;~fa";on f<'tt~f: 56 
$t--"f:!1 from n,1: $KJ:1: $Wf~Kf: of f:g.6 {C) h~vt· ;~ r-..:·~ti::.'l-n tu ti~ic' EJi.J.s1t:o!! ir:for1:~«i.~cfi t"J:") ~ ft1l:-r.:,wir•1:._~ 

5./16 .,Z-~ 
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i CH47]If { /4-) types. ;;sf.-.; s:t._:h~~:Jtut~J tor { '3} typ~~1 the ('.•~or1:;b~re v.~hie yo i:::,f t~~ b,:.1th~eye? 
-:::enter ;>o~ibc:n P. w~i! ~~ com::•s.it~ct as f.:.t~cvls. 
[DOi+B] 
[Mittt1en1oticai :¢fm:i.:Ji.l, 4} 

y1 
.. .i O '" ·""'-"""""""-

l{ z,w;~ 1 
(6) 

[Cfl49]B:,,. .~p,piyln-9 s:•_;t'h ~ {4}, {:i}., ~nd {6} tyf.i,~ to e~•':"h cf the right ey~ :m by :.1\•·h:c}:; p~tt~=-~ 
m~t,:::htn~ v.,<3s 1::ar!led o...;:t, ~n•~ tl'i~ le~ ey~ 40) t~e- co,:,r.jmates {xr,. yr1 21"} ot ~Qht ey~ ~-osit;on 
P-~ <1:~xj t.be .:-_txxdin:~t•:::S (xi, y!, ;:i} 1_)~· tht:~ ie~. E':y":J::'.:: ~x.y;/tin:1 Pl <:".<:1, .. 1 b~ s-t~~Cf1,1:'.::d Tot, Ah◊:..:t :i;J,t~-t t~'f~ 

f.H.1$mQn Fr (.:ff, yr, Z:"J 3:S';(.t ~J';~ ~ft ey':' f>:)$:{:,;"J-!1 Pi Lxl,. vt. i:1} Q,f' an Vli~,e:-v~► P•O.S~tfV)l i:"3- -iH.:t:.i;sl 
:;p.:1:c~! H t~~r.:-:.rn-l~":S p-:.1~s1t,:ie tn gen~f-3t~ t:--,~ rig:ht eye •m~g:.e ~:-•t~ left ey~ •m.~ge :.,1\,·ntc}-. w€r€ is.~en 

ttt-m the 6etectJ;:::,r: pc~it:cn ,:,fan obs~tve:"s <:ye by t:3~rf-:,rm1t!g s<:ale <:on~~r~ion at1d i::3n)"in~ 

;:,ut image g~nerat~n tl,tN.•e-en (◊C(din~t~s spac~ ,:,f tr1~ tcmpt.!Wr 91.s::,hic~- wh;d1 p~!tormas a 
-:.:hn:'.::e dfrTi~ntk.):o;s; ~jlspl(W. ab-,:;.,~-.lt m,:: d~s::-.,l:::1y ui:;J~~tt S!":,1;'.::n 1'n':.'rn ti:;i:--:: c-:;g:;:,n.:.t/n~1te ~-r.:1S:tior1 ~~ft;-if: 

ri!)ht f!V~ ~n!-J: left ey~ ~Jy whk:n ~-:.3le C.('Hh··ei"$.:<;rs w3s c.3ni~iJ 'l";Bt. 

[fiQ~Ojf!:g.7 is ot11~r ~rnbndtm~~ts c.f the chserver po:5iticn d~t":ttiot1 ,:h":\"tr~ 2'4 ti~i-:.j by f~Q-2 1 

ind t..ited the m:zignetic s-en~-or. !fit it in the ,j;:,s,er..,~f p,:.:titi(Jr1 •:ir,:~cti;:,~ rle~ke 2-'.; t◄ f Fi-g.7,, s 
::•i·.::-de:::t:rrt:ln-e,j i:t:tt'!r-.·ai h(;lrL~ontat tc the *Qui·pm.::r:t ~~e ::s s,-~µw·o::::ed,, an..-J trj* psir of rr:ag:i~bc 
'jf!rrs,;-;r 342,:-S44 i-s Sn$:..c1:l,ed. l\1 th~ :n~r4ne.tk ~-t!n;;r . .1t· :-S42,.J44, the ~lt..>serv-e:· :-~:-! •;;;ti~ ;~t,.c., ex\S;l"$ 
in ]CJ Qt~::f!:V-:!lii;m or~~ !$ ~,...flJippt-"d ;.,,,•ltll tC:e mogrset :3;·;0_ 
[DOS1jt~1~ e.¥amp~~. ;t t~ke$ t~~ te*d lf- V7·.-=: C,\b$·.-=:rv~!'"'s ~2 ~1Jt~ f:ye1$1 a ttr':l:me .ettc 1'T',;;;y be 
~,qt.i;pp-00 Wfth th~ mign~t 3SO ~:1.?. b.sr1•:i, and the rnt~-:i ~e:.art pos::t1,)n ;:::,t the o~:;;.erv~t'~ 22 c-::iat 
rn~v b-e (:,~ulpp<;d 1,,~-ith ft b1{ ~ pln etc. E~c_h of i'Jt>:: rn~qne-tk· sen$.v~- 3~2.,344 d(!t~cts tt1\': 
:nQW)~:t:::: f'ff:M 1>~.f~~-r~~.h ffvH; t:1{.:· f:Hi:{mc':t )SO '{{hi:::h tJ;f:' :;)bSi:f'\(?.c· 22 h~s ,r;,·«rrSt":d, Sin-c.t'.: 
m~g~~t;t fi~id st:re.r:gth tt1$~.l~t:1/ dea~.QSe5 ir. inv*rse prop.:.rti.:.·~ bJ t~l': cub~· of dl$t;;.n::e, ;\ t<.in 
,j·.-=:duc.-=: t~~ di$t~nte frcm t:he 1$tr~ngth ~t UH~ dete,:ti◊r. mag:~f:tk. fi.-=:M cf the rrtQi~n~t:c. s.en~::>r 
342,21~4 tCt th~ ?Yv:lgnet J5C( {,~ ... the •:11sta~•:e R1 and R2 tCt th~ ,:enter pcsition (tf th•~ 

-:,bs~:','*r's 22 b-::•trj *)'e-$. Ti'"1~s 1 if the Oistanct: Rl and R2: from a ~~n$i)r to th.:: :r:agnet .350 l$ 
:-:nm,vn, u~~ ~rJs.:t:cn 0f th?. m«~}nf:'t 3SO f.a:1 l.f:' d~"':(Jr.i~:d as .:-"!n i•:tci:~Sf:.f.tk•n 1,f th~ c:r;:,.-~,i!a:· S::t·, cf 
th:'! :·i}dh ~1 ~Nd P.2 ::~r.t~r•Ng on the m~gr.~tlc ~en$.f>f 342_,34-4_. i:rn.i ti:e ~w~s.[ti,-;f".l n~ lil]ht ~rxi 
left din; .. 'CtK(f":S fx. at!a! dire•:tion} a•nd forvia,n~/re~rv;-anj dinxtk,n (z axl~l din~<tlo:1} f:an t◄-.~ 

d-ete-:-.t:i:'Xi. 
[COS21Hen;~: if si'":.own Ir: trs* ti'":-t·*·t'! di-rnenttona-: d:'sµ{~v of the µr,;,'$e"!nt ln\..-.::r:t!c-:1: e\'~:r ff sn 
v~~.;t;:,,,ci:r nK>Vf:$. Q f;:,r.e tu;,; V?.r~_f:.ai -:-Jir1:ct~n. ,:-Jf:tf:lt:,cn in pa•tit:ul.:-"!r i:,;, unn*-t~..::·:;~~r-y .:-1b-:.-:,ut o 
ve:tknl dkerf.R·}n (y· ax,,.;,l dke;_J3rx-i}, f:r;_~~:, pf!-rfor:,,m(:· the $i1-ff1e- inrn~f!- p:-H}e-ctN"ifL That is, W ff fs 

;ri, t~i~ ob•Sr,:tver P,..'iS/bon detection tr' w~ magr.et{-:: s~t1wr J42~2t•1<'.;, the -::oordi;1a~ vsf..,;'o;! yo 
1.::$':'!d O:$ ~ v?-r:::k⇒t dire-ct::ort us*:s Q fi;:.ed -:_.:~:u~~ aml <akt~iate~. t~~t'! co-:1i•<Jit:a:::e -:_.:~:u~ 1:0 ~if r-ig!:t 
~nd i{e'ft. <lfr<tr.tion~ .. -:!nd th~ CQ{fff':h~3li:' ,··-:!lU':' i{r i;.d fon,--;~r<l/tean•'>'-~r<l dl:·~c.tkm r-1:· the -..':bs.er-,~; 
f:<1~$~b.:.n t~:1.t:t;;;t:ng ;'}~rt 346 by~~ i~per~ti.cn. 
tCOSJJ.-\~i)ut t~~ pc$.itj◊r: cf the .j~Se~"'lt:.r··~ 22 r~ht ~nd :f:tt ~:o·e, r~~· i:c(trdir'(Qt* v*Kh: xr ::>t 
~ac~ ~ye ,3,1,j :<l :·niy t•~ C.S!t:l:t~t~:d b)' $1...lbtf~ ►:::br.g .Stid addi!'i•~ Wf'l. to the O)Ordin~te ,:,,•~itie XO of 
:::he b,oth··?'{*S <'t'!n~r position d-e<id-ea ~N ~t: ma-gn<-t 35-J 'Nhkh w~Si s--~t. for ~:,;.~rnp~~ as ':t.~•~ 6t' 
mm t~f tntf!P~·ols. ,)f on f'!yt-\. <:H<d: \••,t«'> dd"t-"':t:tt·d frn:rn t:1,e ;~tt---:rv"<ll cf pr:1t~p{t·1

:; e'f* h~~in(~ :n the 

~n~~ wh:d"l are 212.S: mm~ 97.£: mm ,st,,-;bstk~::y. rn th:~ c~s,e, the .:-oord:n~t<:. ,N:!u~· ;.:rand t~ 
si-:,!:,u~d just ...is-e the <oordin~t~· 'l.•a:l.t~· i. of a b<•t~·-er·~s ~nte:· p,ositlon ~~·it~. tr,~ magn~t 3.SrJ, 

[COS41Fi-g.S ~s ,::~fi~r *·rr:Podi~n*nt::; cf ~h~ C;-.t$~n,·er ~.x.t~iticn f..l~t-,...-:cticm devi,;:,e 2.4 ~~~ bt tfi~ 

p~~$t'!nt tnv~r::t::on,. an-d u~~d the u~tra~onic· sen!iv~-. !f it ::s in t'hlSJ vb~-:erv~~· position <fot*~tlcn 
d<t-"~Vff.t'":" i-t:, ;,; ~f"i:"df:tf:rminc-:d in~½'r·v.:-"!i tlvn;!ont«:: tt, U~~ fn."lnt i~-c~: -:..:-:~ the ..::·q1~iprn-.:nt. s.i-.W is 
5-ep~:-~t~•~. Qnd the P*:r- t1f :..::tr-*5e•rt:..-: s~"~.cr4--421•·~ .. !~! :s tn1$ta!t~►-J. -~hi-:: u:tr~s.:.·t1ic t;em:1):- 442,.444 
ha:; dis,:har9e<l th•~ i..:ltr~scrHc p,t,:~;,e tc- JD- ob-:v:~Tvaticn ⇒r~.~ ,-.;ith the ,::on•st~r:t ::ie:·}od. 
[COS.SF-:.: ~s r-e~~~;:_~l::xj by th~'.:: t)b~;~~rv::--:::· 1~~ ~1:.:-od t.bt~ t~it:·(1s<.-nk.: p~lse i:s n:~:,::/v-e,:-J by th::~ uitra:st~nic: 

;;;*nSiJ.f 442,444 :,;,;,:-Jf:. Tht-:t'."t-"':ft"lr-t-:,. fro.rn th-t-: pn.:-p-og.::-ti-t"ff.i: t°trn<$ tG U~..::, cbs.ci:rv-r:r iJ. :').f thf: t:!tr:-;$vnic 
1,.."l,•~i..~e E)y th~ utfr,3~...:._1ntc S"!1f1.S,:.1..-· /4t~ ::?-, ... : .. :4, ·-n,~ rfo;J~:11re Rl ~u•d P:2 fr•J~ ~?.-C:--1 sen::sor to:::, v--:.~ 

t•t.se..-vH· .?:2. ,-:~n t~ f,':'iund_. the ct.--:is~:ver's 22 f}ns;t,n:1 infnn·n~t~i':'iN .~s :.-c.;reC: .:.5£, the t·as~ 'l.'\'iH:~~~ ;t \$ 

a rrm,;i:1:t-:~tlc :;en$1)f ,:,f Fi9.e (Qll 00 <'.i):0...i1~ted by t~~ i)bs~:r:,,.'J-~f ~,1:,s)t~f:,11 CBlct.:f~ting part 4-46: and 

;t -::~x• ~:i:'.::n(j to th::~ i:-::-fr~g:::~ ~~-eri~~r:~t;;:.:,.n sir~:::--:: fnxn th;i:--:: ob:si:'.::r-...•t~~ ;x}~3:/tin:• info:·rn:~ti:on 9en•::r~t;n.q part 
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at:.:fve·tY~en:::icn{:'.d ernbcditY:en::: .. t-u~ can 1...~se the p-:~sitt-::,r: S<;:n~lng &~ ..... i<;o:".: usirnJ ;;i p.:"Op<;,:~ ~nsGr. 
3. Tr:.':'! q~-n<;r~t.K~t1 d:~~vln,~ 9 ot a :ight ey*· trrta-ge ~t1d a ieft <:·{~ imago:'.: is ⇒r:, t":rrt:X:<faYt~nt of tht 
•mage 9~:t1f!:-at;n,g de\•'icti 26 of thf! fl~ 2 whtrh gene:-·ate$ ~ :·ight ey~ lm~g~ ~nd ~ f!/fn !if•'{e 
im~,g~ ~$.-~d ◊:': cti:se.r-...•er pc1$iti<m d~t-=-t~o~ :nfutrr-atk~n, a~.;, th:$ emt.-,:;di,m.ent, e..~~ed en: 
,:,t,seri.-·•~r p,:,s.ttfor: infon1~3ticn{ the !1g~t -~,n~• im~ge .snd the l~ft 1-~ve wn~ge ~·~·~f>,~ ~ene:,3t<2;,j fr<im 

~he mco*·tir~g o~t~ r~.ccrde<l r::,:~eiln-:::n~ri:y, 
[COS71In F-i(,i.9, thf: i:n•=,.g~ (}t-:ne•~t:·~•g d*v:·ct-: ~~fa ;,.·r,,mr:ri~-..:·~ tht: mut:~H:~g {J;jt;~ $.turag-: 6:t t:nd 

thtl' ;e;;(l:r:ri!:-G prr:.i;,-ef.Sl!:-G p('l:~t 04. The': ,11~p:Q'{ (,v:nt.P."l: JO fk"!$ UK:' ngM -ey-t-":: :·,n(J:}t: fi:'.t:n}t~ t1<:f:'tf 

56 1 the l~ft ~l··e im;sg~ fr~nte ht.:ffer 6-8~ the d~t~ s~~·it,::hi;1g $eWon 70 that perfcrrr:s ~n: irnag~ 
,:;hang•~ 1 / l:1 ~ cyde of 120 sec~nds. ~itd the dt;;piay· 1jf)\•lng p~rt 72 to the ;tlt~g:e- inrji,:-0tor l4 

frl.:-m: hiving f.l1:keri m~ tirn1:--:: Shi:ring di:s_plai,, -::.-f i: ri.ght .f:ye lni-t"'.1:;3e -ij:,"ffJ i: h::~ft e:.f!": ~m.o,g~ "fo.:.,r tri-e 
(:XQfnp.1<-"::. A:$ trN:' di,~;.:1~y t~rivim:i Mtt ·;2, ~•,m~-n ~ liq; .. a:.i :".rys);j! dt-:vir.e ;~ usl'.':'d ~~ thf~ :ndic-Ntur 14 .. 

,::s ti.qrn.::: t:·)··stel.: rln1."e1· i-s i.;se,.:1 

[C0%]Tl~e rnc<le!ir:-9 d~t~ •:~sted tty· t~:~ t~c;:-:i~;i:we <::f o>mp,ite-r graphi<s i~ p~~lm!n~nif 
r~f..t)•l'itx.C uri trt!": ffJ.1.)dt~ling dsta 1t~:1t·:1t}t":: 62 cf t:x:>: in ... ~i:ge ge:'"i~~r~~~n;3 de'i.•·lce ~?f~. MG'-O~!ing <l}J.t~ is 
~]<:>:n~i·:~ting th~; Gbf~~:r budy :~$ a :0:;t :)::' sum~~ pui,~}1.':.'n tfata" r~· t)b,..:;~;r,.,1;;:· pusitk:i-:~ inf•::1nn:~t;t111 i-s 

Qt\.'t!n tD ttie: r-e-nde::ini-J: pH'<ce,.;~.-in'd p~rt 64, ~1.~o~ ~"lfJlygt':1:1 v~·htd1 r·0r:rns the t~l•J-e.ct htri:;y· ~tt1:red it:. 

th~ ~odf!.fttig d~t~ s-t,·:.-r-el~:e- 62 ~>'! nl,::sk:ng th:; oh~:e-:v~t:cn ~-h::,sit~•':'.if1. lntn ~ v;-e-w p~:.sittt~,--, wW 

Ci;ik::i.,J!ate- h◊\.V it is v;s.t~;~ ti"l'.:•m a vi~,~ p-c~-iticn, 
[OOS.91Th;)t \$: -=1- pG~lUcn, i!> ~i1:.1:~t <::t t:,:-;h.:-i·, ~~ t~xtun:;,, 1:--::t..:c i3:'"€ <~1kt-!!<:']tt~<l~ .;;-md It d::~·./;:k1p~ ~:is dgbt 

"'31/e. tina-g~ !"'.lata tr:- tC:e iignt !f.Vf! in1a:~:~ ~·~~rnf! ht:ffe;-· fr6 av'out ;!f. ~•t..fl"it ~ye, a ►;(]: devt·l~ps ~::: l'!'ft 
f!V"'3 Jm~ge :.i:;!f.t» t_,c; tJ;~ !eft ey-€ lt!"h~g!f: ~-•--a:n':' ~;sJrter M3 i:t:-out a: :f!ft f!Yf>:. :n·;.~(~e. Th(" l".ll:::pt;,.:• 
;::or.trol JO e~th d~.ti;i •'.:•fa Nght eye ;mage ;,s~. ►~ a teft e~-~ imige •:i~)reh)p-.._.9<.i tr' t;-;~ right eye 
:m.s•~I'.: tram~ buffer G-5 .S!'i•:i t!'i~ !eft ey~· image fr3m~ ;:.l~~r 68 tr,:,rfi tr1~ imig~ ge~erstin~ 

•_"J.t'!vk~~ 2.61 for e,:«mple, ~t :e⇒,js $1:'!quenti~ti\,.. ~i t!'it'! switrh;nG o~:ratlon -:if trj* dsts $V•~':tc!:ing 
;;;*.ct:0::1 /n hv the .. :.-h-strt~}~- cy:..-~t-~ t:i 3 / :120 $-..:·r.u:1-u~, ctnd .. :.-£:rnr:$ vi.;t o ~w1~:ching ,d;S,p~~"'r' tn th~ 
:m.l:tfl:t"Cr 14 by Ul~ 11lsp:.~y drh,'•nQ P•i:l:~t 7/.,. As ~ reisi.llt ffl::.m B•'f! d~t";;l S\\·tt:c~lng ~-,:~o.tt~,--; 7n_, fa:~ 

flg . .10 1 the right er)-~ in~ag•~ data 74 ,;md tl":••~ feft: ey~ irnage d~t,) 76 are ot.:tpl.ttted ~!terrt<>tetv~ 
an,:J tlt-:: ~viiti::hin9 dlsp!.e".1:y b:,t th~ tiffn~ srt:~rin.g :)-:' -=1: :i~]f:t e}'!": !n-:t<:1-ge .:~nd -=1: :~n ty::; :rni3{~t~ i-s 
::,,i::(f.x:ni::d, 
[t:06Djt:;.g.11 is tvtt-u~r "!1:Nibf'>dfrtl"!1:Nts c.f t~~-e i:.-,.;J.g:e .gen~f.:.Sf3NQ d-ev•r.:e .?:6. •':'.if ~i.g.:?:~ a:--i":t t:-:t,:s 
emt:,-n.:::rmf!nt: .gen~r-t'ot~rl ~h~ r1gC:t ey~ 1m.2:ge :s:tid ~eft ey~ im~g~ ·.:\(hich ma-de d,'!:t~t..tit~·:--:. 

;nfurrnatic-r. of the ,:i:t:.ser.,.-:::r p,:,s-tt{,::i,1 tr:(~ vie~a:.1 pc-sttior. b-5~e<l on t;:-:i-:; c:,icttire i?i:ft•t~~tio-~ cf t.-Y•::'.◄ 
sh~~~~~s l:r!<t".l:ge<l fro,;-: 3 p,:,.ScitC,::.-in -.... ... •hC,:Jc is dlff):;n:;n~ w~tn :~ ~:s-rm:•:-.j ;:ty l:Kt~~pof:~ti,1,.':.'~~- in fig.! 1, th<:· 
in1a~!<t c~enen~:.~r:·g df!Vi:.'f! :.:6 ;:;.-:-;mr.H"l$o:"~· the ;:,:.~mf!ri: tma~(: r.i2.:t2.: stc:r:n[~ f.\2.:rt 7:3 ~m.i ti1("': 
intef"s.,{.l.!:sttio;, ~ir.tw':t-~ 9~~•i':'r;1th"".ln p('l::t ~1~. Yhc': t«Xr::: tmo-g-r:, :;)f th* {1bj-c-xt b:"X.iV with -«t t~;sst twu 

Ci;im~ras ~,jrt~:or.tsi;~, in::::.taliect 1ii8 pre::::c(i,be•:i dist.s~.•:e {~- stored \t! tr1~ cam~:ri;i im39e 1ata 
~W:ing p.srt 73. The !t1~rp:1)!.?.ticr1 ::,tctu(e prepi;it\~{~ p~•rt 75 ger.erate-:- the r"fgrlt ey"': ~~~sge a~d 
:en. e•(t; i•mi39~~ wb~dl Wf:T.;;: s-t~eri frurn th~ ~:•.bs~:v~~r >J~::,sjt.f-::.-n b7 ~he i::-it~:-p,::,!:e-1~icn ,;:;1f ~f~~ t:-&:r :,f 
tnk~•-: ►m~ge ~tor<trJ in the t·nrner_.:e im3-g'i! data st.,c;~:n(~ p2.::t 73: i"."'1Sf!d rm o~-serv(";- pv~~tiv-r~ 

:nfn-:m.~fla-r., !f ~-tore~ •n !".h?. N,Q,ht *Y-2· 1mr..ge fr~m~ ~u~t 66 D;} the dis.rcay ta~trd 3(~ .~!de, ;snd 

the C~ft ~•,;e :ma-~·!'.: tram~ bc.:ffer (...g_ The ctisp!ay c-:ontrn1 30 pe~:xrns the ~am-e ttm": sh~~~n~ 

-:Jtsp1«V c,)ntt·.::,: «s th~ *mlx>dfrn*nt of fig,9, 
[0061. ]It i:{ CY3 1\:,H-c..,...,.s vt~1:t;n the gen~~r~fi~)n pn.x:~~S:'Stn~J· b1

{ th~ int,1;;r~-:,~)i0tk.,i"! pkt'!Jr<:· ~~n~;n:1tlon 
:x1:it 7~; nt ~-:~g !. 1 i$ ti':'sr:r1li(:d ...,-.,.,;~J: ~f{':'~"'3rn·.e to ~-:i(~ . .t~~ L fi,(:.15 ll~► .f'. ff e3<:h v:~w :;~fv1-r-m!iti0-r: nf 

~ r-:~ht ~·{e ;:1❖.$ittt1>i Qnd ~ t~=-t. <;?,1/e pc~~ticn i5 fi-rst giV~!'} ~,s l'>~s~:rvf:r ~l').S:,t:vn i~forrm-,tk•f• tr:. tr,": 
:nterpc!atf◊:': pkt .. H'I'.: ger.eratfoti p~:t 75., an ir.terp-o~atton p,ictur~ ,~ci; be ger1~r~Wd m::,m h...,1e 

im~ge of t'-"-':C- Sl°l{:'t'!ts st.::1:·~,j tn the c~mera lrn3g* d:;l:.:a storfri(~ p:;l:t 73 t:ea~· t!:~ gi-.1~n ltt*1..v 
pvs~tiv:n. 
[CO-S.2]tik"'3 fi-(:.1~~ nov~·. :"!t1;:.l:Jt tt:e t':"!meias 42 ~n.:.i 4-~.- sB;.1p.:.1s/n.g: it i~ r.a:ny~ng fJ.:,t fJr.-rl::--:o;-1t;,l 

~rrang=t-~ment c.f the opt;f:: a:>:is in Pi)r~!le!:, th•~ lmz.ge ,·:,.f th•~ •)bject 78 $een from th•~ t-.,•o c~me:·as 
42 an-:.l: 44 ~\'ill Ooo:.J-r:e it~:~ imag~ ao-1,s-0-2 r:l flQ•, .13. The re0bon of the iine pb(d cf 

r~orizcn~l fi.ne 62·1,82·2 in :m«ge .SO··!.:$(h! i-:$ shewn in FiG,14 (.t...} and (B}. E«ch {Jf ~uri;.:l:c* 
!S--l,?S-2 td th-t-":- v·~ti::".t ;,•a l~ao:S r:r::-.:i•t-~t"t{:·d 0n th<-: ~-H);~zm~t~"!/ :frn~ fi;~ -:i r:f th-t-~ i:n;sr~~ <W-J. 'N:t.t, t:'1'>: 
~"'•;,:m-~ or t~:e- W\rj,tt-o, ;J-1 .?.nd tf.l_ :i)<e flg .. 1/4- {A}. ~;t:rt?.(:~ ?H~ 1. ?B~2 •':'.if t:-1~ 0h}ed ?8 h~s pi~t'tj~-r.:te.:i 

;:,~ t;-11'.: horfz,:,nt.al iir1~ 32,2 1)fb'"1!'.: ims9~ .60<:' with the V.-'tdth ~2 anct ;:-.i lie-:~ F~.i.S: {B} s-im1:!~ri)'· 
[GO:S]JTt:e gen~r~tion of 3n int--:.:rpi)fatlon ::,tcwn:~ ba~'G en :.mage S0· !. 1$0··2 of F'iG.13 i·s tt1* 
'J.t:;nt~·r<1ticrs -::.-f i:n i:n-3:g!": wbC,:-,.h S•::t \JP i:nd ic,::,;.:.~;C at t~-::~~ n,:-,.--":»\.' ~·i!":~~pui:r:t t'.t:;t•.Ne•::n th1:-::: len~W-!> 50 

onrJ s:.~ hei-e, am.: sur~~r:.-=- 7'S:~ 1, 1$~J of 3H 1-"Jhjert ~1-til: ► •';-l'J\..-e acf.'..on.i:n,:..f t,c; n v~.f'~,· pt'l'";;itt.f.1::~. 

"therefore, ff~ ~e-..-" v1e-..•1"p1Jlnt i~ ~et ~ir. ctm.:.-r•g !"he Jen·~~ SO .~r:,d :;i, if d•sten<:e ft'i>:"n ~!pr1;, ?.l-~d 
th~ ier:s 52 t,:, t~.e: vie.._.,_, pc:':.'.--itior. Pi~ s~t tc ~~ta,. t~:I'.: dist:zince frcm the !:l'.:ns SO t,:, a ....-:ei.1..•J} ... ~i;1t, 

The ~..:,sii:for: «nd ~ .. lidth ot su:fac~ 7$ ·l .. 78·2 of tr:,e: obj:e.::t 78 in 3 n(:~N vi~·-:":."•:pc~r::t ,an b* decided 
~s-i!cl m1 soltt r~tk-: a:0~1~.~Je.t~ ll!f:(\-'._.reen li1~ :€n~~~. ~-tu a:-:e si. 
[006-~;nw: :nt<t~p<;!at:io,., St:•~"'3:n rr..-.r vne $C!"(:f!tl ,:,:;!f.~1 l''.\e. .:.1t:itai~se-t.i t1y p<!1rfi";Fmm~,i the ;-.1p'!'r::;t:r.J,fl 

wi-:,1~h c.~k:1..JJates surfao~ 78· 1, 78-2 ,:,ft~~ object,:;,~ th.~ lin~ in t~is ;1.~-w v;~'i"P•:◄int P to ait th~ 
1":o'.:,r;z.cnt;,s; !i,r.e~-- ~t ~tis fol:ow·s v;hen the g~~:l'.:~abor: proc~du~ of the t~t~rp,j!S:t:-On p·!tture ot s 

horl~c-nr:ai ht:e is des.::~ib-ed on ~n in:.:txrned{~ry· cc:ncr .. ~t~ t~r,~et «t Fi,g.15 (A} · (E}. 
CO fin-c..: t:H:· di"$.to~•<.t: a! Q:,-j(J h1 t:i ssJrfQC-t-":- :··s--1 .. !8-?. <~f tht: ut:;er.t {1n the': li"Vf:ltmt~: ~:n~ 8.?·-··l uf 

th~· ,m~.ge so-~ 1. 

tG065J(H) flnd the d~:::.tanc~ a~ and l::-2 of surfao-~ 78· 1_,78·2 i:~,f t"i~ object ►::,n the hct":ionta: !;ire 

82 · 2 •~ tn~ im~i-ge BG· 2, 
(!lI} The di~t~rtc~ !:11:'!t°}\'~~:~: t!'it'! cent~:- of grav'tW of :.:h? di~,:anO:'! a1 onO ~2 ot the s~1~f~~e 7S··l 
in tht: ~fvH:'H•i':'Dti-t1i~t1-U {H{i!) •~ found, ·n•i':' o~;$.~rjon w~;j:'J~ d;1.tidecJ t.:1-e di"$.ton<.t~ b\:t.v..:t~~r• th~~ 
-..·2--nter of" gr~v•t~•· t;•t sp·tit ~atj0 t:eta:dlp~1a o.f" t~ie v•~w p.:..1~:tt..._1.-, f~ir g~ne-i·ating ~:n ~nt~rD::,.!;."'1.t:if.~fl 
pkti~i---~ fs m;s,~}~ i•ntc a c-enter of g:·a~ity ;:,os1t!:,::,r:t1 and a~ it b the interpc0tfon distano~ <.l3 

~:iJ~. :~ 1 x { bet;)/(:e-1: p~s :~ -:- b~t:~}} +s2x { b1:;~~\l{ :~!pha ~-bets}} 

a· ~sk~ :y>' r.~nytng 0ut 
[C0661(C\l) T~;i':' :fo;t.onr.e :..x-.:·t:111•-t-"::-e•< {:'t:,t~:1 -c.·~:ntt:r· .of tJtsi:v;~y rJf ~.hr: distJJ.:if.tl' l:1 t:-!:d h.t. of th-.:-' 

8./16 .,Z-~ 
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s1...irfo•:e 7:S-·2 of ~he obj*ct :n {n ~nd (H) is fc-un-:J: like th(: ~fu:'eme-ntiGnt'!d OH), 1f·i~ po·S'ition 
.. -.,hi,::J~ di•v:.d~:d d1e d;~1:anc~ OOtN(:.t'!n ti1ls -.:enter c.f grav:tt t-v %,tit r~tto beta:alph;;) Cedd~d t,1'-,.• 

tftf 1,,·i,ev;point: }V~i:'.'/l -g~nec~tes ~fl )nter;x~~;:,t;on ptrti_;:r-~ fS rn~\.1~ into th-e --.~nte:· :)f· gr~vity 
p-casmc:n of ;;;·Fl fnt*tr.-◊!~t~•~n pict:.ire1 ;;;~d Gl1$.f> it is th~ i~ist~~~·* b?. :jf ~f- lnterp._~!Qt11)~ p...-:rtic-n 
l:(3*b1x{Oeta/(~lpha-t-b-eta}}-.;. ... p2:>: {O~W/{al::,ha+t•~ta)} 
it ~sP:s by <~rry-fng cut, 
[C0671(V} $yl~th<t-:si:~".ic1 surf.:-"K":-..:· "?8~1.·.:-S:~·.2' vf tnr,:· Sntf:t·ooiot:cn forfn.::-ti{"m u~JJer.t t~bl;jJnf:d b-v :.ho:: 
ofo1-..:·mt,;nt!i..1-no,;·d {i:l JO\t J .• ~n-t: gt:fl<t-"::\':..~t-t-: tht":- u•t-..:·1µ{.l.~.:-1ttun s;:1::-.tun-: f.t"ff 1 ht:iiiori~! lm~:. :"ht~ 

lnterpc!~t:f on pktur~ 84 of t=~,g, 1 S can o~ obtain~:,j by p:ertcrrr:-ing ,g ~nei·atlcn p:(11::•ess•ing ·,:,{ $UO"t 
~ horfzo:1t~f interpc~~tm-n pkt"-lr•~ a-b-:..'t.:t at; tl"I~ ho:iz.:,~0l !-t11•~s. Sin,::e two, ~. :i,ght t~ve p,::,$iti<t~ 
an,:-J :~ lt~f-:.: t~y-r: ;a.,f:•s~tj~:~n, (°':lx-1:-:: t)i.·:,t,:1Cri!!d as -:-bsert!":t· p<::.-$.it.C,:)n /rn'onn~--::~:cn if ;tis en th~= pr~s.:::r:1t 
inv·o;;:·nrh-;-n, im:t-:-rpu:;;5tSm1 f.:.1-:cn«tk~~• of~ ff(~ht f:Y~ fffk'":-Gt":- o~•iJ: ~ lt:ft t:ve im«~3ic1· b~$.;;f1 :1n «n 
•Jt.se•v~:r .:t~t~clinn }'1)Sitt('.,N c~n t•'t! perf~;,n·ne,d by p-~::·fi::,p,o,;NQ Q-en~rnt;;c.n prot.ef.,sm9 of the 
int-erp<t!~tior: pid:,;r~ s~m~ abc-1..:t: -e~►:h. 

4. ·rrH-:: pn.:-jt~cti:~1n di:~;:::•~sy :~nd thi:-:: t)s;-i?ning c-:-nt-!G1 d~<1si;ra:rn 1.& !:Jy :tirm~ she.1:rin;3 3re the o::,enlng 
c~ntrul t-:rti~ za sn,:-J th~ bbck di39r3rn of tn!": .c.-p{:N•iri(~ s_.etlin9 !'.:.\~~vi<1:--:: 16 in the :rn~:iDe \".lispk:i:)' 

6ev1r.e -:..f t~Q-1-- "the t':ip~n:n9 t'Dt:trfJ!: ~:r.i::. :ZS ts r-:rrJY\(1-e-d Y"l':tr:, U\"!' orJ.eni~ig posH.•or: c;sk::ut.i¼~ing 
p.r.1-rt 88 ~Nd fhe d-tisf)l8y t:cntrnC!~f 90 ff t~"'l-e o~~nir:g isetfing devlc~ 16 ls ::~ t}~•s en:.:tfJr.fane:--:J~ it 

i:;.; us{r,,~ tl"'I~ matrix ii-:ii,.;~d crr~ta: shutthr 92. 

[00681.A b·ct".msrni¼lnn typ{: HquCd {Y),·St.'31 ~1isplll)' d~vk~ ~::an b!! t.:sed ~pe.:-._~r:(~':1:(Cy_, thf: !iqui.d 

:.:r 1~1'$.t:a: <:e:: ;.•...-C:i:.:~) !:O•i:Stit1Jtf!-s tn~ :mlm:te .:.1~.<s:;-ta·{ s.e~: ►•i(!'nt t-1-y w-~•h".h t~•"i'""J~,.;J ►men::lona: 

~rr~nl_).e:n~nt 't\"'~-S <:.;!rrie-ti nut ~s dc·~ven by !:O•itn;~:: of tne m?.-tnx vo:t~[~f! ~:v :J:i:~ dni..1.er~ 9.? ::ind 
96, and oper'lmg o:,ntrc; t;.y s~ttitig c-ut at.?. tra~sm;s,;.:~::m st~t~ f'.:sn b~ pe®tme-d 3rbitrs~ly. 1he 
ope~.tng p-c~iticn (~loil.?.tin9 p.art SB prn\1i6ed tc the -:o:per:Cn~ ,:or:trol l:n::t 28, 1he ::l-pentfi:) 

::,osjt;,)n and sti.:: in a pn:>je<tion optics {.Hl~t <O:'tY.:sponding to :::he view pt,:.itk,r!, set up b)1 

v~~.;t;:,,•ic1:r pv:sttk:·r• dt--tf:.c\.~vn lrif{-:-rm~tiu:1 Qft' <:«~c:.~t('l:t~'U. ;;i.::i:.\ op~••fm:i :.;,.;;:·Wr•r~ m;t i$ p~rfofH1\:-:-J by 
c,:"'.:r,tt,:,1Hing the .:·n:-f~spnnd~r:-c~ open:~g or tt1.e m~tdx liqijid \,.)'"'r~t-2:t ishu't~f!r ~2 tt.:, ~ fr;snsnl:\$-S>nn 

;ttate \N~ t'i~ display ,::ontrolier 90. 
[OU6':.1]fi-g" 17 ~$ an ~ml:,;:_:-tfanerit •~f m.,:: :::•r-:;,,j.1:-::t~ti,::,:!, ~1ptk:~ unit pn.1;...-\fh-::d tt) t.ht:~ Sl>:-:r;:ns<.np:<.· 
•:Hsp1<ly 4evk:•:: 10 ot the f-ig.2 .. ,•hid: ped'u-rms t:1-e tJ•-r~e ..:.i:meaticn~t di:Sp!a,, J:,y t~m:e ~:a:i:,g. A 
:lght s.:K•:r.:-e ur:it com;xis~s the l•ght £-t.1un .. ~ 9H -2:-n.:.1 tl"t,e •·ef1-~r.:tcr .H)f: fh-st. A'.S ,t};~ lig~~t !5-..')ur·te 

98 1 the ~v~lte H9:--,.t :.:m:rt.e t•f r.1- metr.t hti:J !:tg:--,.:.: ::.:.smf) etc. ;;cj us~rl. for ~xa1np:~. n ;Si l".•:.n:i:en.!5-..~{'.l 

·~-:.,:th the ter:s tOZ, ronve;ts t(i ~ paraHei beam :.~•ith r-resrr~t :e:1s 104, {t {~ ~tlected by the 
:·nirn.):· 11:)6 .• ~1nd the light fr~:H:i th~~ !:gm. ~XH',CE': 1JS- !":nti:-:::-s into tbe lnd~c::~ttx 14. 

(C07BJT..-; ~J•f! imiK.'ittrn· l4, . .;! i~,tJht e.y(!' /mag~ ~n!-J: .;! l~ft ~Yf! tma~(!' ~re $':'q1Jf!t11.f:::lly ;.1:5.ipf:::'{f,.i t1:i 
t~n:t:·~-division S)'$.t't":-:n. ff tht-~ k::.:.Hr.cl:\.-t)~ t-4 is futkw ... -t-~1\ th<$ rn;;i.tsix liquid r.rys~JJ.l shut.t~1 92 ~~,,·htr~1 

t-.-..1r:ct;c,ns ~-~ in cp~ning ~etur1g Ce\'it~· is prcv!rle-d. n-~- i 7 is the timmg 'lll",ith ,:ltsplayed tr:e ;ett 

~ye tm~JJ~ on tt:e it1.dic~t•:•r 1.{;,. ~-~rl1 fur- tl"1!S r~~on: tne c~t1ing .!.2S ti'l'· s-et.tin~ ❖~t t-ftK~ stnp~ 
i~k~; trt:nsn-t~$'S!.on t'-1:~?i•::m ~:~f th~~ v~~·rtic:~! di•n.::X"ti:f:•n turH:~;p;:.:-ndC::-s~) tQ a h:::ft t:r-:: in1Bg-e ;s st~t to,:,, n--1-~ 
r"n.;!ti•i'.,;;, l;qiJi.:.1 ;:,Jy:St.;!t s~nfft(!'r 92. 
[f:071 j!f t.t-~ m~trix l:qijirl ('"s-y-:stat :::h1.,~t ~2 ls f,3:lo\,'l'~ds. ~:' !t l$ 1f) fh)s ~mb.:0.im~nt. t~,': f)fG_19.:{;tGr 

ler1~ .110 {~- pn)vtd~d as th~ ::;,r-:-:j:1'.:ct:Cc~. lens i..mit 15. The p(oj-edi)t ;~ns 1 i-0 imag~s the imzge 
whici1 t:·~r:smlttea th~ ,:,penlng 12:8 of ti1e indi-t.:3tcr t4 fn th.:: ~,osit/r)rt: o-f cor:.ve>: fr~sne; !~n$ 
~d.-6 v..-t:lcl'i f:~1i'1-1.~ticn:1 as~ S<Y<:"~-;:n~ If t.h~· r..•-t-.:-j~-;:::.~tcr ien~ 1- 1-0 i:': foico".!-,·ed, the nx-.c..::1')·e ~urf,;:.c-e 
mirror ! 12 l:;:. µn.1vh-J:eti. ~t: ►Ke t.!:c~:~ ::scl: i:-mjt jn, t~;f! r:ol!t:~► ;:.1-i tic~ µn.13~..-.to.r !:en;; .U.C\ the 
.::◊r.t_,)-...-e 'Stff~~)ce mwror .1:.12 h.tndi◊f:$ os ~ vit~.:.tQHmt:.ge g:~n.t-r~t◊r thi;d w~,j ~x~~1:1s tt1e 

c~!iber cf the pr~j~t:t;:x ten~ 110 s;:, rn~t tn~ $Ct~ or o:o:~ve'>: fr~sr:e; ier:-s 11& w:,'{!i::h ftmctb~as as 

~ set·~t'!rt: rnay ~* :.uit<;d. It i~. t·*ftect.:;,,j bv :::he b~-:k fa<~ rn:rn.x 114 .. «nd the irn~g-e ilght 
ic1XM\K1·.;;:·f3 l:'-')' th-t-: ,t"'.)f:Gj\•·~~ $t;P"¢<:-t-~ :ni~nx .t:i./. -t-"::m-&•~ :st":- th«t in~.sgr: ii~]:t:t n~;;;y h~ i::-Hij{t·~~,d h.1 

~:omtf!X fr~:Sne.: ien-s !, 16 ln-stol!.eti os cl: s..-.T~n. 

[00721Ccnv'}~x Fre~neC i•~i1s ti6 1':0s a fun,:t;cn ~$ a <'.f:,nve>: !e:"'l•S 1o.-..•hkh imiag~:s the 5~:t :mag~ ot 
the MARlTOKUStJ liquid <1~~•stai ~h~tt~x 92 to t~e 'i'htual !JY:~Q·e forn1atk,r: fo:;e vf th~ 3D 
-:,bs~rv~t:on ❖ r?'a 20. 1!':-~t ts,. oxt.._,.e,: fr1--:!sn.::t len~ 116 irn~-;J,t'!S the ~lit im⇒,~e l!S t;~-.ed a~ ti:e 
ic1n~~rQ-t-:d :n,;:S~}t-~ t-l ttcc--:- vv1;ntn~} 128 s-t-:t «'> t.hr: !:--i.~t6.li. !;qiJi-d t~-ry:;t:-~l sfj1.,tt~r ·~2 it: this :q.t.:-1h:~ to tht'.: 
:~D r..hs~r..,·~t;cn ~•·ee:. ic .. ~nd this fr~.p·n:s the C,eft eye oE;iserv-2:tk'm ~f~il 2n~ 1 

[t:0?3]The ;~tt ~ye ,j;:;.s,er-.,,~t!:i)n .?.re8 20~.i. b:( ;mag-e fcrrnat.i,:,t! i>t th~ siit image :ti8- ~s 

;;,ert"crrned by setting ,:1~t -:~f tht'! openi.r:~ 1.zi ba~ed en the d.t'!t&tiN·~ i·•~sult cf t.~3<: ::.vsr!:3~f·i an 
~:1bs-r:r:v~r·s. :~t ~yt; 40. Fur thi~ r-::.(:1s,::,:-:., ~:n,:-,J:; the cb~e.--...•~~,..- t::~n .c.•bS!!t·1.,.:i:-:: th:t; ieft <:y-1::-::: kn;;:gt:: 
:.:u:·r~:ritJy- -tii~f-'!ayf!'!".l: nn tC:e. :.n<.ti-c..ot<.:r '3 4 ~t tn;~. t!m~ o►-~J'{ E:y ;.::t~ i~:t ~Y~ ~io ~~j!~ prc~~~z.iJ(J.t: nt tt:~ 
:m~~e ;:gm~ frc-rn tr~.:: ind{.:,M·t>r 14 ;.~ 'i.:;!': r,etform-Ed hefore the h~:~t f:-1/e JO, the :-.::tt:. i:ye tm~1Je 

;:,ftr1~ ind-t(&tor 14 c.snnc-t be s~~n by the rtg~t ~·ye JS ,;.:~de, 

[D074']Fi-g,1S ~sin the !tt«-re w~frch dl~pf[$~•ed the rigl'"it <:y-e irn3g* on the inOic3tc: 14,. i3:"i,d set 
t~se {.1p~~nint:: l]H t·:.·'.l:·r~:Spnnc:1:1g to t~ie .:.i~~~:<ti-nn p-v:Sttio•i -cf ;;n chsf!':ver't ► ~~:~;t ~fe 38 t;-.) t'h~ 
motJiY, l!qu•d ..-.ry~t.3J S.IKl·U~r 9~: S)'ntiiW►iL~ing \'\•'tt1c tC:i~ in tl~.e pn.:j~:.:t~cn ;:.1-µt:<..'$ U)lft f.J,~ figJ ? En 

this ►:ai::-:t-~1 con\•ex Fre~nei ;~ns 116 lmz-g,e;t the sm ir:-1ag~· 120 of !:he op~:1/ng l.30 ~et up .S5 Q 

tr3n~mi,S$icr, te-.;J/0:'1· cf th-e m.strCx !iqu{'W· •:0•st.s; s-hutter 92 t◊ the JO ob:":.:~rvatio;1 .~r~a 2:1. 
[D07S]Tt:ls ~erve~ as t,h* :·l,;:ht *)·e ct,~en·atl•:)t: «:'ea :::C-·21 an-d ~~no-~ tl'it'! kn❖g~ tlgt1t cf th~ rlgrit 
f:Vt' fffk'":-:.}t":- '>in~ul\.~·••~:::-u$3'{ di'>Oi«v~d on tht: :•~;d~cotvf 3 4 -..,•i.:-1 th-t-~ upenin~J 3 .30 ,,.,~ith tht'.: pi-r:-jtx.tor 
:~ns 1 'iC is prcj~•:te.d, the o~5erver c.,)n Clb$~f"b~ the ri-ght ey~ imag~ ,:;ft~~ iridK~tor 14 onlf by 
the :-}Qht ey~ 3S, Sl•nc~ the p:1)jecti:on di~p~ay ,:,.f ti-:1~ left ey~· ln:ta-Qe .:,f fig . .l 7 ,;mlj th~ pn,jecti')n 

•:Hsp1«y cf the rigfit ,;;ye imij9.e of FC~.18 ~r~ t·~p~te<f ~Y time Sf)~iing fa•· exijrnµfe: '! / tn e <)·CJf: 
of !-20 ~ec-:.,t:ds~ an -:,bs~rv*r \-.•m 1~ok ~t th~ ::,~r~fi3,: tma-ge ~'en frcn-c e~ct1 view ~~~ib~:r ~vhi~h 
;$ :Simu:t;;;nf:.ous~y dtf:'o;;:·ric1nt ~Y thf: c•iQht «n-d :f:'ft f:''y-t-"::s 3B .:-:nd 40, .s~•iJ: r.-~n vb~.c":•V\': ;~ s.\.~t~~s,.·.vpic 
pictt:re -.,....-,u1 a bin::.K·uJa.-· di,:;p .... -..:i:~ity. 
tG076]Fi-g.i9 ~:::. an eqi,.:Q!t:wt:-cn ,o~•ti:cai ;ty⇒t-:::rn of fig. 17 ~nd the proje<tlon cptb::s uri.it 
f..txn-::sp-:-ndir:-g le the dis.pl~~v timin9 of tfi~ t·~ght-1:-::ve i:ne.i:gt: 3n1 ;et i:-::ye l:::.(:1;3~~ of flg, l8. :=:i£1.2G 

{,.:i.,) rf. ('1:•1 {:·q::.si:l:icttt,)-. cptS(.¢1 S"i-~Stf:m -t~v-rr-t-:spond:~;r~ tc tJ;f:' imct~}'=' d)$p-l~y {-1,)r· teft ~')"~$ cf ~:tJ.::..J, 

th* t~~t ~)<I: im«gt:· S$ d•sp:Q)•·-t-~::.1 ;,.m t~~.;;:- St:,tfa:~t:::-c· 1.4, ~rid d:iv..:· s-t-":-ttt:~9 vut vf t:1-f tron~mi•%:cn 
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:~glor: ·for *e:tting ,up th~ ,:1pening 12:8 is P*rf•:)t·rr1{:a tr.:, t'!'°:.C! rrta:::rtx !i,~~id c:y~r:-ai ~hu~r 92 
~ynchn.)rtizirtg witl"i trj::s, 
[l:Olljrhe p,t~}~tt~(m :f!ns ;_;•:-<Ft 15 a:-r-:-Nge~ tl'~~ va:r nf p-n)j-edion :e..-:.$ 1.l:9,110 ~-~~ fn the fln-m 
~-.•11:t'h $nnd\,,'l'fth~ the mstrix liqutd ,:-11/sta:· 5ht:tter 91. ]t< t~.z sa~-r:r1 pc1$.ltjc.r.1 the ro~v~~'#; len~ 

t 17 is ;srran9•~-d as ~r: ~ua!fz~t~e:,11 optiCi)l s~•s-tern of ;s •:on~~ ... ~:< Fresr:el f~r1s. Tf~e if~'::<1-Qe tights 

num the :no:cstcr 14 pi;,~s th~ •.:~pe:~tn,J 128 set ~~ the m3t~lx ;:qu:a <f'•{St3l :1t1vtt~ 92 .. an4 
in1:~ge )t t.c tJ;i:' :,"),."l:Wf:x ~;;;:·n~. l3 7 u:St-:::.1 ,o:S « s<.Tf:.f::n ~x.sit~o~• T~•f:' r.u,1vf:x ~i;;:·ns 3 3"? is. im:siJ~ti a";; 

thtl' :slit kn;:;;r~9. lHl tl1 tht: $1,fffi:S:.~ vf t:~t· ·V!t:-::~.rin.:.) ~:c":¢ ! 15 f.c':t i:1% thr: {'°.:'h'>*t·,,«ttvn ijf\':~ c:.f"th~ 

oper1.fng 12:a of th~ rn~tn:< liq•Ji:d cry'.$t-,~! s~;Jtter 92. At this twn.~ .. t~1-~ o-p,enir:g 12s t~ s~-t u::, 
t0se►:J ,:,n the dete.::tfon po;;iticn ,::.f ~r~ obs~i-~•et's t~ft ~ye 40. 
[OU7iZ]fo•· thfs ::--e:~~(x:f $f::ft;n;3 ol:l of th~~ u~~~n(,i§ L?B !s ~Joe:tG::-,;x::.:-J ~u that it. :r~,a:y- bt~ p,ii3-~txi 

h-t-~{u:·t: the': :i':'f?' i':'yt: 40 Ob:;)t:t thf: $tit lm~~J~ '11B. ·thf:rt-f~;r*, th* -:.:-t"l'b'.*fv·-t-:t C;,jn iJ.b$'i:f':.:'i": th* !~ft 
~-ye kr1::s,g~ of-the tn.-.:11r:~:.:n:-· lA n:-<J}·· ~)Y the :~ft ~ye .. :o. fl9 .. t'S'i (i~J 1;c_; a di;c_;pC~y;ng ,:1-.:,nditit~t• i:::,t" tt.~ 
~,qt{~tiz~bo-n c-pt{<<J•f ~vstem -~or~s~.·rc,,:di:'1.g tc the pro_}~,-=t~c-n <i!:'•ti:,-:s '-!~it i>t· t~~ im~.g~ d:1$f.>l,$')'' 
$itan:~ fc-~ ii;3ht i::~y•::s of :==l(~. u:t I.ri tr1;s c::--::se, the ti9!it !":)'e :,.-:n:~g;i;; ~~; f.Hs<".ti<:··rye.:J ~:in th1:~ in,cfa:atcr 3.4-r 
an,:J tlt<:: QP~~:i"irsfi 13U is ~t~l tt) the :1x.3:t.,0: lk1:t~id <rystal ~hutt1:;:· 9~~ by <friv~ :s.ettin,;1 ~~t~t nf tht;: 

tr...sn$.n1::.S$•0n r~{it.:.'m. .synrh:;Jni:tint~ •.n:tn ttw .. 
[t:Ol9jt:,:.1t tC:t:; r~.~stv·~. -c.crr~sp,"jf1.di-ng t"<..":' the p•i::,~.At~•"jf1. nf tl1~ npewng, _-;:J.f: <..":'~ tt":,e :--:-,?-itsix l-iqtFd 

cry-:~.tal s;-1titt~r 92. ;t ;s :m2~~d by the ·.,.•iev;lng sre.s 1:iS f'.:,fan ct:~~r--.•stior1 ~r~a :n t:~<t:::-l-lt im~-ge, 
120. Sine~ th~~ t)pening 130 i:s} set up .:-._txr,:::s~.xJnd/(~9 to t~~~~ <l-i:t~f.tt'Cn p•ssit.k,n ~:-r &;~ ,:;.;b5..':~•-ve,(~ 
~i~J:~~t ~y-2 ]H, t~"-ie slit irna~!<:' 12n cf· the npe:-~iing J.30 v\.r:t: b~ ii•nag~d It: fr~.'lnt t'.lf ~n ~Jt;~r-,~.,-~ 

:i!)M· f!V~ "33. ff.:-r t~~j:; i-eascn, ti~e ot.~rve•· -:.»n nhs<:'fi!f! tl"ie right ey<t irnag~ vr Uif! :m.i:(: .. --1t~1r 14 

;:,~ly br' tr1~ r1ght e:)·e 38 
[COSO]SJnc~ a hi-gh~sp:1'.:e-d tn,:Hc.sti ►:,n a-t the right: ey-:. fm.a.ge ;:md ~eft ey~ imsgl': !)t° Sl~ch r:g:i 9 

{A} «nd {Bf j~ gii...-~n by tlme !thori-ngf ~:":• ob-s.::i·;.11:'!r ~,•m ,:,t-s~n··~ ti""1-i:'! ::'nag* from \,·hkh;;) vl~w 
pvs~tiv:n -rJ:i:f-f"t-~~"$ '>imul\.~H1e:;)u$J,1 hv th~ :~~l~;t t'yi:-: :ifl ~:1-u tJ,-..:· li:-:ft i:-"":Vt' 40; ~:i,d OJ.(~ obs~r-1.'·~~ S: 

ste:-·,et,:c.:,c:."jf}ic pff:h:n'! 1>v•~J• .~ n:rn.K·u:~..-- di;c_;p;;:i:~~ty. :t ~n ct~::s.e:r ..... e..-· n~cv~s li"1e p.-.:•stti~:.fl 1J~ .?.Ir-:: ey~ 

~,;..-ifoin the x,::,::,e of the JD display re91on ~o .. the po~i-tio11 ,:,f ~n o:}sN·i,,.•e:-'s t":.''-/e ';.~rn b~ -:l~tecte,j 
:n r~~'iil tirni:\ Tht~ '.S1:~ttin;3·.t.:.-ut pnsiti)n of th~~ u~~~n(,i§ 1.2B,J.30 .t.:.•f th;i;; m~Jtdx !it~u:c ,cxystai 5:huct.i::~:· 

92 rnc-ve~ .. 1"he sl~t ~mag,:; 116 .• 120 i~ «:..-~·.~vs in-1«g~<l fu~t befo~e an ,:,l:1$-e::-v•::-:-'$ rignt ey~ 38 and 
th~ iett eye ~10, .:.snd at:;n the tirne isharing d<s-pl.:.sy nf" a ri.ght er~ i:-n-ag~ ilfld .;1: fftl ~ye i•n~13e 
1,.,"J,•}~;r.:h ~..:1:c.pts the w:?Jy cf l":'~iflQ vi:;;ni~ \'-d-::kh r~sp,"j:r1,deft tc m(.w~ment cf lt'le p•J:sttit~,--, i:::,t" ,;:m 

,:,bse;-vw::-r·s e~·-::: b::• u11= ir:dkttor 14 :s c:,e:fut1T11=d. r-cr this reaso!i, ttte ,:,-t:.serva~::>n ot 
.?. -d(,,iers$iicn~~t so:;:-::cgr3~lh),· \<Vhid1 :x.3:d fJi~:•t!i)n p3::-alillX to th~~ dl$~}1:~l'' nbje,:-..t is rei'J.t~t~bte. 

[COB1]~i:a•~~ing: reali.~ei:.: trn:· <:'Qt:i~jj!ent thrf!e tii·m<:'n!it1n:a•i di$pl.;:v fum.'"t/on un:..,::e:-r~t.;'!n-tis t~1,;,:~ f~ 
c:-~t·::-ir:d {'°.:'Ut th-t-: pt,t1jecfa~n di:Spfo 1{ ;.1f th* ·t-~quo;:~·;:,tk·:-n .:.:-ptic:-"!i S'{$t~~n in thr: thri'.:•~~ tfanentk.-n~: 
dC~pl.af 1)f t~:I'.: pres~P!t Jnvent{,:,ti shc;.~,.n ir. FlJJ.19 (/\) ind {S) t,y tnl'o ~ets ({f pt,::◄J-:ttors lik€ 
Fig,2t:. F!: ►~.20 pt(::Nid~s the {!'1-:ifc;,st(ir i4n.i. 1 the p(Ojectc,t pt(WideG ;.",•ith the prc}~dl-on t~f·ts :U .. Or:1. 

ro~ :inht ~~·f-r:~1 ~md t.be ~:-:-.:f!!r.to~ pn.:.-vi,::fo.i.i w~tlr. Uw it:dic::1h.:•r 14·2 :~nd :t:'\i:; ~m)je,:;.t;nn :enS: 13.0 .. ~! 

f'.)t" )eft ev~5.:•, .2,:nti :noves €"?.-t.:n SJ:l'OJe:-::-_tnr t,:'.'I (r(~!~t ~t:;:.1 l~R iJ ►r€"r.iion.~ o;!rtti fon,,;.;,:d/r-eo;-;J.,~nrd 
dif~tt:ar1 ;sf;C()fijf::1Q t◊ tfH:::: rlet~f:i'io-n pc:.tjtCD!"i ,-;f t!"i">;' r:gM ?.ye ·3,s. ;snd fh::::- C€f:: e{~ 40 Gf ~:--, 

ob~eNe(. 
[COS21F•:)i· thl!t :""::as,:q1, « :igh::: evr: image <~n oh,•a>,(~ t-e: µ:roj:e<ti:'!d on the pt,:.it.i~•:r of an 
ob:-:i~;::,-•er:5 :-/~}ht ~;:}"•e .38, » l:t;ft t;ve im-ci:~J;;:~ c~n ~~ projectt~d on the ~~•s.itk.,i"! .t.~f the: :en. eft;: .-$0-~ 

~nti :a tm~ Glmention.;;! {.iisoiay ·can t>~ H·-'..;;Jt:t-i!d. The funct~cn us/n-tJ: t...,,,v sets <.:f iU~'f~ f..1-ff..1-jectv-r-s 
:~ e~:ly f~.O!t:abC~ :jke Pig.19 t:'$.ff1Q ~ fi.¥~d cptt.:'~·= $yStem., :fit is i:i th~· ~f~Se~\ i.1'1Ver:tkti, ~fg.21 
Ls an e-:.:planstcry vi~·N (1f ~ttirig~ol:t c;:,titrc; i)f t~ie: op,e~ing ir: the m2'trb: i~quki i::ry-·st~~ shutt€l'"' 
:12 cc:rresp,)rtding tc the !.,li:;:tectkm ~os~t:.on of on ot.,~e-r"K:r(!t e·,/~ irt tr1e pn.1j,;.'Ctlon opti<s t:nlt ~l 
thtl' :Jfic'.':S-t-:nt i•i·\'f:n~.:.-:n. P-:1(},21 h«s t,Qkt:n fG; tht: ~x:-:rnplt' tJ,-..:· r.«w. ...,,...,,:1-r:re U•i':' 0l1-t~Hfi•G .~:w 
~:vn-espnn-tiir:-g to tne deted:-:-;n r.x.1sjt~cn ei a:-i <.:tJ.S.~P,-ers ri-t3ht ev<t 3-B is set o;!S U1'!! m~t:·J·:-: f:qui(~ 

,::rvst.s; sh-utter SQ .. 
[G083]A,:o:1r.:fo1g to the proje<tion optks ,:mt ,:,ft~•~· ~•i--..':::sent mvention, th~ ►:,pentng 130 o-f the 
rn~tn." liqoJid crv~t~t srji.::tter 92 l:"r:«qe$ trj* st~t it'r1«ge L20 !tke ~ ,~rn::,t,~c -:.tisp!«? en th{; v}e~~llng 
o:rtl'.Q 115 w:ar.h :·~ thf: vi•tt:~: EJl.:-"!nc': ;;;*t ~$ t:-::t' ob~;;:,n,,•;:,~h:-n «r-t-:i:l. ·n:e widU~ vf tt;is sH :mage t2D 

:s d~c•de-d ~)Y th~ tt.i}Qntfy•NQ pc·w~r :.:: ,"jf t:--~~ npeni~g 13t:-. 1hEt:t i~. 1r wk1tl'-~ .-.:•ft~,~ Yie;,.-t...-:ng ~:--e~ 

k:11s c.f ~ .sri-:i: .an Obc$~r.,,.,.aticn 2rea is ~et t,) k fur- tr1~ !8ter.ac width of the ~lit 9~~ the cp~~i~g 
1:3C v.-·m b~ irna-ge-:J: ~s the 5ilt lmi"3,~i:'! 120 ~ .. .thic.h h~s c-n-2 K t.l:n'!"!s the v..-idth of thl5 k~ ~he \•'l~wtt"iG 
~~r!!,lt l JS. 
[OU~f~j!n on·Jer fni· tJi<:' wiet~i cf trns sEt i:ma~3i::- 120 t,:'.'I Off.'ljif!rt :n•ijj!j:e l:~-tM, for ~x~mp:~ n-n the 
riOht e.y~· 1J3, r-t.>t t.o proJ~Ct im>t'iJe :i~~t v:rt t~e ~eft ey~ 4n and tc c.~r~- ,:.ut re:i~b:·{ vie:;u~! 

re;::ognittf'.::,n ot the st~re•:•S~•:::,pic mf:::,deC tlt' ml'.>tior: cf the e}•·e cf s►::,me in ctt;er,..,~t(s :ight snd l-:ft 
direction$, it ni:;:e,ds tt, !"i«v-e i"3 -:.~~t«i·n ar..-h·)wrtt of ,~f,jtr1_ f"ig,.Z2 i~ «n ~~mple of U1~ ta~r·a: ~~lidth 
'.)f tl"~e -stit irt:&gE' 1 ;.m. l t turri-s cut fir~t ~J~nt tl•€ i nte:va:~ w o.f tl"~e rigf,t ~y€ 3E ~no th~ left ey~ 
-=~O vr .;;n ot~s<:':ver ue ;11.,:.;-~ 3 ,( .S ~•in•~ ~ 91. S mm str.-t~:;:.ico;!t:y_ "Blif!rf!tore, t~t widt!-:: nf t!-::e s3it 

kn.s•:;i~ 12 be the rigl°:it .Z)'e ct:~e:vation ~f•~:a 20·2 ;\'hkh had 'ftV/2 c.f ~~·ictth in• :ight an,j teft fr,:,r11 
th~ ,:enter cf the rCg!"lt e•,;e :m. The !:~ft ~ye <rt-s.e~,3t~•:•n a:):},a 20~.1 ·..-rtlith h~►::1 W_/2 c.:f ,1,.-:dth in 

dgbt ona !:i:;:ft ·frorn tr1.:: ,:.ente-: cf a !:i:'!ft i:;:y-e i"3t.-out ti""i,i:'! le·tt ey* 40 slmiloriy ~s s*t .~p i:~:~ a ds~fled 

[DOSSJTht.Ff1 by· giving the \•~idth :)f the $(~t i•m~9~· tJVer ~ ri-ght: and ii-::n'. i-::ye, e~•·::m ff ~1'1 obs~rv~r 
rncv~s an t":.'"/e in ·~vv•i/2 1 he <an c-b;;e:ve a ;;ter.1-~s•::opk:- rnode; v~ithin t~•'::: finitt5 of th}s~ w~tho.:.:t 
ne~din-;J tfie de~e<-ting µos:ttkm cf i3r, ~)-·e. ~/2 .~an l:l~ sati~~\ed ~-s dete-:.tio,:: p•;:,iwer of the 

ob5~:,-·e:r µc~t:::ic-n d.:;t.:;,.t,:::}cn <J*vlci:'! of ti1e: µn;~si:;:n~ t:w<;nt:.onJ an<:: thl~ c.~n r~i:se U1~ t:·l~r.~\n o-f 
obsl'.':':;.•·f:r OO$J~j;;,n dc':tc-x-ti.on. Of r.t'l-U-Si':', by nnt b·f•1n~) !im:•~.-..:·d ~.o V'.l/:!. 1 tu, t:x;rnl::f,:;,. r:«r$tn~; 
,:J~t~ctk.'IP accurnty, the ;-:lkitC: cf~ ~Ht h'n;;;:r_~9.1 i~ '.i~;:xi a:~o c-;;nso-,J~:ing dn .:-...:p~nin~ ;js ~,;:U,;ng out 
s-:, tl":1~t It m-il-Y be <~ns!dtxed a;; t~e narrow rang,~ ,:,f t"iJ-~ wi-:ltl":1 •:l1-~g:);..""e cf .sn ~ye. 
[C0$f.)1Fig.2J i'S ~ dispt~~•fing ;:.~cn!'.Jitk.'m c:f t:x:-: l~tt ~...,.~~ Cm:~.g;i;; by um.•::t· ,:;,::'-1:;ni~:g ~::~tting o~~ ff~ th.£: 

p;r:Jt·<.t:tm GEJt•r.s unit ;;,f th* prns-r:nt lriv~~;t:i;.n ...,-.,r-.::d1: ~w~!u•rns ;:, t.1mr: :_;J;~rino thn:-:-::~ di::-r.\:ntlon~-: 
db:pl«y ff it i'> i,n this i':'mh-t11.~:m-r:nt; t:1-r: 0::-t:n:nr~ .t2c: ts st:t to tht: m¢t:ix (i,t~uk: t"J~•'"$to! shutt~r 9;: 
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:::o rn3J.:* tr:.e: wl'--i-::,ie rt:gion ,:,:i1 t~:~ ~ft ·hand ~ide of b•:,tti ~rt ohst'!r ... ~:-'s *'I~ o,..-:nt~:- position 126 in 
t~1* 30 observ~:ti.on a:~a 2:0 i:~:t-:, tt~t'! le.ft ey .. :, obs*t''i/'«tion ans~ 20- L fig . .24 i·$ tr)~ ~rnlng 
:;w;t,:·hed tc U-:e ,:~;sptq,{in9 ,:·::mdit~1-:.o ot thf! rlgC~t ey~ im~.ge 9bo1.Jt thf! ~mt:t~•~lment l-:?f Fig.23: 
~nd ~;j$ $.-~t ~.r~.-=: !)pert(F<l.J 1J-J tC\ the matrix ::iquid ::n•·~tai 5hutt*r 92 ro m~,k~· tr,r: r:oht~~-~nd :;:dt: 

~,;..-hc-f•~ region cf the o,:,tl"i--eyes .::enter pc,:~tlcn 126 i~ th.~ obs~ri,,,•et of 3D" ,:,bs~:v<lti-on are~ ir::to 
~he ~igrtt-et·t": ot>si:'!r\_.~~~cn i;i!'e~ 20·2 :n this <a~~. 
[COB~:1Fi{:.;:f; ~"j ~"!n c":qv;1!ti~t~on uptK·«i ~y$tt·rn (t.-i·rr:~s;-undi:~;} tu fi(~.2] «nd ::-iQ,;:4. t.J:t:me:•)•', 
h(i.2S (AJ ::~ .:-~n im,ogf: disr,l«v :St.:-~tf: f-t"l-t :t:ft t:),"~:i., ~nu hi:-$ '>f:t 1.1:-) th~: t'"-l'pti;:'H)nq L?.S :by rnRk!Hr~ [! 

left--hand ;;i-de :.1.•hof~ region intc ;s tran;;missiori. $tate to~~,..~r-:l t~w~ s,o·e~rt s;.:J:~ of the 

-::orfl-~sp,::,~din,g p,::i\r:tts 1.27 ,::if th~ IT1,il,tr1::< !:iqu1d cry~Wl st""ii..itter 92 tt~sed ,:4: ~'i~ :.iete(t:on 

:nforfl't.;jtk~n 1)f th~; bctf:••e·f-::S c!!nh~t ::~G .. sH=i~1n 1l6 cf the u!:.i$~~:rver r..1~t!.c,• b{::X'mr1:t:~$ -=~ d::~t:::xt;t:-n 
t~rr~*t 0f th9. :10 :')b$er•\(~ti{1n ;:;~c":Q 2n. 
[t:088jt:t1t tC:t:; r~.~s>v·~. ili$•'j i:1 the .t.D nb$~fv.~ticn ~:-·,e~ 36 nf not oniy ,t:--1~ 3~) ,1hs~fv9t.~o-r"::_:--~:re~ 

20 b\tt tt~ teti>~:~:1d side1 the C~ft eye :m~g~ o-t the ind!J':-?.t:-cr .J.4 Cr, ))l)s~r ... ·abt1 t•v tec-i!,·~ng ttt~· 

;n1~1ge llgh-:.: 1ZD fo~ ~en. e:t1:~s- F~g.25 (B..i i1, -e"":1:n e,qu:~frt:~ti1.:-(~ opli(:,.:)i ~!>)·stern ,::.n:rf:Sp-:.indl:~ t,a the 
::rrt;,;~}1:~ di:.'!-pls,, ~f<:--:t:t1:; t.._x· r;gh-:.: 1:;)·{:'~ .._.,f F)..;1.24, i:nd h3~ set ur.i tlt~ ~}pt:~•'lC::-i'J 130 bf n~~ki-;~g th~ 
:l(,1ht~t•.~X ssde ~v~;o!-e re~fon ir:to a tra,n'$.n•isc;~cn ,;tjjt,e. t;Jv,.,~t,ti the s:rxe;e~: Gf tJ;F- c.t·wresp1)~(!~~~t-: 

p·i~l:"':tS LU i::,f fJ<e- m.?.trt,- Cttju)d c:--y;c,;t~t Sf1.ijt.b~r 92 t:cr::-~sp,'jf1.ding tc tC:,e t1,'jt_~~~r{es 1:::ent~:r pn!Sitinn 

.126 u~ed s~ t~ie- ob-sl'.:t-.•~ticn ;:,t,yx:t cf a three •:itmer:t:ona! di::.:-plsy. 
[00891Th~ im~1ge ilght 112. ro~ :-~ght ~;y~5. i1, pn:~-~~t~ted <>n th~:: wh,:-;)1;; ri:;;3:urs <>t: l'ht:: dght ·!~1nd 

~i~1~ of tni:' ~gJt~s~·i:''fes ,;-.em.~~ p:.:6itinn ·1 :.?6 ~;y- $i:'t.t:n(~ r.1~:t of $U·ch .:ln OSJ<!lning ·s 30, ~fl.d the r:gh:. 
f!Vi:' Jm~ge U':! f.'!"<";Jec.tion r,J'f the irna~]i:' ;:gi~t 1iz. fo·► (ignt ~)1'f!'$ ,-..-~i: t~~ obseiv~-rJ ~!sf> ~n tht"! r:gh:.£ 

1'':land s;rle b-ef(::,nd the JD :>:.¼"l'.:~•ati-cn ~rea 10. The ctl~-erver -..•tf1•:• bec,:,mizs ~ ,::rere<:t1:❖~ t~t-,det ot· 
the cb-Jerver pc~iti-cn wh~cr1 is ptace,.j at w~ 30 ,j;:ose~12th)n .ares 20 trt set.tin-.;; ❖~tot· tKe 
-.:,pedn-;J 128 of a· dght ey~ irnag(: ~nd ti1e c-p.::r:.tng 130 of~ ien e1·(; itY~«g:e a~ s:",~wn i:; th!s 
h(i.2S (AJ ;:;•nU {e) i~ 0b~.ep,-;n(~ thf: imag~ ~.hr: r:hjt:,d for dght i="'f~:s, Qnd fut· ~t-~!t t'.:V-i:~. 

SU'f'H~r.ne,:.,i.,;£:tf t.'{ ~ r:.ght ;:i:n.:t :'f!ft 'f!Ye,. ~t.d :r.:.an t".:t.se..-v~ ;j steret_r:;r::np1r:: n-to.:1~!: w1tJ,; ¢ n:ntN::.-~~!,c1:~­

.:Jlsp~rity-. 
[OU~K,]A.J:,ot~'t: o-frtt~•· o-h'31:::rv~;:-s ctl'wr l:-:--3:rs m.~ ~1bs-::nt~~r ~..,•ho i~ ::_)b':31:~rvhg t:-:-.:,:~ tbre<: \Jin:1:::~•~t:cfk:J:i 
-:!isp1<ly 1 f<.tr e.~.«mµie, if it ,:,.bs-:;iri..·-.~s on th,:; :eft·f~~nd siiie of ~h~ 30- ot-~--e:...,,zticr, .~r•::~ 20,, .:mi'/ 

th~ imr.-g,e 1:rght .120 fer left ey~s frc-m t~"':-e i:-1:i:;lr:::stt•~ 1. .. : t~y seu.-tn,;i: i'jiJt oft~~ ope~~ing .12.fl ~..,_.-;;i t.1~ 
oE)~.f!':Vf!d \;ke F:g .. 2~) (A},, ~n.::.1 t:h,e t:i.,vn~,iimenis;cn~: rmag,e t}1{ t:~:e- im~,;i:~ for ien: f!)1.:::$ D!l~ he 

,:,bse;·vr.:d, '•Nhe!'l• ether c-b5ervers ~-Fr.: i:.bse,ving on the ~g~t-hsn,j ~:de -::,f trio:: 30 .:,bse:r..-ati◊n 
sr-t:3 2Q, !:Ike flg.lS {B). proje-:tk.x: cf l:-:e i:·•ni:ge Ci(~ht l2~~ fi):· t·~ght 1:~7e~ ::.~-i3n l:,1::: n:::..:-etved( ;$:-if~ 

'.)t"":iy t~ii! twr~£r.i:n1~•iston~l :ma~!i:' t;y the i~gf~t ey<-: it•na9~ tlfft<-:nt!v ti:sptoyf!~1 t1i~ t:~~ if"lfH.'. . .-~t~r t4 
c:-~n be vb~.c':•','i=·,:-J. ·n-rn.t i~1 ;s;b111i.t :')th~:r 0bs~rvf:t·f. nth~~ th«n \.h~~ -cbs.-esve:,-- '{,tho hos bt-~~r1 t.h\: 

t~rget or ct:~e:.....-:er pc~l'tion det~I'.:°ticn ❖:f tn~· pr~s.e~t ir1v·er:t.c~ :.•ihich ~xi-:-ts ir1 th~ 3D t◄ t:-se;--v~ttf'.n'l 

Qr~a 2~\ the hvcr-dim~nsi,:,nai {mQge by the r{g~it ~'>'* Cm~g~ or a leJt ey'I'.: ims9~ }s vi-.;~d;y 

ob~:t;r .... •sm~~ by '31:~~;in9 m.~ sa:nw ~..:re~n. 
[CO~H]t=i.g.~:s ant: 27 :'!ff!' oti:-er dtsf.1layin'.) c.o·nditifm~ l"Jy h"-ie µn;:jt~tirm optKai ~ystt'!m wh:i:J; 

..:'~rne-$ o-i;t. s!mH:t:sr-~ou'.- o~s,ffva~j:;,n cf a s.t~~:;,~•co-p~c p,tdur~ :snd th* t-~.,,·G~dirnR-~$:nn...~f ;1'T',r:>Q•~. 

If s-h(r~--m i-n the d;s.pla•)"ing <a-M{tk,n i>t· the le{t er-e- ims9~ f':•f fig,26, the ,:,p~nin~ 128 i,s ~-et ro 

t~1* t•os~ti.c-n :;,::,nespondin(~ ·t,:, trs* obs*rv-er·s l*rt *Ve 40, the !t'!ft *)·e ot,~e:rvatl~r~ ar~s 20·--S :~ 
S*t l.,it• D'i n,3;Tf>W width_. ona it •~r::abk·~ it n.1 t1b::-..1;;r...,·t~ the h~ft *)'t~ irn:~~}t; r:,:" rhe irJ{ik--:i'Jt(l.t' 14 (l.t'i!y 

hv H-:e :~n. ~"le 40 of u~~ <"J~J$t-'f~~r vf JD ob~er-...•3-t:<";n i:t·ea. 

[D092j0n the cth-er h*~d. ~b:-x:t t.h* dt~pl~y •~ft~~ r:ght ~ye :maoe oi ng.:27_, the cp~f•ing i~tO ,s 
s~t t,j th~ matn:< !:iqtiict cry~.t:al sri~tt~r 92 to m~.ke the \.Vhi>!e regif':•n ex(e:pt the !~ft ~ye 
-.:,bs~rv~t:on ar?-a 20· 1 of ftg,.26 intc the ::-ig!'it .:;,ye c-t:~e:'i-·~tion ~r~« 20 ·2. It ei:«:.>te~ it to 
v~st::,,,~· r n:..rx~~'"Vc'::-s l t'l-the~ th«n th-e 'Vbf.~P,'n -::~-rho (,Qfj do ~vl:d t'l-t.~-t-~t'"V«\.iv:n which $efV'}:$ OS« 

~-J-etert"ron t~r(~et nf t~"-ie ;:,.1-t)!;;erver pns.:t:;:.1-n v''{ t~•l$ :n "3l) ob~ei...,,at:<";n i:t·ea / 1-"Jtrif!r] vrily tl:e l':rvv~ 

.:Jlmen~ion-a1 image Oy t~1-~ right eye image tty' tl"I~ di-s::,!ay!~g con•:lttion cf F1g27 af;:;o ab•:◄ut 

Wl":•i~h p(t$itiOri,, 
[CO)J-31Fi-G.28 ls ~n eqt;a!tz~t~ort optk«l system in fig.26 an,:J tl'it'! µmjecti•:)t": op::ks :..:ntt <•f fig.J7., 
h(i.2.fi (AJ ::~ m~ im,ogf: disr,l«v :St.:-~tt-: fot :t:ft t:v~s., ~nu ~i.q.;rn {B) •s ~n :n•i~(.~t-~ d::qpl:sy s.t<Kt~ fo::­

rj9ht ey~:.s. ""fhat" iis, ~l;,cut" ti"':-e im:.:.sge di:;p!~y st~te fo1· ieft ey~s ,:.;f Pi9.2~ (/\l',. H~e ~:it in·1~13~ llfl 
;s prc,jec:Wd on the p,:,sCt.{(irl ,:::,f t;--1"1'.: ~eft e~-~ i>t· th~ ob{'.-$}tver ot the JD :>bs~tvet}on ~)~~~ 20 by 
S*tti.ri,G uu::: o:" rhe c-p\!:~:ing L?:S_ On ::he ether har.vj, if sho\-.·n :~~ the im~ge di~p!~y st,3te for- ~~tit 
-:::v~~:.'!- o( fig,2S- (8), t~s~~ -1.:.-p{:Ntif!-G 1.31) i-':3 5.~~l up b'!· $-~~tti-ng •;:;ti.,it <>f tn!! tr;,;rn;:-ni~Si•'.;.ln St\.ite of tt,-e 

m3tJix l!qu:d l".ry'$t.3J :,;,tK:-trer 9~: so thnt th~ s.: ► t ►m~-0~ ·s .?C, 12n ~1.''.lt r:~-t~st ~"{es mi'!V ~'!' fm~g~\"J by 

the }-V~o;e reg~,:.n exc~f}t !'he s:it irn~ge 1 "i.1'3 fut :ett eye?. 

[CO':;«; ]F;g.19 is an en1bcd;m~nt :>t the p-rojectiO!'l· cptt<s i..m1t ,:,f t!'i~ p~sen.t !:11venti,::•~': .., ... ,n~d'l 
eri:⇒b,tes ,,:,µenln'.j :.etting··C-/Jt ci.:-rttrt,t whi•:h: fo!!:ov•,,·e~i r::.,..:,vem(::":t ,:if ~rt obs,,-..'!rve:·'·s 
f'.)t"w&n.lf:·~!:rw&n.i ;j;{~(tk'm :n l~i€' tr;f~€ d!rn~:i{:,·J~Si:t ti:~pi.:3y i"sy ttm.~ ~h~:in9. ff· ft ts ln th~S 
µ~oti:'r,.t!;:.1-n o-pt.•::-.s u~sit. thf!' lam:nntScn stiBtt.i!~ ·1 "34 ,..,,_,·t1i,-.:~1 c..3ni~i:..: <"JIJt tJJ~ f.1lur,--"'ei ·:~mlnat~ -~;,f the 

rnat:·;x l1quid o~ystat ::;hutt~r 92 us~:l'.1 QS ;sn ,:,p-enin ►d setting ,j~v:o-~ by Fig, 16- to o,ptk<>: s>:~s 
-wi~tt:icr, is u~ed s~ an opening, s~tt!:tig ctev;t:e prcv!de-d bef.:,r~ tf1~ pf'l)jectcr t~f·1s iJ.0. 

[D09S]The SPP:'!~;fic matrix !iquia <~]'·stal ~h::.:u~:- t,,:, whkh op<;nirtg S*tt/i·H1 out of the l~:Yiinstlcn 
$~~Vt\.~•· l.?.~ t·:')n-'i=·sp:..mds bas~:d u:1 U~i=' p0$;t,of) of«:~ ut:~~rve•·''b'. forw~:rtl:e~n..-ord d-:r~'!.t:1:::-n1 i.~ . .­

th~· 1-;*tect~vn pc,:;;t;:-;n ct the ro◊rdin«t~ value :t1 ls .:'f~o:_;.-.::n1 G!'l-d op~ning '-'*ttmg: ci.tt 
c.:,rr,e~p,ondm.g b:• th-~ obs~r,.,,•et detect!:f:,r:t posltfon cf the rigr1t ;sn.d left din~<"tio~s ~t t~~t ti:n~~ }s 

::.1erfor:ned, The ,1l:"1r.1l~ -r..';:,gi,.::,n is c.o:-:tn;-li-:;id b)' the ~i«nsrnis:Sto:-:: s.-t~t~ «bot..\ c-t.b.:;:r vtne:· ,n,3tri:,,: 
Hq~td cry*t«i s~:utt--~r* of a ph.$:·~litv of. 

[C0961Fi-Q.:H:} ~s .:-"!n c':qv;1!tir:-t~on uptK·«i ~y$li="fn 1'""Jf ft~J,29., ;:;-~•d if :t :s ► f) thi,~ i="q1.i«f:1.~tivn Cf>tk.o! 

~y~t-=1m1 H tias :;.1minat€-.1 ~J,:-=1 matnx t~q:i;i:::.I oy~ta! $~•ut~.~:r 92.~ 1 tc 9~~!: cf ftv~ s~:i~~ts ;.-,::;,; We 

lam1rwticn ~hutt~r 134, C.on-e;tpcnd1ng to the p:,c~k~n ,of th~ f.:,.rwani/re~r:.,•a•nJ direction of the 
rni:tTi . ..::. liq,;,;id ::.~.f)'1ti:! s~si.,itter '32··J w Sl.t··S uf S:~1d-:: a i~~n!~natC,::m ~hc..:U:e~ 134_. the ~it i1.-::,3gf:: 
fonn;:;-t:0::1 fo{·k· 1.32·~! tv !32~S ►f. Si":'t t0 ].l) G~sc::r•-,,.,.-s;t;o.f) .:-"!rf:« i-i fvfW.:-~n.·3/~eQf"\",-r~rd dt•c-~:..·t\:·,-r:. 
[C0'.:171e.-i=·t.w·,t-~~.-. tr-::'=· m~t:,-,x iiqvjt.i O-V'>t;1l ~~a;t.ti='·r 9J-t to 9~-5 bv the tnnVi="Y. :t~r,:; 11;,- p:1.11;,,'ifl:*-ti 
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ln the *ere<;:-:. t•c-s~t::,.1rt .. :;"lnd the ~frt :m~~:t'! furff~«Uon fo:-::e 12=2:··1 rx> 12:2-·S;, k ls decided thst s ~~lt 
in-~~9.e fo:rn~t.K~t1 foe(: ~lw~vs rn⇒ke-$ irrtage fo:-m~t/,)rt di·$:t~i~ce th(: ~ame to -::hang~ of~':~ 
\..<t--f!ntng :'JfJ.Sith-:.N ot to:·w~•·d/r~.:ffw~•·d d<N:t .. ti-cn. rn-:1t :s., c..-;..;n--e~pond:•1:g tv ,t:--1~ ma:trh:. t•~iJ:d 
c~·~t.~l $~Ut~.~:r- 92~ l of m,:'l~t this :si<.ie,. the 5ltt. tm;;;tf* tcrm~tio~ f~i:e 1~2~ l e-..:ist~; ,.)n,d the $/it 
irt1age forrrmtk~r: foe~ 132-S ~t trw~ vtxy b-a.::k e:>:lsts ~-·11:,st o:,rre;;pondw:g !)) &:~:- ;x-evi):.t.::s rntjtri>: 
H~sdd Cr{~tai $~:Utt*f 1.f.?· s, 
[C0'.3B1F0:· U;1:;. :":t-~¢;ron, b«'Y.~d 1 • .'l-n \.htl' vf;.,.-;.~~v-..:·1·~ pu~it°!t'".l'n., : ,;i,, -co.:.'°.:'r".tiin9t"=· '\··~h.::ic ").1 t1r 
fvn,vr:,r,;-J:/•·t-:-on~~r:-rd :.iiff:.CtKH) .,, .. ,i~:<:h -t-::x5st in th<1' 30 Uti:1:z.t-:iv«\.~vn i:-:"i:'.:-~ 20, A:nv G~;~ [ '31 :3 } n'f" tht~ 
rnat:·;x liquid o~ystat ::;hutt~rs 92---.::. to 92-S in the l~.f1:!nati,on $h~tttx 134: foi· ex~~11ple,. a m~tri>: 
;iqutd ,::r-..,.-sta1 :::.hutter., is ,::hos~n:1 The sfk i•n~a§•~ ,:,fat:• c-p~rilng c,)n be irn~.ged to -the: ~~:t :rn-3~.,.~ 
fonn<:::liu::-s fo.1.:.~~ t :32 · 3f i3::Jr,J th~~ St{::~f{::X°:~tu::,k:. pkt:un:~ by i3 ttir:tX:.;Jl~1i· dls::,e.i:r;~, ::.':-3:·i l:-1::~ n1:.?.:G-e tQ 

obs-r:-r·vf: to«:~ ;Jl.~-t-:i\le~ hy st:n:im·h· t;,::-p;in(,i out ,t-;,pe~•1DG $.-..:·t.t:nr~ :,')t~t in th-t-: ~K•~iti.Gfi <.::f r:t~ht ;~nti 
:f!n d):·f!ct~,J-tiS co1:-·es;xm.:~;i"lg to tt1.~ d-et:et"ti~)n pn:.:i.t~,1n t•f ~ :r.ght ~yen:-· a :~rt ~y€ b~i.R.t~ t~f., 

ob~e:ve.r pc1-ioon d~t~•-=t~cn <if rigr:it ~r:-:d left dCrectio!'l•S. 

[CO'.J'.J1Fig.19,, fig,2S :~.r:d ~11~~) tht~ cbf,::-~:.t (1_:w l~nt~ :ighl {::~}'0::$ cf the fl;3.~~s .. <:mtl ni~ tln1t~ ct:,\,;si,;;g·~ 

pn.x~~s.1/n~] cf the lff!-t"'.l:g_{::~ d~spiijy f-1.x :;i;--::ft ;i:;ye~ <:Rt~ ipp1:k::~t~tt~ to th{::~ ov~nk:g ~;;,;-::ti.in;~ ·txa. ::.':0:-itfct 

._1.::._y_·crdtn'd '-'-.l th-'!' fJ~t~C::.~Gn p0$•ti0t: ct tht,.; r;hs~:r-...·~r's dt':ptti rJ:ir~cti.:.Hi. W~•e::1 di:;p:a~• prGt.€'5-..Sit;;g 
t•f ::-;g.J~i (i-~- ~=;:~ 28 ls :sr-,p!tt>i:;, ;:j. ~.v ... o~d:men.~ion.:.sl irr:a~}~ tan t•~ oh$~:i\•'t!d tn the 2D ot~J...er1~t1vn 
.?.(€-3~· 3G othe( th:;m (.;i)/id ()t-s-er..,;st!t:,n ~re:.:: 20, 
[Ot001Fig.31 ~'3 ~}thfff ~~n:hndfrrs~~nts. cf the prof,::-d~cn (.(J:-ti-1.:.s ~-lnit ~~hkh opt1r1k.i~: St~tting ◊:..:t 

o-r.·c:vr:.'1:► ~;!J !1'.I t~sf! {.i~tect~n.g pos.iti;:.ln cf ~~:i. ohs-c1p,1e-t"'$ fon,\/nrd/r~::in.~n:·d !'.'Jirf!.ct:,c;;i ri!~tiz.es, ~:nd tt it 
is ►~; t~i~$ -:'fnt.1-otiim-:':nt, tn~ tn•~-=- dlr:"lent~c:nnl ,t,ii;:.pCa·)," n-:X!"Jrdir:g tr~ a mot:,c;n ot c:i:n v~_:~...e::v~;•-~ 
-w~pth dire,ct;ix, i•S m.ade po~-sit.!e by ~-t(fr'idCn,g a m~vtn,g !e!'ls t<• a p~:,;octor C~11s ~n,:= thsn~!ng s 
toc.,~l dt~ta~c~ inro it /..,s th-e prc]ectic-n l~ns un;t 15. in r-:9,31,. th~ m1'.:Nin9 h'.ms 1.82 wht<:'.h :::zf·t 
:n,)'l-S tc· cpt.Kat ~.·ds dir~ction fre*tY !~ pnY•,·fr.h;a 'i';it'h the ~,:.:::uatcr 1$6 b<:tw~n th{; f::"lng 
p;uJ.;;:·-::tor !{-:n'>f:$. !SC, lM. a,, m-ov;nc~ thi,$. :nv·vin~3 :-..:·::1$ 33.? tG cp-tk.i:lt r:-xh.: din-:rt,f>ti 1)•:u, t: ◄.;; 

~ctt;.:.stvr ! S<;, ,tt-,~ s~•t •m~g.e f.:J<'Tr:atit•f1. filt.e ! ·32~"1 ~ fcr,.-.•:sr-tVff~.;;i:r;,i~r-.:t ..:.111~ttio:-:. !ik,t:a: ! .12~·:-~ i::.-~~n 

t•~ set up ift 3D -:~Dserv~tm-n area. f1g.32 us~d fot t:tI~ actu;st,::,r VCM 1o•,thkh is ~r:: embcct;rr::ent of 

t:he p{oj,e.:-_tk.):, :~n:s. w:it lS \-.•h:d! ;i_:,h.;sr~~}i::'.::s Hw f<::.--t.:.3l f.\lsl3rH-..i::~ c.f F~g.31_. ~1n(j h.;ss :in~,!1:· rnntnr 
$tP...:J;w:-e. h: Fi,g . .32{ the •:.-.::,en:ng ::;i-Ge ..:,f t~i-:: te~•:$ accc•mrnc-d~t~,~n t;,·iinder t-SS :s eq~:µ;."-eG ,.._,t~h 
th~ (ixin9 :~n$ tSC, 1B4 .. '.H"'Ki tt'ie 1n.:~•._;)ng t~:11$ Ht?: •s $:)dah:y poured ;,:-.'[,"j Vf.l-t)c~l ;::::X•$ dtl~t"tlo.r: 

hetw~en the~n. 

[.OiOt]The ~rm 19·2 is e•=:~ipp~::i with the mcr'-..lnQ Cer:s .:..ez, ~nf~ t~e VCM c,:41194 ccf th~ attuat~r 
JS-€. ~s i::~u\~~•pt;C , .. ~-/th th-~~ ~1nn 19-~'.. vi:~ th~~ guid-:: ~ift 1'.JG \'l.•hid1 ti3r•i{::xj ,::,~-lt t:ft•:: npen~r1t3 t~~ t;-i~ 

~x:.;,J {.iir,e-.:trnn. DfJ.~J!'.3•: -~xi;:. r.iire.:.~t;,c.1-n i$ ~Cki:~t,-Jv t-'qB/pp~G wttt: th-e VCM c0-f1 ! r~4 tr.:; fhe ·:·:.1l<~ .t9:fi 
"t~,("hid~ <.«:n:if':::.1 out fix9.d k:st£:tk>ti11n. P.:.·.:-1·th!$ ~<1'.Q~t:n, b·>' r:::-t-:rqliinq l•n th,;:, VG-:; r.'vil J.94, S: rn~i 
clr<uit is f.:,rm~d bet-..~·~~n the y()k:es i 9-6., t~.~ ~,/CM c-:,tl M can be mcV'l'.:d i•n fcwi.:m'.:i/re~tViatt! 

-wi~tt:c1\ t•}·· this, the m-:i-..•ir.g i~ns i 82 ,:.::n b~ rr-11'.:,v:ed tc ()::,t1tsi a:<i:;.; di~tfo~ withWi t;1>;! J".ent 

a<1:.cfnrn•'.;.ld<::ttkx, <)•iinf,h::r :Hm.,. <:'l:t~d a fo,:a: d~Sa~~K:<l~ t:,:m ::~~~ t:.rt:~n.g:~;C. 
(C102Jt=i.g.:f~~ is 0-tJ~.er erntwG~ment'$ cf t~ii! f.1-f""J_ff!f..t~c,-i lf!ns u~sit .is cf· t-:,g.31. x:· ;t ;~ f::~ thi~ 

~mb0dtm~:n.t. t~~ ten~ r>t.ro:nmod~t<:Gn t.y:Snder t88 prcvided t,~t1f.h th~ t!x:~g ~~n~ 16G,.ta.-~ ~:--,cl 

the rncvtng :er~s- 182 {~ stcred !ti~:, Ht~ :>uter cy;ind-er 1~8 like F;g-33 (.A). Th-e ~r!n 2'.~-:1,.:146 t~. 

fr,._e,d tc the ::-3di«t c~j(:i:.::: pc-$itt,~m: fc,r ~x⇒fr:ple,, 3n~t t~h'.: pin 242,246 is ln$.e~tt:d in th{; :r,ovlng 
iens. ~(e2 ,1t the :~lit o.f the O!-.it~i· cvHn~~-f·::r 19-a wn,~:h i§ pk~0:~d o-utst::.i;;:~ v~1: t~r~ slit 140t;~M fmn~e<l 

in the opt;,;;a:: oxts dirf!'c..tion of thf!' lens ~cc.".t1n1:nn:.t,5tJ0n c·:1itnti-:'f ·s 83 
[D10'3jThe ·~Ht cf the ,:'.i)t~f -:)•C\F<d*r 198 i$ tll~ $-[:~. 260- r)~J;;;nt ~;Jfm~d ti) th* cr,t~c ~xi.~ :i:11-: fig:33 
(B}. ourer- NARlJGI:\ 248 is forrr:-ed iti b'-1~ p....<>,riph~fY ,:,f t!v~ ~nd cf the (i~t~r (y1;f·1rler 198, sr:d 

-.:,~tt'!r NAR:JG~.4. 246 rn*s'h.:;:. wit!"s t~h::· .drive g(:~r 252 .oft~:~ moto~- 2S~ \•'l~ t!'"1,t'! lnte~m.;;;'Ol~t~ gear 
.tSC, If the": ,1,d-.,,·1; (1-t-:i:l·•· ;!S?. ::S c·•,·"Jt.:-:t*d bv t~~'=' :rni;t-r;.r 2'S4. :rv{;:;:t,110 ":-,,-.•:H ht-: tr.:-:nsm;t~ti to n:i.K-t~r 

N.t,R:JGt.:\ 24f> vi3· U~-=- ► nte:·me.tii::it-:' g~~r 2:·;o, ,;tn:.i th~ <.:Bt(:r <.)'l:nr.ier .t 9l) 'i-\'it: rot~t-e. Aiti'v.1:.ig~, 

th•~ iens ~ccornrnoc,fatk,r~ ~finder 188 ~t,:,r•~d in the o;Jter 0,,•!t11,j~r 198 rt1ove;; to an 3:(ta:! 
direction: the mott<:m f:,f Q hand,·:/ -::ut is re;;tni:ted. 
[Ct041F•:):· thl~ :'""::as,:.q1.,. with rotatlon -.:,f trj* ou~r cyltnder t-;JS,. fer e.>:~mµ~~ it l$ fix:::g t~ tf"l~ 

:nvv!n~J :,.;;:·ns '33.?. \.!~~ EJiD ✓.46 nf f1r~.]3 {B; rnn-:.,•-r:-s tr~ ("1:;; Q_:,d("l:: iJ):·r:r.t~vn ;jJrm~i i'.:'"ith tht'.! sttt ;::44 
hy H:e n1:t1tion hy n)tattnn i'jf t:-u~- s~•t 26C. Mld :no~J"~S t!--:,e nln-\•·bg t~.tiS tal. ey r-,:..:::,Yerner-:.~ t~f 

~ucr, ►:,ptic~.i axi~ di(ectJl)~ ot the movt~g ie~s 182, a fo-:.a.i d1st.::nc~~ is ►:hsng~ebf~. :Fig.34 t~. 

other emoc~~frne-nts .of t~1-e oµening settinG·O~t ,:ont:u! b~t t'he 61:'!t&tin~ ~os~ti.on of 3n (([:,ser\,.'1::-1$. 
f~:1t·\..,.<:N-::.l/:·t1~~rw<:Kd dir{::~(t;;i_:.,n, tht; {::Xf\J:~ti•t<!-:t/n:,, c-pti<:".<:1i ~vst,::-n--i ~:•.f th~~ l1ctu-i"j: pn.1j~Xtl~~n t"i;._Xi(S :..:rn~ 
;:.l"~cw:S,. ~nti th::s e.:.woi~~:~tJ!'.'1!1 cptiG!C S)'$.tem :~. tn th~ ~t:"!tf! $i:'~n tff.,m t~sf! $•!'3f! surf:::c€. !'~ it was 
:n thi~ emh~:•me!'lt_. r.h~ matrix !;quid c:rystat >:;ht.,tt,er 1.2 hi::$ t.-eer. ~rre,ng6j ;sm-rmg the. :J!*i:.t.or 

;~ns~s i09 ~tid 110 s-:i th.at tt rr-iay b-e(om.e ir, f•:•ri.'.-".ard/rean'-l.?.nj directil)n s1ant:ng tc ~~ ❖pbc 

a:>:is, 
[C10Sj~i.g.]S ~s ~ fH.1nt 1lt~v~· c.ttl1e ma~rtx :i!~•t:ki :.·r\'$.ta: ~huttf!r ~32 c.t ~..:~g. 34, .~:~d ~iivlr!es m~ 
op-i!':~tn~] set ~rf!a i•~tc tni:' lev-:'J strip~ op-i!':~.in9 .-~]1,;):1 1:-5~-;:·.t ~ !JS~•n :·n.lrn th~ t:r,ttom. ·rrfrs :~\•e: 

stnp~· f:,pen{~-;J r.zgfon dlff,~r;; in the d~;,tano-~ of op-tk.a! a>:ls dir~•:ticn tc tbe <on•'..'-~:-:. :en~ 117 cf a 

~r-e~ti p~s!tll)~. fer thi•S reascn~ the ~J.tt tm~:1Ji!'l-g .sr-e~ i31~11,,-:.<hich h~s a p:>Slfi::m 'lt~ich is 

dlffo·:-ent /:·: oµUc~t :;1-x~:. directtun in ~:-1, i)f.:-S(:fV~tto:1 are-B · 12=1·-n ~ .. -titi be ~~t up, 
[Cl 061Fi-G.:1b ~"j .:-~n c-;XfJ!...-~motv:rv ·\,~t-:w Of"i thr: $.Cff:'f:n $J:".it-: in ;s; ;,:.--.tt:~: EJfvJe::-.tton 0:0tlc~ ~.it:lt., «nd 
th~· siit imQge tm~·~in(: ~re~ 13()<i h')C~t~f; ff) t: CiF-~ ~cr01$~. fo~Nr)f,-;/re~n-~Ofd tfa~cti1--;;n t}) l)ptic_,.~~ 

a>:1s dire-:tlon -- 136-rt are fon1:ted t~ the Image forrrmt;,:,n position cf <):,11vex Fresn•~l len~ 116 

••-.•hi•::Jt r~«:~~$ tnt: cc·~•'lt:X ien$ 1!7 cf f!g,~4, f--l,O'!;''l'~v-e:-, tfie stit im«~e irn~gi,Jg ~re:1 136·::. of 
fi-;J .36 · (;~i;lt of 136-n ~re i:,t":rt,f:'!ndkularly v'el)' nar:u~1· rang*:S: ~na $.OlkJ obs.::r,,atton be~orne~ 
:n1:p·u%~;fJ!:t-: [ f:.st:th ] ~.-fR~n it s-r:-;x'l:r~tt-:s fm~•• U~•~ rnn~Je 
[t:10 7 Jn1:e:,, ;f tt ff. i:, ;Ktl:-R: izquipm~·t•t. :ike p·f(~. !ti-,. Ui~ cr;n,·'.t~): i~ns. "l 17 is ;;;c;prr;~ct:.~d: w~ 
vert:c.~i d{ffu$ion o,:,ar'd 140 ls c:,r-:,,.,.-i-de•:l, t~•~ sC;t Wfi-il-Qe tm~ginQ are;s 136· 1 -- 13~--n 3fe 

~x;.}i3nfJ:~~d ~>er;.x:'JffHt:u~:tr~v .. <:md tbe -::fu~::.':ti,..,·~~ ~1n:-::<:1- 1.44 i~ 1\x~neC C:-i it. F/;3 .. )8 i~ th1::~ CQ:1V{::~.>: 
F-:r~:sn-t;: tf:ns 116 f.td~ [.If thf: .si:ttv;1!: r:r:.1.:i-t-:tti11!:, optit·f. un:t vf ::-)Q.:~;:, «nd •~ pitwi:--i:n~l th-t~ -..,~ct.:1.a: 
di{{usi-on tK>·Q::-d !4n in «-:.·,:;.nn.i«nct-: W-► ~.h i..:.'"HWl:x f:·-t-:sn~~l :,.;;:·ns 31:Ei 
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[Dl.M]B·y h,;wirH) µ:uvkh-.:d .. t~its '-l*rti,:.al t1iffusk1t''~ t-oord 140 <:~ch n~rrov,•· :.i~r)t~r::g slit irn;;ige ~~-t 
~r~« 136·1 · i36·n ,:.sf flg·,3-6,, rt c❖n <on•\,(.::t·t to :::he '-'*t1.kaf ~r:!o::"g;;.'C ~re~. 142·1 ~XPi1:"ldi;:d 
p·rr!-f~f!rx.i[~·~ila;,-iy ~ .;.~~ ~~n .. ~n;:.l ..-;.·~n re...-:.i:i,2.e ~o:i,J 1-:.bse,vqtfo:1 Y"l':--11i:J1 ~n~h~f! t.he ve•ticdi reqi.~•1~ 

t?.gto:e; t~~· "r:-f~:'*cti·~··* ~.re.a m mo·:b~:"l~-ent of~:,'; vbs<!?.•V~f'$ tc:r•..-i1~td/re.ar .. -._,.,~rd .-;1::-0:-ctfa·:--, 
s. Th~ project1:,:,rt open!r:g contrci ,:H~gra,111 2:9 by- :::,µa,::e dh..-ls;f:•n is~ tdock diagr~t·n ►Jf th~ ~mag•::i 
g,en*t·~tltig dev:~e 210 Jn t~:e tmag~ di%,tay d~·vi.c:t": ot fi~.2 f-:,r prcje,:On-g t:~-e ~gr,t 't;y~ im*~~ 3~d 
lt:ft t:)lf: irri«~J..:::' wt~kh we~e g...:·::-jf:r~tr:d h,o~t-~d o~; Gbs.~·P;er µc~l\.i:cn d?.tt-:.rJ.;,r;.f1 on 3D ob"S-r:r·Y>Ntiun 
o:rtl'.Q by $.p;K.~· d5vi~i{1rt, «nd t:ie di$~l~v t·ori.trG!: /.tf. !f ~t ;~ :n Ui-r: im«~J"=' ~rvJe::-.tion <.::f spol".:t": 

di;lfsk•.f\ t;.,101 the tn,j!~ator !.4---.l fer t.eft ey~s an►:l ti-:1~ !ndkato:· 14-2 fe:,r rig~t •~Ye5, ~1~~ use,j ~s 
th•~ lndk~tor 1-4, 
[010':.1]A,$ thi:.'!- l1bj1.::~ct for k:ft: •::)•t~~;. :~nd i~x.fa:itc:.r 14-1,14-2 k•r rC,;t1t <::)'t~. ~~ tr-.j.1·1s:n~,:;st~~n tyµ-e 
liqurd fJ)•s~;,1 di'>Oi«V df:·vicf: ts uf.~X:- (frjf;-tcJ·~~ dnvtn~:;: µart ?i--1,?t.-/. ts p.mvkic-"d f,1;y thi::~ d:~t~O'{ 
..:.·nntn')J JO t."f..l.rt~sp,1n..:1:•nQ t0 irnfo:.:1:tcr t4~ 1.14<{ for :.::--~~ 1Jbject k~t i~ft ~ye-$, ..::fl.d r~ght ey~s- The 

im~•:;J ~ ge-ne? st~?!~ de¥1•~e i~ i1/ the S.:)me s:; tr1~ i~ ~~e ◊f tbe t:m1 $h-$r:n9 -:,f "" .. ~ ".-!> 1 ~r:<i 1 t 
f..o~•~p,.-i~:i:;s tJw rnf;,d1.::~iing d('1:~<1 '3t<:Jr,j'jf: 6~'. . .":}n(f th~ re1·id-1:~r~n~:;: pn.x1~S$/:1~] }X;srt 64, B\.i~.t~d on 

ob~:t;:",,•t~:.r pc:sttkx, ~Hf~:ffm.~t;;:.:-:1, tht:; :i{:;:E':t t~y.:: im<}g,e :~nd ~efl t~,.,~ h~1<jg~ l:'(-:i:s~d o:~ :~~o<l;:~tng <h~~~ 
dre gen~r.-5ti!d hy the Rtr~R!NGU f}rt.>ct'~ .. ~m(! p...s-=t::t 64 .. ~r.ti i::. wr;t~s in t~1t' ~ight ~?·€ ;m~G-e fr~me 
t~i_;n~r 66 .~nd the l~ft ~ve tl'Hel{~~ frilme buffe•· 60 of the ,·Jispt~y C->°:'.if1.ts-t~: 2B. /,s th-e i1~>ii!>Qe 

gen~r~tmg device 2-5~ tti~ -:imer.s !:m.age d~t~. ~io:ing p~rt 73 sn-:i rn~ f~terpoi~t;on p-ict>,.;1~e 
'J.i:;nt~·r<1-fa.;rs p.i:rt 7S <:Jf fl~].!-! :_rn,jy bt:; ;._i~;.,;~d. 

[Oll.Ojf'=:·gAO /$ th~ -~od !'.'lf:,'-t·~mtior: vr ngM. (:"(t"':. im~(~€! tiata OH!'J le.ft ey'f! ln~ . .-eg~ Q~t-1 l1y the 
~-Jtsplay <x~ntrr.1: ~:~i o:· fl(~39 1 The. :nir-1(~€! tiat3· ?'4 f(;~ •i~!~~t ~yf!s ~m1 tl"ie tm3g~ t!«:..a 76 fo;- :~tl 
~yes a~ r~ad t-:~m es(h ::>t the right: er·~ imi9~ fr~m~ buffor 6G w~~r~- tw·o dt~ptay- dr!vtng part 
72~1 1 72 ,1 tcrre:sp:c,nds~ ~P!d t~~ ieft eyl'.: irn-sg~ fr~m~ buffer GS in p~rnlle-l, T~~ image 

-.:on"":!Sp~·):'':dlng tc the chsph~'l p❖r.:: 14·2 for dfit'°lt *'l~'-$ ~nd :::he indic~to: !4·-t fer ~n: ey'~S l:$ 
,11~.p:;1•{-t-"':-d '>imuitc1·••eou$.~'{. 
[C11.1J~i.g.,•H ~s ~n en-~t•-orfar:ent ni th~ }':r-t'.:J~r.:ttnn •':'.if}tJr.:is smit fni· p.er-rnn;Ning the p-~oj~r..t:,1n 
,:Hsp1.av cf the ri9r1t eye irrm,g~ by sc:•~C\; ~ivt;;i,c-n1 an~ {) ~eft ey~ trn.sge. In FigA1 1 the tn-:'l!catcr 

J4 -1 ft):· tett e:t•::$ an.:-J Hl-!": /ndi(<:ttt:w :-...4- 2 fot· ,.-ig~st -r:y"t:"!S :~r-:: i:r:,jn~~-1:;d indi\•idu:~!:y,. i3.1·id 
MARITOKUS:J !iqui,i i,Ty~~~t sn...,1tter 9.i .. 1/.;12-1 wxj p,.-c,je..:.toi· ter:-$ 110-::..:u.0-2 v~•hi<.h perfo-;··m 
t•~~ntng setti,ng nut ell~ ;:11sJai:~d C•':'.in·eispom1;~g: t.1J e~,i1 l~dtt·i}tn:- 14~ 1, 14~2. 
[c112rr~e ct•~,-:::a~~ sw·Ti:.=r:,:,-f! mirror! 12 ,.;}nrj the bHCK fc;:..:.-e n-:frrn:- 114 wtl<f:J-: ,,...,~r~ prnvk~~-d 
fot~cwit1Q the prcje-j:or ier:s ;.,erve ~s s ,::~mmur:tty ,:,c:,tic~i sy~ren1: ar:<.i ~re i:F:st.sl:!ing <>:::,n-;e:>: 
frt~:sn:t"!i t,::ns 11& \'\•hidi h("'lS :~n !m.:1-g-r: foffn:~tJ.i.:,.n functh:';,n i:i a ~':n~.:.:~n v~:,s.Ct.im! Ii~ the 3() 
'.)t1::~!V~ti;:.1-n or~·~ 20. ,:)si trn:· ,:-;thee· h?.-ri.:.i, a:tnouc~h !~sf! C.-ght ~ow·c..~ u~sit $.~C..:(: 1$ 0rrilttj:--ig, T!1-€: 
:~oht $.OV:f\."f: ~J'fi, tht-~ rf:fl-=Ktor 1 nn, th1; lt:ns H~2, «nd h,=,~n~i l?.ns 104 .:-~t"f: r:r;.1vi(k~d !lk-r: th* 
~mb(j►::lfment cf t:h-e ~~c~ div!:~icr1 ,:,f F:-g.~7, A h,3;f mtrror c~ us~•:i 1:1ste.-)d ot the mirror iOG,. Z:nd 
th~ r~!"1~cte-:i: light: cf s h~tr mirr-:,r ~ entered ;~t(::, t~1!'.: ir:-di•:.ator 14,1 fur t\•~ht ~ye::; t-f fi@.41, .zt'!rl 
h.-e r.:.:~fl~-1..:ts fu:the,.- ~ht~ i~ght -..... ... •hC,:-_h tr:~.nsrnltt.e.:-J t.rt•:: fl(-:t:if :·ni,.-:i):· bv <'] ~-..inix·, (°':1:nd i~ b·-yin9 t◊ ent,ef 
inte the. :·ndi:r..otcr ·s4~3. f"n:-- t~::.. ~·{e-$ of f~g.4L 
[f:U.'?.j!f )t )~ ;n l'J;~ f)ffij.*<J.::0n 0;').ticc:. t:nit hy tot:& ~.pace <fa1jsh')f)! The dis.rCay n.t th~ t~ght ev~ 

im.s•~I'.: er:C t~ft ,:ye :m~~~ whH:h C►:,rre-:-pcnd to ~ach ,jf th~ indicaror- i4~2 f<:,r n~11t eves .Zfid the 
indk:-~ror 14·.i f,::,r l*ft *'i~'-$ tn ~raHt"!l :~ pe:fur:'r1,t"!d~ a-~~d the -:1::•~ning 130,128 :~ set to e~-~h of 
:-r·,atdx liquid cry'.:::taJ :~!11..J-ttt;r 91. · 2. 9:::- t :w~~ct:r~:,t:lzing ~,·ft~J th;~, 0~<.1:;nin,;3 :1etU:~9 o~t l1~ triiS «1s~ 

is tn':' ~am~~::.. tt:~ -.·:"!,$':' ,:-;~- thf!' :;µo(-e. tiw!::j0n ef" F:r.r.26 ~t:.:.i F:(~.27. 

[t:11~: JN~•me::,~,·1 t;.~ s(;t :=;.h-..~p~ opt.ni~·~ 1:28 witll •:;m~l: v.::dth c~r,~~ptt~ct'mg t(} the det~dicn 
p-c~~t~cn cf th~ ;et ~)·e 40 ,:,f tJ·1~ ))bS~r" ... ~r who e:dst~ ln the JO ◊~)Sl'.:N.aticn ~r~a 2:1 :is S€t 3::; tKe 
rn~tn." liqoJid crv~t~t srji.::tte: 92··2. o.:,t·r~~µondlt,:G t,~ t~:•t°! ln-d;,:atcr 1~ ·2 fur r/,~!:t ~ye~, The- sfk 
:m;~1:}t-"':: lJ 8. -~ trn<;l'gl'.:'d tf.l th~~ :10 0bSf:fV.:-~t!.:..1-n ¢~~;:;; 2n, ~fl-d tbts ;~ n~Qdf: int.:.".:- th& :{~ft ~y~ 
'.)t1::~!V~ti;:.1-n or~·~ 20~ 1. Thf!' op~rnrl(~ ::.]U whlc..n mode tl"~e tr~::$,1H:,;.slcn st3l€' t}ff! ·wno!e rf!qi:.Jn 

•~:<o~c:•t ti-:1~ open!:rig 128 s-~t ~s the m~.trit ;iqu{,j ,:r)•stal sh,itter 92-1 fur feft ey~$ i5 
Sin1uk.sneN~sly s-et to the rrmtrb-: ;lq~td ,::rystai s.ht.:ttei· 92-2 corresp:f:,11din9 tc th•~ indk.ato:· 14-2 

fot· r:g!')t ~yes. f,~r ttii:s :-ea~:i.:-n~ the sltt trnag~ 12D ot the opening t:?:-0 {* lrnag*d by the 3D 
v~st::,,•,ot;,r;.r:, .:-"!t"9.ct 20 tn the •c-:wori .i:-~:-.:•ct-~Pt th-t-: j,;:,)l .;:'yt-": .:x,~~rv·miG~• ;jf{:'~ ;w-t., t:nd tifr;;; fo-t"fflS th~ 
rjg,ht ey~ vbs~rvil~mn areel: 20·~~-
[:0ti S ]F;g.42 is th~ t,k:<~~ di,3~r~m ;:,f rr-1atr1:< ::cq;,_,i;ct cry~.tal srit.ltt~r 92~1192~2 ind.~~ c,p-enlrtg 
CT)t~ITol ~rtk p:uvi1$>:'!d to t~e p:uj&ti-ort oµt:Cs urnt of th\! ~µ3,::~ di•.'isk,t: ot fig.4:l . • t..~ b';:e •op<2:r-i:ng 
$iel~i•:ig d.::vi<·~~ 161 t~"'JC m,jtrio:;s liquid uy-stal $ihutt""t:"!:· 9~~-l.92·2, •::-t1Ctl. ,:J:C1l:i:;:- 94<1_.94·2 .. }J,nti 

96~3.,.96~:.: an~ µn.1-vir.ie.:.i. Ois.pl.-ev ;_·on~·,:-;!:C~:- s-o~::. 1 ~m~2 i-s SJf:.Y~~~ieti ~Y t.he op~nI~q r.vnfrv~ iJfJtt ].0 

(.,·:ir-re5p.f')r:di~:g b:. ti."\(o-set i:qijid C:f'f~.t~t >:;ht.1ttS=r [ 01: m~t:irP-s J 9J-1!92-1, .~nd cp,i=nir:9 ~P-ttjn-;:::~ 
;:,ut ,:c-ntr-o: t-:- pe,rrortne-d t:o Ct en :~v.ffa!ieL T;-"!:I'.: a.p-en;~g positi◊r: ca!c1,..1iatir:-9 p~.tt 88 is the Same si;; 

:::he <Mse •:..-f trj* time srj~ring of Fi,;(, 16, ,:.ah:uiate~ :::-h~ c-p.::r1.tng· p<:~lti·c:n for a rigf·it *Y~ arid :~ft 
f!V~S baSf!d nn C•t;s~:-..,,,~,.- µ(,.~~lion G-i!te-t:ncn l!~:f-tX!"f'!.?.:tto•i, .:3:mJ in::tn.trts it to t~ie ;-.ilspfsy r:.;-_)::1tn1l:~:-

to11SJFi-g.4·3 ~s. a fi<i..-..., :;n~rt of the proj.~:i:.ti-cn <•::•}~ning ,::o:-:troi in the prcj•~-ct:on ,:.otk:~ t.::n:t by 
th~ tp-s(e dtvfs!t:,n ot n9_.{;i_ TtJ"i'.: p...'isibor: cf ,3r1 ;:,bser..-~:r·t right: ind 11'.:ft !'.:ye:~ first d~.t~f'.:ted at 
St~p S 1~ an,j tl'it"! lrn❖g\! ·fr:r !-t"!ft t"!Ve~ and the frn~q~ fer rt~h~ ~~1-::s ore gent"!r~t~d st S."t~ S2 .. 
Th-t-:n, tt1:t: :H•i~tl·t-~ fl°H· !~ft e·~,1;~ ,ond th1; inrnq."C· for dgt•t ..-.:··ft-~s ;~re r: . ..-.p:-t:~~.c-x: tv ..-.:·i:-rh i:1dk";~tf;i.r" 
prtl·~•·lded ;r1dtpe:,-:-,-;~ntiy i:\5 St*P SJ {:,--1 por~)!!e:. 'S.~t:t)ng~.;~it tcntrot of th<: ,:;per:i~g p::>s:t:◊~ tcr 
left et~~s ;s:1-d t~}~ ope;1in:g PC·$Won fer :ight ey~s i;; skn'--i:1t~neou;tiy p~rfonn•~-d t}) ea<:h of n1at:-~x 
llqui,:-J ..-:i)·sta1 ~b,utt:;:•~ 9.?.·1,9l-2 pr-:1vi-Ged ~s t:x~ c;l:~1ect fc; leRey·es, arid ~n o~;,;::·iing St."t!:3::g 
dev·tc(; ;:.:,t· rigrjt (;yes ~Y step S.4( ~t~d :::: rt'!pe,3t$ ~t:W a d!~pf⇒)· stc-p rj~s the ~t,t.)ve Step 51 - S4 
:.1c·0cic1:S$...-.:·d .:-~t !-;tf::; s~;. !f f.hG~Nfl in f'itJ, 41. 0pt::Hn(.i ~..:::'l\.l~•g 1·"J.1.,t rJf thf: fig 26 in t:rne "Sf}:-;:1n~~ ;.,1r,1"J 
Pig.z;· t~ t;.sken f,:,_'I~ U-:e ~.._,~~n-:pl~_. ~;ut ft t~•ay l1e rnQl"Je-tt\ p,e.rfor:-ri ope:om.g s~W·mJ CK:t of t"'i:g 1."l, 

openfnQ s~tti:~g out of F{g.18 or fiQ.~J .. an,j f~Q.24 i;1 ;_;j-dditio;1 to th;$. 
[C1.1.}1Fig.44 ~'3 i:n t:"!mtx..-..:-J;rn:t;n~ f·n:· tcnt:rot Qf tho:: d-1:~pth dirt~<~;:.:-:1 of ~ht~ cv.::ning ff~ th.f:: 
p;uJ.;·-::t°!t'l-n GEJt•r.s unit 0f $p;:;;r.t: ,1ivtsion. !f ;-r l~ :n u,is. ~;:;1l]{J.;.iin-1:e,1t1 (;:;;m)ri«tkH; ~hutl"t":r 
1:~4-.~ . .t34-?. ~-..•h:ch .CQ1dic1rJ r11i:t ~.hr: f;-tw«:· :~minc1t~-s .of n~mr:x :iqtitd t·r•ff.t«1 :shutt-::~r ~n~t.~-3:?~..? cf 
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fi-;J.42 t•:- oµ~c~t ax~:. dins<tton fc·l!:owinG tl'it'! indka:::0:-14·1 for :ett eye~ an-d th<;. :ridk~~.)r i4·2 
fot· r:g!')t ~yes is s~t wp. C.orre~µc:nOing m each rna:::rtx f!~uld cry:.:::a: ~:!:uttt":r ,:if trl~S{; :am:ln~tl:o-r:: 
:;hutte:· 134~1., 134~2, t~~~ s~;t ;:maQe fcrrnati;;,1F, fqce 132~1 A lJ~An 1/,•;H l1e k~:--rn~ ~nth:=! ]D 
Ob'S*N~t:or1 ~r-~~ 20 ~h<!?.~d C\f C,j~Vex fPZ~!'],e:: :*!'1·$ 'i :i 6 US<!?.V OS ~ ~cre~~ ~l)S(th')~ by ~hutl>'=t 

ni..:rt1b-ei· of s~-:::ets {n f.;:;,r:.1.,•arfJ/re~r:.'\•a:"tl dire<:tJ,:-n. 
[0115]6),.. fur tr:.is rea*on 1 ~lie thing •Nt1:.;:::t: t~:e corre-5pond~n•~ fY:«trl:< i·iqt.,1ki cry~ta: shutt~r m 
:«n~:r•~ti-t-;,n sfHjtt-.:·::- 'i 34~·1' 1 1' 34~-.?. ::S ct1Q.~.c':•1. ;;;nd i:; dGnf: ft1r 0p~•Hn,:) $t'tU;•~..f r;.1 ... t b«~r~d on tht~ 
,1t:·ti:'r.tl\m EJQ'i.:t:on 0f thf! f·.(H)\'¢:rd/rf:«r-.,v;;;:r,1• dw-..:·r.ttun 0f t:1•,;:· r1h:;.;:·:r-..1r:1r p1·)s1t;o~ 0f tht": 3D 

ob~ervat=on ~r.~·Q 2C\ A siit ifl'1~Qe forn~atk-n fo:;e 1s fcrtned if\ t~(~ position• cf the ,j~pth a:n~cti')n 
-::orfl-~sp::,fic.fa-:,g tc the -:'kt-~c..tlo11 p:e:,sit1-:,f1 of 3D ,:,l)s~rv~t/0:1• diredlon 1 and proj.~ttion 1:.f t~,.~~ tff~-B:9(l 
i~f.1ht b)• fn:n:~1t~cn uf tJw ~i"Ct C:-:-s.::i.gt:~ ftx ab':3~:::v~r:-g the •::.'ll:~:i:~ct fc-r d;iK t~i,.,.•::'$ and ~h•::: irna~-c:- f..:t:· tf::ft 

(:"/i;:'S h-t-:r-t-: ;,,·~:: b-t-: p..:::'ffo~n~ti-t:. 
[t:ll9j,❖,$ ~N e:n~xx~•m~r::t nf cp,e:-,.mg, c..:.•r-t~o: ,Jr B"•~ fo:-wani/~i}n,'\"~n.i dt~ettk:n if·~ 5",pat·•e 
dCvisk,n,. ·•,.v~at i':'h~n~~s ~ fo,:~i •:Hst~~•:e by m,:,'-~~ment <if trt1 ,:,pbc~; ax{~ dire<t!◊:i of the nw••i}n§ 
l;i:"::n':3 1a2 pn1vid,::d ~:1th~:: pn.1jt'X:t.i~:1t: !en~ uni{ 3.S '3!:.i.1wn i:i th~:: ~n1:t:~ sht:r~n;3 of P1t3.3t b:::~c;;de~ t~i-~ 

i.;;sr:riimKi-cn ~ht~tt:i:~:· ~1f fisi:AS., h is 1.J~1~xi fo~ t•::.(::.vt~x F:·-r:~nei !t--::ns 116 w~;id'~ <:m u::;4:';t: {:::;,.·is ;$'.·f~ng.,;:$­

d"S..t~r:t the matrix Hq!Iid r::-'~,·$.rn: sh~:tter $.htw\,n :n f'•Q;.37 in fcr .. ...,.,;sr.,_1/rea~"\ .. ...,.,M(: dlref.i.i-;_;,r,_, a~.d 
:;e{'Ve:s i}$ ~ £,c:-·e~n f)n$•bnn .:1:i;c,;o ais wn~:.: p•·cvide...1 U-:e v~rt11:::a: ..:.1iffus1i':'.<N b.f:-.:1:td t~~o. 
G, As fer the prcjed~cn cp~nir:g ro~ti'>:,! di~•~r~.m 4$ by pc~r1z,3t{;:;,.~ i:fr1iticr1, ~ pc,:3;--~ied p~t( :as 

~:m f:::nbcdimt:~r:t uf tht~ p:roje.:Jinn cptj.:-_s \mit Qf th~:: Fi,g:~2 r~~i!ilit~d ~~c:-nv::ir::itivdy n::.1):t~ abc:'iJt t:i'-,~ 
µn.1ti:'(t!1.1-n of~ r:t.fM <-:ye and n leit ey<:! in~.2,:g~ ~rid Q:_p~ning $i:'tt:nc~ 1-''.l~Jt t(r. '.3D vb.s.~~v~fam a~~o. 
[C12B]In f-i~vt-!-:, tf it i;; lr: p;:.1-:;;n1a:.ion divt-sC::.1:i•, th~ :f:1.r.i:,:;:.~t,r_r.r !4~·s fo~ l~tl ':'yes ~r-ir! the inl"Jfc.atv; 

1•·'k2 for right ey~s .sre mdepero~~ntiy prcvid:00 .s~ ir. tn,:Hc.St(Jt, r-z,1 tht~- ~es-:,t\, as ~ Uisptay 
c;:.~t1c1. w~ t!!mg c.f the ::::ame F!\~.39 ~s -:-ps():} div!si-:,~ i::sn t)~ use-:i. l\fter the light so•J!~ si1e 
-.:ond.::t'':Se* the Hg!"it b't ti"':.e'! !ig!",t ~oun.:e 98 imd ~he :~fie...:tor ::.oo ~1·lt.h th(; lens 102, f:~sn~! len~ 
'! 04 h~$ ,·0rivti·ri:-t-:'d ;;;nf3 s-eEJ~f;:,t,1;d it imt: S pvh~t·i~l.aoti1'"J:1' r.G~~•p11nt-~m ~•'>hi()~ 'x:t"-t-~~;;; ~$ :=­

p,ci,t(f<z,atk~:-. ,:::crnp..:.;~~:1t 1js~1:; as the :.:r~nismitted C:g·M .. ,t(r,rl r. :·~ne.:.·rf!d iig~t t~'>" fh~ pc.1t;sr-;1-a:Ut~1~, 

t•~ani ~•fi,ttet (PBS) 1.44 for t:~.~nrs tc the µ~r;s!~el l::•~atn o:,~t!nuot:~ly. U fs re~~tted tty· th~ 
:·nirn.):· 146 ~1nd S P•:)!~1:it::i,ti-1.x1: .,:,;:;i:n::•;i.:--nt~:rtt ~t~fle<'.'.t;i:'X~: by t.h-:: ::~l1larit-t"'.1:tk.x'l bet:m spMt~r 144 fnr 

:s:;."P~:·,,-m,~n ent~·fs lnt-.2 tf)~ indf-:.~w•· 14· 1 for le~·t .,..::y~, 
[.CH::?.tjOn fhe ot!1,e::- !;,,·cm;::~. ~ r,o!a~i;::aUc-n <..Dmpone:-1t :.~•hie~ t:-~nsmitted the ptot.ari:;--9tjO{~ t~orn 
sp:;·n~-r 144 rnr ~_,ep,t(f:st•rm enter$ ;Nto t~~ ind;:,-:~tcr 3A<2 fnr nght ~·'{eis, iln~r ~~-lng ~~~~(::te~i t~y 
t~~ rT1lt~<,: i4S, S p,:,Jarfzatio-n o:i:FfYtx>r:-ent u5.ed 85 t~i-~ im-s9-:: i:-ghts \'•.':-:Cd~ ~,sse,::; th:~ in-d~<"(}t:)r­
J4 ·1 fo::· tef::: e:t•::$_. and P ::~l1lar:1-t"'.1:titx~ cmr1:;xme:-it \vhit::'-1 p(:tSS::~ the imiic::it~:1t· !4·2 fo:· dgt~t-ey:i::~s .. 

~nti u~.;_am.~ ►m~ge 1i(~ht$. a~~ ~]i\."en t1..1- the p-vl~ri~'.~tinn ~1eorn ~p\;tt~► "3.50 :·or 3 ~ynth~'.~is. /,ft~ 
tht'." s.,r;lctii;:-;~t;on be;:;;1n ~pi~~t..:::'f 1: S-0 fer ;;; ~vnth~~:ts ~vnth.;:·~itf:$. s s;fJ.~:i~·;,tion toffi::x.1n-t~•t. ond P 

p-ct~r;2.,3t{(jt1 f'.:cmp,:,f'!~~t1 it is ,.;i:iven tc the m~tt{): pi c~Ji 152 wh~cr1 fi.iN:ticn~ ~.:; an 0~;1!ng 

~tti•r:~ d~'-~:.c~ in p-clarJ2.st{-:,t1 div{~icn .. It the m,3t(:}; pi te!i 152 i:;,; ff'.:,!ic:.-.,..e-d 1 the prn)~t.t::>r ~er:,;; 

J!-C ~~ p·n.)vi-:h::d,, ~1r::d the u::,tir.31 ~·:r~-n::m ~:iftt~:- lt .i.~c:-n~:fS::~~; ~:C·m,•1::x :'=={t~m;: !!':t:S !16 w:tid1 h.i=~·S &n 

ima~)<:! n·.-.rn-,.;,th)n :f·un,:::~3nn tn ti1~ (-OtX~\."e ;md~::-.~ m;p-.;,1t 11~:, th.e t1-3<.'K. face rni:rr.-r .D.4,. ~m.1 ~h~ 
3.C nti~~r.-~t~..-;;n .~re~. :::o l:k.* tM ras~ i:,f ~.:m~ sr1.:sr:ng ~r~rl '-'.P~<:~ div1~int1 
[C122]Fi9A& ~~s tik~n ~~~t t~~ pcrl~or.~ i)f th~ ir.di,:itcr 14,1 fur te:t ey~$ :n r:g.45, the 
indk:-~ror 14·2 f,::,r right <:y¥':S{ the ~,,:-:fa~i·2~tton be~t'r: splitt.:::· 150 f.:.,t· ~ $£)'nth<:$!i·~ .. ~nd the ;-na~t:,,· 
pC c:::~it .t 32. T:"1-t':: rnot:'tx p, s:t-:-ti 132 whid1: functi.i.:-ns ::.-:::~ 3rr. <:i;:~t'::ni~~g: :~~~cting de.vi;.,~•~ -t~cn-~p:i::::::~s TN 
liquI::-J G)·s~~1 1~-tl:f a•~G ~Ji<-: f-'ota~i2ing p:.~tf! .HiO, as st1vwn :n F;(~.47. ·rN i~0,u:..-..·:: <.·rt-s.ta~ .15-~> tY~d~€~ 

th~· rtlt~t.::1ry ~;:,~~ri-.:atf.:)r, a~.;, ~f>~ mtr,:ting :;t;;;·~-~· Gf l:-i,oder.t ii~;,~. b'{ *:~""tr.::4y·:;is tt:m.ing <:•i., n~d 
off by trt~ appikiticn (1f t~~ drNe v-:,it.age to between the ~iectrcdes ,...~l1":1ith n~ve :~min3ted tr:€ 
liquf.:'J 0:l)'Sta1. 
[(D.23]rh«t i~. ft;,A? {A} is the': ~l*.Ctft"-l-(l~~~ o::f $'t('l:t<$ ,~~·htth tur-1.;:·d 0ff th* dri)·~ l!O!t<"tgi: 

het?'><:!~n the e:<:'r.trnde;; of TN Ji.qu:-c.: <":t"'{$t3l t SB. ln t~~i:;. ~i~c.trniv~-is Of-f stat~ .. ~,~·h~n P 

r,,:,larlz.ation <'.f:,rri,pone11t u;;e-d a;; the :-'ight ey•~ lmz,ge light 124 p.a~s~:s TN llquiO :;iy~ra~ 158,. a 
pC;s!"i:t-~ of ;:>cl~rJ2-atJon rot;st~:~ 9-0 de9r~:~ an<l it{;; C<t!T.,:e:t~d to S pc•1~nzation ,:c,mp,:◄f'!e:1t. Or, th(l 

-:,t!"it'!t i"':~nd: it :ut«~es :310 ,;Jeg:~e ~trnif⇒i·h· and $ pol«iiz~ti,~n co:ni:,r~nent ust":d s~ tr,.* }eft 'e'.')'* 

::rn;~Q-t-: i•~..fht 122· .:-"!ls:0 hffn~ in\.u P ~i;l«:ii;~ti~~n tomoon~;;t, n:..:::' p0:«~iiir:<; p::Q~:r: 16U tr-;j:isrnitlc.'<J 
oniy s t--nia•t~r..tk.1n r0mpcn~:r{t, fo~ eY.i}:np~~ • .:.snd is r,:r-;::11.~:ce..:.1 ·.:\(ili1 the pnt.¥11-o:t1r.:.n ,cJFsr-~h:terist:i::: 

·~-..,hich inter-ce::,t-J P pc~ariZ.3ti;:;,.~ tcmp;:;~~~:'lt. 

[G124']Fo:· t~ts r<:x~sc·n( the p:t1is::izir~q piate i6G ts p:~.S5t'!d,. t~e S pc1~t·~::3tlon ,:.cmp:(1tient1 i,e. 1 
flf,1ht ~Vt~ Crn::i.i.J:t":: iCgflt 124, .......... hC(h 'IJ'i'O::f{:i: Qt~t::1t.:tt!!,d f,rnffJ TN 1/qu:u (rystal 15-6, and it i5; pn1-j.i:-x::~~~ 

on U'l<:! fi{4ht ~ve 33 ~t;:.i~ T~i<-:r<:!~O:·~. :.n ti~.e ma:.rtx S)i r.e:l .t:-~2 t1f F;t.f.46.. thf! f!i~Y.trr.:.;-.r;;is. OFF 

~QtD~. ! S4 w'hi.-:h h.$ff-~d ,eff e::,:et.:trt.>!~l::;i5. .:.f 'tN 1JO~itd .:'f'{Sta( ! SJ3 may ~· set up ~t.t.mt ~ t1':'Qi~~ 

tc ~et the cp~tiing fc( tfght ey~s. c-~ t!!:I'.: other h.?.•r.d, .st,f'.:,ut t~I'.: eied:r-:,tysfs ON st3te wh}c!i 
ap~lt.;.'<l the ,jr{.,.:e: vclt~.Ge to the eh-.:.coud? cf TN ik~~td c~t*t«i iss. it t:.::-hcrn(;s :ike fig.47 (B}, !f 
it i$ ► fi m~ el~<tro!ysl$ ON :,;t-='te wni.fJ'l 8f.ioti~d t~•f! d:·~ve v(r.!t;:g~ t:'E't\\•e~n tn':' ~i~trvi1e$ of ·r 'N 
:~q~:tti ,:rys.ta1 !SB, t~i<-: ~Gt~t<";f'{ f.r.~)tar'iz;:t:.:.m ftmct:{1n t1-y 'fN :iq1fa1 tT{s..t,2,:/ ·1 S$ ;.;,.,,f:I b.e tvs.t, ft ..,;,.,,f:l 

00 m. ~ tr;s!"isn":•t;;s;,:,n: state, anf::J P poC-t3r~zztlo11 ,::o:npc11•~nt whkh is th•~ n•:;:ht ~ye im<lg•e light 124 .. 
Qnd S pcbr!:zsttcr, ,:omp(itll'.:nt ,,·hi,:h ::;.; tr1~ left ey~ tmi9e 1tght 122 p.s~-s TN :i,~uid (.~~ystZ:l iS8 as 
it i$. 

[Cl2~1At thl~ tSmt-:, $►n(.-e U~~ v0i«~iti!:<; p:·Qb: t6n hcts U;f: Ot-:netr«tfo;; <.:h«r«t·t<:·:•is.tk· f>f or:!·y: $ 

f:<•:.l~rltatiori c,:.mp._~r.e~t, S mm;'.}c:rtr:.F-~. ;_($ed ~~ the C,~ft e·~··* im~g:~ light 122 :s, <H.t~:.itted, Qf1rl it 
ls pr-:,3~:x:te<l ,:,.r: t~~ ~eft ey•~ 40, Thei·efcre,. in th~ rn~tn:< pi o~ll t52 .-A flg.46,. the etectroly$•i~ ON 

re-,;Jio:i• 156 m~y u~ $1:':t ~P ~i>c,ut ,3 regi:on tD s.;;t th~ -:1peninb1 foi· !>:':ft >:':'i-'~~- By S{:;tt;:-ig out of the 
eh-.:.ct:u!y~ls ON r .. ~ql-cn 1 56 ,:.crrt'!sp-:1t~dlng tc the .::•~.e'!ning f,::,r h-.:ft *)'~ irt su-:.h a nm:tr ix ~•i cef! 
152, «tK1· U~..:::, -e1,t-~t~JU1)'$::; Off rn.qk,n 1.54 r.Gn'.'t-~sp.0r:ding tv t:it:· iJ.f.'-t-~n:~•r~ for n,ght "=·ye-s. lh* left 

~-ye ct1~r1lattt'IP ;.sr~a 1Ii~1 anti H-:e rigtoJ. ~ve- ob~e-:-v~tt .... rn: Qf~a 2-:3~2 ams~~- tt1 :.h~ 3D 

ob~ervat=on ~r.~·Q 20 ah~~d of :::.::•ri,.,'"ex Fr~:$n,e!: len•s 116 us~•:l QS .a %:::re~!"i c:•os)ti1):1 :i~e f~gAS, ~rid 
tf1!': l1l:-:=-.;:Tv~~:- ~:sn G!:-$~~:rve ::i $tt~~t~~~ovit ni-C•::fot '!Jv~m ::i blnG<·t~l-:1~ d:sp~1dt:7 by ::;.,irQJf:.i.:hcm ,;;,,f ~~ 

:i~JJ•t ~y(: tm<:l'gi':' .:-"!nd ~· :1;11' -r:y-t-: :~•:Q(~t-: b.~ -t-:<1"t"h t·~Qkm 
[Cl261Al::fJ.1jt 1Jh:;.;:·:r-..1~r~ {".:-the"::- fu«n the': vl;~t::-.,,,;:'f :.·¥h0 is;:, :.it-:t"t-~ttin(~ rx.1-s5t)m1: u:.::}\;f.t .. in ti1t~ t:~$i: 

https://w,v\.v4 .j-platpatinpiLgo .jp/cgi-bin/tran_ 'Web_ cgi _ ejje?w"http :/,.\v\;s,'w4.j-platpat.. ... 201 7/{)2/07 
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of thi~ ernbc(lir~~en:.:, sin-:~ it v,,•W ct,~e:rve frcm the rigt":1t <:'t~ c-t:~e:~·otion ~r~« io ·2, ti:~ right 
*)'-S irn~{)e by the ir~dk~ti~r 14<2 for ri-gnt e·-1e.s ,~ vlvidiy -:1bserv~ble ~* a mo·-dl::Yi~ns/1.:-r~sl 
•mage. P,s fv:r p:fg.451 d pn:an2;e1".;1 ~art -:.•f r;gAS h• ~· tiGw ch~~t cf ti~e w·cjettKm (:)nt:-ol 
6ep~nde...1 t:t.,mp~r~tiv~Jy s~~ i~ptr.in~ ccrttr◊L Th<:. ~;:,siti:IJn (')f ~r. Cb5'*f'-•err~ fh}ht ~r:d f~·)t >;.'')~e iis. 
fir,.;;t detect~:,~ Qt St~p S3.: and the !.fY'i~Q:e for ieft eyes ;_;j~d t~e it"rmg~ fur- r~,ght ~ye~ are 
g-en*t·~t*d a:: S.'tep s2, "Tben( the :n-~age ror te-ft .:2ves ~.r~d the im;,•~-t'! fur rtGht t'!Ve~ ~re e>:::1r~$S~d 
tr, (:<'H."h ind~..:.-~tt--;,r .t4,'f.; 14,2' ;:,s St-t-:p '$3. Tt:-r: f:tc-x·tn;;:ly$J:i. ttffni:~;3--:.'°.:'\~-~nd-.:.1{{ rt-:;,FGn wh:d; 
,1t:·t~n~•S::1t-:s t}~t· l'.:'xh.:tf:ritt· iJf r,ot;:Ha~tinn :'-t1t«tk1:n ;~rx0:-din.:.1 t.t1 th-t-: :Jpf:'f1in9 pv:;itivn fr.;:- 1ig~11. 

ey~s an,:J: t~•~ 1)penfr1:g position foi· left ey~s i;; contrcH~d by :;t,-~p S4. 
[Ot27}The Pf<{.3~~tion ~rHi open1r~g c<iritro1 t,._, .. pc~~rJi:ation •:ltvt;;~cn of ;;uc~ ~ step S 1 -· 54 are 
:"t"::pe:~t•::d untti 3 di:spl.~v stC:J ;s perfc:;:ne,:-J :~t S-t-::::1 SS. H•::i·-::. :~ttict)ugh ur:.,.~::ni•~;g ~::~ti:ng <.JU~ cf tt"1,e 

m~tT5 . ..._ p: <._.t-"':l: tS?. iri pu:anP.:~t:-v:n iJiv::sinn vf Fi<;AS h.;,~ t:-:k~~• t:a: Fi~J,26 :Jl ~Jf)}!:~ $~!-t~d:iq., «nd th::~ 
~rr:e t1r-,~ntn9 :.:f!tfa-:9 1'..l'Ut ~;c_; ·;:; fer the e-x~mple,. it i;; ~~l1.:i·r.c. [ nf npen•nQ s~tt•))fJ ::mt of ~=tg ! 7. 

ope?'!inq s~tt:i•~g out or Pig.i8 ,)i-- fiQ.i.?;.. ~nG f~Q.i4 b~inQ ;>ertc-rme<c in ~dditi<rt:• t,:, t~fs] 
[C1.2B}A.'3 ffaaq· ~igAS\ i pu!.t1::lzefJ ::~1:it ;:s an •::Tnbtxfan-:::it faa,f th.:: pn;:.:,j:i:xtCon .i.::-pfa.~ :..H~it v ... tiich 
c~r:truls th<:~ fo(-..-~·-e1nj_!:r~xj(t,, .. ~·.t"':mj dl:'.!:x:tJ.::.,r: of t:'·11:-::: n;.X:i:::-s!n;3 w~si-d~ <:e1n b~~ :'.;;i:-:::t r;crn~,,=~r~:itivety. 3f lt l:s 
:n this. ernh(K1:•rrH~t!t ~h~ larmn.~t:-On n-1~.trt-:,· pi t.~i; .161 {::_; p.rfA•td,;:,:::s-J: f0Ht~.._..\<:ng th~ pf}l~1i;!'.l¼~i-:.')n 
t-:-~.?.,:·n $:J·ti:ti:~:- 1 sn fr.ff .~ Sfr"B•~s;s. 1!"':e i~mlnfl:ttn:-1 m;j~f:x pi (:i~-ic ltd. :--1ils t:s.mlnctt~t~ th~ 1~,i{)fr-:x p-i 

c~Jt .i.52 u~-e<: br' fig.45 en twl'.> c-r ml)t~ sn~·~ts sn1 -:o:pbc~; ax{~- dire-ct1,::,n. 
[Ot291-Ak.tr~g wCth the fun,.i_,,=)t'".t.1/::-<:~:~:-v.•:::1:i·d di•n::~ct~~1n ln at;gnn~~~:rtt ,.-.,.·:t-t-1 -t"'.l:n optic ,=:,xiS:t a plu:·;,:;ltv of' 

~l:tt tmog/:"':{3 ca-eas 16-~!~.t ~ !62~..: ,5.N; f<'.r-~~•'l"!t''J in t:":.e )D .nbseivatton ,5.~~.~ 20 cl:i~at1 ofi:vn ... "€X 
;-:rf!snoi!'l t~n~. llb :.-v~ii-t:~i ~erv~~s ~s ,5. s;:.:lt-'<!~; f.'<t.1-sjth)t: t-:,y s~H.:~i ;!f. l.;!rnin,5.~.►on n:atrix p; -r.e:i .161. t-:;-,,1~­

tr-i;s re3~.1)~_. ccrre-spo-00{!'1•~ t<:• t;--.~ detect::►-:,n pc,sibcm cf .an ,:,t.serv~r·s tc.rb•~.1d/re3;-v1ar,j -:!irecb-::,11 
:n the 3D cti~e-rvat{(jt1 a~a 2.0 1 the C►':•tte$p,crtd!F1g mit:ix pi ,:e-Ci in the lam1F1aticn m~t;-~x pi :::~~l 

161 is <h0$1"".'!rt, Bv ;;,erfc-rming <.i::..ening *euin·g cut the <1t~.ect fer right ey*s by ~etUn~ <•ilt Gf tt1"1; 

ic1l*.Ct~'-t"l-ll~-l~ o::f fl'.:'(1tu,1 1 S4 )tk'i:· f'iq.4:f:l ~rnj U•~ f:tc":d::-vly"$.ff. ON ~~gi0n 1Sfal ;:lnd fi)f lf:ft f:'r'-t~;:. thf: 
snt Jm--1ge t1f il m.'.itn::<" pi r~ii :s i~nel~~d t0 the s:;t l:n;:i:9~ f,'jfn-v.s~Jf>n p,1is~tk~n i:--. fr:J-r--:.t t~f t~l~ 

,:J~rectt,::,~ position of the Cb$txver cf the ·30 c-b~:xva~on ~1---~·a 20_, and ~ol{d -:,.bs~tv .. ~tion by ~rt 

ob~:t-::r..,,•t~:r i '3 f:n~1{:h:d. 
[C13:.J1Fig.5U ~$ -:1tl":.i::r -=:mOOdim-=:nts cf ()~ntr-:1t of the fcnr1-::-:·d/:~an,-¥~:·,j Gin~cti,1:-i of t:-i~ openlnq 
•N B"•~ p:-0ject;1)n nptk"'3 t:ni:.: l'..l'f p,'jJ-2:ri:.z~tinn (fo,'1S~('.,f1., ~nd in:.:t~:l~d H•~ m.?.-tr"!x pi 1::_.et: i!-St~:H:ot m 
fon....,.e,::-·d.h~._1r!'vo::-d .:~<ff:tticn tl'..1 t:h,e ,'jpf:ic ~¥;S. nl~t •sf fc1:1)v,_,.i:,-,;g tl"-,;~ p.nt~:-t~at~cri t~~.?.ln-~ sr::.litf~r· 

tSO fut a syntr1-=:-st~_. t~1~ mtt:ix pi •:eH iS.2 is ~n··anged so trt~t it m~._,, berome :~ 
fo~"'t'-V:~:d,,•':"t"::3nY:~i-,:-J f..\!r~;:.:t:c1·i ~i,3:rmn{~ h:• -e1n optic ltxf~~ 1"he s;i-3:tri;,: v; .i.:eit 152. <:m-='.1::~g<:·\J ~:is!~nt 

:1erft1rm$ op-i!':"':,tng r.'!ttln,tJ nut in tn~ f>:'.'J$<:t·3,;-.,_n ,,.,.,,on~~-=- tne ,:-;;.1tic.,5.) .;:x:~ . .f.":ia-"'!.::.·~J0t: t1v ;, plur~!:ty 0f 
i~vt:i :~t::-ff.tt-: .:.1p~:ni:1-c;s d)ffr:ff:d lih; th-t,~ t;js~ 0f th...:· rn~.td:,:; t~quld ov~t~i s,hsJ~.tt·r vf the fi~}.34 i:;1 

sp.ace -:i:Ni~~on. 
[:Ot31]F<:-r tht~- ~as-:oH,. th.I'.: lev~i stripe ~lit tm~{~~ .lG4-~1 C:(Jtre~po:xi{r,~ t•:• l'.:ach. !ev~i stripe 
G,p,e:1./n~] cf the rn:~t:~i.>; ::•l ..:-::l! 1S2 3r~:E1::-1,g-ed -e1sl~nt • 1&4·~~ -ijf-E': forme~j in JD l1bS•::r ... ·-=1ti:o-t:. ~n--i=~{:f:: 

:.w ah-:'.?.lt''.I nt .r...::.·Hh't!X ft-:'~n,e: ~et::: 1 t 6 1J$-:'d n$ o :Sr..i~n po$:~J,:-;n. 3n tJ~j$. t'i,$-:', ~ ~t~n·"'!\,)-~coptc 

m,:;;rl*: i•:; i,m-eh:s*rv~h:,e. ;ri th&. t,~1:ith ~t &.«-:"h J-ev~i $tnp~· sCit im~g* .u~-~~.1. ~ tM~ ven':<." ... 1l Cired3nn 

of 1.tA~r: bemg very n~n-c•\.V,, and in ct~erver~- ey<f! te-p~r~ting fr,:,n-1 tr,is \.Vidth. 
[Ct321Tt1(:r1, :ii<<; fig.5!. 1 ~he v*rtkal di'ff....:sl<1r1 t•oa-n.i 166 l~ pn)-.;kh".:.d ti) ccn ... ¥!-x F:e~:~ ;~ns. :t16 .. 
on1 :t is, :"t~fern~•d n.1 35 th~:.: \.'enic::it t~:~t~rg!:.i.i a:1~0 1.70-·!. · 17C:H~ whk.h t"'.'..XJ:,-tw1:ded *<1Ch i~~vel 

$Uip~ slit irno{~e l64<L ~ !64-~n p-i!'rperi,tiio .. 1Ca:1y. ·n~(: ;.1:-,:-.1-jf!.:.~to~ 1-:'ns in ;,,h-:' t:m-i!' $.~~;,f:n{~ -~"'!'t fig,3! 

:~ mcv-r:d t.l) op-tic ... ~l ~xis d;~~ct~c:n, «~.-j . .-:,f cct{rs":., it ma,,- be m;;;de t(} c:-v.mge « f~•\:~f ,:'lj::,~n~* 
3b,j\.it <or:tn)i: c.f the fcr.-v.ar-:l/re.srv..-ai'>j di:-octfof1 i)f t~~ ◊pening by p,:,t~riz~til)~ divisi❖n i~ 
~ddition to tti::s. 
!. T~it:· p-rG.15":f.t:-v:n Of.'t,~n;r,g U'l-n\.r".ti'l ,11.::.(ffilffl$ S2 t0 t·....-,of(:. {"ff mom {i"bsr:c·,~t,~::; ,.;1r~ othf~t" 
f!n1tm.::.amf!nt!-. cf tne lrn.;!g~ <.Hs.p:.~y .:.ie:•,.,./c.-:' ,c;r U;<! fJf-i!'$.~►-t :nvemio·n, ;!f. f.1lttr.;!i:ty 'l)'f ~l'!-S~f\~er 

p:,:::,sit1N)S v;hictI ~=d~t if~ 3D ,:.,t-serv~bon area ;sre -:i~t~cte-,j, ~~d ea(h obs~i~~•er ccuid De rnad)-~ t:. 
de ~.olid -:,t,serv~tii)n ind;-..•kkm;Jy. 
[Ct331In f)fI.52, tr.1* ~ui~:n*rtt ccnr1Gur~tton· cf the ,rn~qe d~.tpi~t de\<'l,.:e to -:.i:F th-i: pr*sent 
:n\"t-"':ntkH• ,-.,•hkh 9.n«:..:-ir:$. tWiJ :;:,.:- fni1f-r: :;:-.hs~::-Vf:ff.1 '>:;:-.t~o:.: cbs<$n;;;i.t.f0n, f.«-rh r;f .:-~ i~k;roi;ty ci 
oE>s~:vf!r t tn 1,,;,,hcrr: it i~ rH~danlH1.fn;:y ! --1:s ,tt-,~ en":~X1d•ment nf N,;i:. 2 / the ~-~me~ an,:: t~~~ 

-:,bserv~r p,:,s-ttk,n detecth':,n de-vu:e 2<'.; ~::<ist-J i,r: th-e 3D ct:~e:---..•it:Ccr, ar~a 2tI J. fur ,~xsmpl>;! .• t:..<,.,-o 

ob:"ie:,-•e-r Zt. ·l .. 22 ·. 2 is det-2,.:rnbh-.:. f"or exarrl::,le,, rhe im~'d·t'! ge~~ernt.lnG de-:.-'i,.:e 26 /$ ba~~ en 
m.:: G.'bS-::i-....-~~r ::•.i.:-s~t;:~1n d:::t~~<t;ti•n d<:~ ... ..-k:e ~?4, it ;a.,f:rh:•-rms i-mi3b1~:: g_e~~eratj,:;.,n ,=1:..~,:-..t)n.ii•~g t<.J th(:": 

fot~m,..,.~ng n:.:.xi-:'· t;n$-:'\"J ,:-;n t~H"'! .f.":et~ct~rn1 :n~<.:rmoti::-J:1 t1tt~vo ot:s~•-.,--=-:r J.(~l,~~i<-:. 
LC114JMcde t: Gener::;t~· tr,~ r;gh!'" eye ;:mnQ~ .!l~,j :e-tt e-ye i:rnn{:-e which ~~--,- tr,.:: r:1ht e),·e. ar,rl 

;~tt ~ye ❖f trt~ 1-::,ne s::,~cifit pet::.'...1):1 2.2,1 c-t ~· p-t;,.ir.a;ity ◊f ct:~er-..•er 2.2~1.,22·2 .. f,:,r-:x·smpte., a~ 
ob:"ie:,-·e:r;, as~ \•iew position. 
M.::..'-0-i!' 2: G-:'n-i!'ri5t-i!' me :·lght e.y-=- :1m~g~ sn::-J l.e(·t eyf! itn.?.g~ 1Nhtrt► saw f!-='t"~) ric~ht ev~ ;,nt1 te:'~ e·i,:~ 

of <.:t;s.e:~ .. ,'i:'~ J.?~t,.iz~~: a~:"! vi-:','\' pn~it:nn. 
tG135]fo:· thfs r,e;s;i0n~ tf lt ;$ it': tbe m<•►:li-~ 3.: the im13g~ disc:,lay tc the ir:di(Qb:,r 14 by the ~rne 
;mage g~n~:"...~t~on ~!'i•:i tr1~ disp!iy (Dntt,)l Jo a~ t~1~ c~~ V.-'~~r~ it is t.srg~~d et o.M. (rt:,sei-v~! i~ 

:::he ai:'(;~dV <fo$;;rt~*·d wcrkit~g ex⇒m::-te fn;>rr:: it b-elt"H) an cb~e:ver~ one d9.t1t e':"~ knag~ and ie~ 
(:\-'to;:' r::-rk:.:.J-t-: ,·:::-rff~pu••dS:1,G to « ::.1~-tt'(~tm µ0~~\.iv:n rn.::.·y be ~~~f'Tid*nt O~• tJ1e 0tht~r h-Nnd,, ir, 
g-.::ner~t:r.9 ~Qch ~i9t1t e·~•·e im~g·": ~:'l·d t<:ft; r:.1/e :m~~~ e•11:.~y .-:.bse:-"l~f 22~1,22~2 i~ ~rt~ rn◊:it 21 

For ex~mpie{ ~lnc~ it is n•~ce;;s;sry tc dlsµ1.av the ri-ght er'}~ i:~iag•~ f,:::,r 2 ~·N's.cn::;1 and a ;.~n. •~';e 
im~ge u~i•:iy th~ ~i•-:yli:-: indit:~w•· 14 if it i~ ln t~:ne ~-ha:in-g,, it i;:, t:'-1~ a::;:p!3:,·· ::.;er~o<l ,,-:t:icf~ 

m:un·.Ji:1lle<l ~e\,'(::'B1N <1f t,h* i~t-S-2N*r rn~de into ⇒ ,jtsp1«yfn~ ,)t-}ect .. the Oisp~~)· pe:wi{J.d_. ·for 
(:XQfnp-1-t-: 0./12U). \.h~· :St-~t:orKl Cfd~, "{,thith ~fl'.:'.:-: p~:t ff.It· r;::,t,~ ~rci:~sr,::. f.:.1r· t:x;;i.m:1i-t\, :t ::;. 

n~ce•%;;1Jy :.,:.'I '..-~rry out tfie- s-;.r~(it-cJ1:m(~ l"J.i~o,l.ay •;f tn~ t~:;;~ cf ti"':-e. ;:.1t•~n1<:.~ uf ~ :1r;n~s~~J~ at ~1fgh 

s;::.~ed a ~eo:,~d (t/249-} q•d~·. 
[C1.:3-f.)1Gn thi::~ ether h-3:rn:".,\, ~~bn:..::.: tic:::~ Ct:0:::1./n~; cm:tro::.ti by t:ht~ cp..::r:k,,g o.::-ntn::.-t w~it 32 tc the 

VE)~:1t:~~l 'Y.--:ttir~~J ::J,;:,vi.ct· 1.6, r,r.-t-:mnr~ f.ettlng c1Jt <.l"l-ffl'.:'$.}:vn:.iin~J tt'l- the': µ(l.~.l\.iv:n iJ.f .~~a-.·r} :--ic~ht *"r'~ 

.:-~nd <$;;J.f.h ~t·!"l". '="'ft-"': .:.1{ twv -r;.b$ic1:rv~r 22~·3 .,:? ,?-.-,?. ;:~ f:.t.:rft1rmt-:d. !fit i$ 1n ~.h~ Wv:;.tr~t*ti ]D 
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ob~~:,.·ation ~tY.:« .!◊,, it i~ irt the st~t~ .. -.,hic:h set up rfg!'"it <-)·~ cb~~:).·:.nJon ~r*« 2~}·21,.~.0 ·2l o-f 
-.:,bs~rv*r 22· 1<22· 2,. an,j two opening s-.::ttiri,G ou:: fur :·/~ht t'!'\.'e~ is P*rft,n··n.:;,,j ro ti:~ open:r::g 
:;etti,ng d~vi-c~ 16 cn:--re::-:r:.ondfng \-t~ t~~•s .. 
tC137JFi.g.£t~ ~~ ~n emti'>diment of th<: ~r.::1J~ttto~ vpb:":r$ ur1it ct the e-..1;.:fp:":;,ent [ / ~im": sh~M·~g J 
fN· tvl,:• or mor,.~ obs~!~~•:e-:-s cf Fig-52. ]f ~hcvm in Fig·,S-3., ,:,pening 128-1,128-2 f:orres~::h:.r::ct:ng: :i::c 

~he Cet.::•.:~ic:n p-:,s:ti'3n i)f te~ eyr: 40· l AD· 2 of tvlo ot>s~r\ .. 'ers Vl:"1.c- exi~~ in• ~i)e 30 Ob:eierv.sti<•:i 
.:-''ff*« 20 ;:S $.-..:·t. vp tc tJ;e m~trSx t:-qu~d GV~t~.t sh1Jttr.:·1 92' T~•i: :;.:it 1:i:-r-1£H}t-: Gf .;;:·;~:.·J-. :r~ft ~·y~ 
v~st":-:','Ot•on .:-"!t·f:« 20-tl .• ~~0-l~! ib'. forfnl:d ti~ the .30 1.)t>st-:rv«t~vn i:ffi:'.:-"! ?.Oby U~•~ 1 .«rn:.: t:.11ff> 

ob~ervers <an cb::;e:-ve the !:~ft ~1{e lm~ge d{;;pia~•t-"'d on the ::;ani•e ;n1jic~t.:,r i 4 t,·y ea-:::h left ey~ 
40-i,40-2. 
[01JB]fi.g"54 ~$ in the ~t(:it1:--:: s~vi~..:n•::.1.i tt1 t:1.f: di,:;p!i,, -:;.-f ~ t·i.ght .f:ye l:T1-t":19t~,. an,:J ~1'p::x,intJ :sett:ng 

ot~t. .:-~n:-j :;() ~1;;-tt:•~;r{ ur., ope,,i::-j(: 1:·m-:1.:1:m-2 fJJ•rt-:sp:.):1.dkig tv t:1'=· ,:-Jf:t?..ct:vn ()ftsftlon -t":-f :i9: ◄ t ,ey'f': 
3S~l,.38~J ,:,"ff h-'·.N::, ohs~:r--... ·~r-s .._..._.,:,-,,o f!'x:;c_;t ln, the JO nE;$.~ri..~~ccn :s~e.:.s 2n to tt-1.~ mct:trix 11:1~~:.:i t·r-~•st~t 
sr1•.itt1? 92 .. ~\-:,r trt~~ r~ss1-:,n] nght eye c,t.serv~tii>n sre-~ 2Q~.'::t{20~Ji to- e~ ►-=h ctis-ery~~· ir,. futtni::d 
;n th1:--:: JD .c:-hS!":rv·(:itiu•i 3::-ei"!> 20, ~nd t'.NU ,::.•l!:,s.-en1,~TS:: t31-i ~1bsenr!": th~:: ri:ght 1:'.::ye i:t-r::&9e of :n-,,{: 
:n,:Jil.~3tC~ 1-4 b,.- ~::~1ds right !":'t't~ 38··1.-.?.::3 ·L 
LC13'9}S·rnc~ tti.i!' di~pL~y ;J:" fi(~.5.:5 and ~;g.54 is: aCtemate:y sw5tch~-iJ ir ~ti,$ :n r .. m.e sh~rl~(:r tw,1 
•Jt.se•v~:r~ wi:l lcn:-: .~t .~ f>Et:r~l:ilx t1n:s,gf!' wtl<th [~ si:-nuni}ne-:.1usiy .:t•fff!'r~nt by the rig~~t ,:::,y~ and ~ 
left e-r~

1 
ar:C ca~ ob{'.-$}Ne s ~bi·id t<•i' t~iis, it sr1,:,,~r. {ri t~~ disp;ay cc,ntr;:,J ot the i;-'t,'J/titt(it :1.A t:y' 

t~'I!": i-rR:-dt~ ! a~ t.hC~ ti:ne1 t't-vu obsert•::t·S:: wilt uh.1S1:'.::r-,:i::~ the .o:x1:r1:e ".:>'t~i-~~:•SC1.:.-pic ::•.ktufe .. On th::~ othef 

n~~H·J., if :t ts ~n t~sf! c·n-:.xi::- 2, ·ccrr~s.µc:ndi:ng tr~ ~o.:J1 p-os:tt~1-n cf~~) !Jhs~rl,,l"et·, -~ r~t)i~t ew irr~;H3e 
~m.i :a :'i!ft f!Y~ ur;_~(~e are ionn~G i~)r."it\,-sdu.;!t:y, f,;-;.r ~xam.p:f!'. if t~sf!re c:lre t .... ,,o <.:t>::;.~rV<!f:S like t-=tg. S..?, 

T;-1!'.: obs~tver's 22~ t rig~t ere imag~ and t~ft ~}•·e :m.s~·I'.: are di~p~sr-~ct tirst:1 the c~ni~ for ngr:t 
~y~s .sn-:i: w~ 1)penir1.g fut i~tt ~ye-:- ~re s~t t<r th~ matr1:< iiq;,.:;ct cry~tal sriutt~r 92. iynchr-::-niztng 
.. -.•it!~ :::hi~, ~rtd :::he prc-j:e.::tio-n Ci*piu~ for t~h;· solid Ob$t'!r .. •:;l:::lc:11 tc the (;lt-Ser\".::r 22· 1 t~ µerfonl'l:~. 
[ED.40]n1c":•1. U~1;;' :Stf:rf:{1SO:J.1-p;~ pkturt· fYf tht-: .:..1-t)-x:r .. -t--:-r 2;:-2 :s :m;1dt-: h.~ .:..1-t-,w.rv-t~ :;y f>*:·~xrnlnt~ 
s~:quentto::ly ti°'le d<:Sp~:sy nf the c·~nt ey~ hn~g~ .:.snd left ey~ ini.;:i:g~ "'~·hft·h w,et,e g~ner~~te.:i frnrn 

th•~ fiext c-b;;1;xver1s 22-2 -:J~t,-~:;tk•fi pos!tiOf) to the ind1,::atcr l4~ an.-J s:,~r:<,.:,rn:NtQ s•~~u-entltj!Jy 

op~:1./n~] s~::tti:ng uut ..:,::..r:rt~:tJ,~t)n-diri'J t~ th~:: ob·S!"::tv:i:'.:::-··s 22··2 ~i•grtt ey·-1::: p{>'Slt/n:i• arn:l i::;f~ .i:•:ye ;:,t1'S~~i.,::,.n 
$}'fKhn~niting witfi :JiiS. For thi~ n:<'.'.tSQ!1,1 if tt ts l:1. tfi-=: pn~je:;ti-:1n dis::~tay in tf,~ mo-di; 2, ~:-id 

•J~f!'ntng ,-:ontrn!( ctr~ec·1ter 2:t.~1,22~.;? ran .:•t.sen.,.~ t}1;~ stere-:.r~r.n}Hf.: ~-fo':."ti.ff~ nf hrn~.:- f..rirr~s~ofl.ding 
t0 eat·h pc~rUon to he vis<t.le 1 ev~fl if it i:s ,tt-o:~ san-l~ dispt~y p<ttun~. 

[.Oi41]A!thou►dh u1~ p-n)Ject~►::m o-ptia; ur:{t cf the ~~uipme:1t f,::,r t-.,v,:, or- m►:,r-:: o:>s.~rv-ers cf ng.:33 
:~ b~1s~d t)n v~ .. he1t Is d~::•1:'.::nde!'.J ~1n sp;,;~:t~ <frvlsi.i.:-n, a•i-d p,::..:(:i:iz:~fa1n div;:s.C,::,n !(X,:: tht:: 1:~:~~:xi~;rn.i:-:::~-t. 

-::-ftl"~e pn.1~.e-.:thJn -:.1µ:.ic.."$. urnt fvr th~ s:ng:-r: ohs-r:rl,,l'f!t· ,;)f ftg.i :n nd-tiit~m; t<.: t~'l~ sp::i-r.e t1t\J:slfJ.~ nt 
F-h:i.5] «:nd f)(.1.54, «ti r.«n i..x.:· uf.tX: for it ;;;sit t1>. Prvpf:t· ,..-]~~fr1nn«:ti:..m if. p·:.n~ib~~ fo-r tht'.! p:"t'.:esf:nt 

:nv~nbor. {~ t~~ r;sr1.g~ •..-t~lth {C,j~S r.ct a~,1..-~ste from th-e (Jt,Jl'.:Ct cf Cm•*nticn. Th~ i:mit~tt>:•fi b•{ 
th~ tiutne:ic .. ;!! vs!tle: b-y \.Vhic!""', t~~· pr~s-ent {ri;,.•·er:t:cri 1,<.,,•~·S •::il'.:S<:tibe-d tr. th.~· 1,...,,~06:1:~g e-xam::,ie it 
:1-ct n:;e~~tveG ~.g:~1-in. 

[C142] 
[E:ffe.:t of t.~e ?.r-v&.rttta:-'iJA. $.t,ff&:-~rn-pk· r.,;r;tw.,e. r.:rn he ~~&.rt: ~l,,1:d:•f, ,,·lthau~. us.:ng f;!Ht1 t!"'1:sh 

sti...tdy sy::jtems, ~~1cr1 ~s gl~ssl'.:sl a(C()rdltiJJ v:, t~.e- pre-s~~t ;ri,\'ent{;:,,~_. as d~scr~t-e-d sb-::t:..,e, M-::rw::-11 
::-«r~li~;:. ftY):'r: ·-:.~·hf,::h an ct-~-txver'~ move:n*nt ts fellow*.~ :;lnd 3-·dlm~r1.:.ion~l s-:enogrn~flv 
cl'k~rt;}t:"..:- .i.-:,3:n ~J~~ t"<:-ci:tiI~~ .. ona :~tso :~ t~,•n·.t.i::'n·en~~icn~t lrn,39.:::, ".!-,,ith the ::xirrH:~ n~nD::;nts ec1n be 

~"'~~!~~~~"'"'~~~~!!;"'!~~~~~"'~~~"'~~~~~~~~!~;!:"'~~~!!"'!"'~~~~~~"'~~~~~~~~~~~"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"' 
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G02B 27/.22 

}1 !~ ).fl~!1J L- if:if, ~; r:1) /.f f ¥-1\i-lt).; ~\:: f: n~t }:: t.,. ~ /tff:.i~ ~Sti~nt~t 
J:;, Yl-0)~1.ltlt;· U.i!W fVl >1 ·_:(1; ;-i_:NiH® t.~: MH;~ /:. -lt ,;;, " 
[Wffk~f:fQ] .\t{tit{tl¥!3{& 2 0 (.l)f.iltl=M 2· 2 ~~}f/tft{!: 

i,'.r?ttit!'f:\% 2 4 ·cHtlH L-T !~ifk~'.t'Jll}S 2 6 ~cMW:\{i'.rWiJ, 
C) f.:U;.: f:i"!lf./i~\i ff~ t /iJHtild@~-J-: ,l,Z L ·c_t.,i'; :n 1 4 (,: &h~ 

L.N~k$%0oonmm0m~~~0~~~•~•~ 
~: ~~ 2 0)1fJijJflLt~l{-:~ /Etl1!litilf~,~ii:~~1f):dtlk:Jt!!.~ L.,- -r J\ 
f¥ii!H¼-tt~m~2·,,1., !i!k:, ~t'U1? 2 (!li';t,/tH{dlV.:: IH'l 

t-:tvt t., liliii)MH?t}'O)ji\illtH,:IIt} ---@Hi~-%:' m-ttT :.:);,,r 
li/!H~ l·i'U'.~ ~"! -lJ ◊ ,. 

F l 
@)2E .27/22 

HD4N 13/04 

pjr,fiJIIMHlMil'i;f1_[~;{!'.i.!::.,J,in,1, ,j TU l m' 
1 -~I t:tr-.t.t!}JttJ.tf~tt.r-½ 

(72):fIJt!J~' -Iii; ''l 
P.fl'½~JIIMHlMiif/;/l}[Jff{J:,J>l-Wl•4 TU .l ill' 
1 l} -~;Lbffif1:it011Ji:J 
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2 ) q}H;if:.IY 1 0 ~ l. ,1 2 5 5 6 
') 

"' 

\',~ /Hm'ilt:W:J t.: ff tni- 6i\1ft~}{a) ftliffir :M Hl'il' -'6 t:LlR~) !.: li!iH~Hr: fJ!lli'cf .;,:.$ . .t '.) k: rm r..rt/J.:;i!: L ti: c:: c'. ;!£,ta M .'.;: ·f 
tH n1) <..: ,, ;,~ iWH~-~:;}~¥ . .Htt~ 
~il?i::~Ut;\4-1'(.l}NW! j\'d((U}";; YM:::{i'HIW!Hi~ l:'. /,Jlf£@Ht-ti: '.t. Ui't-.km 9) i}1:i/,Ufl l ;';i:H-~0) iiliHw hil"/itWH::::.(rtt' T' in 
1/X. ~t~ {.$ ·:~lii {t ~-t .:~tiSl:j t , ~k:fH3 r.·.Hti~f~~gfHi, .1iJ,: .. W(l" l~f}l~~l-lf a).~J1.tH f/{ ~~1 L: ~i.J~l;r 

~;t -11:f-ih~~{tlJt:.. f;: fffjr_J~itt<f~"~t Q:: !: !,~J: ~) .. .filit!)ii~?-/·ffeO)!J\WJJ~-:: Wi}--~ 
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An optical device (10) for t--ollectihg light and selectively outputting Qt' concentrating the light. A wedge layer (12) has an optical 
index cf refracti.'Jn n1, artd top (14), bottom (16) and side surface!! (18) mtersecting to define an aiigl.e of inclin.atkm. A back surfat:e 
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prefei-ent.ially output int◊ the first lilyer (28). A !ICC-Ond laye.r (30) is coupled to the bottom (16) of the first layer (2.8) and scle.ctively causes 
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LCD diffuser layer (230); c'<¼n be used to make preferential use of polarized light or diffuse light having passed through the LCD layer to 
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TAPERED MULTILAYER LUMINAIRE DEVICE 
The present invention is concerned generally with a luminaire 

device for providing selected light illumination. More particularly, the 
invention is concerned with tapered luminaires, such as a wedge or disc 
shape, for backlighting by selective post diffusion of light output from a 

liquid ciystal display layer and also by manipulating light polarization 
and filtering selected light polarizations to enhance light illumination and 
image output 

A variety of applications exist for luminaire devices, such as, for 
liquid crystal displays. For flat panel liquid crystal displays, it is 
important to provide adequate back.lighting while maintaining a compact 
lighting source. It is known to use wedge shaped optical devices for 
general illumination purposes. Light is input to such devices at the larger 
end; and light is then int~mally reflected off the wedge surfaces until the 
critical angle of the reflecting interface is reached; after which light is 
output from the wedge device. Such devices, however, have only been 
used to generally deliver an uncollimated lighting output and often have 
undesirable spatial and angular output distribution~. For example, some 
of these devices use white painted layers as diffuse refiectors to generate 
uncollimated output light 

It is therefore an object of the invention to provide an improved 
optical device and method of manufacture. 

It is another object of the invention to provide a novel three 
dimensional luminaire. 

It is a further object of the invention to provide an improved 
multilayer tapered luminaire for optical purposes. such as for controlled 
utilization of light polarization, 

It is still another object of the invention to provide a novel tapered 
luminaire device for controlled transmission or concentration of light. 

It is an additional object of the invention to provide a novel optical 
device for providing collimated polarized light illumination from the 
device. 

It is yet a further object of the invention to provide an improved 
tapered lmninaire having a polarization filter layer. 

SUBSTrME SHEET (RULE 26) 
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It is still another object of the invention to provide a novel 

luminaire allo\\ing conversion of polarized light to enhance illumination 
output from the invention. 

It is yet a further object of the invention to provide an improved · 
illumination system wherein a combination of a polarization filter layer 
and light redirecting layer are utilized to provide improved light 
illumination over a controlled angular range of output to the viewer. 

It is still a further object of the invention to provide a novel 
luminaire optical device wherein a combination of a polarization filter, 
polarization converting layer and a post LCD diffuser layer are used to 
enhance light illumination from the optical device. 

It is yet a further object of the invention to provide an :improved 
luminaire optical device wherein an LCD layer is disposed adjacent an 
overlying post LCD diffuser layer to enable control oflight distribution 
over broader angles to viewers without loss of light output or image 
qualities. 

Other objects, features and advantages of the present invention 
will be readily apparent from the following description of the preferred 
embodiments thereof, taken in conjunction with the accompanying 
drav.rings described below. 

Brief Description of the Drawings 
FIGURE l shows a prior art wedge shaped device; 
FIGURE 2A illustrates a multilayer tapered luminarre device 

constructed in accordance with the invention; FIG. 2B is a magnified 
partial view of the junction of the wedge layer, the first layer and the 
second faceted layer; FlG. 2C is an exaggerated fonn of FIG, 2A showing 
a greatly enlarged second faceted layer; FlG. 2D is a partial view of the 
junction of the three layers illustrating the geometry for brightness 
determinations; FIG. 2E is a multilayer wedge device with a light 

redm::cting. internally transmitting layer on the bottom; FIG. 2F shows a 
wedge device with a lower surface translucent layer; FIG. 20 shows a 
wedge layer ·with a lower surface refracting faceted layer; FIG. 2H shows 
a wedge. layer ·with a· lower surface refracting layer ·and curved facets 
thereon; FIG. 21 shows a wedge layer with a refracting layer of facets 

" 

" 
\ y 
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having variable facet angles; FIG. 2J shows a single refracting prism 
coupled to a wedge layer; FIG, 2K shows a single refracting prism 
coupled to a wedge layer and with an integral le.ns; FIG. 2L shows a 
reflecting faceted layer coupled to a wedge device; FIG, 2M shows a 
reflecting faceted layer with curved facet angles and coupled to a wedge 
device; FIG. 2N shows a flat reflecting facet on a wedge layer and 
FIG, 20 shows a cmved reflecting facet on a wedge layer; 

FIGURE 3A illustrates a multilayer wedge device v.rith curved 
facets on the ambient side .of the second layer and FlG. 3B shows a 
magnified partial view of the junction of the various layers of the device; 

FIGURE 4A shows calculated brightness performance over angle 
for an asymmetric range of angles of illumination; FIG. 4B shows 
calculated brightness distribution performance over angle for a more 
symmetric angle range; FIG. 4C illustrates calculated brightness 
performance over angle for the symmetry of FIG. 4B and adding an 
external diffuser element; FIG. 4D illustrates an output using flat 
reflecting facets, no parallel diffuser; full-width at half-maximum 
brightness (F\VHM) = 7 degrees; FIG. 4E illustrates an example of nearly 
symmetrical output distribution, measured using flat facets with parallel 
lenticular diffuser; FWHM = 34 degrees; FIG. 4F illustrates an example 
of asymmetrical output distribution, measured using curved facets; 
FWHM = 32 degrees; FIG. 4G illustrates an example asymmetrical 
output distribution, measured using curved facets; FWHM = 26 degrees; 
FIG. 4H illustrates an example of a bimodal output distribution, measured 
using one faceted reflecting layer and one faceted refractive layer; and 
FIG AI illustrates an example of an output distribution Vt-ith large ntails". 
measured using a diffuse reflective bottom redirecting layer and a 
refracting/internally-reflecting top redirecting layer; 

FIGURE 5A shows a top view of a disc shaped light guide and 
FrG. 5B illustrates a cross section taken along 5B~5B in FIG. SA; 

FIGURE 6A shows a cross sectional view of a multilayer tapered 
luminaire device ,vith an air gap layer included; FIG. 6B shows another 
tapered luminaire in cross section with a compmmd parabolic light 
source/concentrator; FIG. 6C illustrates another tapered. luminaire in 
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cross section with a variable parametric profile light source and a 
lenticular diffuser; and FIG. 6D shows another tapered luminaire in cross 
section ·with non-monotonic wedge layer thickness; 

FIGURE 7 illustrates a reflective element disposed concentrically 
about a light sourc,e; 

FIGURE 8 illustrates a reflective element disposed about a light 

source with maximum displacement between the reflector center of 
curvature and the center of the light source; 

FIGURE 9A illustrates use of a redirecting layer to provide a 
substan.tially similar angular distribution emanating from all portions of 
the device and FIG. 9B illustrates use of a redirecting layer to vary 
angular distribution emanating from different portions of the device, and 
specifically to focus the various angular distributions to enhance their 
overlap at a selected target distance; 

FIGURE 10 illustrates one form of pair of lenticular arrays of a 
luminaire; and 

FIGURE 11 illustrates a lenticular diffuser array and curved facet 

layer of a luminaire; 

FIGURE 12A illustrates a wedge shaped Iuminaire ha,'ltlg a pair of 
diffraction gratings or hologram layers; FIG. 12B shows a wedge shaped 
luminaire with a pair of refracting facet layers and diffusers; FIG. 12C 
illustrates a wedge shaped luminaire with a pair of faceted layers; FIG. 
120 shows a wedge shaped luminaire with two refracting single facet 
layers; FIG, 12E illustrates a wedge shaped luminaire with a refracting 
single facet layer and a bottom surface redirecting layer; FIG. 12F shows 
a luminaire with a top surface redirecting layer of a refracting faceted. 
layer and a bottom surface refracting and intemalij,, reflecting layer; FJG, 

12G illustrates a luminaire with a top surface refracting/internally 
reflecting faceted layer and a bottom surface refracting/internally 
reflecting faceted layer; FIG, 12H shows a Iuminaire with a top surface 
refracting faceted layer and a bottom surface refracting/internally 
reflecting faceted layer~ FIG. 121 illustrates a luminaire with a bottom 
surface specular reflector and a top layer transmission diffraction grating 
or transmission hologram; FIG 12J shows a luminaire with a bottom 
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surface specular reflector and a top surface .refracting faceted layer and 

diffuser; FIG. 12K illustrates a luminaire with a bottom layer specular 
reflector and a top layer refracting/internally reflecting faceted layer; FIG. 
12L shows a. lum.inaire ·with a bottom specular reflector and a top layer 
refracting/internally reflecting faceted layer; FIG. 12.M illustrates a 
luminaire with an initial reflector .section inc.Juding an integral lenticular 
diffuser; FIG. 12N shows a luminaire with a roughened initial reflector 
section of a layer; FIG. 120 illustrates a luminaire with an eccentric light 
coupler and converging to the wedge shaped section; FIG. 12P shows a 
luminaire Y+rith an eccentric light coupler and a diffuser and roughened or 
lenticular reflector; FIG. 12Q illustrates a luminaire with a bottom 
specular or diffusely reflecting layer and a top refracting layer and FIG. 
12R shows a luminaire for generating a nbat wing" light output~ 

FIGURE 13 illustrates a combination ofnvo wedge shaped 
sections formed integrally and using two light sources; 

FIGURE 14 shows a tapered disk luminaire including a faceted 
redirecting layer; 

FIGURE 15 illustrates a luminaire operating to pmvide a 
collimated light output distribution; 

FIGURE 16A shows a prior an ambient mode LCD and FIG. 16B 
illustrates a prior art transflective LCD unit; 

FIGURE 17 shows a luminaire operative in ambient and active 
modes with a faceted redirecting layer and a lenticular diffuser; and 

FIGURE 18A illustrates a luminaire with an array of microprisms 
for a faceted surface disposed over a diffuse backligbt and with the 
microprisms having equal angles on both sides. bu! each microprism 
having progressively changing facet angles across the face; FIG. 18B 
shows a microprism may as in FIG. ISA with the sides of each 
microprism having different angles varying again across the faceted 
surface; 

FIGURE 19A illustrates a luminaire having a polarization filter 
layer; FIG, 19B shows a luminaire with a plurality of layers including a 
polarization filter layer; and FIG. 19C shows a variation on FIG. 19B 
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with layer indices enabling output of both polarizations of light on one 
side of the luminaire; 

FIGURE 20A illustrates a luminaire similar to FIG. 19B but 
further includes a reflector layer; FIG. 20B illustrates a luminaire as in 
FIG. 20A but a redirecting layer is disposed on the same side of the base 
layer and the polarization filter; and FIG, 20C is a variation on FIG. 20B 
v.ith an additional redirecting layer and rearranged n2/ftlter/red.irecting 
layers~ 

FIGURE 21A illustrates a luminaire having a polarization 
converting layer arid polarization filter layer; FIG. 21B is a 
variation on FIG. 21A with the polarization filter layer and 
polarization converting layer on the same side of the base layer; 

FIGURE 22A illustrates a luminaire with a polarization 
filter layer one side of the base layer and a polarization converting 
layer on the other side; FIG. 228 shows a variation on FIG. 22A 
\\:1th the filter and converting layers adjacent one another on the 
same side of the base layer; FIG. 22C shows a further variation of 
FIG, 22A and B and with a reflector layer added; FIG. 22D 
illustrates a further variation on FIG. 22C with the converting layer 
moved to the other side of the base layer and FIG. 22E shows 
anoth.er variation on FIG. 22D; 

FlGURE 23A illustrates a luminaire having plural layers 
including a polarization filter. a converting, a redirecting, a 
reflector and an LCD layer; FIG. 23B shows a variation on 
FIG. 23A; and FIG. 23C illustrates yet another variation on 
FIG. 23A; 

FIGURE 24A illustrates conventionally a lunrinaire with 
two polarization filter layers for two polarization states; FIG. 24B 
shows a variation on FIG. 24A plus an added light redirecting 
layer; FIG. 24C is a further variation on FIG. 24B "ith a matching 
layer. a second redirecting layer and an LCD layer; FIG. 24D is 
yet another variation on FIGS. 24B and C; FIG, 24E is a variation 
on FIG. 24D with an added converting layer and two polarization 
filter layers and nvo redirecting layers and FIG. 24F is still another 
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variation on FlG. 24E with LCD layers on both sides of the base 
layer~ 

FIGURE 25A illustrates a general construction utilizing two 
polarization filter layers and a polarization converting layer; 

FIG, 25B shows a variation on FIG. 25A v.,ith an added redirecting 
layer~ 

FIGURE 26A illustrates a multilayer luminaire with a light 
source coupled to a light angle transformer to control spatial 
uniformity oflight ouput from the device; FIG. 26B is a variation 
on FIG. 26A; 

FIGURE 27 A illustrates a luminaire 'With a faceted 
redirecting layer ru.1d light polarization and polarization converting 
layers; and FIG. 27B is a variation on FIG. 27A; wherein the 
redirecting layers includes a reflecting layer with curved facets for 
focusing light in a preferred viewing zone; 

FIGURE 28A illustrates a luminaire including a 
polarization light .filter, polarization converter and a faceted 
redirecting and diffusing layer; FIG. 28B shows a variation on 
FlG. 28A with two polarization filter layers and two faceted 
redirecting layer; FIG. 28C shows a light source coupled to a 
luminaire and is a variation on FIG. 28A; FIG. 28D is a variation 
on FIG. 28C; and FIG. 28E is yet another variation on FIG. 28C; 

FIGURE 29A illustrates a lum.inaire with polarized light 

output in combination with an LCD layer and FIG, 29B is a 
variation on FIG. 29A; 

FIGURE 30A illustrates a conventional LCD display 
system; FIG. 30B shows a polarization filter layer; FIG. 30C 
illustrates a multilayer thin :fihn form of polarization filter; FIG. 
30D shows a Brewster Stack fonn of polarization filter; FIG. 30E 
illustrates a birefringent plate and interacting polarized light; FIG. 
30F shows Eulerian angles and optical vectors; FIGURE 30G 
shows a backlight providing collimated light in the xz plane and 
FIG. 30H shows a detailed enlargement of a zone from FIG. 30G~ 
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FIGURE 3 IA illustrates a luminaire with a coupled 

birefringent layer; FIG. 3 IB shows a luminaire and birefringent 
layer and an added light redirecting layer; FIG. 3 lC illustrates a 
luminaire system similm: to FIG. 31B with an added light 

polarization converting layer; FIG. 3 lD is similar to FIG . .3 lC but 
the converting layer is on the same side of the base layer as the 
birefringent layer; FIG. 31 E illustrates a variation on FIG. 31 C 
with the converting layer coupled directly to the base layer~ FJG. 
3 IF is similar to FIG. 31D but the redirecting layer comprises a 
faceted layer; FIG. 31G is based on the embodiment of FIG. 31F 
but also includes a matching layer, an LCD layer and a diffuser 
layer; and FlG. 31H is a variation on FIG. 310; and 

FIGURE 32A illustrates a luminaire system including an 
LCD layer and a post LCD diffuser layer for processing 
unpolarized light; FIG. 32B is a variation on FIG. 32A; and FIG. 
32C is a variation on FIG. 32B. 

Detailed Description of Preferred Embodiments 
A multilayer luminaire device constructed in accordance with one 

fonn of the invention is illustrated in FIG. 2 and indicated generally at 10. 
A prior art wedge 11 is shown generally in FIG. l. In this wedge 11 the 
light rays within the wedge 11 reflect from the surl'aces until the angle of 
incidence is less than the critical angle {sin# 11/n) where n is the index of 
refraction of the wedge 11. The light can exit equally from both top and 
bottom surfaces of the wedge 11, as well as exiting at grazing angles. 

The multilayer lum.inaire device 10 (hereinafter •1device 10 .. ) 
shown in FIG. 2A includes a base or wedge layer 12 which.has a 
characteristic optical index of refraction of n l · -The term "wedge layer•• 
shall be used herein to include all geometries having converging top and 
bottom surfaces with wedge shaped cross sectional areas. The x, y and z 
axes are indicated within FIGS. 2A and 2C mth the ltyn axis 
perpendicular to the paper. Typical useful materials for the wedge layer -
12 include almost .any transparent material. such as glass, polymethyl 
methacrylate, polystyrene, polycarbonate. polyvinyl chloride, methyl 

•. 
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methacrylate/styrene copolymer (NAS) and styrene/acrylonitrile. The 
wedge layer 12 in FIG. 2A further includes a top surface 14, a bottom 
surface 16, side surfaces 18, edge 26 and a back surface 20 of thickness 
to spanning the top, bottom and side surfaces. A light sowce, such as a 
tubular fluore.scent light 22, injects light 24 through th.e back surface 20 
into the wedge layer 12, The light 24 is illtemally reflected from the 
various wedge layer surfaces and is directed along the wedge layer 12 
toward the edge 26. Other possible light sources can be used and will be 
describe.d hereinafter. Generally, conventional light sources provide 
substantially incoherent, uncollimated light; but coherent, collimated light 
can also be processed by the inventions herein. 

For the case where the surfac.es 14 and 16 are flat, a single angle 
of inclination $ for a linear wedge is defined by the top surface 14 and the 
bottom surface 16. In the case of nonlinear wedges; a continuum of 
angles 4i are defmable; and the nonlinear wedge can be designed to 
provide the desired c.ontrol of light output or concentration, Such a 
nonlinear wedge will be described ~ more detail later. 

In the embodiment of FIG. 2A a first layer 28 is coupled to the 
wedge layer 12 without any intervening air gap, and the first layer 28 has 
an optical index of refraction n2 and is optically coupled to the bottom 
surface 16. The first layer 28 can range in thickness from a few light 
wavelengths to much greater thicknesses and accomplish the desired 
functionality. The resulting dielectric interface between the wedge layer 
12 and the first layer 28 has a higher critical angle than at the interface 
between the wedge layer 12 and ambient As will be apparent 

. hereinafter, this feature can enable preferential angular output and 
collimation of the light 24 from the device 10. 

Coupled to the first layer 28 is a second layer 30 (best seen in FIG. 
2B) having an optical index of refraction n3 which is greater than n2, and 
in some embodiments preferably greater than n 1 · This configuration then 
allows the light 24 to leave the first layer 28 and enter the second layer 
30. In the embodiment ofFlG. 2A there are substantially no intervening 

air gaps between the first layer 28 and the second layer 30. In the 
preferred fonn of the invention illustrated in FIG. 2A, n1 is aboµt 15, 
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n2<l.5 and n3;!tl}. Most preferably, nr=L5, n2<1.5 (such as about one) 

andn3~n1. 
In such a multilayer configuration for the device l O shown in 

FIG. 2, the wedge layer 12 causes the angle of incidence for each cyclic 
time of reflection from the top surface 14 to decrease by the angle of 
inclination 2<1> (relative to th.e nonna1 to the plane of the bottom surface 
16}. When the angle of incidence with the bottom surface 16 is less than 
the critical angle characteristic of the interface between the wedge layer 
12 and the first layer 28, the light 24 is coupled into the first layer 28, 
Therefore. the first layer 28 and the associated optical interface properties 
fonn an angular filter allowing the light 24 to pass when the condition is 
satisfied: 6<0c = sin~l (n2/n1} That is, the described critical angle is 
higher than for the interface between air and the wedge layer 12. 
Therefore, if the two critical angles differ by more thl¥J 6*~ nearly all of 
the light 24 \\>1ll cross into the interface between the wedge layer 12 and 
the first layer 28 before it can exit the wedge layer 12 through the top 
surface 14, Consequently~ if the two critical angles differ by less than 4,, 
a substantial fraction. but less than half, of the light can exit the top 
surface 14. If the two angles differ by more than ♦ and less than 6$~ then 
substantially more than half but less than all the light will cross into the 
wedge layer 12 and the first layer 28 before it can exit the wedge layer 12 
through the top surface 14. The device 10 can thus be constructed such 
that the condition 0<0c is satisfied first for the bottom surface 16. The 
escaping light 24 (light which has entered the layer 28) will then enter the 
second layer 30 as long as n3>n2, for example. The light 24 then 
becomes a collimated light 25 in the second layer 30 provided by virtue 
of the first layer 28 being.coupled to the wedge layer 12 and having the 
proper relationship between the indices of refraction. · 

In order to generate an output of the light 24 from the device 10. 

the second layer 30 includes means for scattering light, such as a paint 
layer 33 shovm in FIG. 2E or a faceted surface 34 shown in both 
FIGS. 2B al)d 2C, The paint layer 33 can be used to preferentially project 
an image or other visual information. Tue paint layer 33 can comprise. 

" 
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for example, a controllable distribution of particles having characteristic 
indices of refraction. 

By appropriate choice, light can also be redirected back through 
the wedge layer 12 and into ambient (see light 29 in FlGS .. 2A and 2C) or 
output directly into ambient ftom the second layer 30 (see light 29' in 
FIG. 2F). 

In other fonns of the invention a further plurality of layers with 
associated !In" values can exist. In one preferred form of the invention 
the index of the lowest index layer can replace n2 in equations for 
numerical aperture and output angle (to be provided hereinafter). Such 
further layers can, for example, be intervening benveen the wedge layer 
12 and the first layer 28, intervening between the first layer 28 and the 
second layer 30 or be overlayers of the wedge layer 12 or the .second 

layer 30. 
In certain embodiments the preferred geometries result in output of 

light into ambient without being reflected back through the wedge 
l~yer 12. For example~ in FIG. 2F the device 10 can include a translucent 
layer 37. In another form of this embodiment shovm in FIG. 2G, a 
refracting layer 38 is shown. The refracting layer 38 can include flat 
facets 39 for providing a collimated output. Also shown in phantom in 

FIG. 2G is a transverse lenticular diffuser 83 which will be described in 
more detail hereinafter. The diffuser layer 83 can be used Vvi.th any of the 
invention geometries, including above the wedge layer 12 as in FIG. 6A, 

In yet another example shown in FIG. 2H, the refracting layer 38 
can include curved facets 41 for providing a smoothly broadened output 

. over a desired_ angular distribution. In a further example shown in 
· FIG. 21, the refracting layer 38 includes variable angle facets 42. These 
facets 42 have facet angles and/or curvature which are varied with 
position across the facet array to focus output light in a desired manner. 
Curved facets would enable producing a softly focused region v.i-ithin 
which the entire vi~ing screen appears to be illum.mated. Examples of 
the application to computer screen illumination will be described 

· hereinafter. In FIGS. 2J and 2K are shown, respectively, a single 
refracting prism element 43 and the prism element 43 '-''ith an integral· 
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lens 44 to focus the output light. FIGS. 2L and M show the faceted 
surface 34 \Vith the facets angularly disposed to control the output 
distribution of light In FIGS. 2K and 2L the light is output to a focal 
point "F11

• while in FIG. 2M the output is over an approximate viewing 
range 45. FIGS. 2N and 20 illustrate flat reflecting facets 48 and curved 
reflecting facet 4 9 for providing a collimated light output or focused light 

output, respectively. 
As shown in FIGS. 2A and C the faceted surface 34 optically 

reflects and redirects light 29 through the second layer 30. the first layer 
28 and then through the wedge layer 12 into ambient. Only a fraction of 
each facet is illuminated, causing the output to appear alternately light 

and dark when viewed on a sufficiently small scale. Since this pattern is 
typically undesirable, for the preferred embodiment shown in FIG, 2B the 
period of spacing benveen each of the faceted surfaces 34 is preferably 
large enough to avoid diffraction effects. but small enough that the 
individual facets are not detected by the intended observing means, The 

spacing is also chosen to avoid fomnng Moire interference patterns with 
any features of the device to be illuminated, such as a liquid crystal 
display or CCD ( charge coupled device) arrays. Some irregularity in the 

spacing can mitigate undesirable diffraction Moire effects. For typical 
backlighting displays, a spacing period of roughly 0.001-0.003 inches can 
accomplish the desired purpose. 

The faceted surface 34 in FIGS. 2B and 2C, for example. can be 
generally prepared to control the angular range .over ~ilich the redirected 
light 29 is output :from the device l 0. The minimum distribution of 
output angle in the layer 30 has a width which is approxuilately equal to: 

A0 = 2 ♦[(n12 .. n22)t(n32 .. nz2)]½ 

Thus., since$ can be quite small. the device 10 can be quite an 
effective collimator. Therefore, for the linear faceted surface 34. the 
exiting redirected light 29 has a minimum angular width in air of 
approximately: 

t.\Bair = n3AB = 2cp(n12~nz2)1[lw(nifn3)2]½. 
As described hereinbefore~ and as sho\'\in in FIGS. 2a 21, 2K. 2L, 2M, 
and FIG. 3, the facet geometry can be used to control angular output in 
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excess of the minimum angle and also focus and control the direction of 
the output light. 

Fresnel reflections from the various interfaces can also broaden the 
output angle beyond the values given abovel but this effect can be 
reduced by applying an anti reflection coating 31 on one or more of the 
internal interfaces, as shown in FIG. 2B. 

The brightness ratio ("BR'') for the illustrated embodiment can be 
determined by reference to FIG. 2D as well as by etendue matc.h, and BR 
can be expressed as: 

B R = output brightness 
' · source brightness 

or, B.R. = illuminated area/total area 
B.R = [l-(n2/n3)2]% = 0.4-0.65 (for most transparent 

dielectric materials). For example, the wedge layer 12 can be acrylic (n1 
= 1.49), the first layer 28 can be a fluoropolymer (n2 = 1.28*1.43) or Sol­
gel (n2 = 1.05-l.35. fluoride salts (n2 = 1.38-1.43) or silicoue based 

polymer or adhesive (n2 = 1.4-1.45); and the second layer 30 can be a 

faceted reflector such as polycarbonate (n3 = 1.59). polystyrene 
(n3 = L59) epoxy (n3 = l.Swl.55) or acrylic (n3 = 1.49) which have been 
metallized at the air intetface. 

The flat. or lineart faceted surfaces 34 shown. for example. in 

FIGS. 2B and 2C can redirect the incident light 24 to control direction of 
light output and also substantially preserve the angular distribution of 
light A8 which is coupled into the second layer 30 by the angle-filtering 
effect (see, for example, FIG. 4D). For example., in one preferred 
embodiment shown in FIG. 2L, the faceted surfaces 34 reflect light with 

the flat facet angles varied 'With position to focus the output light. ln 
FIG. 2M the faceted surfaces 34 include curved facet angles which vary 

· with position to produce a softly focused viewing zone 45 within which 
the entire screen appears to be illuminated (see also, for example FIGS. 
4F and 4G). Also show in phantom in FIG. 2M is an exemplary liquid 
crystal dis.play 47 usable in conjunction with the invention, As further 
shown in FIGS. 3A and B, curved facets 36 also redirect the incident light 
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24, but the facet curvature increases the resulting range of angular output 
for the redirected light 29 (see for comparison for flat facets FIG. 2D). 
For examplei it is known that a concave trough can produce a real image, 
and that a convex trough can produce a virtual image ( see, for example. 
FIG. 3B). In each case the image is equivalent to a line source emitting 
light uniformJy over the desired angular output range. Consequently~ an 
array of such trough shaped facets 3 6 can redrrect the incoming form of 
collimated light 25 from the first layer 28 (see FIG. 2C), and a plurality 
of such line somce images then form the redirected light 29. By 
arranging the spacing of the curved facets 3 6 to less than human eye 
resolution, the resulting array of line sources will appear very uniform to 
an observer. As previously mentioned. the choice of about furee hundred 
to five. hundred lines/inch or 0,002 to 0 .. 003 inches for the period of facet 
spacing provides such a result. For a typical LCD display viewing 
distances of approximately twenty inches or greater are conventional. 

Other useful fac.et shapes can include, for example, parabolic, 
elliptical, hyperbolic, circular. exponential, polynomial, polygonal, and 
combinations thereof. The user can thus construct virtually arbitrary 
distributions of averaged brightness of illumination using different facet 
designs. For example, polygon shaped facets can be used to produce 
output angular distributions having multiple peaks. 

Examples of brightness distribution over various ranges of angular 
output using a curved-faceted reflector are illustrated in FIGS. 4A~4C, 4F 
and 4G. FIG. 4C and 4E shows the brightness distribution in the case of 
a reflector having linear facets. and further including a diffuser element 
40 (shown in phantom in FIG. 2C). The predicted performance output is 
shown for the various angular ranges (see FIGS. 4A-4C) and compared 
vn.th the measured angular output of light for a commercially available 
source (labeled "Wedge"), such as a "Wedge Light" unit, a trademark of 
Display Engineering. The preferred angular range can readily be 
modified to acc.ommodate any particular viewing and collimation 
requirements up to the minimum ang]e 6.0 (air) described hereinbefore by 
the equation in tenns ♦, n1, n2 and n3. This modification cari be 

· accomplished by progressively changing the curvature of the eurved 
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facets 36 in the manner shown in FIG. 2M and discussed hereinbefore. In 
addition to th.e illustrated control of the vertical viewing angular range. 
modification of the horizontal viewing range can also be accomplished by 
appropriate changes of the shape of the curved facets 36. The above 
described angular distributions shown in FIGS. 4A-4I are representative 
when the device 10 is processing the light 24 within the numerical 
aperture NA= (n12 - n22)½. 'When light is outside this range, additional 
techniques can be applied to help control the angular output range, 

FIGS. 9A and 9B further illustrate the use of redirecting means to 
provide a. tightly overlapping focused illumination output and a less 
overlapping focused illumination output, respectively, These concepts 
can be applied practically by considering that a typical portable computer 
screen 87 has a vertical extent 1•v•• of about 150mm. while a typical 
,dewing distance, "D .. , .is 500mm. A viewer at distance .. D'\ positioned 

normal to the vertical c-enter of the computer screen 87 wiU view different 
areas of the screen 87 at angles ranging from -8.5° measured at the top of 
the screen 87 to +8.5° measured at the bottom of the screen 87 .. This 
variation in viewing angle can. however, cause undesirable effects in use 
of a system having such screen illumination. Such a limited illumination 
angle for the screen 87 implies a limited range of positions from which a 
viewer can see a fully illuminate4 screen 87 (see FIG. 9A). Defining the 
viewer position in tenns of the angle and distance from the center of the 
screen 87,. then the effective angular range is substantially reduced bek,w 
the nominal illumination angle. For example, if the nominal illumination 
range is ±20° measured at each individual facet, then the effective 
vie~ing range is reduced to ±12° in the typical flat panel illuminator 
shov.'Il in FIG. 9A The resulting illumination between 12°*200, either 
side of center for the screen 87, will appear to be nonuniform to the 
viewer. 

The invention herein can be used to overcome the above described 
nonuniformities by controlling the orientation of the faceted surface 34, 
As illustrated, for example, in FIG. 2M both surfaces of the facets are 
rotated progressively such that the flat facet surface is varied from 35.6° 
to 33,3° relativeio. or parallel to, the edges of the planes defining the 
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various layers of the device 10. This systematic variation from the top to 
the bottom of screen 89 (see FIG. 9B) results in the redirected output 
illustrated. The faceted swface 34 can further be combined with the 
diffuser 83 and the like to produce a variable, but controllable light 

illumination output distribution. A flat faceted surface 168 can further be 
combined with a diffu.ser 170. Therefore, as shown in FIG.. 9B the ability 
to rotate the angular distributions of light at different points on the screen 
89 enable compensation for the vari.ation in viewing angle with position. 
Systematic variations in the faceted surfac.e 34 can further include 
variations in one or more facet angles, the spacing of the facets 381 or the 
depth and width of the individual facets 38. 1n other embodiments, the 
same principles can be applied to focus the output of any faceted 

· redirecting layer. Examples are shm.vn in FIGS. 21 and 2L. 
1n another example of overcoming nonuniformities of illumination, 

an array of micro-prisms for the faceted surface 34 can be laid over a 
conventional diffuse backlight 101 (see FIG. 18A). This faceted surface 
34 operates by a combination of refraction and total internal reflection to 
permit only a limited angular range to be output through the layer into 
ambient This angular range depends on the facet angles. For the case of 
acrylic film (n==l.49), highest brightness is typically achieved with a 
prism included angle of 90-100 degrees,. resulting in a viewing angle of 
approximately± 35 degrees. Backlights using such a geometry show a 
sharp "curtainingtt effect which is disconcerting to many viewers. This 
effect can be ameliorated by rotating the facets.38 from top to bottom of 
the screen to produce a focusing effect (see FIG. 18B). Simple ray~ 
tracing shows that; for included angles in the range· of 1000-110°, a facet 
rotated by an angle e will produce an angular distribution rotated by 
approximately 8/2. In the embodiment shovm in FIG. 18 the progressive 
variation. of facet face angle can vary as position X along the faceted 
surface 34 where.in, for example; 

\J'1 = 35° - (0.133°/mm) ·x 
\J'2 = 35° + (0.133°/mm) ·x 
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Th.is progressive facet angle change will produce an angular 
distribution which varies by approximately ten degrees across the screen 
89, and satisfies the generic constraints outlined above. 

Whatever the desired facet shapes, the faceted surface 34 (see, 
FIG. 2D) is preferably formed by a conventional process such as molding 
or other known milling processes. Details of manufacture will be 
described hereinafter: 
Nonlinear \V edges .. 

In another form of the invention the wedge layer 12, which is the 
primary lightguide, can be other than the linear shape assumed 
hereinbefore. These shapes allow achievement of a wide variety of 
selected light distributions. Other shapes can be more generally 
described in terms of the thickness of the wedge layer 12 as a function of 
the wedge axis '1z" shown in FIGS. 2B and C (the coordinate axis which 
runs from the light input edge to the small or sharp edge 26), For the 
linear shaped wedge, 

A (z) =Ao~ C·z (1) 
A0 = maximum wedge thickness (see FIG, 2A) 

C = constant = tan q, 
A larg.e range of desired spatial and angular distributions can be 

achieved for the light output power (power coupled to the second layer 
30), This light output power is thus the light available for output to the 
ambient by the appropriately faceted surfaces 34 or 36, or even by the 
diffuse reflector 33 {see FlG. 2E) or other means, 

For example, if L and M are direction cosines along the x and y 

ax.es, respectively, then Lo and M0 are the values ofL and Mat the thick 
edge (z=O). This initial distri~ution. is Lambertian within some well­
defined angular range, with little or no light outside that range. This 
distribution is especially important because ideal non¥imaging optical 
elements have limited Lamberti.an output disttibutions. The key 
relationship is the adiabatic invariant, A(z)cos(6c) which is 
approximately equal to AoLo and which implicitly gives the position (z) 
of escape. To illustrate this concept, suppose wed~ unifonn 
i.rradiance so that dP/dz = constant Suppose further that the initial phase 
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space uniformly fills an elliptical area described by the following 
expresston: 

(2) 

where t is the dimension of an ellipse alo.ng the M a.~s and a is the 
dimension of the ellipse along the L axis, 

Then, dP/dL = const · [t-L2/o2]½ but dJ\/dz = [AofLcJ d.LofdZ 
where Le= cosOc, Therefore, [l•(LcA)2/(A0o-)2J½ dA = constant tim~s 

dz. Suppose o = Le in the preferred embodiment. This result can be 
interpreted by the substitution A/ Ao = sin u, so that A = Ao sin u and u + 
1/2 sin (2u) = (1t/2)(1-z/D) where Dis the length of the wedge layer 12. 

If the desired power per unit length is dP/dz, more generally, th.en 
the desired shape of the wedge layer 12 is determined by the differential 
equation: 

dA(z)/dz = - dP/dz (A0/[1-(nzln1)2J½) (3) 

dP/dl"'O 

Note that in all these cases the output distribution has only 
approximately the desired fonn because it is modified by Fresnel 
refle.ctions. Note also that even when the wedge device l O is curved, if 

the curvature is not too large, it may still be useful to define an average 
angle 4, which qualitatively characterizes the system. 

In another aspect of the invention the geometry of the above 
examples has an x.y interface between two refractive media with ind.ices 
n 1 and n2. The components nM,nN are conserved across the interface so 
that n 1 M 1 = n2M2, n 1 N 1 = n2M2. The angle of incidence projected in 
the x.z plane is given by sin 8eff= N/(L2 • N2)112, Then using the above 
relations, sin 6zeff:lsin e 1 eff = ( n 1 ln2)[ l - :M 12jlf2t[l ~· (n 1/n2)2M12] 112 

= (n 1ln2)eff• For example, for n I = 1.49, n2 = 1.35, M 1 = 0.5, the 
. effective index ratio is l.035(ni/nz), which is only slightly larger than the 
actual index ratio. 
Variation of Index of Refraction Over Spatial Parameters. 

In the general.case of tapered light guides. the wedge layer 12 is 
generally along the z axis with ·the narrow dimension along the x axis 
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(see, for example, FIG. 2A). Ifwe introduce optical direction cosines 
(nL,nM,nM) where L~M,N are geometric direction cosines along x,y .z, 
then n is the refractive index which may vary with spatial position. For 
guided rays in the wedge layer 12, the motion in xis almost periodic. and 
the quantity ♦nLdx for one period is almost constant as the ray propagates 
along z. This property is called adiabatic invariance and provides a 
useful framework for analyzing the lightguide properties. 

In a first example the wedge device IO .shown in FIG. 2A has a 
uniform index in the wedge layer 12 and is linearly tapered in z with 
width A(z) =Ao~ C-z. Then, along the zigzag ray path, L{z)A(z) is 
approximately equal to a constant by adiabatic invariance. If a ray starts 
at z = O with L = Lo, then {Ao .. C-z)L(z) is approximately equal to LoAo­
The ray will leak out of the wedge layer 12 when L = cos0c where Sc is 
the critical angle = [ 1-(nzln I )2] ½. Thus, the condition for leaving the 
wedge layer 12 is Ao-C·z = LoAofcos0c, This will occur at z = (AofC)(l 
- Lzy'cos0c). Consequently, the density of rays emerging in z is 
proportional to the density of rays in the initial direction cosine Lo. For 
example, the density will be uniform if the initial distribution in Lo is 
uniform, 

In a second example, the index profile is no longer uniform but 
falls offboth in x and in z. lfthe fall-off in z is much slower than in x, 
the light ray path is still almost periodic, and the above adiabatic 
invariance still applies. Then, as the light ray 24 propagates in z, the path 
in x.nL space is almost periodic. Therefore the maximum value ofL(z) 
increases and at some z may reach the critical value for escape. The z 
value for escape depends on the details of the index (n) profile. \Vhen 
this is specified,. the an.alysis proceeds" as in example one above. Thus, 
for a parabolic index pro.file, the index profile has the form n2(x) = n2o{l 
- 26. (x/p)2] for ~p<xp. = n12 = n2o[l '"2A] for Ix!> p. Then. the critical 
angle at x = O is still given by sin2 8c = 2 A = 1 w (n 1lno)2. The~ if we 
have no a slowly decreasing function of z, the slope 8 at x = 0 will slowly 
increase by the adiabatic invariance of ♦nLdx, while Be decreases so that 
light rays vt'i.11 escape, The details of the light ray distributions \\ill 
depend on how the index (n) varies .with z, 
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Nonwedge Tapered Geometries 

PCT/OS95/04424 

In the most general case the light can be input into any shape layer 
~ parallelepiped, cylinder or non-uniform wedge), and the principles 
described herein apply in the same manner, In additio~ the index of 
refraction can be varied as desired in (x.y.z) to achieve the appropriate 
end result when coupled to means to output light to ambient. 

For example, consider a disc~shaped light guide 46 which is 
tapered in the radial direction r shown in FIG. 5, The direction cosines in 
cylindrical polar coordinates are kr, ke, kz. Light 48 propagating in this 

guide 46 satisfies the relationship: 
cpnk2dz ~ constant (adiabatic invariance) (4) 

nrke = constant. (angular momentum conservation) (5) 

The adiabatic invariance condition is identical with that for the 
wedge device 10, and the previous discussions pertinent to the wedge 
device 10 also thus apply to the light guide 46. The angular momentum 
conservation condition requires that as the light streams outward from 
source 47 with increasing radius, the k9 value decreases. Therefore, the 

light becomes collimated in the increasing radial direction. This makes 
the properties fundamentally like the wedge device l 0, and the light 48 
can be made to emerge as light 52 at a selected angle to face 51, 
collimated along the z direction. 

For purposes of illustration we take the guide material to have a 
constant index of refraction n. For such geometries the light rays 48 
along the two-dimensional cross sectional plane taken along SB#SB 
behave just as in the case of the wedge device 10 counterpart described 
hereinbefore. Similarly, various additional layers 54 and 56 and other 
means can be used to achieve the desired light handling features. For 
example. for the disc light guide 46 a pref erred facet array 56 is a series 
of circles, concentric with the disk 46. Thus, if the facets 56 are linear in 

.cross section,. the light rays 52 will emerge in a direction collimated 
within a full angle of l ♦ times a function .of the indices of refraction as in 

the device 10 described hereinbefore. 
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TaperedLuminaires with Two Low~indexLayers, 

PCTlUS95/04424 

In another form of the invention shown in FIG. 6A.,, the device 10 
include.s a first layer 61 having an optical index of refraction n 1 and a 
first or top layer surface 62 and a second or bottom layer surface 64 
converging to establish at least one angle of inclination $. The first layer 
61 also includes a back surface 65 spanning the top layer surl'ace 62 and 
the bottom layer surface 64, 

Adjacent the first layer 61 is layer means. such as a bottom 
transparent layer means, like a first :intennediate layer 66 of index n2 
disposed adjacent to, or underlying, the bottom layer surface 64. In 
addition. the layer means can embody a top transparent layer means, 
second intermediate layer 81 of index n2 disposed adjacent to the top 
layer surface 62, At least one of the layers 66 and S 1 can be an air gap, 
or other gas or a transparent dielectric gap, 

An air gap can be established by conventional means, such as by 
external supports. such as suspending the layers mtder tension (not 
shown) or by positioning spacers 68 between the first layer 61 and the 
adjacent light redirecting layer 70. Likewise, the spacers 68 can be 
positioned between the first layer 61 and the second light redirecting 
layer 82, Alternatively, solid materials can be used for the transparent 
dielectric to constitute layers 66 and 81 and can improve structural 
integrity, robustness and ease of assembly. Such solid materials can 
include, for example, sol~gels (n2=1.05-1.35), fluoropolymer.s (n2=L28-
1.43). fluoride salts (n2=l.38-1.43), or silicone .. based polymers and 
adhesives (n2=1.40-L45). Such solid materials for the transparent 
dielectric need no separate means to support or maintain it, but can result 
in lower N.A. acceptance since the index is higher than for an air gap. 

The layers 66 and 81 allow transmission of light received from the 
first layer 61. In this embodiment, part of the light will achieve 8c first 
relative to the top layer surface 62, and light will enter the layer 81 for 
further processing by the light redirecting tarer 82. The remaining light 
will thereby achieve 8c first relative to the bottom layer surface 64, thus 
entering the layer 66 for further processing by the light redirecting 
layer 70, 
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In one prefetTed fonn of the invention (see FIG. 6A) both the 

layers 66 and 81 are present and can have similar, but signifi.cantly 
different indices n2a and n2b; respectively. The indices are considered 
similar when they establish critical angles at the interfaces 62 and 64 
which are similar in magnitude to the wedge angle ♦, for example: 

!arcsin(n2atn1)~arcsin(n21Jfn1) ! < 6♦ (6) 
In this case significant, but unequal, fractions of light will enter 

each of the layers 66 and 81 for further processing by redirecting layers 
70 and 82, respectively. The larger fraction will enter the layer having 
the higher of the two indices n2a and n2b• The redirecting layer 70 
processes only the fraction which enters th.e layer 66. Therefore, the 
influence of the redirecting layer 70 on the output angular distribution of 
light can be changed by varying the relationship between the indices n2a 
andn2b, 

In another preferred form of the invention the layers 66 and 81 can 
be the same transparent material of index n2 < n I· In general; lower 
values of n2 will enhance the efficiency of the device l 0 by increasing 
the numerical aperture at the light input surface 65, Therefore, collection 
efficiency can be maximized when the layers 66 and 81 are gaps filled 
with air or other gases (with n2""' 1-L0l), 

The thickness of the layers 66 and 81 can be selectively varied to 
control the output power spatial distribution of the device 10 or to 
enhance its visual uniformity. For example. increasing the thickness of 
the layer SI by 0,002"-0.030" sharply reduces non-uniformities which 
tend to appear at the thicker end of the device 10. The thickness oflayers 
66 and 81 can also be smoothly varied v.rith position to influence a 
desired spatial distribution of the light being output (see FIG. 12L). 

In one preferred form of the invention shown in FIG. 6A, the light 
redirecting layer 70 includes a reflective layer 71 which reflects the light 
back through the layer 66 and the first layer 6 L The light is then output· 
into the first layer 61 through the top layer surface 62, and ultimately 
through the light redirecting layer 82 for further processing. The 
reflective layer 71 can, for example, be any combination of a planar 
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specular reflector, a partially or completely diffuse reflector, or a faceted 
reflector. 

Use of a planar specular reflector leads to the narrowest angular 
distribution "'ithin the layer 81. Therefore,. the reflector can simplify 
design of the light redirecting layer 82 when the desired output angular 
distribution is unimodal. Diffuse or faceted reflectors can also be used 
for the layer 71 in order to achieve a large range of angular distributions 
(see FIGS. 4H and I) or to increase uniformity (see FIG. 4N). Diffuse 
reflectors are preferred if the desired angular distribution has large "tails" 
(see, in particular, FIG. 41). Faceted reflectors can produce a bimodal. 
angular distribution ..vi.thin the layer 81(see FIG. 4H). Therefore, such 

faceted reflectors are preferred if the desired output angular distribution is 
bimodal. For example, a bimodal nbatwingn distribution is preferred from 
luminaires for room illumination because it reduces glare. 

In general each facet of the layer 71 can be shaped to control the 
angular distribution of the light reflected back through the layer 66 and 
the first layer 61 for further processing by the redirecting layer 82. The 
angular distribution within the device 10 will in turn influence the angular 
distribution of the light output into ambient from the redirecting layer 82. 
For example, curved facets can be used to smoothly broad.en the angular 
distribution, as well as providing a diffusing effect to improve uniformity. 

The reflective layer 71 can also influence the output power spatial 
distribution as well as the angular distribution. The reflectivity, 
specularity; or geometry of the reflective layer 71 can be varied with 
position to achieve a desired output distribution. For example. as 
described hereinbefore~ small variations in the slope (see FIG. 12L) of 
each element of the reflective layer 71 as a ftm.ction of position 
significantly change the light output distribution. 

The light redirecting layer 82 has an index n3 > nz, and is 
substantially transparent or translucent. The light in the low-index layer 
81 enters the layer 82 and is redirected into ambient. The transmissive 
redirecting layer 82 also redirects the light which has been processed by 

reflection from the redirecting layer 71 then transmitted back through the 
low-index layer 66 and the fust layer 61. The transparency or geometry 
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of the layer 82 can be varied with position to further influence the output 
spatial distribution of the device 10. In one preferred fonn of the 
invention the redirecting layer 82 includes a faceted surface at the 
interface with the low-index layer 81, as shown in FIG. 6A. Light 
entering the layer 82 is refracted by one side 84 of each facet 8.5 as it 
enters, and then is totally internally reflected by second side 86 of each of 
the facets 85. In one form of the invention the redirecting layer 82 can be 
a 11Transparent Right-Angle Film11 (hereinafter, TRAF), which is a 
trademark of 3M Corp.~ and this product is commercially available from 
3M Corp. This TRAF operates by refraction and total internal reflection 
to turn incident light through approximately a ninety degree angle, as 
would be desired in a typical LCD back.lighting application. The 
acceptance angle of the prior art TRA.F is about twenty-one degrees, 
which is large enough to redirect a large fraction of light 75 which enters 
the low,index layer 81. In a more preferred fonn of the invention. the 
facet angles are chosen to redirect more of the light 75 which enters the 
low•index layer 81 by the described mechanism of refraction plus total 
internal reflection. Either one or both of the facet surlaces 84 and 86 can 
be shaped to control the output angular distribution. For example, the use 
of curved facets smoothly broadens the distribution. as well as providing 
a light diffusing effect which can improve uniformity, 

In another preferred embodiment, the facet angle surlaces of the 
redirecting layer 82 can be varied progressively to compensate for the 
variation in viewing angle with position, when viewed from typical 

viewing distances. The details of such a compensation .effect were 
described earlier in reference to the design of the reflecting facet layer in 
the embodiment shown in FlG. 2M. Similar principles can be applied to 
the design of any faceted redirecting layer. including refracting layers and 
refracting/internally-reflecting layers. Examples of embodiments which 
can. for example,, make use of such progressively varied faceted layers 
are shown in FIGS. 12E (layer 140), 12G (layer 152), 12H (layer 166), 
12K (layer 186). 12N (layer 210). 120 (layer 228), and 12P (layer 246). 

In another form of invention the layers 66 and 81 can have similar 
but slightly different indices n2 and n2', respectively. The operating 
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principles of the device 10 will be substantially similar as long as the 
critical angles associated with interfaces between the first layer 61 and 
the two layers 66 and 81 do not differ by more than the first layer 
convergence angle: 

jarcsin(n21/n 1)~arcsin(n2/n 1) ! < ♦ (7) 
Therefore, in this case approximately equal fractions of the light 

will enter layers 66 and 81, for further processing by the redirecting 
layers 70 and 82, respectively. 

All forms of the invention can further include an output diffuser 
layer 40, sh0\\'11 in phantom in FIG. 2C or transmissive or translucent 
diffuser layer 83 shown in FIG. 6A. In general this diffuser layer 40 can 
be a surface diffuser, a volume diffuser. or at least one array of micro 
lenses having at least a section of a cylinder (kno-Y..'ll as a "lenticular 
array .. ), Thes.e layers 40 and 83 can increase light uniformity or broaden 
the angular dis1riburion into ambient. Lenticular arrays are advantageous 

because they have low back~scattering in comparison to surface or 
volume diffusers, and because they have sharper output angle cut-offs 
when illuminated by collimated light Lenticular arrays also 
preferentially diffuse only those featmes which would otherndse nm in 
the general direction of the axis of each cylindrical micro lens. 

In one preferred embodiment shown in FIG. 10, the light 
redirecting layer 10 makes use of fiat facets 111 such that the output light 
is highly collimated. The desired output angular distribution is further 
controlled by including a lenticular diffuser 112 having an appropriate 
focal ratio, with its cylindrical micro lenses running approximately 
parallel to the y~axis. The lenticular difTuser 112 also diffuses non­
unifonnities which would otherndse appear to be running in the general 
direction of the y-axis. In this embodiment a second Jenticular 

diffuser 113 can be included to diffuse non-uniformities which would 
otherwise appear nmn.ing in the general direction of the z-axis. This 
second lenticular diffuserls micro lenses run approximately parallel to the 

z-axis (see FIG. 12H and 12N). Note that the order of positioning of the 
diffusers 112 and 113 can be interchanged without loss .of optical 
advantage. Similarly, the lenticular diffuser 112 and 113 can be inverted 
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and can have concave contours rather than convex contours shown in 
FIG. 10. \Vhile such changes can affect the details of the performance., 
the diffuser layers 112 and 113 can still prov:ide the general advantages 
described. 

In another preferred embodiment shovm in FIG. 11. the ftmctions 
of the flat~faceted light redirecting layer 110 and the parallel lenticular 
diffuser 112 in FIG. 10 can both be perfonned by a light redirecting 
layer 114 having curved facets (see also, for example. FIGS. 2H. 2M and 
3A illustrating curved fac~ts). These cun•ed•facet layers redirect the 
light, control the angular output by having an appropriate facet curvature, 
and act as a diffuser for non~unifonnities running in the general direction 
of the y-axis. By combining these functions in a single~layer the number 

- of components is reduced, which improves thickness~ cost, and 
manufacturability. In this embodiment,. a single lenticular diffuser 115 
can be included to diffuse the remaining non 8 uniformities which would 
otherwise appear running in the general direction of the z¥axis. This type 
oflenticular diffuser micro lens runs approximately parallel to the z-axis, 
Note that the lenticular diffuser I l 5 can be inverted and can have concave 
contours rather than the convex contours shown in FIG.10. Again, such 
changes can af:fect perfonnance details. but the layers I 14 and 115 
perfonn as intended. 

In all embodiments using multiple micro-structured layers, the 
facet or Ienslet spacings of these layers described hereinbefore can be 
chosen to have non .. rational ratios, in order to avoid undesirable Moire 
patterns. Similarly. each layer's feature spacing can be designed to have 
non~rational ratios with the apparatus to be illuminated, such as a liquid 
crystal display or charge--coupled detector (CCD) array. Each of the 
lenticular diffuse.r layers 113, 112 and 115 can be tilted up to about 20° 
ftom the configuration shown in the figures in order to reduce Moire 
interaction between layers or with a liquid crystal display. 

Similar lenticular diffusers can be used with non~wedge 
geometries having wedge shaped cross-sections~ with similar advantages 
if the diffuser cross sections are approximately as shov.-11 in FIGS. 10 and 
11. One example is the tapered disk illustrated in FIG. 5. ln this case the 
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lenticular diffuser analogous to layer 112 in FIG. 10 would have micro 
lenses whose axes run in concentric circles about the disk's axis of 
rotations, A diffuser analogous to the layer 113 in FIG. IO and 115 in 
FIG, 11 would have micro lenses whose axes emanate radially from the 
disk's central axis. 
Light Sources and Couplers 

In a more prefeued form of the invention shown in FIGS. 2A and 
B, a faceted layer 30 has been included for optically redirecting the light. 
The facets 34 can be integral to the layer 30 or a separate facet layer, 
Details of operation of such a faceted layer have been discussed 
hereinbefore. As sho\\11 further in FIG. 6A an input faceted layer 74 can 
also be disposed between a light source 76 and the first layer 61. The 
faceted layer 74 can he a prismatic facet array which provides a 
collimating effect for input. light 78 which provides brighter or more 
uniform output light 80 into ambient. 

Linear prisms parallel to the y~axis can improve unifomrity by 

adjusting the input angular distribution to match more closely the input 
numerical aperture. Linear prisms parallel to the x-axis can limit the 
output transverse angular distribution, and also improve output brightness 
when used with a fluorescent lamp light source. 1n other fonns of the 
invention. diffusion of input light is desirable wherein a diffuser 79 is 
used to diffuse the light distribution to spread out the light to improve 
light uniformity. The diffuser 79 is preferably a lenticular array, with 
cylindrical lenslets parallel to the y-axis. The diffuser 79 can also be a 
standard surface or volume diffuser, and can be a discrete film or coupled 
integrally to the wedge layer 61, Multiple prismatic or diffuser films can 
be used in combination, Such a film form of the diffuser 79 and the 
faceted film 74 can be interchanged in position to vary their effects. 

In another preferred form of the inventio~ a portion of a dielectric 
total internally reflecting CPC portion 100 ( compound parabolic 
concentrator) can be interposed between the light source 76 and the first 
layer 61 (see FIGS. 2L, 120 and 12P). The CPC portion 100 adjusts the 
input light to match mQre closely the input numerical aperture. The CPC 
portion. 100 is preferably fonned integrally with the first layer 61. 
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Reflector elements 92 and 94 sho\\>11 in FIGS. 7 and 8, 
respectively, can be shaped and positioned to maximize the throughput of 
light from the light source 76 to the light-pipe aperture. This is 
equivalent to minimizing the reflection of light back to the light 
source 76, which partially absorbs any returned light. The light source 76 
is typically cylindrical and is surrounded by a transparent glass envelope 
93, each having circular cross-sections as shown in FlGS. 7 and 8. 
Typical examples of such light sources include fluorescent tubes and 
long-filament incandescent lamps, The outer diameter of the light source 
76 can be less than or equal to the inner diameter of the glass envelope 
93. FIG. 7 shows a prior art u .. shaped reflector 92 fonned by \\Tapping a 
specular reflectorized polymer film around the light source 76 and 
making contact with the wedge layer 12 at each end of the film. The 
reflector element 92 typically is formed into a shape wpich is 
approximately an arc of a circle on the side of the light source 76 
opposite the wedge layer 12, with approximately straight sections 
connecting each end~point of the arc with the wedge layer 12. This 
manner of coupling the reflector element 92 to the wedge layer 12 is most 
easily accomplished when the reflector element crosswsection Jacks sharp 

comers. In general the light source 76 is not pe.rmitted to touch either the 
wedge layer 12 or the refiectorized film, in order to minimize thennal and 
electrical coupling which can reduce lamp efficiency. 

In one form of the present invention shov.'11 in FIG. 8, the reflector 
element 94 is advantageously designed and the light source 76 is 
advantageously placed to minimize the fraction of light returned to the 
light source 76, and thereby increases efficiency'. In one preferred 
embodiment; at least a. section of the reflector element 94 is shaped such 
that a line drawn nonnaI to the surface of the reflector element 94 at each 
point is tangent to the circular cross-..section of the light source 76. The 
resulting reflector shape is known as an involute of the light .source 76. 

_ \Vhile an involute provides maximum efficiency. other shapes can 
generally be more easily manufactured, Polymer films can be readily 
bent into smooth curves which include almost semicircular arcs, as 
described above. It can be shown that.when the cross-..section of the light 
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source 76 and semicircular section of the reflector element 92 are 
concentric as shown in FIG. 7, then the semicircular section of the 
reflector element 92 will return all incident rays to the light source 76, 
leading to p-0or efficiency. Such inefficiency is a general property of self­
absorbing circular sources and concentric semicircular reflectors. This 
general property can be derived from simple ray-tracing or the principal 
of skew invariance. Even if the reflector element 92 is not perfectly 
circular, each portion of the reflector element 92 will tend to return light 

to the light source 76 if the cross-section of the light source 76 is 
centered near the center of curvature of that reflector section. 

In another prefeued embodiment, the cross~section of the reflector 
element 94 in FIG. 8 includes one or more almost semicircular arcs, and 
efficiency is increased by displacing the center of the light source 76 
away from the center of curvature of the reflector elem~nt 94, Ray .. 

tracing and experiments have shown that such prefetTed embodiments can 
be determined using the following design rules: 

l. The cross-section of the reflector element 94 has a 
maximum extent in the x•dimension equal to the maximum thickness of 
the wedge layer 12 (or light pipe)~ 

2. The cross•section of the reflector element 94 has no 
optically sharp comers; 

3. The radius of curvature of the reflector element 94 is as 
large as possible; and 

4, The light source 76 is as far as possible from the wedge 
layer 12, but is far enough from the reflector element 94 to avoid contact 
'With worst-case manufacturing variations. 

FIG. 8 shows an example of a coupler which satisfies these above 
described design roles for the light source 76 with inner diameter = 2 mm, 
outer diameter= 3 mm, thickness of the wedge layer 12 (or light pipe)= 
5 nut\ and manufacturing tolerances which pemtit a 0.25, mm spacing 
be-rn,een the reflector element 94 and the outer diameter of the glass 
envelope 93, ln this example of a preferred embodiment the radius of 
curvature of the reflector element 94 is .2. 5 mm., and the center of the light 

source 76 is displaced by 0.75 mm away from the aperture of the wedge 
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layer 12. A coupler constructed according to this design wa.s found to be 
10~15% brighter than the comparable concentric coupler sho\\-11 in FlG, 7. 

The involute and the Uwshaped reflector elements 92 and 94 
previously described are designed to output light to the aperture of the· 
wedge layer 12 \\1th angles approaching± 90 degrees relative to the 
aperture smface normal. In another preferred embodiment, the reflector 
element 94 is shaped to output light with an angular distribution which is 
closer to the N.A of the device 10. As shown in FIGS. 6B and 6C; such 
shapes as the reflector element 94 can include other geometries, such as, 
a compound parabolic source reflector 86 and a nonimaging illumination 
source reflector 88. An example of the source reflector 88 is described in 
copending serial number 07 /732,982 assigned to the assignee of record of 
the instant application. and this application is incorporated by reference 
herein. 

In another embodiment of the invention shown in FIGS. 6D, 121~ 
12N, and 120, the wedge layer 90 has a nonwmonotonic varying wedge 
cross sectional thickness over various selected portions of the wedge 
shaped cross section. It has been determined that one can exert control 

over the light distribution being output by control of this cross section. 
Further, it has been detennined that optical boundary effects; as well as 
intrinsic light source effects, can combine to give an. output light 
distribution 'With unwanted anomalies. One can therefore also 
compensate for these anomalies, by providing a wedge cross section with 
nonlinear changes in the actual dimensions of the wedge layer 90, for 
example, near the thicker end which typically receives the input light, By 

control of these dimensions one c~ thus have another degree of freedom 
to exert control over the light distribution, as well as provide virtually any 
design to compensate for any boundary effect or light source artifact. 
Furthennore, one can vary the index of refraction within the wedge layer 
90 in the manner described hereinbefore to modify the distribution of 
light and also compensate for light input ~omalies to provide a desired 
light distribution output 
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Manufacture of Luminaire Devices 

PCT/US95!04424 

In one form of the invention. manufacture of the device 10 can be 
accomplished by careful use of selected adhesives and lamination 
procedures. For example, the wedge layer 12 having index n1 can be 
adhesively bonded to the first layer 28 having index n2, An adhesive 
layer 60 (see FIG. 38) can be applied in liquid fonn to the top stuface of 
the :first layer 28, and the layer 28 is adhesively coupled to the bottom 
surface I 6 of the wedge layer 12, In general, the order of c-0upling the 
various layers can be in any given order. 

In applying the layer 12 to the layer 28 and other such layers, the 
process of manufacture preferably accommodates the fonnation of 
internal layer interfaces which are substantially smooth interfacial 
surfaces. If not properly prepared such internal layers can. detrimentally 
affect perfonnance because each interface between layers of different 
indices can act as a reflecting surface with its own characteristic critical 
angle. If the interfacial surf aces are substantially smoo~ then the 
detrimental effect of uneven surfaces is negligible. Therefore in 
effectuating the lamination of the various layers of the device 10, the 
methodology should utilize adhesives and/or joimng techniques which 
provide the above described smooth interfacial layers. Examples of 
lamination proces.ses include. without limitation. joining without 

additional adhesive layers~ coatings applied to one layer and then joined · 
to a second layer with an adhesive and applying a film layer ~ith two 
adhesive layers (one on each layer surface to be joined to the other). 

In. a preferred embodiment lamination of layers is done without 
any additional internal layer whose potential in~erfacial roughness will 
distort the light distribution. An example of such a geometry for the 
device l 0 can be a liquid layer between the wedge layer 12 and the 
second layer 30. This method works best if the first layer 29 (such as the 
liquid layer) acts as an adhesive. One can choose to cure the adhesive 
either before, partially or completely, or after joining together the various 
layers of the device 10. The optical interface is thus defined by the 
bottom surface of the wedge layer 12 and the top surface of the second 
layer 30. 
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In another embodiment wherein a coating is used with an adhesive 
layer. the first layer 28 can be the coating applied to the second layer 30. 
Then, the coated film can be laminated to the wedge layer 12 in a second 
step by applying an adhesive between the coated film and the wedge layer 
12. It is preferable to apply the low index coating to the second layer 30 
rather than directly to the wedge layer 12 since the second layer 30 is 
typically supplied in the form of continuous film rolls, In practice it is 
more cost effective to coat such continuous rolls than to coat discrete 
pieces. \Vith this methodology it is more convenient to control thickness 
of the applied low index layer. 

In another embodiment, the second .layer 30 is manufactured in 

such a way that it adheres to the first layer .28 directly without use of 
additional adhesives. For example, the second layer 30 can be 
manufactured by applying a layer of polymer material to the first layer 
28, and then casting this material to have the desired second layer 
geometry. In another example, the first layer 28 can serve as a carrier 
film during. the embossing of the second layer 30. By use of appropriate 
temperatures during the embossing process, the second layer 30 can be 
heatMfused to the first layer 28. Such heat~fusing can be accomplished 
using a conventional FEP first-layer film by embossing at almost five 
hundred degrees F or higher. 

In a further embodiment using a film and two adhesives, the first 
layer 28 can be an extruded or cast film which is then laminated to the 
wedge fayer 12, or between the wedge laye.r 12 and the second layer 30 
using adhesive between the two types of interfaces. In order to minimize 
the detrimental light scattering described hereinbef ore, the adhesive layer 
should be flat and smooth. The film can be obtained as a low index 
material in commercially available, inexpensive forms. Such additional 
adhesive layers can increase the strength by virtue of the multi-layer 
construction having adhesive between each of the layers, 

In the use of adhesive generally, the performance of the device 10 
is optimized when the index of the adhesive between the wedge l~yer and 
the first layer is as dose as possible to the index of the first layer 28, 
Wlten the critical angle at the wedge/adhesive intetface. is as low as 
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possible. then the light undergoes a minimal number of reflections off the 
lower quality film inte.tface before exitiug the device 10. In addition, the 
index change at the surface of the first layer film is minimized which 
decreases the effects of film sutface roughness. 

Manufacture of faceted surfaces can be accomplished by micro~ 
machining a mold using a master tool. Machining can be earned out by 

ruling with an appropriately shaped diamond tooL The master tool can be 
replicated by known techniques. such as electroforming or casting, Each 
replication step inverts the shape of the desired smface. The resulting 
mold or replicates thereof can then be used to emboss the desired shape in 
the second layer 30. A directly ruled surface can also be used, but the 
above described embossing method is preferred. Kno'\\'ll "milling., 
processes can include chemical etching techniques, ion beam etching and 
laser beam milling, 

In yet another method of mechanical manufacture, the faceted 
surface 34 (see FIGS. 2B and 2M, for example) is manufactured by a 
welding process, such as embossing or casting. using a hard tool which 
has on one smface the inverse of the profile of the desired faceted surface 
34. Therefore, the manufacturing problem reduces to the matter of 
machining an appropriate tool. Usually the machined tool is used as a 
template to form the tools actually used in the casting or embossing 
process. Tools are typically replicated by electrofomring. Since 
electroforming inverts the surface profile, and electroforms may be made 
from other electrofonns. any nmnber of such inversions can be 
accomplished and the directly machined "mastern can have the shape of 
the faceted surfaces 3A or its inverse. 

The tooling for the faceted surface 34 can be manufactured by 

singJe,.point diamond machining, wherein the distance between cutting 
tool and the work is varied to trace out the desired profile. The diamond 
cutting tool must be very sharp. but in principle nearly arbitrary profiles 
can be created. A given design can also require specific adaptations to 
accommodate the nonRze.ro radius of the cutting toot If curved facet 
surfaces are required. then circular arcs are preferred to facilitate 
'fabrication. The cutting-tool is moved through the cutting substrate-and 
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cuts a groove having the approximate shape of the tool. Jt is desirable to 
machine the entire piece using a single diamond tool. \\''hen this method 
is used for making a "focusing" type of the faceted smface 34, the 
variable groove profile therefore should be designed such that the various 
groove profiles can be machined by the same tool. The required shape 
variations can still be accomplished by varying the angle .of the tool, as 
well as the groove spacing and depth. 

Design of the faceted surface 34 preferably satisfies a few general 
constraints: 

1. Approximately linear variation in the center of the 
illumination angular distribution as a function of position. A variation of 
I I degrees(± 5.5°) from top to bottom of typical computer screens is 
effective; 

2, The width of the variable angular distribution of light 
output should be approximately proportional to the local illuminance in 
order to achieve approximately unifonn brightness to an observer. 
Examples given below show the spatial distribution is approximately 
unifonn, so the angular cones have approximately uniform width; and 

3. Spacing between grooves of the facets 3 8 should be large 
enough or irregular enough to avoid diffraction effec~ but also be chosen 
to avoid Moire patterns when used with an LCD panel. In practice these 
requirements limit the allowed spatial variations. 

In the manufacture of the de\ice 10. for example. the viewing 
angle depends on the tilt and curvature of each of the facets 38. 
Focusing is accomplished by rotating the facet structure as a function of 
position. Using the example ofa 150 mm screen viewed from 500 mm 
away, the illumination cone can be varied by 17 degree.s (i.e .• 
± 8,S degrees) from top to bottom. For typical materials, acrylic and 
FEP, this requires the facet structure to rotate by approximately 
5.7 degrees from top to bottom of the screen 89 (see FIG. 9B). 

Design constraints can result when limitations ( l }-(3) are 
combined ·with the need to ma.chine variable curved grooves \\'1th a single 
tool, For example, maintaining a constant angular width (Constraint #1) 
at a constant cutting depth requires a compensating variation in. groove 
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spacing or groove depth. Specifically, a linear change in groove spacing 
can reduce the brightness variation to a negligible level when the fOlm 
tool whlcb cuts the groove is shaped so that portions of each curved 
reflector facets (see FIG. 2M) are shadowed by the top edge of the 
adjacent facets. This spacing variation can be small enough to satisfy 
Constraint #3. 

Further methods of manufacture can include vapor deposition, 
sputtering or ion beam deposition of the first layer 28 since th.is layer can 
be quite thin as described hereinbefore, Likewise, the second layer 30 
can be controllably applied to fonn the faceted layer 30 shown in FIG. 2B 
(such as by masking and layer deposition). 
Wedge Light Pipe as a Simple Collimator Device 

In the most general embodiment the wedge layer 12 can function 
in the context of the combination as a simple collimating optical element 
The substantially transparent wedge layer 12 has an optical index of 
refraction n 1 and the top surface 14 and the bottom surface 16 converge 
tc establish at least one angle of inclination ♦ (see FIG, 15), The wedge 
layer 12 also includes the back surface 20 spanning the top surface 14 and 
the bottom surface 16. Adjacent to the wedge layer 12 is the transparent 
first layer 28 having index of refraction n2 including an air gap. Adjacent 
to the first layer 28 is a specular reflective layer~ such as the faceted 
surface 34 of the second layer 30. 

Substantially uncollimated light is introduced through the back 
surface 20 by the source 22. The light propagates within the wedge layer 
12, with each ray decreasing its incident angle with respect to the top and 
bottom surfaces 14 and 16 until the incident angle is less than the critical 
angle 0c, Once the angle is less than 0c, the ray emerges into ambient. 
Rays which emerge through the bottom surface 16 are reflected back into 
the wedge layer 12 and then output into ambient By virtue of the angle~ 
filtering effect previously described, the output light is collimated within 
a con.e of angular width approximately: 

(S) 
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An area 99 to be illuminated lies beyond the end of the wedge layer 12 
and substantially v.11tbin the above-defined cone of width AS. 

In another preferre-d embodiment a lightwredirecting means can be 
positioned beyond the end of the wedge layer 12 and substantially within 
the above-defined co_ne of width AfL The light-redirecting means can be 
a lens. planar specular reflector, or curved reflector. The light~redirecting 
means reflects or refracts the light to the area to be illuminated. Further 
details and uses of such redirecting means,, such as lenticular diffusers, 
will be described hereinafter. 

In the embodiments of FIG. 6 having two air gaps or transparent 
dielectric layers, the light redirecting layers are independent, and thus one 
can construct devices having layers of different types. For example, the 
use of two transmissive redirecting layers is preferred when light is to be 
emitted from both sides of the device l 0 or whenever maximum 
collimation is desired. Examples of the redirecting layer 82 in general for 
all inventions for two redirecting layers can include the examples in 
FIG. 12 where the letter in parenthesis corresponds to the appropriate 
figure of FIG. 12: (a) diffraction gratings 120 or a hologram 122 in 
FJG. 12A, (b) two refracting facet layers 124 with diffuser.s 126 in 
FIG. 12B, {c) two faceted layers 128 with facets 130 designed to refract 
and internally reflect light output from the wedge layer 12; such facets 
130 are capable of turning the light output through a larger angle than is 
possible by refraction alone; (d) two refracting single facet layers 132 
(prisms); (e) a top .surface redirecting layer for the wedge layer 12 having 
a refracting single facet layer 134 with a cUJVed output surface 136 for 

- focusing. A bottom surface 138 includes a redirecting layer for refracting 
and intemally reflecting light using a fac.eted layer 140; facet angles are 
varied with position to focus output light 142 at F; (f) a top surface 

redirecting layer l 44 comprised of a refracting faceted layer 146 and a 
bottom redirecting layer comprised of a refractinwintemally reflecting 
layer 148 with narrow angle output for the light, and a diffuser layer 150 
can be added to smoothly broaden the light output angular distribution; 
(g) a top surface· redirecting l~yer of refracting/internally reflecting 
faceted layer 152 with refracting surfaces 154 convexly curved to 
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broaden the output angular distribution; the facet angles can be varied 

with position and thereby selectively direct the light output angular cones 
to create a preferred viewing region at a finite distance; this arrangement 
can further include a transverse lenticular diffuser 156 to diffuse 
nonuniformities not removed by the curved facet layer 152; the bottom 
redirecting layer comprises a refracting/internally reflecting faceted layer 
15 8 with a reflecting surface 160 being concavely curved to broaden the 
light output angular distribution in a controlled manner; (h) a top 
redirecting layer, including a refracting faceted layer 162 with curved 
facets 164 to broaden the output angular distribution in a contro1led 
manner and to improve mriformity; a bottom redirecting layer, including a 
refracting/intemally .. reflecting faceted layer 166 with flat facets 168 for 
narrow-angle outputt with facet geometry varied with position to focus 
output light at a finite distance; a parallel lenticular diffuser 170 can be 
used to smoothly broaden the:. output angular distribution in a controlled 
manner and to improve unifonnity; the transparent image sho·wn in 

phantom can be printed on or adhesively based to a lenticular diffuser; a 
transverse lenticular diffuser 172 is used to diffuse non-uniformities not 
removed by the parallel lenticular diffuser 170. The combination of a 
focused flat-faceted layer 166 and the diffuser 170 cooperate to create a 

preferred vievfing zone at a finite distance, similar to using focused 
curved facets, Also shown is an LCD component 173 (in phantom) 
usable v.>ith this and any other form of the device 10 for illumination 
purposes, 

ln other architectures, one transmissive and one reflective 
redirecting layer can be combined. These are combinations of reflective 
redirecting layers with the various types of transmissive redirecting layers 
discussed above. Reflective redirecting layers can be specular, partially 
diffuse, diffuse, faceted or any combination tht!reof. The.se architectures 
are preferred when light emission is desired from one side only, or in 
some cases when minimum cost is paramount Examples of such 
architectures are in FIG. 12: (i) a bottom surface specular reflector 174 · 
combined with a top layer transmission diffraction grating or transmission 
hologram 176;. (j) a bottom surface specular reflector 178 combined with . 
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a top surface refracting faceted layer 180, with a diffuser 182 (shown in 
phantom in FIG. 12J and an intervening image .. forming layer 171; (k) a 
bottom layer specular reflector 184 with a top layer refracting/internally~ 
reflecting faceted layer 186, with facet geometry being varied \\-1th 
position to focus output light at a finite distance; a diffuser 188 is shown 
in phantom; (l) a bottom layer specular reflector 190 with a top layer 
refracting/intemally~reflecting faceted layer 192. and curved facets 194 
are used to smoothly broaden the angular output of light in a controlled 
manner and to improve unifonnity. The thickness of the wedge layer 12 
and of both top and bottom surface low~index layers 196 ·~~ air gaps) 
are varied to influence the light output spatial distribution; (m) a bottom 
reflector 198 is partially specular. partially diffuse to improve uniformity; 
FIG. 12M shows the initial reflector section made controllably diffuse by 

addition of an integral lenticular diffuser 200; the di~er 200 is designed 
to selectively reduce nonuniformities which would otherwise appear in 
the output near the thicker end. and running in the general direction of the 
y-a."(].S; also included is a top redirecting layer 202 which is 
refracting!intemally~reflecting and has a reflecting surface which is 
curved; and (n) a bottom reflector layer 204 which is partially specular, 
partially diffuse to improve uniformity; FIG. 12N shows the initial 
reflector section 206 which is slightly roughened to reduce specularity. 
and thereby selectively reduces nonunifonnities which would otherwise 
appear in the output near thicker end 208; a top redirecting layer 210 is 
used whfoh is refractinglintemally .. reflecting with a flat~faceted layer 212, 
and the facet geometry is varied to redirect light from each facet to a 
common focus at finite distance; a transverse lenticular diffuser 213 is 
shown in phantom; a parallel lenticular diffuser 214 is used to smoothly 
broaden the output angular distribution in a controlled manner~ converting 
the focal zone of the flat-faceted layer 212 to a wider preferred viewing 
zone; the lenticular diffuser 213 also improves unifonnity; an LCD 
display 216 or other transparent image is show in phantom; ( o) in a 
preferred embodiment an eccentric coupler 218 uses a uniformity­
enhancing lenticular diffuser 220 shown in phantom in FIG. 120. A 
converging tapered section 222 or C:PC (integral to the wedge layer) 
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transforms the output angular distribution to match more closely the input 
N.A, of the wedge layer 12. The wedge layer 12 thickness is smoothly 
varied to influence output spatial distribution and improve unifonnity;_a 
bottom redirecting layer 224 is a specular or partially diffuse reflector; a 
top redirecting layer 226 is a refracting/internally~reflecting faceted layer 
228 \\1th reflecting surfaces 230 convexly curved to smoothly broaden 
output an.gle in a controllable manner; facet geometry is varied with 

position to selectively direct the angular cone of light from each face to 
create a preferred viewing zone 232 at a finite distance; a transverse 
lenticular diffuser 234 is shown in phantom; an LCD display 236 or other 
transparent image is also shown in phantom; the more converging N.A.­
matching section is advantageous in combination with the faceted 
redirecting layers. because the redirecting and low~index layers do not 

· need to overly the more converging section; therefore, the input aperture 
(and thus efficiency) of the device 10 is increased with minim.um increase 
in total thickn.ess of the device; (p) another preferred embodiment for 
LCD backlighting uses an eccentric coupler with a uniformity-enhancing 
diffuser shown in phantom in FIG. 12P; a converging half#tapered section 
240 or half~CPC (integral to the wedge layer 12) trru;isfonns a coupler 
output angular distribution to match more closely the input N ,A. of the 
wedge layer 12. A diffuser 239 (in phantom) can also be interposed 
bet\.veen light source 217 and the wedge layer 12, The sufficiently 
truncated. half-CPC 240 is just a simple tapered section. A bottom 
reflector 242 which is partially specular, partially diffuse is used to 
improve uniformity; FIG. 12P fmther shows au .initial reflector section 
244 which is slightly.roughened to reduce specularity, or alternatively 
shaped into a series of parallel reflective grooves, which thereby 
selectively reduces nonuniformities which would othentvise appear in the 
output near the thicker end; a top redirecting layer 246 is a 
refractinglintemally~reflecting faceted layer 248, with refracting surfaces 
250 convexly curved to smoothly broaden output angle in a controllable 
manner; facet geometry is varied \\>1th position to selectively direct 
angular cones of light from each facet to create a preferred viewing zone 
at a finite distance; a transverse lenticular diffuser 252 is shown in 
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phantom. ,.\lso included is an LCD display 254 or other transparent 
image shown in phantom. 

The more converging N.A. .. matching section (such as half tapered 
section 240) is advantageous in combination with the faceted redirecting 
layers, because the redirecting and low-index layers do not need to overly 
the more converging section; therefore, the light-accepting aperture of the 
device 10 is increased 'Without increasing the total thickness. The 
advantage is also conferred by the fully-tapered section 222 shoVv"ll in 
FIG. 120; but in comparison the half-tapered section 240 in FIG. 12P 
provides greater thlclmess reduction on one side, at the expense of being 
longer in the direction of taper for equivalent N .A. •matching effect. It 
can be desirable to concentrate the thickness .reduction to one side as 
shown, because the top surface low-index layer can be made thicker to 

improve uniformity. This configuration can be more easily manufactured 
because the bottom reflector layer can be integral to the coupler reflector 
cavity, ,i.,ithout need to bend a reflective film around a comer; (q) a 
bottom specular or diffusely reflecting layer 256 can be combined with 
single.-facet refracting top layer 258 in yet another embodiment (see FIG. 
12Q); and (r) in cases for interior lighting usage, a bimodal "bat~wing" 
ai1gular light distribution 260 is preferred; in FlG, 12R is shovm a top 
refracting layer 262 \\'1th facets 264 and has a curved front .surface 266 to 
smoothly broaden angular output and improve uniformity, with output 
light directed primarily into a forward quadrant~ a bottom reflecting 
layer 268 reflects light primarily through a back surface of a top 
redirecting layer, with output directed substantially into a backwards 
quadrant. 

As underst_ood in the art the various elements sho\\'11 in the figures 
can be utilized with combinations of elements in tapered luminaire 
devices, Examples of two such combination geometries are shown in 

FIGS. 13 and 14~ each figure also including features specific to the 
geometry shown, As illustrated in FJG, 13, two wedge.s 276 can be 
combined and formed integrally. This combination can provide hig_her 
brightness than a single wedge having the same extent because it permits 
two light sources to supply light to the same total area, While brightness 
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is increased for this device. efficiency is similar because two sources also 
require twice as much power as one source. A redirecting film 272 with 

facets 274 can be a single, symmetric design which accepts light from 
both directions as shown, Alternatively, the redirecting film 272 can have 
a different design for each vving of the butterfly. 

In FIG. 14 is shown a three dimensional rendition of a tapered disk 
270. such as sh.ovm in FIG. S, and is sectioned to .show the appearance of 
the various layers. A faceted redirecting layer 280 comprises concentric 
circular facets 282 overlying a tapered light~pipe portion 2S4. Directly 
over a light somce 288, overlying the gap at the axis of the light-pipe 
portion 284, the redirecting layer 280 takes the fonn of a lens (a. Fresnel 
lens 280 is shown, for example). Directly below the light source 288 is a 
reflector 290 positioned to prevent light from escaping and to redirect the 
light into the light-pipe portion 284 or through the lens. At least one 
opening is provided in the reflector to permit pass.age of elements, such as 
wires or light-pipes. 
Use of Imaging or Colored Layers 

AU embodiments of the invention can incorporate one or more 
layers which have variable transmission to form an image, or which 
impart color to at least a portion of the angular output. The image­
fonning layer can include a static image, such as a conventional 
transparent display; or a selectively controlled image, such as a liquid 
crystal display, The image#fonning or color~imparting layer can overlay 
one of the redirecting layers., or .alternatively it can comprise an 
intermediate layer between one of the low-index layers and the associated 
redirecting layer, or an internal component of a redirecting layer. For 
example. overlying image8 fonning layers 129 are shown in phantom in 

FIGS. 12C and 12G. Examples of an internal image-fanning layer 171 
are shown in FIGS. 12H and 12J. 

In one preferred embodiment, the image~fonning layer (such as 
129 and 170) is a polymer#dispersed liquid crystal (PDLC) layer. By 
proper arrangement of the layers, the image or color may be projected 
from the device ·within selected portions of the output angular 
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distribution. The image or selected color can be substantially absent in 
the remaining portions of the output angular distribution. 
Bi-modal Reflective Wedge for LCD Panel illumination 

In some applications it is desired to illuminate a single LCD panel 
selectively ,vith either ambient light or by active back-lighting .. In these 
applications ambient illumination is selected in well-lit environments in 
order to minimize power consumption by the display. When available 
environmental illmnination is too low to provide adequate display quality, 
then active ba.cklighting is selected. This selective bi-modal operating 
mode requires a bacJ.: .. illumination unit which can efficiently backlight the 
LCD in active mode, and efficiently reflect ambient light in the 
alternative ambient mode. 

The most widespread prior art bi-modal liquid crystal display is 
the '1traruflective display" 101, such as is shown in FIG. 16B. This 
approach uses a conventional back.light 102 and a transmissive LCD 
panel I 03,. with an intervening layer 104 which is partially reflective and 
partially transmissive. In order to achieve adequate ambient mode 
performance, it is typfoally necessary for the intervening layer 104 to be 
80-90% reflective. The resulting low ttansmissivity makes the 
transflective display 101 inefficient in the active mode of operation. 

Another embodiment of the invention is shown in FIG .. 17. This 
embodiment outperforms prior art transflective displays in the active 
mode, and demonstrates comparable performance in the ambient mode. 
In this embodiment the wedge layer 12 (index= n1) having the bottom 
surface 16 is coupled to a transparent layer 28 of index n2 < n 1, which 
can be an air gap. The n2 layer is coupled to a partially diffuse reflector 
layer l 05, This reflector layer I 05 is, for example; preferably similar to 
the reflectors used in conventional LCD panels used in ambient mode 
only, as shown in FIG. 16A. Overlaying the wedge layer top surface 14 
is a faceted redirecting layer 106, .such as a lenticular diffuser with micro 
lenses approximately parallel to the y-axis. A liquid czystal display 
panel 107 overlays the faceted redirecting layer 106. The back surface 20 
of the wedge layer 12 is coupled to the light source 22, 
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The lenticular redirecting layer 106 and the wedge~layer 12 are 
substantially transparent to the incident and reflective light, so that in 
ambient mode the device 10 operates in a manner similar to conventional 
ambient~mode--only displays. When an active mode is selected, the light 

source 22 is activated, and the multiple ]ayers act to spread the light 
substantially uniform.ly over the device 10 by virtue of the relationship 
between the indices of refraction. and conve.rgence angles of the layers, as 
described before. The resulting uniform illumination is emitted through 
the top sm:face 14 of the wedge layer 12. In a preferred embodiment,, the 
reflector layer 105 is nearly specular in order to ma.ximize ambient-mode 
performance. In this preferred embodiment the light emitted from the top 
surface is emitted largely at grazing angles, unsuitable for transmission by 

the LCD display panel I 07. The redirecting layer 106 redirects a fraction 
of this light by a combination of refraction and total internal reflection, as 
described hereinbefore. The redirecting layer 106 is preferably designed 
such that at least 10~20% of the light is redirected into angles less than 30 
degrees from the LCD normal, because typically the LCD transmission is 
highest in this angular range. It is sufficient to direct only a fraction of 
the back~illumination into suitable angles, because the prior art 
transflective display is quite inefficient .in the active mode of operation. 
Processing Polarized Light 

In another aspect of the invention, the light being processed by the 
optical device 10 has an :inherent polarization (such as, linear, circular 
and elliptical) that can be used to advantage in improving the illumination 
from a liquid crystal display ("LCDn) system or other output which 
depends on using polarized light In a system which employs an LCD, it 
is necessary to remove one type of polarized light 308 and pass to the 
LCD layer only the other type of polarized light For example in FlG, 30 
a conventional polarization layer 312 preferentially absorbs one 
polarization of light amounting to about one~half the input light from light 
source 306, with the preferred polarization light being transmitted to LCD 
layer 316. The polarized light of the proper polarization is processed by 

the liquid crystals and a seco;nd polarizer 314 in the desired manner to 
provide the displayed feature of interest. In such a conventional system 
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about half the light from the light source is l

1unwan.tedn and thus is lost 
for purposes of providing an LCD output of interest. Consequently, if a 

means could be found to utilize both types of polarized light (not 
removing light of an unwanted polarization), a substantial gain in 

efficiency and brightness can result for the liquid crystal display. The 
subject invention is directed in part to that end. and the following 
embodiments are preferred structures and methods for accomplishing that 
goal. 

In the most general explanation of a polarization filter, referring to 
FIG. 30B,. the function of a polarization filter layer 307 is to take the 
input light 308 consisting of two polarization states of type J and 2 and 
create transmitted light 3 09 consisting of polarization states 3 .and 4 and 

· reflected light 311 consisting of polarization states 5 and 6. This can be 
related to our specific references hereinafter to a "first" and "second" 
state as "states" 1,3 and Sas the 0 first polarization light 218" and 2,4 and 
6 as the 11 second polarization11 light 220. Thus, we assume that the fonn 
Qf states 3 and 5 are chosen so that they alone specify the light that is 
tran.smitted and reflected due to the light portion incident in polarization 
state 1, and let states 4 and 6 be associated with polarization state 2. 
However, the fonn of the polarization states need not he related m any 

more specific way. For some range of incident angles over some spectral 
wavelength range and for some specific selection of input polarization · 
states, the polarization filter layer 307 processes the input light 308 and 
produces output light 309 with a specific total power relationship, If we 
define the powers <Pi) in each of the polarization states (i, where 
i=l,2,3,4,5,6), the condition is: 

·~ p• 
->­p p 

l 1 

By definition1 any layer which exhibits the above characteristics 
over a suitable angular and spectral range is a form of the polarization 
filter layer 307. Generally. the polarization states considered can be of 
arbitrary type such as linear, circular, or elliptical. In later sections we 
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will quantify the performance of the polarization filter layer 307 by a 

degree of polarization (PT) defined as: 

where 

For lossless layers, the transmittance is related to the reflectance. R, by 

where 

Js1 = ~ I R1 and ~ 2 = ~ I R2 

There are a variety of implementations of a layer medium which 
has the properties described above for the polarization filter layer 307. 

These includet but are not restricted to, implementations containing one 
or more of the following types of layers: (1) thin-film layers produced by 

coating, extrusion, or some other process which are either non­
birefringent or birefringent and are designed to operate as optical 
interference coatings; (2) "thick" film layers which are more than a single 
quarter wavelength optically thick somewhere in the spectral band of 
interest and may be produced by stacking, coating, extrusion. lamination, 
or some other proce.ss and are designed to operate as a Brewster Stack 
even when the angles and indexes do not exactly match the Brewster 
angle conditions; (3) a combination of the thin~film and thick film 
approaches; (4) correlated, partially correlated, or uncorrelated surface . 
roughness or profile which results in polarization dependent scattering 
and produced by any method including etching, embos~ing, micro­
macb.ining, or other method; (5) and layers based on. dichroic material. In 
general, an aggregate layer formed by one or more the above layer types 
is a suitable form of the polarization filter layer 307 layer if it satisfies the 
general functional specifications described above for polarization filter 
layers. 
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The implementations of the polarization filter layer 307 can 
consist of either thin4ilm or thick .. film birefringent or non-birefringent 
layers. Particular examples and discussion ofbirefiingent layers ·will be 
provided in a labeled subsection presented hereinafter. 

One example embodiment of a thick film form of the polarization 
filter layer 307 is based on a specific design center wavelength (1.,0) and a 
specific design operating angle (8tnc) as shmvn in FIG. 30C and based on 
isotropic planar layers. Layers 313 in this design example consist of two 
types of alternating layers. called high (H) layer 314 and low (L) layer 
315 of optical refractive index nH and nL respectively, From Snelrs law, 
we know the angle with respect to the surface normals (8L,0H) at which 
the light 317 are traveling in any of the layer 3 13 in terms of the 
refractive indexes of the layers (nine, nL. nH} if we know the incidence 
angle. This implies: 

For p-polarized form of the light 317 incident on an interface between 
two optically isotropic regions, there is an ang]e called the Brewster's 
Angle at which the reflectivity of the interface is zero. This angle 
measured to the surface normal (8H!L, 8LJH) is; 

The reflectivity of the interfaces to s-polarized light at Brewster1s Angle 
can be significant The layers 3 i 3 which preferentially transmits the p­
polarization state is designed by spacing these :interfaces by quarter-wave 
optical thicknesses. Such quarter wavelength thicknesses (tL, q.I) are 
given by: 
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J 
t - C L-

4nL cos Or 

t - ... ..i., y-
4nsCOS0Ji 

PCT/US95104424 

One can show that the H and L indexe.s of refraction are related by the 
design equation: 

(::)' = (tr sin'II~ 

1-(:;)' sin'O~ 

As an example. consider the specific case of: 
nH = 1.5, nll'W = 1. 0, B,nc = 80\ /20 = 500nm. 

This implies that the design index of refraction of the low index layer and 
the physical thicknesses of the low and high index layers 314 and 315 
should be respectively nv=l.,31,tv=l45 nm, tfi=l lOmn. These can be. 
achieved by using sputtered glass and vacuum deposited lithium chloride 
for nn = 1.5 and n1 = 1.31, respectively. Assuming that the design is a 
matched design as in FIG. 30C, with the layers 313 surrounded by an 
index of refraction of 1.5, the reflecthity can be easily calculated with the 
welMmown Rouard's Method. This matching assumption is quite general 

as the outer surfaces could always be anti~reflection coated. The 
reflectivity for a variety of basic layer counts for the layers 313 is shown 
in Table I below; 

Table 1. Perf onnance data for the uolarizarion filter layer 307 
Laver Count S• Reflectivity PT 
I 0.069 0.036 
5 0.4S 0.29 
11 0.85 0.75 
15 0,95 0.90 
21 0.99 0.98 

There are a variety of similar alternative designs. More than a 
single refractive index may be used as pa,rt of the thin-film structure of 
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the layers 313. The surrounding layers need not be air and the exact 
number of low and high index layers is variable. The carrier or substrate 
could have other refractive index values. The layers 313 can be varied 
from their quarter-wave thickness at the design angle and the wavelength. 
so as to improve .spectral and angular bandwidths. In fact, the operability 
of the layers 313 can be quite broad band and the Brewster angle design 
does not have to be followed with great precision in index and angle. For 
example. you c-an trade offs-reflectivity ·with p,-transmission by changing 
refractive indexes. The whole system can be flipped \\-ithout changing its 
fwtction. 

A variety of preferred embodiments include at least two layers of 
different indices. Such arrangements have the nH and nt such that 
llHl'n L > 1.15 in order to minimize the nmnber of layers required for high 
polarization selectivity. Further, optical inte.rference is mo.st preferably 
used to enhance performance by using at least one layer with index n and 
thickness t such that SOnml (n2 -J)ll2 < t < 350nm! (n2 -1)112 . This 

relationship derives from the equations provided hereinbefore regarding 
ti.. and t}{. by noting that the wavelength is in the visible light range 400 
run to 700 run. that the incident light is near the critical angle so that n sin 
9 ~ 1 and optical interference effects are promoted by layers with an 
optical thickness between 1/8 and 1/2 of the light wavelength. Materials 
and methods for fabricating such layers are well-known in the art of 
multi-layer dielectric coatings. 

The Brewster Stack approach is similar to the thin-film approach 
described above except that the layers are many wavelengths thick and 

· tend to function largely on the basis of the incoherent addition of the 
waves rather than the coherent effect that occurs in optical interference 
coatings. The design of this form of the polarization filter layer 307 is the 
same as the design of the thin•film polarizer described above except that 
layer thicknesses are not important as long as they are at least several 
wavelengths thick optically. The lack of op:tlcal thickness effects 
suggests that the perfonnance of the Brewster Stack implementation 

· should generally be· Jess sensitive to spectral wavelength and angular 
variations. The transmission ratio defined in terms of the transmission of 
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the s and p polarized light (Ts, T p) of the set of N layer pairs in the 
geometry of FIG. 30D can be estimated using the approximate formula: 

J;i ~ [. 4(n,/ "-1)]1..-.r 
/T,, »11 

The results of applying this formula to a geometry with varying numbers 
of layer pairs is shown in Table 2 below: 

Table 2. Performance data for a Brewster Stack Form of the Filter Laver 307 

Laver Pairs T~ffn PT -
1 0.9755 ~-

20 0.61 ~-
50 0.29 0.55 

100 0.08 0.85 

Generally speaking. this type of the polarization filter layer 307 requires 
much larger index differences and many more layers for the same 
reflectivities. There is no sharp dividing line between the thin-ftlm 

design and the Brewster stack approach. As thickness increases. 
coherence effects slowly decrease and beyond some point which is 
dependent on the spectral band\\idth of the light signal; the coherence 
effects become small compared to incoherent effects. These examples 
described herein are simply the extreme of cases of the coherent and 
incoherent situations. 

In FIG. 19 are sho\.\n variations on one form of a polarized light 
luminaire system 204. In particular, in FIG. 19B, the system 204 includes 

a base layer 206 having a wedge-shaped, cross-sectional area with optical 
index of refraction n1, and a first surface 208 and second surface 210 
converging to defineat least one angle of inclination <t>. The base 
layer 206 further includes a back surface 211 spanning the first 
surface 208 and the second surface 210. Light 212 injected by a source 
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(not shown) through the back surface 211 reflects from the first and 
second surfaces and exits the base layer 206 when the light 212 decreases 
its angle of incidence relative to a nonnal to the first and second surfaces 
with each reflection from the surfaces 208 and 210 until the angle is less 
than a critical angle 8c characteristic of an interface between the base 
layer 206 and a first layer means, such as a layer 214. This layer 214 
includes at least a layer portion having index n2 less than n 1 disposed 
beyond the second surface 210 relative to the base layer 206, The first 
layer 214 enables the light 212 to enter the first layer 214 afte:r output 
from the base layer 206 when the light 212 in the base layer 206 achieves 
the angle of incidence less than the critical angle Ge characteristic of an 
interface between the base layer 206 and the layer portion having index 
n2 in the layer 214. 

The system 204 also includes a layer means for preferential 
processing of polarized light of one state relative to another .state, such as 
a polarization filter layer 216 (see pre"ious generic description of the 
polarization filter layer 307). In addition to the samples described for the 
filter layer 307, a further example of the polarization filter layer 216 is a 
birefringent material which will be described hereinafter in the context of 
particular embodiments in a separate subsection. In FIG. 19. the injected 

light 212 includes light 218 of a first polarization and light 220 of a 
second polarization. The filter layer 216 then interacts with the light 212 
to preferably output the light 218 of a first polarization state compared to 
the light 220 of a second polarization state. This filter layer 216 is 
disposed beyond the second surface 210 relative to the base layer 206, 
and thls filter layer 216 is also able to reflect at least part of the light 220, 
This reflected light 220 is then transmitted through both the first 
layer 214 and the base layer 206 and into a medium 207 having index n3 
( such as air), The light 218 on the other hand is output from. the 
system 204 on the side of the base layer 206 having the polarization filter 
layer 216. In FIG. 19B~ the light 218 is shown being output into a 
media 221 having index 114. In this embodiment in FIG. 19B, the 
relationship among indices is: 

n4 ?. n;i and 
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arcsin (lti I n1)-2¢ < arcsin (11:J J .ni) < arcsin (n2 / n1) + 2Cl> (9) 

In this preferred embodiment '½ and '½ can be air layers with "n" being 

approximately one. 
This same index relationship can apply to FIG, 19A which is a 

variation on FIG. 19B, but the first layer 214 of index n2 is disposed 
further from the base layer 206 than the polarization filter layer 216. In 
the embodiment of FIG. 19B, the first layer 214 is closer to the base 
layer 206 than the polarization filter layer 216. 

In another embodiment shown in FIG, 19C, the indices are such 
that Equation (10) below is followed and this results in the light 220 of 
second polarization state continuing to undergo internal reflectio~ rather 
than exiting through the first surface 208 as shown in FIGS. 19A and 
19B. The angle of incidence made relative to the polarization filter layer 
216 decreases with each cyclic reflection. The index n3 can thus be made 
small enough such that the light 220 will decrease its angle beyond the 
range where the filter layer 216 exhibits its preferred reflectivity of the 

light 220, Consequently, at least part of the light 220 can pass through 
the second smface 21 o. but is separated in angle of output relative to the 
light 218 of first polarization state. In the embodiment of HG. 19C the 
indices have the folfowing relationship: 

114 ~ nz and arcsin (f1:l / n1) < arcsin (n2 I ni)-4$ (1 O) 

The polarization filter layer 216 most preferably outputs the 
light 218 and reflects the light 220 when the angle of incidence is greater 
than: 

OP= arcsin[l-4<I>((tti / ~)2-1)1121 (ll) 

When light is incident at angles less than ep, the filter layer 216 can 
therefore be substantially transparent to light of both polarization·states 
(i.e .• the light 218 and the light 220). 

In another embodiment of the invention shown in, for ::.:xample, 
FIGS. 20A~C. the system 204 includes light redirecting means, such as. a 
light reflector layer 222 in FIG. 20A. or more generically, a light 

redirecting layer 224 as sho'1+'11 in FIGS. 20B and 20C. In general for the 
inventions of the device 10 (system 204 in FIG. 20), we can d.efi:neUght 
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redirecting means in terms of the propagation directions of light rays 
incident on. and departing from. the light redirecting layer 224, Consider 
the case of a light ray propagating parallel to a writ vector ,; in an optical 

medium having an index of refraction ni, If u is a unit vector 
perpendicular to the redirecting layer 224 at the point oflight ray 
inddence and. directed. away from the redirecting layer 224 toward the 
side from which the incident light ray originates. then the incident light 

ray interacts with the light redirecting layer 224 to produce light rays 
which depart from the region of interaction. If the departing light rays 
propagate parallel to a distribution of unit vectors fc in an optical medium 

having index of refraction nc, then light redirecting means includes any 
layer which processes the incident light ray such that the departing light 
ray has one of the following properties with respect to incident light rays 
throughout the operative angular range: 

(1) nt.'(r., x u) is not equal to nj(.f;xu) 

for at least 25% of the departing light rays; (12) 

(2) ~ = f;-2(u • r;)u for at least 900/o of the departing light rays. (13) 

The light redirecting layer 224 can redirect light according to 
condition (I) in Equation (12) if (a) the light interacts with optical 

surfaces which are rough, (b) if the light interacts ~i.th optical surfaces 
which have a different slope from the incident surface, or (c) if the 
redirecting layer 224 diffracts the light into appropriate angles. For 
example, light redirecting means according to condition {l) may be any 
combination of transmissive or reflective, diffusive or non-diffusive, and 
prismatic or textured layer. In addition. the light redirecting means can 

. be a diffraction grating, a hologram. or a binary optics layer. 
A light redirecting means which redirects light in accordance with 

condition (2) of Equation (13) is a specular reflector. Examples of such a 
specular reflector can be a metallic coating (e.g., the light reflector layer 
222 in FIG. 20A can be a metallic coating), a multi-layer dielectric 
coating or a combination of these. In each case, the internal and external 
surfaces are preferably smooth and mutually parallel 

Microsoft Exhibit 1002 - Page 2108 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



W095/27915 :PCT/US95/04424 

53 

In FIG. 20A one of the preferred embodiments includes light 

reflecting. redirecting means in the fonn of the reflector layer 222 which 
reflects the light 220. The reflector layer 222 is disposed beyond, or 
underlying, the frrst surface 208 of the base layer 206 and preferably is a 
flat, specular reflector, such as a metallic coating. Also shown is an 
intervening layer 223 of index n3 disposed between the base layer 206 
and the reflector layer 222. This .intervening layer 223 can be considered 
to be part of the base layer 206, or a separate layer, depending on the 
functional interaction between the base layer 206 and the inte1vening 
layer 223. The index of refraction n3 of this intervening layer 223 can be 
adjusted to controllably affect the resulting spatial and angular 
distribution of the light 212 after encountering the layer 223. 

As can be seen,. for example, in FIGS. 20B and 20C the light 

redirecting layer 224 can be positioned at different locations, and each 
layer 224 can also have different characteristics enabling achievement of 
different light output characteristics as needed for a particular application. 
Further examples of light redirecting means and uses, as well as specific 
embodiments, are illustrated in the remaining figures and will be 
described in detail hereinafter. 

In another embodiment of the polarized light luminai.re 
system 204, light converting means is included and is illustrated as a 
polarization converting layer 226 in FIGS. 21 and 22, for example. In 
these illustrated embodiments. the indices have Il4 ~ n2 and the 
conditions of Equation (9) must in general be met In these embodiments, 
a light converting means includes a layer which changes at least part of 
one polarization state (such as the light 220) to another polarization state 
(such as the light 218, or even light 227 of a third polari.7..atio.n state, 
which can be, for example, a combination of the first and second state)-

The polarization converting layer 226 has the function of changing 
the polarization state to another state, such as rotating polarization by 90° 
(ri:/2). Moreover. such conversion is most preferably done for oblique 
incidence, As one example we describe the nature of such conversion for 
a uniaxial birefringent material where the index of refraction 
perpendicular to the optic axis is independent of direction. Many 
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preferred materials, such as stretched fluoropolymer films are of this type. 
More general birefringent materials where 1he index of refraction is 
different in all directions can also be used following the general me1hods 
described herein. To understand the polarization conversion process, we 
first review the case for normal incidence. 

As shown in FIG. 30E, a plate .229 of birefringent material has its 

transverse axis along vector Kand the optic axis is along vector I {see 
vectors in FIG. 30F). For a stretched biremngent film. the direction of 
stretch would be along vector I. Vectors I, J, Kare an orthogonal triad of 
unit vectors along the x,y,z axes. For normal incidence, the wave normal 
is along vector K. We can describe the polarization of the 
electromagnetic wave by its displacement vector D. Let D' be the 
polarization of the ordinary ray, and D" the polarization of the 
extraordinary ray. Let n' be the ordinaiy index of refraction; and let n" be 
the extraordinary index of refraction. We can orient the optic axis of the 
birefringent plate 229 so that it makes an angle of 451:1 (n/4) to the 
incident polarization vector Do. This vector has two components 
Dox=(I/✓2)Docos mt and Doy=(I/✓2)Docos mt Upon emerging from 
the birefringent plate 229, the D vector has components Dox={l/✓ 
2)Doeos (cot..S") and Doy=(ll..Jl)Docos (rot,.o'), where 6' = (2x/11.)n1l and 
o"=(21t!A.)n"'~ where his the plate thickness. Hence the phase difference_ 
introduced is S' .. 611 = I {2nlA)(n1•-n1

) I h. In particular, if the emergent light 
has polarization vector D at right angles to the .intial polarization vector 
D\ we need 61-611=1t ( or more generally 6t-o"=(2m+ l )n:, where m is any 
integer). This means the thickness h should be chosen ash= I (2m+l)/(n"­
n') I ').)2. 

1n summary, we choose the thickness bin accordance with the 
above relation and orient the optic axis at 45t:1 to the incident polarization. 
In a preferred fonn of the invention such as in FIG.· 26B, the light 

traverses the converting layer 226 biretiingent plate 229 twice. so that the 
actual thickness should be one-half of that specified above, In other 
words,, the thickness is the well known '}J4 plate, Any reflections from a 
metallic mirror 231 introduces an additional phase shift of approximately 
n to both components and does not change the conclusions. 
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In an embodiment wherein the light has oblique incidence \\'Ith the 

converting layer 226 (see FIG. 26B), it is first necessary to sh.ow that 
splitting of the incident beam into two beams (the well-knovro 
birefringent effect) does not cause difficulties. The reason this is not a 
problem is that the two beams emerge parallel to the initial direction, but 
slightly displaced from one another. Toe tw'o beams are coherent with 
each other and tl1e displacement is <A. The angular splitting is 
fl8;:::: tan B i:/J.n I n where 0c is the critical angle and 

lln = (n"-n')~n = (n"+n')I 2. The displacement is 
~ hti 8 I cos Be = htin I n tan 0c I cos Oc. But, we will choose 

ht:.nl cos0;::;• ...ti 4. so automatically the displacement is <J., and the two 
light beams can be treated as one. 

The geometry of oblique incidence on a uniaxial fonn of the 
birefringent plate 229 is somewhat complicated, and thus to simplify 

matters, we. introduce the Eulerian angles as shown in FIG. 3OF. The 
relations between the (ij.k) vector triad and the (l,J,K) ventor triad can be 
read from Table 3. 

TABLE3 

I J K 
I - sin ♦ sin lV cos$ sin 'V sin0cosw 

+cos0cosd,cosw + cos e sin qi, cos w 
j -sin tj) cos w cos $ cos '!I- cos e sin $ sin0sin w 

.. cos cb cos a sin w sin w 
k sine cos (p sin 9 sin cf, cose 

Let the nonnal to the air/plate interface = K, the direction of the incident 
wave nonnat = k. and the optic axis of the plate 229 = t We wish to 
rotate the incident polarization Do by 90°, Since the incident polarization 
Do is in the interface plane, it is consistent to let Do be along io so that w 
o = id2. The polarization D' of the ordinary ray is perpendicular to both I 
and k Therefore, let D' be along i', Now i'x = 0, From Table 3 we 
conclude that tamtl=cot~ cosO, The polarization of the extraordinary ray 
D11 is perpendicular to both D' and k. Therefore, \jJ"~'±tt/2, \Ve choose 
w"=\1l-1t/2, and then tan \Vu = tan$/cos9. To achieve the desired output, 
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we can appropriately orient the birefringent plate 229. Just as in the 
nonnal incidence case, we let WO to be at 45° to the D' and D" directions. 
Therefore, we chose w'=x/2, and then tan+=cose. For a typical case, 
where 8 is close to 8c ~ 40°, + 1t.137°. In practice, for a range of incidence 
angles and wavelengths one would readily adjust ♦ experimentally to get 
the most complete polarization conversion, using the above formulae as a 
starting point and guide. We next determine the thickness, ~ of the 
birefringent plate 229. As in the case of normal incidence, the condition 
is: h=j(2m+l)/(ntt-n1~.t/2. However, the extraordinary index of 

refraction n" now depends on the angle of incidence 0 and must be read 
off the index ellipsoid: (1/ n11)2 = (1 / 11o)2 sin2 8+ (1/ ne)2 cos2 B where 

no is the ordinary index of refraction and ne is the extraordinary index of 
refraction. Also note that n'=no. Typically, the index of retraction 
differences are small, <0.1 and approximately, (nit-~').~ (n4 - nc) cos2 0. 

In addition, the light path length for oblique :incidence is greater than that 

for normal incidence. The length h for oblique incidence is greater than 
-the thickness of the plate 229 by a factor of 1/cos e. Therefore, since the 
effective index difference is reduced by cos2e, but the path length is 
increased by I/cos a~ it follows that the thickness required for oblique 
incidence is larger than for normal incidence by= I/cos e. In practice, 
for a range of incidence angles and wavelengths one would adjust h 
experimentally to obtain the most complete, polarization conversion. In 
practice, for a range of incidence angels and wavelengths. one can adjust 
♦ experimentally to obtain the most complete polarization conversion, 
using the above formulae as a starting point and guide. 

In another example embodunent the conversion of light of one 
polarization into another polarization state can be considered as involving 
three steps: (1) separation of different polari.TAtion states into 
substantially distinct beams at every point on the system 204, (2) 
polarization conversion without affecting the desired polarization and (3) 
light diffusion into an appropriate angular distribution without 
depolarization of the light output. _ 
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As described herein, a variety of methods can be used to separate 
the different polarization states in the system 204. For example, the low 
index layer 214 can be birefringent, as shown, for example, in 

FIGS. 3 lA-C. The layer 214 can be, for example, an oriented 
fluoropolymer convertor layer which creates two light beams 218 and 220 
of orthogonal polarization emerging from eve:ry point along the system 
204. This can be used provided two conditions are met. The first 
condition requires that the birefringence of the layer 214 is large enough 
to signifi.cantly prevent substantial overlap between the two polarized 
beams 218 and 220. This condition is summarized by Equations (15)-­
(17) where C is at least 1 and preferably greater than 4. The second 
condition is that the direction of birefringence orientation ( direction of 
stretch) of the first layer 214 is substantially parallel to they axis, 

For $=1-1.5 degrees, the birefringence must be at least 0.03-0.05 
to satisfy Equations (15)-(17). Measurements of the birefringence of 
various commercial fluoropolymer films yielded the following data 
(average index; birefringence): 

Tefzel 250 zh: (1.3961,0.054) 

Tefael 150 zm: (1.3979,0.046) 

Teflon PFA 200 pm: (1.347~.030) 

The wedge layer 206 laminated with the 250zh material produced 
just-separated polarized beams where even the Fresnel reflected parts did 
not overlap, 

ln another embodiment. one can achieve even greater angular 
separation of polarization by using a faceted redirecting layer comprised 
of a highly birefringent material. 

A third approach for separation of polarization states uses a sheet 

of polymeric. beam splitters consisting of an alternating structwe of 
birefringent/ transparent layers 427 shown in FIG. 30G and H. Such an 
array of the layers 427 can rest 011 top of a collimated backlight 428 and 
polarizes by selective total internal reflection. The index of the film of 
polymeric layers 429 parallel to the plane.of light mcidence is lower than 
that of a transparent layer 430, and the index perpendicular to the plane 
of light incidence is closely matched to the transparent layer 430, so that 
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an incoming collimated light beam 431 from the backlight 428 (inclined 
to the beam splitter layers 427) is split: the parallel polarized beam 431 is 
totally internally reflected, but the perpendicular component is 
transmitted. 

One example of this arrangement can be Mylar/Lexan layers. 
Mylar indexes are: (l.62752,1.6398.1.486). The Lexan index is: 1.586. 
The complement of the critical angle is twenty degrees; therefore, the 
beam splitter layer 427 will function as long as the complement of the 
incidence angle is less than twenty degrees ( in the Lexan). However. at 
glancing angles, Fresnel reflection causes reduction in the degree of 
polarization. For example, for thirteen degrees the Fresnel reflected 
perpendicular component is 9%. 

Another example of this arrangement of the layer 427 is uniaxial 
NylonJLexan. Nylon indexes are: ( 1.568, 1 . 529, 1 . 498). Here there are 
two critical angles, the complements of which are nine and nineteen 
degrees for perpendicular and parallel. respectively. So. the obliquity 
must be inside this angular range for polarization to be operative. Taking 
the same case for Fresnel reflection as for Mylar (thirte.e degree angle), 
the Fresnel reflected perpendicular component is only 5%, because the 
index matching is better. 

For either of these examples, each beam splitter layer 427 needs to 
have the appropriate aspect ratio such that all rays of the beam 431 have 
exactly one interaction with the film/Lexan interface. 

In one embodiment, once the light of different polarization states is 
separated into two orthogonally polarized beams at every position along 
the backlight 428, there must be a means of converting the undesired 
polarization to the- desired one, such as the polarization convertor layer 
346 in FIG, 31C and 429 in FIG. 30G. 

One method of performing the polarization conversion is by an 
alternating waveplate combined 'With a lens or lens array.. In the single 
lens method, a light beam 218 and 220 will_fall upon lenses focused to 
two nonoverlapping strips oflight of orthogonal polarization at the focal 

· plane. The alterriating wave plate acts to rotate the polarization of only 
one of the beams (220) by ninety degrees, the emergent light will be 
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completely converted to light 218. This can be effected by the presence 
of a half.wave retarder placed to capture only the light 220 of one 
polarization. This has been demonstrated visually "'i:th a large lens~ a 

plastic retardation plate; and Polaroid filters (Polaroid is a registered 
trademark of Polaroid Corporation). 

In a second approach using a lenticular array. one uses a thin sheet 
of lenses and an alternating waveplate structure ( with the frequency equal 
to the lens frequency)~ where the retardation changes by 180 degrees for 
each lens. For a lenticular array 1 mm thick, each image can be of the 
order of 5 thousandth of an inch in size so the registration of the 
lenticular array with the waveplate would have to be exact enough to 
prevent stack-up errors of less than one thousandth of an inch. 

Another method of performing the polarization conversion is by 

use of a double Fresnel rhombus ("DFR") which is another embodiment 
of a converting layer, such as the layer 346 in 3 lC and 427 in 30G. The 

DFR avoids registration problems by selectively retarding according to 
angle instead of position. Such a DFR causes the light .of first 
polarization state to suffer from total internal reflection events 
corresponding to 4 x 45° = 180° of phase shift, while the other 
polarization state light is only transmitted, so that the output light is 
completely polarized to the light of first polarization in one plane in the 
end. The DFR can be constructed, for example, by having four acrylic or 
Lex.an films each embossed with 45 degree prisms, all nested. For the 

DFR to cause retardation the two orthogonal plane polarized beams L and 
R (by a 1/4-wave plate). If the Lis transmitted by the DFR 1hen the R 
beam will get converted to the L beam by the DFR. Finally the L beam is 
converted to plane polarized by another 1/4-wave plate; 1he orientation of 
which determines the final plane of polarization. 

In a preferred embodiment shown in FIG. 21A. the converting . 
layer 226 is disposed on the opposite side of the base layer 206 relative to 
the polarization filter layer 216. In the embodiment ofFrG. 21B, the · 
converting layer 226 is disposed on the s.ame side as the polarization. filter 
layer 216. As can be seen by reference to FIGS. 21A and B, the 
converting layer 226 can even convert the light 218 and 220 to the light 
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of 227 of another third polarization state. This light 227 can be, for 
example. the light of a third polarization state or even a variation on, or 
combinations of, the first or second polarization states discussed 
hereinbefore. The resulting light polarization is dependent on the 
response characteristics of the converting layer 226. The converting layer 
226 can therefore be designed to respond as needed to produce a light of 
desired output polarization state; and in combination with appropriate 
positioning of the layer 226, one can produce an output light in the 
desired direction having the required polarization characteristics. 

In another fonn of the invention illustrated in FIGS. 22A-E. the 
converting layer 226 is utilized for other optical purposes. FIGS. 22. 23, 
24 E-F. 25#27, 28A .and C. and 29 all illustrate use oftbe converting layer 
226 to change the light 220 of the second polarization state to the light 
218 of the first polarization state. In additio~ the elements of the 
luminaire system 204 are arranged such that the light being processed will 
pass through, or at least encounter, one or more of the polarization filter 
layer 216 at least once after passing through the converting layer 226. 
For example, in the case of processing the light 220, the mangement of 
elements enables return of the light 220 to pass through the polarization 
filter layer 216 after passing through the converting layer 226. In some 
instances, the light 220 can encounter the polarization filter layer 216 two 
or more times before being output as the light 218 of the first polarization 
state, FIGS. 22A~E illustrate examples of a variety of constructions to 
achieve a desired output. In FIG. 22A, after the light 212 encounters the 
polarizing :filter layer 216, the reflected light 220 passes through the 
converting layer 226, and is converted to the light ~ 18. The light is then 
returned to the polarization filter layer 216 via internal reflection._ ln 
addition, in FIG .. 22B, the light 220 also passes through the converting 
layer 226, is converted to the light 218, and is then returned again to the 
filter layer 216 after internal reflection. In these cases, n3 is low enough 
such that the relationship among n1, nz and n3 in Equation (10) is met.· 

In the embodiments of FIGS. 22c .. E, a redirecting means in the 
form of the light reflector layer 222 is added to return the light 220 to the 

· pola.rinition filter layer 216. As de.sc.ribcd hereinbefore for the·· 
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embodiment of FIG, 20~ the intervening layer 223 has an index of 
refraction n3 which can be adjusted to affect the spatial and angular 
distribution of light encountering the layer 224. In a preferred form of the 
invention shown in FIGS. 22C~E. the layers of index n2 and n3 can 
include air gaps, and in the most preferred form of the invention the 
layers of index n2 are air gaps. 

FIGS. 24A-F illustrate a sequence of constructions starting ·with 
use of one of the polarization filter layer 216 in FIG. 24A and continuing 
construction of more complex forms of the luminaire system 204. In 
FIGS. 24C-F, there is added one or more of the light redirecting layer 
224, at least one liquid crystal display {"LCD") layer 230 and light 

matching means, such as a matching layer 232. The matching means acts 
to convert the light output by the assembly of the other layers to a 
particular polarization state preferred by a target device or additional 
layer, such as the LCD layer 230. The matching layer 232 is thus a 
special case of the converting layer 226. 

In FIGS. 23A-C are illustrated other forms of the polarized light 
luminaire system 204 in combination with the LCD layer 230. 1n one 
general form of the embodiment of FIG. 23A, a layer 234 is included, In 
more particular fonns of the inventions. for example as in FIG. 23, the 
preferred value ofn2 is about 1 (see, for example, FIGS. 23B and C). In 
certain forms of FIG. 23~ nz>l can also be utilized. Alternatively, 
preferably choices for the relationship among indices of refraction are set 
forth in Equation (9) and (10). 

Further examples of preferred embodiments are shown in FIGS. 
26A and B, and in FIG. 26A is included a cold cathode fluorescent tube 
CCCFT") light source 236. This embodimentfuriher includes an angle 

transformer layer 238 which operates to change the angular distribution 
of the light. This angle transformer layer 238 can. for example, change 
the distribution in the xz-plane to control the spatial umformity of light 
output from the device 10. In the preferred embodiment, the distribution 
of the output light 250 is substantially unifonn in its spatial distribution 
over at least 90% of the output surface. In addition, the angular 
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distribution of the light 212 in the XZ•plane is approximately ±{}max with 

respect to the normal to the back surface 211, where 

1l . tr 

2 -0c +6$;?: 0max ~ 
2 

-Br: (14) 

and the back surface 211 is about perpendicular to at least one of the first 
surface 208 and the second surface 210. The angle transformer layer 238 
can be a tapered light-pipe sectio~ a compound parabolic concentrator ( a 
"CPC,.), a micro•prismatic film (FIG. 28C) a roughened,.surface layer, or 
a hologram. The angle transformer layer 238 is most preferably optically 
coupled to the base layer 206 without an inten-ening air gap. The angle 
transfonner layer 238 can also operate to change, and preferably narrow, 
the light distribution in the yz-plane to improve brightness, LCD image 
quality. and viewer privacy as well. ln addition, in FIG. 26A, an output 
diffuser layer 248 has been added before the LCD layer 230 to broaden 
the angular distribution and enhance unifonnity of output light 242 
provided to the LCD layer 230, 

In another preferred embodiment of FIG, 26B, a CPC 239 is 
coupled to a light source 244 operating to help maintain output light 250 
v.rithin the proper angular distribution in the xz plane. In addition, one 
can control the range of angular output by use of a light redirecting 
means, such as a prismatic redirecting layer, such as the layer 246, using 
flat prismatic facets, such as the facets 247, See, for example, this type of 
layer and prismatic facets in FIGS. 28C, D and E and FIGS. 29A and B 
and the description in detail provided here.inafter. This embodiment as 
sho\\>n in FIG. 28E refers to the prismatic layer 25 l and facets 253, and 
this embodiment also adds after the LCD layer 302 a light diffuser 
layer 304 for broadening light distribution in a specific plane. In a most 
preferred form of this embodiment, for example. shown in FIG. 28E, the 
light 242 is directed to pass through the LCD layer 302 within a narrow 
angular range in the xz~plane, The elements of the luminaire system 204 
are therefore constructed to assist in providing transmission of the light 
242 through the LCD layer 302 at an angle where the image forming 
properties are optimized, With the diffuser layer 304 positioned on the 
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other side of the LCD layer 302 relative to the base layer 206, the diffuser 
layer 304 can broaden the angular distribution of viewer output light 250 
without diffusing the light 250 in the xy .. plane_ For example. the diffuser 
layer 304 can be a 11parallel .. diffuser which can take the fonn of a 
holographic diffuser or lenticular diffuser with grooves substantially 
parallel to the y-axis. Viewers at a wide range of angles can then see the 
image which is characteristic of the optimal angle for the light 242 which 
is subsequently transmitted through the LCD layer 302 to fonn the 
light 250. Example configurations utilizing this fonn of general 
construction are thus shown in FIGS. 28D and E and FIGS. 29A and B, 
Further, F[GS. 28D and E and FIG. 29A also include a transverse diffuser 
layer .252 which diffuses the output light 242 provided to the LCD layer 
302 only in the ")''"plane in order to improve uniformity without 
broadening the distribution of the light 242 in the xz#plane. For 
example, the transverse diffuser 252 can be a holographic diffuser or a 
lenticular diffuser 'With grooves substantially parallel to the z-axis. 
Further details will be described hereinafter. 

In FIGS. 27A and Bare additional preferred embodiments wherein 
the first layer means of index of refraction n2 is most preferably not air. 
These embodiments show different examples of the light redirecting 
layer 224. Ftnther, in FIG. 27A medium 254 having index n3 need not be 

air, but the various indices of the system 204 must meet the requirements 
of Equation ( 10) to achieve the total internal reflection illustrated. In 
FlG, 27B the medium 254 is air, the light redirecting layer 224 has curved 
facets 256, and the light 245 is focused within a preferred. viemng zone 
258, 

The embodiments of FIGS. 28 and 29 preferably utilize an air gap 
layer 260 as th.e first layer means, The layer 260 enable.s light to enter the 

. layer 260 after the light 212 has achieved an angle of incidence less than 
the critical angle 0c characteristic of an interface between the base layer 
206 an.d the air gap layer 260. The embodiment of FIG. 28B includes a 
first redirecting layer 262 between the base layer 206 and a diffuser layer 
264 and a second redirecting layer 265 on the other side of the base layer 
206. This first redirecting layer 262 includes refracting/internally 
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reflecting prisms 266 while the second redirecting layer 265 includes 
refracting prisms 268. Two of the polarization filter layer 216 are 
disposed either side of the base layer 206. each transmitting the 
appropriate light 218 or 220 which is passed through the associated light 
redirecting layer. 262 and 265, respectively. 1n FIG. 28C is a more 
preferred embodiment wherein the light redirecting layer 246 comprises a 
refracting/internally reflecting layer having the relatively small prisms 
247. The surface angles of each of the prisms 247 can vary across the 
illustrated dimension of the redirecting layer 246 in a manner described 
hereinbefore. This variation in angle enables focusing different cones of 
light coming from the prisms 24 7 onto the preferred viev.'lllg zone 258 
(see FIG. 27B). The light reflector layer 222 can be a metallic coating as 
described hereinbefote. 

The reflector layer 222 can be applied to the converting layer 226 
by conventional vacuum evaporation techniques or other suitable 
methods. The other layers, such as the redirecting layer 246 can be 
fonned by casting a transparent polymeric material directly onto the 
matching layer 232 {see FIGS. 24 C·F .and 28C and D). The polarization 
filter layer 216 can likewise be manufactured by conventional methods, 
such as deposition of multiple thin layers directly onto the base laye.r 206. 
Also included is an angle transformer layer 274 coupled to the back 
surface 211 (see FIG. 28C). This angle transfonner 274 includes 
prisms 276 which broaden the angular distribution of input light 212 to 
the base I.ayer 206 to help provide a more spatially uniform f onn of the 
output light 218 to the LCD layer .230. Other forms of the angle 
transformer layer 274 can be a roughened layer and a hologram (not 
shown) coupled to the back surface 211 (or other input surface) without 
an intervening air gap. 

In the preferred embodiment of FIG. 28D, a first prismatic light 

redirecting layer 249 is disposed between the base layer 206 and the 
polarization filter layer 216. This redirecting layer 249 reduces the angle 
of incidence of light 280 incident on the polarization filrer layer 216. A · 
second prismatic light redirectin~ layer 282 then redirects light 284 
output from the filter layer 216 to an LCD layer 302 with a post diffuser 
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layer 304, operable as a parallel diffuser as described hereinbefore. This 
embodiment further includes the CCFT light source 236 with a reflector 
290 having a position following at least a portion of an involute of the 
light sourc.e 236 inner diameter. Another portion of the reflector 290 

directly opposite the back surface 2 l l is convexly curved or bent 

In the preferred embodiment of FIG, 28E a light redirecting 
layer 25 I comprises refracting micro prisms 253. A polarization filter 
layer 296 is disposed adjacent a converting layer 298. and the transverse 
diffuser layer 252 is positioned between the redirecting layer 251 and the 
LCD layer 302. A parallel diffuser 304 is disposed on the light output 
side of the LCD layer 302 with the light 242 directed through the LCD 
layer 302 at a preferred angle to optimize output light 301 for best image# 
fonning quality of the LCD layer 302 ( contrast, color fidelity and 
response time). 

The embodiments of FIGS. 29A and B show some of the 
advantages of some forms of the invention over a conventional LCD 
polarizer system 304 shown in FIG. 30A, In FIG. 30A, a prior art 

backlight 306 emits light 308 of both polarizations in nearly equal 
proportions. A typical prior art LCD layer arrangement 31 O includes a 
first fonn of polarization filter 312 and a second form of polarization 
filter 314 with the liquid crystal layer 316 sandwiched therebe.tween. In 
this LCD layer arrangement 310, the first polarization filter 312 must 
provide a high polarization ratio, that is, it must have an extremely low 
transmission of light of the second polarization state which is unwanted 
for input to the liquid crystal layer 316 in order for the LCD layer 
arrangement 310 to provide adequate LCD contrast. In practice. the 
polarization filter 312 has a high optical density for the desired light of 
the first polarization state as well. The resulting.losses therefore further 
degrade the LCD light transmission and image output. In contrast to this 
prior art arrangement 310. the invention provides a much higher 
percentage of light which is preferred by the LCD layer anangement 316 
thereby making use of a substantial portion of the light of the unv.,anted 
second polarization .and also minimizing loss of the desired light of the 
first polarization state. 
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In the embodiment of FIG. 28A this advantageous processing of 

the light 218 and the light 220 for the LCD layer 316 is accomplished by 

positioning the converting layer 226 adjacent the base layer 206. 
Disposed adjacent the converting layer 226 is the polarization filter layer 
216. The light redirecting layer 224 includes curved microprismatic 
facets 318 to broaden the angle of light distribution in the xz plane and 
improve the uniformity of light distribution output from the lunrinaire 
system 204. A transverse diffuser 320 is preferably laminated to the light 

redirecting layer 224 or can be formed on opposite sides of a single 
polymeric layer (not shown). The polarizing filter layer 216 can be 
laminated or is disposed directly onto the converting layer 226 which in 
turn is laminated or deposited directly onto the first smface 208. 

In the preferred embodiment of FIG. 29A the advantageous 
processing of the light 218 and the light 220 for the LC~ layer 302 is 
accomplished by using a first polarization filter layer 324 and a second 
polarization filter layer 322. The first :filter 324 can, however, have a 
relatively low polarization ratio compared to the prior art polarization 
filter 312. For example, the polarization filter layer 324 can have a lower 
dye concentration than the prior art filter 312. This difference enables 
higher LCD light transmission and improved image-forming properties 
described hereinbefore. This preferred embodiment utilizes a post 
diffuser layer 328 which is coupled to an LCD system 330 (the 
combination of the layer 324. the liquid crystal layer 302 and the layer 
322). Preferably the post diffuser layer 328 is laminated to, or integrally 
formed with, the second polarization filter layer 322. 

In the preferred embodiment of FIG. 29B,. the advantages are 
achieved by using oiµy pne polarization filter layer 248 which results in 
reduced cost for the luminaire system 204 and increased light . 
transmission. In. this embodiment the light output through the matching 
layer 232 is preferably at least 90% composed of light 218 of the LCD 
preferred polarization state. A coupled angle transfonner 334 coupled to 

the back surface 211 reduces the angular width of light distribution in the 
yz plane, and this reduced angular distribution further improves quality of 
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the output light 250 making up the LCD image from the luminaire 
system 204. 

Bire:fring~nt Layers inLumingir~ Systems 
A birefringent material can be used to advantage in the polarized 

light luminaire system 204 discussed hereinbefore. In the embodiment 
illustrated in FIG, 3 IA, the first layer 214 can be a birefringent material 
of index n2 with two different optical indices n2a and n2p for the light 

212 of two different polarization states t•a" and "b", both indices being 
less than one. This light 212 encounters the layer 214 near the respective 
critical angles for these two polarization states, 

B,.a = a.resin (n2a Ifft) 
(JcP = arcsin (llzo I n1) 

(15) and 
(16) 

The conditions of Equation (10) must be satisfied for n2 equal to both n2 
a, and n213, independently. The light 212 of both polarization states 

decreases its angle of incidence by an angle 2¢ for each cyclic reflection 
from the first surface 208 and the second surface 210 as described 
previously. In this embodiment n2a > n213 and therefore 8ca > 8cp- As 

the incidence angle for both polarization states decreases. the light 212 of 
both polarization states can e11counter the interface with the birefringent 
first layer 214 with the light having an incidence angle less than the first . 
critical angle 8ca, but exceeding the second critical angle He~· 

Therefore, light 218 of the first polarization state is at least partially 
transmitted th.rough the birefringent first layer 214, while the light 220 of 
the second. state is preferen.tially reflected by total internal reflection. 
This reflected second-state light 220 and the residual first~state light 218 
continue to decrease their angles of incidence with successive reflections, 
The light 218 of the :first polarization state is transmitted at each 
successive encounter with the interface between the first layer 214 and 
the base layer 206. The light 220 of the second state continues to undergo 
total internal reflection at this interface until its angle of incidence 
becomes less than the second critical angle 8cfj. at which point this 

· · second~state light 220 also is at least partially transmitted through the 
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birefringent first layer 214. By virtue of th.is mechanism and of the 
difference in indices n2a and n2P, the light ex.iring the birefringent first 

layer 214 has a different angle distribution for the two polarization states 
"a" and "b". 

Birefringent mate.rials can in general include crystalline materials 
having an anisotropic index of refraction. A preferred material is a 
stretched polymeric film such as stretched fluorinated film. The 
stretching orients the film and makes the index of refraction different 
along that direction. Elsewhere we give birefringence values of these 
stretched fluoropolymer film with tin ranging from 0.030-0.054. Other 
films are PV A (Polyvinylalcohol). Polypropylene, Polyolefm or even 
Polyester (Mylar} Mylar is actually biaxial, but may still be used to 
rotate polarization. More traditional uniaxial birefringent materials are: 
Calcite and Quartz. These are not as practical as the stretched films. In 
practice the two polarization states are well-separated only if the two 
indices are sufficiently different. This condition may be expressed as. 

Bea~ 9cp +s0 (17) 

where s must be at least 1 and is preferably greater than four. This 
condition may be achieved. for example, using uniaxially oriented 
iluoropolymer material for the birefringent layer, acrylic polymer for the 
base layer 206 and reasonable values 
of <fl (between one and one-and-a-half degrees is typical for notebook 
computer LCD backlighting). 

FIG. 3 IB is like FIG. 3 lA. but the redirecting layer 224 has been 
added; and the preferred embodiment uses air for the layer 207 having 
index n3. The light 218 and the light 220 are output from the system 204 
at different angles. 

FIG. 31 C illustrates another variation ori FIGS. 3 lA and B, but the -
redirecting layer 224 comprises a flat faceted reflective layer 340 ... The 
light 218 and also the light 220 are directed to a converting layer 346 
which transmits the light 218 without substantially changing its 

polarization state; however, the converting layer 346 does convert the 
light 220 to the light 218 of the desired _first polarization state, The 
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converting layer 346 sho'\\'ll in FIG. 31 C has a construction that operates 
to convert the light polarization only \\rithin the angular range occupied 
by the light 220. The converting layer 346 thus utilizes the schematically 
illustrated angular separation of the light 218 and the light 220 to carry 

out the conversion of the light 220 to the light 218 without converting the 
light 218 to the light 220, 

In the embodiments ofFIGS. 31D and E, the reflected form of the 
light 220 is returned to the interface of the base layer 206 with the 

birefringent first layer 214. This is accomplished by virtue of total 
internal reflection of the light 220 together 'With passing at least twice 

through the converting layer 346, which results in at least partially 
converting the light 220 into the light 218 of the first polarization state. 
Since this light 218 has an incidence angle less than the first critical angle 
0ca, the light 218 is transmitted th.rough the interface between the base 

layer 206 and the first layer 214. This light 218 can then be reflected or 

transmitted by the redirecting layer 224, depending on the particular 
nature of the redirecting layer 224. The alternatives of transmitted and 

reflected light are shown in phantom in FJGS.. 31D and E. Further, in the 
embodiment of FIG. 31D, the converting layer 346 is on the same side of 
the base layer 206 as the birefringent first layer 214, The converting 
layer 346 is also disposed between the base layer 206 and the birefringent 
first layer 214. The embodiment of FIG. 3 lE shows another variation on 
FIG. 31D with the converting layer 226 and the birefringent first layer 
disposed on opposite sides of the base layer 206. 

In the embodiment of FIG. 3 lF the system 204 is similar to the 
embodiment of FIG. 31D, but the redirecting layer 224 comprises a layer 
of facets 311. In the embodiment of FIG. 31 G, the system 204 further 
includes the LCD layer 302, the matching layer 232, and the diffuser 
layer 304 is disposed in a spatial position after the light 218 has passed 
through the LCD layer 302. The redirecting layer 224 comprises the 
layer of microprisms 251 having flat faces and a metallic coating 342 for 
high light reflectivity. Also shown is the angle transformer layer 238 to 
control the spatial distribution of the light 2.53 output from the system 
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204. The embodiment of FIG. 3 IH is similar to the embodiment in FIG, 
31 G. but the system 204 uses curved facets 345 for the redirecting 
layer 224 with facet angles adjusted at different spatial lot.ations to focus 
the output light 250 onto a preferred vie\\1ng zone, The angle 
transformer 238 is illustrated as a CPC. 
Light Diffuser After LCD Layer Processing 

In the embodiments shown in FIGS. 12N and 120 the LCD 
display 216 or 236 provides an output light to the viewer. In a further 
improvement of these embodiments a post diffuser layer 350 .is disposed 
in the path of the light 250 output from the LCD layer 302 (see FIG. 32A 
and B). In. the preferred embodiments shown in these figures. 'the general 
operation is similar to the embodiments illustrated in FIGS. 26B, 28D and 
E; 29A and B and 31 G, but without .any of the polarization filter 
layers 216. As described hereinbefore, it is advantageous to provide light 

to the LCD layer 302 in a collimated angular range, preferably 
substantially perpendicular to the LCD layer 302 to optimize the image 
output therefrom, The use of the post diffuser layer 350 allows the output 
light 253 to provide an image to viewers over a wide angular range 

without compromising light contrast and color ·fidelity. 
One aspect which is preferably controlled in a system including 

the post diffuser layer 350 is the width in the xz-plane of the angular 
distribution transmitted through the LCD layer 302. The output angular 
distribution preferably has a full width less than 

A0 Fi = (2nw{d) {18) 

and a full width less than half of this value is even more preferred, In this 
equation A8pd is in radians, ntco is the average index within the· LCD· 
layer 30.2, I is the repetition period of display pixel rows in the z-· .... 
direction. and dis the thickness of the LCD layer 302. For a typical LCD 
used in notebook computers, nu:n is approximately 1.5, / = 0.3 mm, and d 
= 3 mm. For this example, AOpd is preferably less than 18 degrees, and a 
full~width of nine degrees or less .is even more preferred. By compariso~ 
Equation (8) can. be used to calculate the output angular width of the 
current invention using a flat•facet prismatic redirecting layer, $U~h as is 
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shown in FIG, 32A (layer 359) or in FIGS. 28B (layer 262). For a typical 
notebook computer backlighting system, ct>= 1.3 degrees and n = 1,49, 
In this example, Equation (8) gives an output angular distribution of 
eighteen degrees. 

FIG. 32A shows a preferred arrangement of the system 204 having 
a parallel form of the post diffuser 350 disposed overlying the LCD layer 
302. Also included is a holographic angle transformer 364 disposed on 
the back surfac,e 211. 

In another embodiment shovm in FIG. 32B a refracting/internally 
reflecting layer 360 includes curved facets 362 in order to narrow the 
angular distribution in the xz~plane of light 364 directed through the LCD 
layer 302, and thereby to improve image quality by reducing parallax at 
the post diffuser layer 350. The embodiment has the curved reflecting 
facets 362, but flat refracting facets can achieve the desired function as 
wel11 as sho\\-n in FIG. 32C. Jn either case, the curved facets 362 
preferably have a focal length less than the repetition period between 
each of the facets 362. The angular distribution in the xz..plane is 
preferably narrowed beyond the width given in Equation (8), and is most 
preferably narrowed beyond the width given fu the equation above. In 
addition, the facet angles of the redirecting layer 224 are arranged to 
focus th.e light output from different portions of the sysyem 204 onto a 
preferred viewing zone. This figure also shows the micro-prismatic 
angle«transfonning layer 274. 

In FIG. 32C is shown a variation on the embodiment of FIG. 32B. 
In the system 204 an LCD layer arrangement 370 differs from the prior 
art LCD layer arrangement 310 illustrated in FIG. 30. 1n particular. a 
parallel light diffuser layer 372 (such as a holographic diffuser) is 
disposed between the LCD ]ayer 302 (layer 316 :in FIG. 30) and the 
second polarization filter layer 322 (layer 314 in FIG. 30). This 
arrangement enables the second polarization filter layer 322 to reduce ihe 
glare which can otherwise be caused by ambient light being reflected by 

the diffuser layer 372. FIG. 32C further shows a light redirecting layer 
374 having curved refracting facets 376 which perform the same angle 
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narrowing function as the curved reflecting facets 362 shown in FIG. 
328. 

While preferred embodiments of the inventions have been sho'Wn 
and described, it will be clear to those skilled in the art that various 
changes and modifications can be made without departing from the 
invention in its broader aspects as set forth in the claims provided 
hereinafter. 
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In the Claims: 

1. An optical device for operating on light from a source and 
for selectively outputting light to a viewer* comprising: 

a base layer having a wedge-shaped cross-sectional area 
and having an optical. index of refraction n1, and a first and a second 
surface converging to define at least one angle of inclination ♦, said base 
layer further including a back surface spanning s.aid first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said :first and second layer surfaces and achieves an angle of incidence 
less than a critic.al angle 0c relative to the nonnal; 

first layer means including a layer having index n2 less than 
· n 1 disposed beyond said second surface relative to said base layer and for 
enabling light to enter said first layer means after output from said base 
layer when the light in said bas·e layer achieves the angle of incidence less 
than the critical angle Oc characteristic of an interfac.e between the base 
layer and said layer of index n2~ and 

second layer means for preferably outputting light of a first 
polarization state compared to a second polarization state, said second 
layer means being disposed beyond said second surface relative to said 
base layer and said second layer means further able to reflect at least part 
of the light having the second polarization state. 

2. The optical device as defined in Claim 1 further including 
light redirecting means for controlling angular range of light to be output 
from said optical device. 

3. The optical device as defined in Claim 1 wherein said base 
layer includes an additional layer coupled thereto. 

4. The optical device as defined in. Claim 1 fmther including 
light converting means for changing light of the second polarization st.ate 
to light of the first polarization state. 

5. Toe optical device as defined in Claim 4 wherein said 
second layer means is disposed on the opposite side of said base layer 
relative to said converting means. 
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6. The optical device as defined in Claim 4 further including 

fight redirecting means for controlling angul.ar range .of light to be output 
from said device, said second layer means being disposed on the same 
side of said base layer as said light redirecting means and also closer to 
said base layer than said light redirecting means. 

7. The optical device as defined in Claim l wherein at least 
one of said first and second layer means comprises a light converting 
means for at least partially changing light of one polarization to another 
polarization, 

8. The optical device as defined in Claim 1 further including 
light redirecting layer means for changing the angle of light for output to 
the viewer, 

9. The optical device as defined in Claim 8 wherein said light 

redirecting means further comprises means for controlling angular range 
of light output 

10. The optical device as defined in Claim 8 further including 
converting means for at least partially changing light of one polarization 
to light of another polarization. 

11. The optical device as defined in Claim 1 further including 
at least one intervening layer disposed between said base layer and said 
first layer means, said intervening layer allowing transmission of at least 
part of the light and said intervening layer wherein said first layer means 
is comprised of at least an air gap. 

12, The optical device as defined in Claim 10 wherein said 
converting means comprises a birefringent layer. 

13. The optical device as defined in Claim 1 wherein said first 
layer means is disposed one of (a) further from said second surface than 
said second layer mean.s and (b) nearer said second surface than said 
second layer means, 

14. The optical device as defined in Claim 1 further including a 
liquid crystal display disposed adjacent said device with light redirected 
to said display by said optical device. 

15. The optical device as defined in Claim 1 wherein said first 
layer means includes an air gap. 
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16. An optical device for operating on light from a source and 

for selectively outputting light to a viewer. comprising: 
a base layer having a wedge•shaped cross .. sectional area 

and having an optical index of refraction n1• and a first and a second 
surface converging to define at least one angle of inclination $, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said fust and second layer surfaces and achieves an angle of incidence 
less than a critical angle 0c relative to the normal; and 

layer means coupled to said base layer for preferably 
outputting light of a first polariz.ation state compared to a second 
polarization state, said layer means further able to reflect at least part of 
the light having the second polarization state. , 

17. The optical device as defined in Claim 16 wherein said 

layer means includes a layer with index of refraction n2 less than n l · 
18. The optical device as defined in Claim 17 wherein said 

layer means is coupled directly to said base layer. 
19. The optical device as defined in Claim 17 wherein said 

layer means includes an air gap. 
20, The optical de"iice as defined in Claim 17 wherein said 

layer means comprises light converting means for at least partially 
changing light of one polarization to light of another polarization and also 
includes light redirecting layer means for operating on the light to control 
the angular output range of the light to the viewer. 

21. The optical device as defined in Claim 20 wherein said light 
converting means and said light redirecting layer means are disposed 
adjacent one another. 

22. The optical device as defined in Claim 20 wherein said light 
converting means comprises a birefringent layer. 

23. The optical device as defined in Claim 22 wherein said 

birefringent layer is disposed on one side of said base layer compared to 
said light redirecting layer means. 
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24. The optical device as defined in Claim 17 wherein said 
layer means comprises a birefringent layer. converting means for 
changing light of the second polarization state to light of the first 

polarization state and light redirecting layer means for operating on the 
light to exert control over angular output range of the light to the viewer. 

25. The optical device as defined in Claim 24 wherein said light 
redirecting layer means is disposed further from said base layer than said 
birefringent layer and said converting means. 

26. The optical device as defined in Claim 25 wherein said 
converting means is disposed closer to said base layer than said 
birefringent layer. 

27. The optical device as defined in Claim 17 wherein said 
layer means further provides light of the first polarization state being 
transmitted through said first surface of said base layer and part of the 
light of the second polarization state being transmitted through said 
second surface of said base layer 

28. An optical device. for operating on light from a source and 
for selectively outputting light to a viewer, comprising: 

a base layer having a wedge-shaped cross~sectional area 
and having an optical index of refraction n1, and a first and second 
surface converging to define at least one angle of inclination ♦, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the no:rmal to at least one 
of said first and second surfaces and achieves an angle of incidence less 
than a critical angle 8c relative to the normal; 

first layer means including an air gap disposed beyond said 

second surface relative to said base layer and for enabling light to enter 
· said air gap after output from said base layer when the light in said base 
layer achieves the angle of incidence less than the critical angle 0c 
characteristic of an interface benveen the base layer and said air gap. 

second layer means for preferably outputting light of a first 
polarization· state compared to a second polarization state, said second 
layer means also disposed beyond said second sunace relative to said 
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base layer and said second layer means further enabling reflection of at 
least part of the light of the second polarization state~ and 

light redirecting means for operating on light having passed 
through said base layer to enable the light to be output from said device.· 

29. The optical device as defined in Claim 28, wherein said 
redirecting means includes means for operating on the light having passed 
through said second layer means to control angular output of the light 

30. The optical device as defined in Claim 29 wherein said light 
redirecting means operates on said reflected light and redirects the 
reflected light toward said second layer means. 

3 L The optical device as defined in Claim 30 wherein said light 

redirecting means is disposed beyond said top surface relative to said 
base layer. 

32. The optical device as defined in Claim 31 wherein said light 
redirecting means includes at least a reflecting layer. 

33. A.n optical device for operating on light from a source and 
for selectively outputting light to a viewer, comprising: 

a base layer having a wedge .. shaped cross•sectional area 
and having an optical index of refraction n1• and a first and second 
surface converging to define at least one angle of inclination $, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said first and second surfaces and achieves an .angle of incidence less 
than a critical angle Oc relative to the normal; 

firs.t layer means comprising an air gap layer disposed at 
least beyond said first surface relative to said base layer and for enabling 
light to enter said first layer means after output from said base _layer when 
the light in said base layer achieves the angle of incidence less than the 
critical_ angle 0c characteristic- of an interface between said base layer and 
said .air gap layer; and , 

second layer means for preferably outputting light of a first 
· · polarization state compared to a second polarization state, said second 

layer means disposed beyond said second surface relative to said base · 
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layer and said second layer means including an air gap and further 
enabling reflection of at least part of the light having the second 
polarization state. 

34. Toe optical device as defined in Claim 33 furtlu:r including 
a redirecting layer overlying said first layer, said redirecting layer 
transmitting light toward the ,iiewer over a controlled angular range. 

35. Toe optical device as defined in Claim 33 \\rherein said 
secoud layer me.ans further comprises converting means for changing at 
least part of the light of the second polarization state to provide light of 
the first polarization state for output to the viewer. 

36. The optical device as defined in Claim 33 wherein the light 
comprises at least one of linearly polarized light, circularly polarized light 
and elliptically polarized light. 

37. The optical device as defined in Claim 35 wherein said 
second layer means converts light from the second to the first polarization 
state with at least a ten percent efficiency. 

38. The optical device as defmed in Claim 33 wherein said 
second layer means is transparent to light having both the first and second 
polarization states. 

39. The optical device as defined in Claim 33 wherein said 
second layer means causes less than a ten percent change of angular 
distribution of the light output to the viewer for light incident at an angle 
x relative to the surface normal wherein, 

1( fr . nit 
- 2: X ~ - - 8112 P'2[ -. - 1]1'"' 
2 2 nf 

where n I = index of refraction of said base layer _and n2 = index of 
refraction of said first layer means. 

40. The optical device as defined in Claim 33 further including 
third layer means disposed between said base layer and the viewer, said 
third layer means for converting light of one polarization state to another 
polarization state, 

41, The optical device as defined in Claim 40 wherein said 
third layer means further includes a liquid crystal layer electrically 
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activated for converting the polarization of light passing therethrough 
from one polarization state to another polarization .state. 

42. The optical device as defined in Claim 33 further including 
an air gap layer between said liquid crystal layer and a separate layer 
portion forming said third layer means, for converting light from the first 
to the second polarization state. 

43. The optical device as defined in Claim 35 wherein sajd 
means for changing polarization has an index of refraction n 2 1.4. 
thickness 2 5µm and is birefringent such that i\n > 0.05. 

44. The optical device as defined in Claim 33 wherein said 
birefringent second layer means comprises at least one of a biaxially 
oriented layer and a uniaxially oriented layer of birefringent materiaL 

45. The optical device as defined in Claim 43 wherein said 
birefringent second layer means is selected from the group consisting of 
polyester, acrylic and polycarbonate materials. 

46. An optical device for operating on light from a source and 
for selectively outputting light to a viewer, comprising: 

a base layer having a wedge-shaped cross~sectionaJ area 
and ha\-ing an optical index of refraction n1• and a first and a second 
surface converging to define at least one angle of inclination ♦, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said first and second surfaces and achieves an angle of incidence less 
than a critical angle 8c relative to the nonnal; 

first layer means including an air gap at least one of 
disposed beyond said first surface and beyond said ·second surface· 
relative t_o said base layer and having an optical index of refraction n2 for 
allo-wing transmission of light received from said base layer; and 

converting layer means for changing light of one 
polarization state to another polarization state. said converting layer 
means disposed at least one of overlying and underlying said base layer. 

47. The optical device as defined in Claim 46 further including 
-light redirecting means at least one of overlying and underlying said first 
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layer means, said redirecting means for selectively redirecting tight output 
from said first I.ayer means. 

48. The optical device as defined in Claim 46 further including 
a reflecting layer beyond said second surface relative to said base layer 
for reflecting Light of the second polarization state received from said 
base layer. 

49. The optical device as defined in Claim 46 further including 
second layer means for preferably transmitting light of one polarization 
relative to another. 

50. The optical device as defined in Claim 48 further including 
means beyond said reflecting layer relative to said base layer for rotating 
light of the second polarization state to provide light of the first 
polarization state for output to the viewer. 

5 l. The optical device as defined in Claim 50 further including 
third layer means disposed between said first layer and the viewer. said 
third layer means for converting light of the first polarization state to light 
having an LCD preferred polarization state. 

52, The optical device as defined in Claim 51 wherein said 
third layer means comprises a birefringent layer. 

53, An optical device for operating on light from a source and 
for selectively outputting light to a viewer, comprising: 

a base layer having a wedge-shaped cross-sectional area 

and having an optical index of refraction n1• and a first and a second 
surface converging: to define at least one angle of inclination ip, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said first and second smfaces and achieves an angle of incidence less 
than a critical angle 0c relative to the normal; 

first layer means including an air gap beyond said seco.nd 
surface relative to said base layer and said base layer first surface for 
enabling light to enter said layer means from said base layer when the 
light in said base layer achieves the ang~e of incidence less than the 
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critical angle 6c characteristic of the interface benveen the base layer and 
the layer means; 

light redirecting means for operating on light having passed 
through said base layer and for outputting the light toward the viewer; 
and 

second layer means disposed in a layer position being a 
layer beyond said first surface relative to said base layer and being a layer 
beyond said light redirecting means relative to said base layer. said 
second layer means for preferably transmitting light of a first polarization 
state compared to a second polarization state and for preferably reflecting 
light of the second polarization state, 

54. The optical device as defined in Claim 53 wherein said 
second layer means is disposed beyond said first surface relative to said 
base layer and the optical device further includes another light redirecting 
means disposed beyond both said second layer means and said first 
surface relative to said base layer. 

55. Toe optical device as defined in Claim 53 wherein said 
redirecting means comprises at least one of a reflective layer able to 
reflect light and a transmissive layer able to modify the angular 
distribution of light passing therethrough. 

56. The optical device as defined in Claim 53 wherein said 
second layer means is disposed beyond a first one of said light redirecting 
means, relative to said base layer, with an air gap disposed between said 
base layer and said second layer means and another air gap disposed 
between said second layer means and a second one of said light 

redirecting. means. 
57. An optical device for operating on light fr.on1 a source and 

for selectively outputting light to a viewer. comprising: 
a base layer having a wedge-shaped cross-sectional area 

and having an optical index of refraction ni, and a first and a second·· 
surface converging to define at least one angle of inclination 4,, said base 
layer further including a back surface spanning said first and second 
surfaces, and the light exiting said base layer \'¥<hen the light being 
reflected therein decreases its angle relative to the normal to at least one 
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of said first and second surfaces and achieves an angle of incidence less 
than a critical angle 8c relative to the normal; 

first layer means including an air gap at least one of 
disposed beyond said first surface relative to said base layer and beyond 
said bottom layer surface relative to said base layer and having an optical 
index of refraction n2 for allowing transmission of light received from 
said base layer~ 

second layer means for preferably transmitting light of a 
first polarization state relative to a second polarization state, said second 

· layer means disposed at least one of (a) disposed beyond said first surface 
and said first layer means relative to said base layer and (b) disposed 
beyond said second surface and said first layer means and said .second 
layer means further enabling reflection of at least part of the light having 
the second polarization state; 

light redirecting means for operating on the light reflected 
by said second layer means and redirecting it back toward said second 
layer means; and 

third layer means fo:r converting at least p.art of the light of 
the second polarization state to light of the first polarization state. 

58. The optical device as defined in Claim 57 wherein said light 
redirecting means includes a reflective layer disposed underlying said 
second surface of said base layer and said second layer means overlying 
said base layer. 

59. The optical device as defined in Claim 57 wherein said 
third layer means is disposed between said second layer means and said 
light redirecting means. 

60. The optical device as defined in Claim 58 wherein said 
third layer means is disposed between said reflective layer and said 
second layer means. 

6L The optical device as defined in Claim 60 wherein said 

third layer means is disposed above said first surface along with said 
second layer means. 
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62. The optical device as defmed in Claim 60 wherein said 

third layer means is disposed below said second surface along with said 
reflective layer. 

63. The optical device as defined in Claim 57 wherein said 

second layer means comprises a plurality of layers of material having 
alternating high and low indices of.refraction. 

64. The optical device as defined in Claim 63 wherein the 
indices of refraction RH {hi,_,2h index) and nL (low index) meet the 
requirement 

tan(k = o/nL; 
tan BL = o/nw and 

2 2 ~ 2 l nnnL : nu + ni 
65. The optical device as defined in Claim 64 wherein the 

thickness of each layer of said plurality of layers is about one quarter the 
wavelength of light in said layers, 

66. The optical device as defined in Claim 64 wherein the 
thickness of each layer of said plurality of layers is at least twice the 
wavelength oflight in said layers. 

67. An optical device for operating on light from a source and 

for selectively outputting light to a viewer, comprising: 
a base layer having a wedge~shaped cross-sectional area 

and having an optical index of refraction n1, and a first and a second 
surface converging to define at least one angle of inclination 9, said base 
layer further including a back surface spanning said first and second 
surfaces. and the light exiting said base layer when the light being 

reflected therein decreases its angle relative to the ·normal to at least one 
of said first and second layer surfaces and achieves an angle of incidence 
less than a critical angle 8c relative to the normal; 

layer means for preferably outputting light of a first 
polarization state compared to a second polarization state, said layer 
means includillg a first filter layer means for filtering the light to pass 
preferably said light of' first polarization state and said layer means 
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further including converting means for changing at least a part of said 
light of second polarization state to said light of first polarization state; 

a liquid crystal display layer positioned to receive said light 

of first polarization state and output said light to the viewer; and 
light diffuser means for diffusing light output from said 

layer means and said liquid crystal display layer to broaden the light in a 
narrow angular distribution in a plane thereby outputting light to a viewer 
over a range of viewing angle without distorting image quality. 

68. The optical device as defined in Claim 67 wherein said 
layer means comprises at least one polarization filter layer and at least 
one light polarization converting layer. 

69, The optical device as defined in Claim 67 wherein said light 
diffuser means comprises a parallel light diffuser. 

70, The optical device as defined in Claim 67 wherein said light 

diffuser means comprises a light redirecting layer having a prismatic 
faceted surface. 

71. An optical device for operating on light from a source and 
for selectively outputting light to a viewer, c-0mprising: 

a base layer having a wedge-shaped cross-sectional area 
and having an optical index of refraction n1• and a first and a second 
surface converging to define at le.a.st one angle of inclination ♦, said base 
layer furthe.r including a back surface spanning said first and second 
surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the nonnal to at least one 
of said first and second layer surfaces and achieves an angle of incidence 
less than a critical angle 0c relative to the normal; and 

first layer.lJleans including a layer having index n2 less than 
n 1 disposed beyond said second surface relative to said base layer and for 
enabling light to enter said first layer means after output from said base 
layer when the light in said base layer achieves the angle of incidence less 
than the critical angle Sc characteristic of an interface between the base 
layer and said layer of index n2; and e • 

a liquid crystal display layer positioned to receive the light 
output from said first layer means and output said light to the viewer; and 

. . . . 
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light diffuser means for diffusing light output from said 

layer means and said liquid crystal display layer to broaden the light in a 
narrow angular distribution in a plane thereby outputting light to a viewer 
over a range of viewing angle without distorting image quality. 

72. The optical device as defined in Claim 71 further including 
at least one of a reflector layer, a light redirecting layer, and a transverse 
diffuser disposed nearer said base layer than said liquid crystal display 
layer. 

73. An optical device for operating on light from a source and 
for selectively outputting light to a viewer. comprising: 

a base layer having a wedge-shaped cross-sectional area 
and having an optical index of refraction ni, and a first and a second 
surface converging to define at least one angle of inclination ~. said base 
layer further including a back surface spanning said first and second 

surfaces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the nonnal to at least one 
of said first and second layer surfaces and achieves an angle of incidence 
less than a critical angle 8e relative to the normal; 

first layer means including a layer having index nz less than 
n 1 disposed beyond said second surface relative to said base layer and for 
enabling light to enter said first layer means after output from said base 
layer when the light in. said base layer achieves the angle of incidence less 
than the critical angle 0c characteristic of an interface bem·een the base 
layer and said layer of index n2; 

second layer means for preferably outputting light of a first 
polarization state compared to a second polarization state; said second 
layer means being disposed beyond said second surface relative to said 
base layer and said second layer means further able to reflect at least part 
of the light having the second polarization state; 

light redirecting means for controlling angular range of light to be 
output from said device; and 

a liquid crystal display layer positioned to receive said light of said 
fust polarization state for output to the viewer. 
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86 
74, The optical device as defined in Claim 73 wherein said 

second layer means comprises at least one of a polarization filter layer 
and a polarization converter layer. 

75. An optical device for operating on light ftom a source and ' 
for selectively outputting light to a viewer, comprising: 

a base layer having a wedge-shaped crosswsectional area 

and having an optical index of refraction n1• and a first and a second 
surface converging to define at least one angle of inclination t"p, said base 

layer further including a back surface spanning said fust and second 

surf aces, and the light exiting said base layer when the light being 
reflected therein decreases its angle relative to the normal to at least one 
of said first and second surfaces and achieves an angle of incidence less 
than a critical angle 0c relative to the nomml; 

layer means including an air gap at least one of disposed 
beyond said first surface and beyond said second surface relative to said 
base layer and having an optical index of refraction n2 for allo'Wing 
transmission of light received from said base layer; 

converting layer means for changing light of one 
polarization state to an.other polarization state. said converting layer 
means disposed at least one of overlying and tmderlying said base layer; 

a liquid czystal display layer positioned to receive said light 
of said first polarization for output to the viewer. 

76. The optical device as defined in Claim 75 further including 
light diffuser means for diffusing light output from said layer means and 
said liquid crystal display layer to broaden the light in a .selected narrow 
angular distribution. 

77. The optical device as defined in Claim 75 wherein said 

layer means comprises at least one polarization filter layer and at least 
one light polarization converting layer. 

78. The optical de'\>ice as defined in Claim 75 wherein s.aid light 

redirecting means comprises at least one of a ~ight redirecting layer 
disposed above or below said base layer and (2) a light redirecting layer 

· disposed adjacent s.aid back surface. 
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Art Unit 2618 
( Not for submission under 37 CFR 1.99) 

Examiner Name I PRINGLE-PARKER, JASON A 

Attorney Docket Number 409001 
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
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Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.18 

Microsoft Exhibit 1002 - Page 2236 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



Application Number 16057566 

Filing Date 2018-08-07 
INFORMATION DISCLOSURE First Named Inventor I Eric Sommerlade 
STATEMENT BY APPLICANT 

Art Unit 2618 
( Not for submission under 37 CFR 1.99) 

Examiner Name I PRINGLE-PARKER, JASON A 

Attorney Docket Number 409001 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Brian E. Harris/ Date (YYYY-MM-DD) 2019-03-08 

Name/Print Brian E. Harris Registration Number 148383 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PCT/US2018/045648 16.10.2018 

PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: PENNY L. LOWRY 
5700 FLATIRON PARKWAY 
BOULDER, CO 80301 

Applicant's or agent's file reference 

409002 

International application No. 

PCT/US2018/045648 

Applicant REALD SPARK LLC 

PCT 
NOTIFICATION OF TRANSMITTAL OF 

THE INTERNATIONAL SEARCH REPORT AND 
THE WRITl"EN OPINION OF THE INTERNATIONAL 
SEARCH!NG AUTHORITY, OR THE DECLARATION 

(PCT Rule 44. I) 

Date ofma,1,ng 

76 OCT 20i8 (duylmonlhlyear) 

FOR FURTHER ACTION See paragraphs 1 and 4 below 

International filing date 
(day/month/year) 07 August 2018 

The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been cstabl ishcd and arc transmitted herewith. 

2.0 

3. □ 

f"iling of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (sec Rule 46): 
\Vhcn? The time limit for filing such amendments is normally two months from the date of transmittal of the international 

search report 
How? Directly to the International Bureau of WI PO preferably through ePCT or on paper lo, 34 chem in d..:s Colombettes 

121 I Geneva 20. Switzer] and. Facsimile No.: +4 1 22 33 8 82 70 
for more detailed instruction,, see PCT App/team ·s Guide, International Phase, paragraphs 9 .0 04 - 9. 0 I I . 

The applicant is hereby notified that no international search report will he established and that the declaration under 
Article l 7(2)(a) to that effect and the written opinion of the International Searching Authority are transmilled herewith. 

With regard to any protest against payment of (an) additional fee(s) under Ruic 40.2, the applicant is notified that: 

D 
□ 

the protest together with the decision thereon has been transmitted to the International Bureau together with any 
request 10 forward the texrs of both the protest and the decision thereon to the designated Offices. 
no decision has been made yet on the protest; the appl ieant will be notified as soon as a decision is made. 

4. Reminders 
The applicant may submit com men ts on an informal basis on the written opinion of the International Searching Authority 
to the International Bureau. These comments will be made available to the public after international publication. The 
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary 
examination report has been or is to be establ ishcd. 
Shortly alter the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau_ If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach th..: International Bureau before the completion of the technical prcpararions for 
international publication (Rules 90bis. l and 90bis3) 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherv,,ise, the applicant must, within 20 months from the priority date, perform the 
prescribed acts for entry into the national phase before those designated Offices. In respect of other des,gnaled Oflices, the 
time limit of]0 months (or later) will apply even ifno demand is filed within 19 months. For details about the applicable time 
limit~, Office by Office, see www.wipo.int/pct/en/texts/time_limits html and th..: PCT App/1cant 's Guide, National Chapters. 

Within 22 months from the priority date, the applicant may request that a su pplcmcntary international search be carried 
out by a different lntemational Searching Authority that o flhs th is service (Rul c 4 5 bis. 1 ). The procedure for requesting 
supplementary international search is described in the PCT Applican/ 's Guide, International Phase, paragraphs 8.006-8.032. 

Name and majling address of the ISA/US 
Mail Slop PCT, Attn: ISNUS 
Commis5[oncr fof Pat~rits 
PO_ Sox 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-8300 

Form PCT/ISA/220 (July 2017) 

Authorized officer 

Blaine R. Copenheaver 

PCT Holpds:sk· 57i-272-4300 
Telephone No. PrT n~P• .,._,n_,n, 
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PCT/US2018/045648 16.10.2018 

Applicant's or agent's file reference 

PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

FOR FURTHER see Form PCT/JSA/220 
409002 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (daylmanthlyear) (Earliest) Priority Date (day/month/year) 

PCT/US201 81045648 07 August 2018 08 August 2017 

Applicant 
REALD SPARK, LLC 

This international search report has been prepared hy this Imcrnational Searching Authority and is transmitted to the applicant 
according to Article l 8. A copy is being transmitted to the International 13ureau. 

This international search report consists of a total of ~ sheets. 

D It is also accompankd by a copy of each prior art documenl cited in this report. 

L B0sis oft he re po rt 

2. 

3 

a. Wilh regard to the language, the international search was carried out on the basis of 

~ the international application in the language in which 11 was filed. 

b. □ 

C. □ 

~ 

□ 

D a tran,lation of the international application into _______________ which is the language of 
a translation furnished for the purposes of international search {Rules 12.3(a) and 23 .1 (b)). 

This international search report has been established taking into account the rect ilica tion of en o hvi ons mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43 .6b1s(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international appl1catwn, see Box No. I. 

Certain claims were fonnd unsearchable (sec Box No. II). 

Unity of invention is lacking (see Box No. 111) 

4. With regard to the title, 

~ the text is approved as subrn itted by the applicant. 

D the text has been established by this Authority to read as follows: 

5 With regard to the abstract, 

[ZI 

□ 
the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may, 
within one month from the date of mailing of this international search report, submit commcms to this Authority. 

6. With regard 10 the drawings, 

a. the figure of the drawings to be published with the abstract is figure No. _3 ____ _ 

IZ] as suggested by the applicant 

D as selected by this Aulhority, because the applicant failed to suggest a figure. 

D as selected by this Authority, because rhi s figure better characterizes Che invent ion. 

b. D none of the figures is to be published with the abstract. 

Form PCT/ISA/210 (flrst sheet) (January 2015) 
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PCT/US2018/045648 16.10.2018 

INTERNATIONAL SEARCH REPORT International application No. 

PCT/US2018/045648 

Box No. II 0 bserva lions where cc rtai n claims we re found u nseare ha hie [Con tin ua tio n of itc rn 2 of first sheet} 

This international search report has not been established in respect of certain claims under Article l 7(2)(a) for the following reasons: 

l D Claims Nos.: 
because they rel ate to subject matter not required to be searched by this Authority, namely: 

2. D Claims Nos .. 
because they rel ate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

3. ~ Claims Nos .. 6-19, 22-24, 31, 32 
because they arc dependent claims and arc not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Ohserva ti ons where unity of invention is lad<i ng (Con tin u ati on of i tern 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1 D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. □ 

3. □ 

4. □ 

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention firsr menrioned in the claims; it is covered by cl aims Nos .. 

Remark on Protest □ 
□ 

The additional search fees were accompanied by 1he applicant's protest and, where applicable, the 
payment of a pro!est fee. 

□ 

The additional search fees were accompanied by !he applicant's protest but the applicable protesl 
fee was not paid within the t,me limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 

F orrn PCT/J SN2 l O ( continuation of fir.;! sheet (2)) (January 20 I 5) 
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PCT/US2018/045648 16.10.2018 

INTERNATIONAL SEARCH REPORT International application No. 

PCT /US20181045648 

A. CLASSIFICATION Of- SUBJECT MATTER 

I PC{8) - G06F 3/01; G06K 9/00; H04N 5/228; H04N 7/14; H04N 13/00 (2018.01) 
CPC- G06F 3/011: G06F 3/013; G06T 5/005: G06T 5/008: G06T 7/11 (2018.08) 

According to lnto:matiomtl Pato:nt Classification (IPC) or to both national classification and lPC 

R FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

See Search History document 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

USPC - 341!1222.1; 31!21167; 348/E5.024 (keyword delimited) 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

See Search History document 

C. DOCUMENTS CONS IDE RED TO BE R.ELE VA NT 

Category• Citation of document, with indication, where appropriate, of the rekvant passages Relevant to claim No. 

y US 2017/0195662 A 1 (REALD SPARK, LLC) 06 July 2017 (06.07.2017) entire document 1-5, 20, 21, 25-30, 33-36 

y WO 2016/132141! A1 (MAGIC PONY TECHNOLOGY LIMITED et al) 25 August 2016 1-5. 25-30, 33, 34, 36 
(25 08 2016) entire document 

y us 201410002586 A 1 (NOURBAKHSH) 02 January 2014 (02.01 2014) entire document 5 

y US 201210319928 A 1 (RHODES) 20 December 2012 (20. 12 2012) entire document 20,21, 34,35 

y US 2005/0104878 A1 (KAYE et al) 19 May 2005 (19.05.2005) entire document 28,29 

A US 2012/0114201 A 1 (LU ISi st al) 1 0 May 2012 (10.05.2012) entire document 1-5, 20, 21, 25-30, 33-36 

A US 2011 /0063465 A 1 (NAN U al al) 17 March 20 t 1 ( 17.03.2011) entire document 1-5, 20. 21 , 25-30. 33-36 

A US 201610219251! A 1 (REALD INC.) 28 July 2016 (21! .07.2016) entire document 1-5, 20, 21, 25-30, 33-36 

□ Further documcnL, arc listed in the continuation of Box C. □ See patent family annex. 

• Special categories of cited documents: «·1➔' later document pub] ished after che i n1ema1ional filing date orcfurioricy 
"A" document defining the general stale of the art which is not considered date and not in confljct with the ap~lieaticm but cited to un ersland 

to be of particular relevance the principle or theory underlying t e invention 
•'E" earlier application or patent but published on or afler the i ntemational "X" docu_mcnt of particular relevance; the claimed invention cannot_ be 

filing date constdEred novel or cannot be considered to mvol ve an mventL ve 
"L" document which may throw doubts on pnonty cla11n(s) or which is step when the document is taken alone 

cited to establish the pub] ,cation date of another citation or other "Y" document of particular relevance; 1hc claimed invention cannot he special reason (as speci fled) considered to invol vc an inventive seep when the document is 
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

mt:ans being obvious to a person skilled in the art 
'"P" document published prior to the mtemat1onal fill ng date but later than "&" document member of the same patent family 

the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

01 October 2018 16 OCT 2018 
Name and mailing address of the ISA/US A uthoriz~d officer 

Mail Stop PCT, Attn: ISNUS, Commissioner for Patents Blaine R. Copen heaver 
P.O. Box 1450, Alexandria, VA 22313-1450 

PCT H a~p de s'k: :57 i -27:2-4300 
facsimile No. 571-273-8300 PCT OSP: 571-272-7774 

Form PCTIJSN2 IO (second sheet) (January 2015) 
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PCT/US2018/045648 16.10.2018 

PA TENT COOPERATION TREATY 

From the 
INTERNAT!ONAL SEARCHING AUTHORITY 

To: PENNY L LOWRY PCT 
5700 FLATIRON PARKWAY 
BOULDER, CO 80301 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis. 1) 

Date of mailing 

16 OCT 2018 (day/month/year) 

I Applicant's or agent's file reference J<'OR FURTHER ACTION 

409002 See paragraph 2 below 

i International application No. I ntcmational filing date (doylmonrhlyear) Priority date (day/month/year) 

PCT/US2018/045648 07 August 2018 08 August 2017 

International Patent CI assi fication (I PC) or both national classification and J PC 

IPC(B) - G06F 3/01; G06K 9/00; H04N 5/228; H04N 7 /14; H04N 13/00 (2018.01) 

CPC- G06F 3/011; G06F 3/013; G06T 5/005; G06T 5/008; G06T 7/11 (2018.08) 

Applicant REALD SPARK, LLC 

l. This opinion contains indications relating to the following items: 

~ 13ox No. I 

□ Box; No. 11 

Basis of the opinion 

Priority 

[g] 13ox No. 

□ Box No 

III 

IV 

Non•establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

[g] Box No. V Reasoned statement under Ruic 43bi., l (a)(i} with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

D Dox No. VI Certain documents cited 

D Dox No. VII Certain defects in the international application 

D Box No. VIIJ Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international pre! irninary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority ("!PEA") except that this does not apply where the applicant chooses an Authority 
other than this one to be the !PEA and the chosen !PEA ha~ notified the International Bureau under Rule 66.1 bis(b} that writ1en 
opinions of this International Searching Authority will not be so considered. 

If this opinion is,~ provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the !PEA 
a written reply together, where uppropri ate, with amendments, before the expiration of 3 months from the date of mai I ing of Forn1 
PCT/ISA/220 or before the expiration of22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 
-------------------------------------··---~~--~----

Name and mailing address of the !SA/US Date of completion of this opinion Authorized officer 
Mail S!ap PCT, Ann. ISNUS 

Blaine R. Copenheaver Co mm is 5 ic n er fo.r Patents 01 October 2018 
P.O. Box 1450. Alexandria. VA 22313-1450 PCT Halpdlls'K: 571-27:2--4300 

Facsimile No. 571-273-8300 PCT OSP: 571-272-7774 

Form PCT/ISN237 (cover sheet) (January 2015) 
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Box No. I 

PCT/US2018/045648 16.10.2018 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of th is opinion 

International application No 

PCT IUS2018l045648 

l. With regard to the language, this opinion has been established on the basis of: 

[ZI the international appliea1ion in the language in which il was filed. 

D a translation of the intern alional application i nlO _____________ which is the language of a cranslation 
furnished for the purposes of international search (Rules 12 3(a) and 23. 1 (b)) 

2. D This opinion has been established taking inlO account the rec ti Ii ca ti on of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (Rule 43bis. l(a)). 

J_ D With regard to any nucleotide and/or amino acid sequence disclosed ,n the mtemalwnal application, this opinion has 
been established on the basis of a sequence listing: 

a D forming part of the international application as filed· 

D in the form ofan Annex CIST.25 text file 

D on paper or in the form ofan image file. 

b. D furnished together with lhe international application under PCT Rule 13/er. l (a) for the purposes of international 
search only in the form ofan Annex CIST25 text file 

c. D furnished subsequent to the international filing date for the purposes of international search only: 

D in the form of an Annex CIST25 text file (Rule 13rer. l(a)). 

D on paper or io the form of an image file (Ruic 13ter. l (b) and Administrative Instructions, Section 713). 

4. D 1 n addition, in the case that more 1han one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies 1s idenllcal to that forming par1 of the application as 
filed or docs not go beyond the application as filed, as appropriate, were furnished. 

S Additional comments 

Form PCT/ISA/237 (Rox No. I) (January 2015) 
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PCT/US2018/045648 16.10.2018 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application Nu. 

PCT/US2018/045648 

Box No. III Non-cstablishmrnl of opi11ion ·with regard to nOYclty, inventiYc step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (lo be non obvious), or to be industrially 
applicable have not been examined in respect of: 

D the entire international application. 

~ claims Nos. 6-19, 22-24, 31, 32 

because: 

□ the said international application, or the said claims Nos. _______________ _ relate to the following 
subject matter which does not require an international search (specify). 

the dcscript10n, claims or drawings (indicate particular elements be/aw) or said claims Nos. 6-19, 22-24, 31, 32 
are so unclear that no meaningful opinion could be formed (specify): 

This international search report has not bean established in respect of certain claims under Article 17(2)(a) for the following reasons: 
Claims 6-19, 22-24, 31, 32 are dependent claims and are not dratted in accordance with the second and third sentences of Rule 6.4(a). 

□ the claims, or said claims Nos. _______________________ _ 
by the description that no meaningful opinion could he formed (specify) 

are so inadequatd y supported 

~ no international search report has been established for said claims Nos.6 __ -1_9_.c,_2_2_-_2_4'-, _3_1'-, _3_2 ____________ _ 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit 

□ 

□ 

□ 

furnish a sequence listing in the form of an Annex C/ST25 text file, and such listing was not available to the 
International Searching Authority in the form and manner acceptable lo it; or the sequence listing furnished did not 
comply with the standard provided form Annex C of the Adm10istrativc Instructions. 

furnish a sequence listing on paper or in the form ofan image file complying with the standard provided for in Annex 
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 
form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided form 
Annex C of the AdministratiYe lnstructions. 

pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 
Rule 13ter l(a) or (b) 

D See Supplemental Box for further details. 
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Box No. V Reasooed sta tern en t under Ru le 43bfr. I (a)(i) with reg a rd to novelty, in ve n ti vc sic p and ind ustria I applicability; 
cit a lions and ex pla na lions supporting sue h sta tern en t 

1. Statement 

Novelty (N) Claims 
1-5, 20, 21, 25-30, 33-36 YES 

Claims None NO 

l nventive step (IS) Claims None YES 

Claims 1-5, 20, 21, 25-30, 33-36 NO 

Industrial applicability (IA) Claims t-5, 20, 21, 25-30, 33-36 YES 

Claims None NO 

2. Citations and explanations: 

Claims 1-4, 25-27, 30, 33, and 36 lack an inventive step under PCT Article 33(3) as being obvious over RealD Spark, LLC (hereinafter 
RealD) in view of Magic Pony Technology Limited et al (hereinafter Magic). 

Regarding claim 1, Real D discloses a method of generating reference data {The ref ere nee data 35 is obtained and analyzed in advance 
[i.e. generating reference data] using a machine learning technique which derives the form of the feature vectors 34 and associates the 
reference displacement vector fields with the possible values of the feature vec\or, para 0056) for adjusting a digital representation of a 
head region {adjusting the stereoscopic pair of images, or more generally multi-view images, of a head to correct the perceived gaze, para 
0004, adjusting multi-view images of a head to correct gaze [i.e. adjusting a digital representation of a head region]. para 0005), the 
method compns1ng: 
receiving training data (The capture device 10 includes a display 11 and a camera system 12 comprises two cameras 13 used to capture 
!he stereoscopic pair of images of the head of a source observer 14, para 0030. The training input to the machine lsami ng techniq us is 
two sets of images {i.e. receiving training data]. which may be stereoscopic pairs of images or monoscopic images, para 0057) comprising. 
a set of input patches (in each image of the multi-view images, identifying image patches {i.e. a set of input patches] containing the left and 
right eyes of the head, respectively, para 0005), each input patch comprising a target feature of a digital representation of a head region 
prior to adjustment of the digital representation of the head region (in each image of the multi-view images, identifying image patches 
containing the left and right eyes or the head, respectively; in respect of the image patches containing the left eyes of the head in each 
image of the multi-view images, and also in respect of the image patches containing the right eyes of the head in each image of the 
multi-view images [i.e. input patch comprising a target feature of a digital representation of a head region prior to adjustment of the digital 
representation of the head region], para 0005, the image patches input and output images of each individual are aligned in the normalized 
coordinate system, para 0062), wherein the target feature is the same for each input patch (image patches containing the left and right 
eyes of the head, respectively are identified in each image 31 of the stereoscopic pair FIG_ 4 shows the identified image patches 32 of the 
nght aye 111 each image 31 [i.e. the target feature is the same for each input patch]. para 0049, image patches 32 containing the left and 
right eyes of the head are identified in each image 31 of the stereoscopic pair. This is done by identifying an image patch 39 in each image 
31 located around the identified points ("landmarks") corresponding to features of an eye, para 0051 ); and 
a set of output patches in one-to-one corresponde nee with the input patches, each output patch com prising the target feature of the digital 
representation of the head region after adjustment of !he digital representation of the head region (adjusting each image of the multi-view 
images by transforming the image patches containing the left and right eyes of the head in accordar1ce with the derived d isplac-ement 
vector field, para 0005, image patches contair1ing the left and right eyes of the head are identified and transformed, para 0006, the image 
patches input and output images of each individual are aligned in the normalized coordinate system [i.e. a set of output patches in 
one-to-one correspondence with the in put patches], para 0062, From an input and output image of each individua I, there is derived a 
displacement vector field that represents the Ira nsformation of the image patch in the in put image required to obtain the image patch of the 
output image [i.e. each output patch comprising the target feature of the dig ital representation of the head region after adjustment or the 
digital representation of the head region], para 0063, The displacement vector field F is chosen so that the image patch of the output 
image O(x,y) is derived from the image patch of the input image l(x,y) [i.e. a set of output patches 1n one-to-one correspondence with the 
input patches, each output patch comprising the target feature of the d191tal representation of the head reg ion after adjustmsnt of the digital 
representation of the head region]. para 0064 ); 
using a first machine learning algorithm to generate first reference data using the training data {To derive a displacement vector field that 
represents the transformation, a feature vector is derived from plural local image descriptors of the image patch in at least one image of 
the multi-view images and used to look up reference data comprising reference displacement vector fields associated with possible values 
of the feature vector. The form of the feature vector may be derived in advance from the reference data using machine learning, para 
0006, The reference data 35 is obtained and ar1alyzed in advance using a machine learning technique which derives the form of the 
reatu re vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056, The 
training input to the machine learning technique is two sets of images, which may be stereoscopic pairs of images or monoscopic images 
[i.e. using a first machine learning algorithm to generate first reference data using the trair1ing data], para 0057, In a firs! type of machine 
learning technique, the feature vector may comprise features that are values derived from the local image descriptors in a discrete space, 
being binary values or values discretized into more than two possible values. In this case, the machine learning technique associates a 
reference displac-ement vector field F derived from the training input with each possible value of the feature vector in the discrete space, so 
the reference data 35 1s essentially a look-up table This allows a reference displacement vector field F [Le. firs\ reference data] to be 
simply selected from the reference data 35 on the basis of the feature vector 34 derived, para 0076 ), the first reference data comprising 
editing instructions for adjusting Iha digital representation of the head region for a range of possible digital representations of the head 
region (deriving a displacement vector field representing a transformation of an image patch, using the derived feature vector to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector: and adjusting each 
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image of the multi-view images by transforming the image patches containing the left and right eyes of the head in accordance with the 
derived displacement vector field [i_e the firs\ reference data comprising editing instructions for adjusting the digital representation of the 
head region for a range of possible digital representations of the head region]. para 0005, image patches containing the left and right 
eyes of the head are identified and transformed. To derive a displacement vector field that represents the transformation, a feature vector 
is derived from plural local image descriptors of the image patch in at least one image of the multi-view images and used to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector. The form of the 
feature vector may be derived in advance from the reference data using machine learning. This method allows the gaze to be corrected, 
thereby reducing Iha disconcerting affect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The 
feature vectors 34 are representations of the image patches 33 that are suitable for use in looking up reference data 35 comprising 
reference displacement vector fields that represent transformations of the image patch and are associated with possible values of Iha 
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technique which derives 
the form of the feature vectors 34 and associates Iha reference displacement veclor fields with the possible values of Iha feature vector, 
para 0056 ); and 
using a second machine learning algorithm to generate second reference data (In a second type of machine learning technique, the 
feature vector may comprise features that are discrete values of the local image descriptors in a continuous space. In this case, the 
machine learning technique associates a reference displacement vector field F derived from the training input with possible discrete 
values of the feature vector in the continuous space. This allows a displacement vector field F [i.e. second reference data] to be derived 
from the reference data 35 by interpolation from the reference displacement vector fields based on the relationship between the feature 
vector 34 derived and the values of the feature veclor associated with the reference displacement vector fields [i.e_ using a second 
machine learning algorithm to generate second reference data, para 0083 ), the second reference data comprising editing instructions for 
adjusting the dig ital representation of the head region for a range of possible digital repress ntations of the head region (deriving a 
displacement vector field representing a transformation of an image patch, using \he derived feature vector to look up reference data 
comprising reference displacement vector fields associated with possible values of the feature vector: and adjustI ng each image of the 
multi-view images by transfonmI ng the image patches contaIn1 ng the left and nght eyes of Iha head in accordance with the derived 
displacement vector field [ie the second reference data comprising editing instructions for adjusting the digital representation of the 
head reg ion for a range of possible digital representations of the head region], para 0005. image patches containing the left and right 
eyes of the head are identified and transformed_ To derive a displacement vector field that represents the Ira nsformation, a feature vector 
is derived from plural local image descriptors of the image patch in at least one image of Iha multi-view images and used to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector. The form of the 
feature vector may be derived in advance from the reference data using machine learning. This method allows Iha gaze to be corrected, 
thereby reducing the disconcerting effect of incorrect gaza when Iha multi-view images are subsequently displayed, para 0006, The 
feature vectors 34 are representations of the image patches 33 that are suitable for use in looking up reference data 35 comprising 
reference displacement vector fields that represent transformations of the image patch and are associated with possible values of the 
feature vector, para 0055, The reference data 35 Is obtaI ned and analyzed 10 advance us, ng a machine learning technique which derives 
the form of the feature vectors 34 and associates the refarenca displacement vector fields with the possible values of the feature vector. 
para 0056)_ 
RealD does not specifically disclose Iha second machine learning algorithm using the same training data as the first machine learning 
algorithm and the first reference data generated by the first machine tearni ng algorithm. 
However, Magic is ;n the field of generating hierarchical algorithms using machine learning techniques to enable high quality 
reconstrL1ction of lower-quality visual data (pg 1 In 6-8) and discloses the second machine learning algorithm using the same training data 
as the first machine learning algorithm and the first reference data generated by the first machine learning algorithm (receiving one or 
more sections of higher-quality visual data; training a hierarchical algorithm, wherain the hierarchical algorithm is operable to increase the 
quality of one or more sections of lower-quality visual data to substantially reproduce the one or more sections of higher-quality visual 
data; ar1d outputting the hierarchical algorithm, pg 12 In 13-17, Training hierarchical algorithms can allow enhancement and/or 
reconstruction models to be developed for enhancing visual data in at least one embodiment, visual data can be image data and/or video 
data, enhancement models can be developed to increase the accuracy of higher-quality visL1al data that can be reproduced from 
lower-quality visual data in comparison to original higher-quality visual data, knowledge of the original visual data can allow the 
hierarchical algorithm to be trained (and/or developed) based on knowledge of both the original vjsual data [Le. using the same training 
data as the first machine learning algorithm] and the low-quality visual data in order to train a hierarchical algorithm to substantially 
reproduce Iha original vjsual data from the low-quality visual data, pg 12 In 18-27, a trained hierarchical algorithm can be developed for 
input visual data, wherein the trained hierarchical algorithm is developed for that input data based on the selected most similar 
pre-trained algorithm, the selection of the one or more most similar pre-trained algorithm(s) can be made based on one or more metrics 
associated with the pre-trained models [i.e. using the first reference data generated by the first machine learning algorithm] when 
compared and/or applied to the input data [i.e. the second machine learning algorithm using Iha same training data as the first machine 
lea ming algorithm and the first reference data generated by the first machine learning algonthm], pg 12 In 29 to pg 13 In 1 0) It would 
have been obvious to one of ordinary ski I I in the art at the time of the invention to modify Rea ID with the teachings of Magic for the 
purpose of allowing the hierarchical algonthm lo be trained (and/or developed) based on knowledge of both the original visual data and 
the low-quality visual data in order to train a hierarchical algorithm to substantially reproduce \ha original visual data from the low-quality 
visual data (Magic pg 12 In 18-27). 
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Regarding claim 2, Real□ further discloses that the first reference data comprise first editing instructions for a range of possible 
configurations of the target feature and firs! selection instructions for selecting editing instructions for a particular input patch from the first 
editing instructions based on Iha configuration of Iha target feature of the input patch (deriving a displacement vector field representing a 
transformation of an image patch, usjng Iha derived feature vector to look up reference data comprising reference displacement vector 
fields associated with possible values of the feature vector; and adjusting each image of the multi-view images by transforming the image 
patches containing the left and right eyes of the head in accordance with the derived displacement vector field. para 0005, The feature 
vectors 34 are representations of the image patches 33 that are suitable for use in looking up reference data 35 comprising reference 
displacement vector fields that represent transformations of the image patch and are associated with possible values of the feature 
vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technique which derives the 
form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, para 
0056, The local image descriptors input into the machine learning process are of types expected to provide discrimination between 
different individuals, although Iha specific local image descriptors are selected and optim;zed by the machine learning process itself, para 
0070, In a first type ol machine learning technique, the feature vector may comprise features that are values derived from the local image 
descriptors in a discrete space, being binary values or values discretized into more than two possible values. In th is case, the machine 
learning technique associates a reference displacement vector field F derived from the training input with each possible value of the 
feature vector in the discrete space. so the reference data 35 is essentially a look-up tabla. This allows a reference displacemant vector 
field F to be simply selected rrom the reference data 35 on the basis or the feature vector 34 derived, para 0076 ): and 
the second reference data comprise second ed iling instructions for a range of possible configurations of the target feature and second 
selection instructions for selecting editing instructions for a particular input patch from the second image editing instructions based on the 
configuration of the target feature of the input patch (deriving a displacement vector field representing a transformation of an image 
patch, using the derived feature vector to look up reference data comprising reference displacement vector fields associated with 
possible values of the feature vector: and adjusting each image of the multi-view images by transforming the image patches containing 
the left and right eyes or the head in accordance with the derived displacement vector field, para 0005, The feature vectors 34 are 
representations of the image patches 33 that are suitable for use in looking up reference data 35 comprising reference displacement 
vector fields that represent transformations of the image patch and are associated with possible values of the feature vector, para 0055, 
The reference data 35 is obtained and analyzed in advance using a machine learning technique which derives the form of the feature 
vectors 34 and associates the reference dJsplacament vector fields with the possible values of the feature vector, para 0056, The local 
image descriptors in put into the machine learning process a re of types expected to provide discri minalion betvveen different individuals. 
although the specific local image descriptors are selected and optimized by the machine learning process itself. para 0070, In the case 
that the feature vector 34 comprises features that are values in a discrete space and the reference displacement vector fields of the 
reference data 35 comprise a reference displacement vector field associated with each possible value of the feature vector in the discrete 
space, then the displacement vector field for the image patch is derived by selecting the reference displacement field associated with the 
actual value of the derived feature vector 34, para 0095 ). 

Regarding claim 3, Real□ further discloses that the configuration of the target feature of each input patch is represented by a feature 
vector derived from plural local descriptors of the input patch, and the first and second selection instructions define how the feature 
vector is used to select editing instructions for the input patch (deriving a feature vector from plu ra I local image descriptors of the image 
patch in at least one image of the multi-view images: and deriving a displacement vector field representing a transformation or an image 
patch, using the derived fealtJre vector to look up reference data comprising reference displacement vector fields associated with 
possible values of the feature vector, para 0005, The local image descriptors input into the machine learning process are of types 
expected to provide discrimination between different individuals, although the specific local image descriptors are selected and optimized 
by the machine learning process itself, para 0070, the machine learning lechnit;lue associates a reference displacement vector field F 
derived from the training input with each possible value of the feature vector in the discrete space, so the reference data 35 is essentially 
a look-up table. This allows a reference displacement vector field F to be simply selected from the reference data 35 on the basis of the 
feature vector 34 derived, para 0076). 

Regarding claim 4, RealD further discloses that the editing instructions comprise a displacement vector field defining how the input patch 
is to be transformed (deriving a displacement vector field representing a transformation of an image patch, using the derived feature 
vector to look up reference data compnsI ng reference d Isplacement vector fields associated with possible values of the feature vector: 
and adjusting each image of the multi-view images by transforming the image patches containing the left and right eyes of the head in 
accordance with the derived displacement vector field, para 0005). 
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Regarding claim 25, RealD discloses a method of training a machine learning algorithm (The training input to the machine learning 
technique [i.e. training a machine learning algorithm] is two sets of images, which may be stereoscopic pairs of images or monoscopic 
images. p.ira 0057. the machine le.irning technique associates a reference displacement vector field F derived from the training in put 
with e.ich possible value of the fe.itu re vector in the discrete space, so the reference dat.i 35 is essentially a look-up table, para 0076) to 
adjust a digital representation of a head region (adjusting the stereoscopic pair of images, or more generally multi-view images, of a head 
to correct the perceived gaze, para 0004, adjusting multi-view images of a head to correct gaze [i.e. adjusting a digital representation of a 
head region], para 0005 ), comprising: 
receiving training data (The capture device 1 0 includes a display 11 and a camera system 12 com prises two cameras 13 used to cap tu re 
the stereoscopic pair of images of the head of .i source observer 14, para 0030, The training input to the machine learning technique is 
two sets of images [i.e. receiving training data], which may be stereoscopic pairs of images or monoscopIc images, para 0057) 
comprising: 
a set of input patches (in each image of the multi-view images. identifying image patches [i.e a set of input patches] containing the left 
and right eyes of the head, respectively, para 0005). each input patch comprising a target feature of a digital representation of a head 
region prior to adjustment of the dig ital representation of the head region (in each image of the multi-view images, identifying image 
patches containing the left and rig ht eyes of the head, respectively; in respect of the image patches containing the left eyes of the head in 
each image of the multi-view images, and also in respect of the image patches containing the right eyes of the head in each image of the 
multi-view images [i.e. input patch =mprising a target feature of a digital representation of a head region prior to adjustment of the digital 
representation of the head region], para 0005, the image patches input and output images of each individual are aligned in the 
normalized coordinate system, para 0062), wherein the target feature is the same for each input patch (image patches containing the left 
and right eyes of the head, respectively are identified in each image 31 of the stereoscopic pair FIG 4 shows the identified image 
patches 32 of the right eye in each image 31 [i.e. the target feature is the same for each input patch], para 0049, image patches 32 
containing the left and right eyes of the head a re identified in each image 31 of the stereoscopic p.iir. This is done by identifying an image 
patch 39 in each image 31 located around the identified points ("landmarks") corresponding to features of an eye, para 0051 ); and 
first reference data generated by a pre-trained first machine learning algorithm {To derive a displacement vector field that represents the 
transformation, a feature vector is derived from plural local image descriptors of the image patch in at least one image of the multi-view 
images and used to look up reference data =mprising reference displacement vector fields associated with possible values of the 
feature vector. The fonm of the feature vector may be derived in advance from the reference data using machine learning, para 0006, The 
reference data 35 is obtained and analyzed in advance using a machine learning technique which derives the fonm of the feature vectors 
34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056, The training input to 
the machine learning technique is two sets of images, which may be stereoscopic pairs or images or monoscopic images [i.e. first 
reference data generated by a pre-trained first machine learning algorithm], para 0057. In a first type of machine leami ng technique, the 
feature vector may comprise features that are values derived from the local image descriptors in a discrete space, being binary values or 
values discretized into more than two possible values. In this case. the machine learning lechnique associates a reference displacement 
vector field F derived from the training input with each possible value of the feature vector in the discrete space, so the reference data 35 
is essentially a look-up table. This allows a reference displacement vector field F to be simply selected from the reference data 35 on the 
basis of the feature vector 34 derived, para 0076), the first reference data comprising a set of editing instructions in one-to-one 
correspondence with the in put patches, each editing instruction being for adjusting the digital representation of the head region (deriving 
a displacement vector field representing a transfonmation of an image patch, using the derived feature vector to look up reference data 
com prising reference displacement vector ~aids associated with possible values of the feature vector; and adjusting each image of the 
multi-view images by transforming the image patches contaIn1 ng the left and nght eyes or the head in accord a nee with the derived 
displacement vector field [i.e. each editing instruction being for adjusting the dig ital representation of the head region], para 0005. image 
patches containing the left and right eyes of the head are identified and transformed. To derive a displacement vector field that 
represents the transformation, a feature vector is derived from plural local image descriptors of the image patch in at least one image of 
the multi-view images and used to look up reference data comprising reference displacement vector fields associated with possible 
values of the feature vector. The form of the feature vector may be derived in advance from the reference dat.i using machine learning. 
This method allows the gaze to be corrected, thereby reducing the disconcerting effect of incorrect gaze when the multi-view images are 
subsequently displayed, para 0006, The feature vectors 34 are representations of the image patches 33 that are suitable for use in 
looking up reference data 35 comprising reference displacement vector fields that represent transfornnations of the image patch and are 
associated with possible values or the feature vector, para 0055, The reference data 35 Is obtained and analyzed in advance using a 
machine learning technique which denves the fornn of the feature vectors 34 and associates the reference displacement vector fields with 
the possible values of the feature vector. para 0056, the image patches input and output images of each individual are aligned in the 
n□nmalized coordinate system, para 0062, From an input and output image of each individual, there is derived a displacement vector field 
that represents the transformation of the image patch in the input image required to obtain the image patch of the output image [i.e. a set 
of editing i ns!ructions in one-to-one correspondence with the input patches], para 0063 ): 
a pre-trained second machine learning algorithm trained lo generate second reference data (In a second type of machine learning 

technique, the feature vector may comprise features that are discrete values of the local image descriptors in a continuous space. In this 
case, the machine learning technique associates a reference displacement vector field F derived from the training input with possible 
discrete values of the feature vector in the continuous space. This allows a displacement vector field F to be denved from the reference 
data 35 by interpolation from the referenced Isplacement vector fields based on the relat1onshi p between the feature vector 34 derived 
and the values of the feature vector associated with the reference displacement vector fields [i.e. updating a pre-trained second machine 
learning algorithm trained to generate second reference data], para 0083), the second reference data com prising editing instructions for 
adjusting the dig ital representation of the head region (deriving a displacement vector field representing a transformation of an image 
patch, using the derived feature vector to look up reference data comprising reference displacement vector fields associated with 
possible values of the feature vector: and adjusting each image of the multi-view images by transforming the image patches containing 
the left and right eyes of the head in accordance with the derived displacement vector field [i.e. the second reference data comprising 
editing instructions for adjusting the digital representation of the head region], para 0005, image patches =ntaining the left and right eyes 
of the head are identified and transformed. To derive a displacement vector field that represents the transfonmation, a feature vector is 
derived from plural local im.ige descriptors of the image patch in at least one image of the multi-view images and used to look up 
reference data comprising reference displacement vector fields associated with possible values or the fe.itu re vector. The fonm of the 
feature vector may be derived In advance from the reference data using machine learning This method allows the gaze to be corrected, 
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thereby reducing the disconcerting effect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The 
feature vectors 34 are representations of the image patches 33 that a re suitable for use in looking up reference data 35 compnsIng 
reference displacement vector fields that represent Ira nsformations of the image patch and a re associated with possible values of the 
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine lea ming technique which derives 
the form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector. 
para 0056). 
Rea ID does not specifically disclose that the input for the updating comprises the training data and the generated first reference data. 
However, Magic discloses that the input for the updating comprises the training data and the generated first reference data (receiving 
one or more sections of higher-quality visual data: training a hierarchical algorithm, wherein the hierarchical algorithm is operable to 
increase the quality of one or more sections of lower-quality visual data to substantially reproduce the one or more sections of 
higher-quality visual data: and outputting the hierarchical algorithm, pg 12 In 13-17, Training hierarchical algorithms can allow 
enhancement and/or reconstruction models to be developed for enhancing visual data in at least one embodiment, visual data can be 
image data and/or video data, enhancement models can be developed to increase the accuracy of higher-quality visual data that can be 
reproduced from lower-qualJty visual data In comparison to ongInal hIg her-quality vI sual data, knowledge of the ongI nal visual data can 
allow the hierarchical algorithm to be trained (and/or developed) based on knowledge of both the original visual data and the low-quality 
visual data in order to train a hierarchical algorithm to substantially reproduce the original visual data from the low-quality visual data [i.e. 
the input for the updating comprises the training data and the generated first reference data], pg 12 In 18-27). It would have been obvious 
to one of ordinary ski I I in the art at the time of the invention to modify Rea.ID with the teachings of Magic for the purpose of allowing the 
hierarchical algorithm to be trained (and/or developed) based on knowledge of both the original visual data and the low-quality ¥isual 
data in order to train a hierarchical algorithm to substantially reproduce the original vjsual data from the low-quality visual data (Magic pg 
12 In 18-27). 

Regarding claim 26, modified RealD discloses the invention above, but Rea ID did not disclose that the updating of the second machine 
learning algorithm is performed al or near input data frame rate. However, Magic discloses that the updating of the second machine 
learning algorithm is performed at or near input data frame rate (the networi< is adapted for video super-resolution with a modification to 
the input layer. Instead of handling single frames independently, consecutive frames are jointly processed by feeding the consecutive 
multi-frame data such that the input can be expressed or converted into a three-dimensional vector of corresponding patches from 
multiple frames such that the temporal changes between consecutive frames are captured lo the network. In an alternative embodiment, 
fixed temporal sampling can be used where videos have varying or different framer.ites, optionally selecting the lowest frame rate when 
the network is trained, pg 68 In 29 to pg 69 In 5 ). It would have been obvious to one of ordinary ski I I in the art at the time of the invention 
to modify RealD with the teachings of Magic for the purpose of training the network (Magic pg 68 In 29 to pg 69 In 5). 
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Regarding claim 27, RealD discloses a method of training a machine learning algorithm (The training input to the machine learning 
technique [i.e. training a machine learning algorithm] is two sets of images, which may be stereoscopic pairs of images or monoscopic 
images, para 0057, the machine lea ming technique associates a reference displacement vector field F derived from the training input 
with each possible value of the feature vector in the discrete space, so the reference data 35 is essentially a look-up table, para 0076) to 
adjust a digital representation of a head region (adjusting the stereoscopic pair of images, or more generally multi-view images, of a head 
to correct the perceived gaze, para 0004, adjusting multi-view images of a head to correct gaze [Le adjusting a digital representation of a 
head region], para 0005), the method comprising: 
receiving training data (The capture device 1 0 includes a display 11 and a camera system 12 comprises two cameras 13 used to capture 
the stereoscopic pair of images of the head of a source observer 14, para 0030, The training input to the machine learning technique is 
two sets of images [i.e. receiving training data]. which may be stereoscopic pairs of images or monoscopic images, para 0057) 
ccmprising a set of input digital representations of a head region (in each image of the multi-view images, identifying image patches 
containing the left and right eyes of the head, respectively; in respect of the image patches containing the left eyes of the head in each 
image of the multi-view images, and also in respect of the image patches ccnta ining the right eyes of the head in each image of the 
multi-view images [i.e. a set of input digital representations of a head region], para 0005); 
training a first machine learning algorithm using the training data (To derive a displacement vector field that represents the 
transformation, a feature vector is derived from plural local image descriptors of the image patch In at least one Image of the multi-view 
images and used to look up reference data ccmprising reference displacement vector fields associated with possible values of the 
feature vector. The form of the feature vector may be derived in advance from the reference data using m.ichine learning. para 0006. The 
reference data 35 is obtained and analyzed in advance using a machine leami ng technique which derives the farm of the feature vectors 
34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056, The training input to 
the machine learning technique is two sets of images, which may be stereoscopic pairs of images or monoscopic images [i.e. !raining a 
first machine learning algorithm using the training data], para 0057, In a first type of machine learning technique, the feature vector may 
comprise features that are values derived from the local image descriptors in a discrete space, being binary values or values discretized 
into more than two possible values. In th is case, the machine learning technique associates a reference displacement vector field F 
derived from the training input with each possible value of the feature vector in the discrete space. so the refe re nee data 35 is essentially 
a look-up table. This allows a reference displacement vector field F to be simply selected from the reference data 35 on the basis of the 
feature vector 34 derived, para 0076) to perform an adjustment of a digital representation of a head reg ion (adjusting the stereoscopic 
pair of images. or more generally multi-view images, of a head to correct the perceived gaze, para 0004, adjusting multi-view images of a 
head to ccrrect gaze [i.e. perform an adjustment of a digital representation of a head region], para 0005): 
using the trained first machine learning algorithm to generate first reference data (To derive a displacement vector field that represents 
the transformation, a feature vector is derived from plural local image descriptors of the image patch in at least one image of the 
multi-view images and used to look up reference data ccmprising reference displacement vector fields associated with possible values of 
the feature vector. The form of the feature vector may be derived in advance from the reference data using machine learning, para 0006, 
The reference data 35 is obtained and analyzed in advance using a machine learn Ing technique which derives the form of the feature 
vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056, The training 
input to the machine learning technique is two sets of images, which may be stereoscopic pairs of images or monoscopic images [i.e. 
using the trained first machine learning algorithm to generate first reference data], para 0057, In a first type of machine learning 
technique, the feature vector may comprise features that are values derived from the local image descriptors in a discrete space, being 
binary values or values discretized into more than two possible values. In this case, the machine learning technique associates a 
reference displacement vector field F derived from the training input wjth each possible value of the feature vector in the discrete space, 
so the reference data 35 is essentially a look-up tabla. This allows a reference displacement vector field F to be simply selected from the 
reference data 35 on the basis of the feature vector 34 derived, para 0076 ), the first reference data ccmprising an adjusted digital 
representation of the head region for each of at least a subset of the input digital representations (deriving a displacement vector field 
representing a transformation of an image patch, using the derived feature vector lo look up reference data comprising reference 
displacement vector fields associated with possible values of the feature vector: and adjusting each image of the multi-view images by 
transforming the image patches ccntaining the left and right eyes of the head in accordance with the derived displacement vector field 
[i.e. the first reference data ccmprisi ng an adjusted digital representation of the head reg ion for each of at least a subset of the input 
digital representations], para 0005, image patches ccntaining the left and right eyes of the head are identified and transformed. To derive 
a displacement vector field that represents the transformation, a feature vector is derived from plural local image descriptors of the image 
patch in at least one image of the multi-view images and used to look up reference data comprising reference displacement vector fields 
associated with possible values of the feature vector. The form of the feature vector may be derived in advance from the reference data 
using machine learning_ This method allows the gaze to be corrected, thereby reducing the disconcerting effect of incorrect gaze when 
the multi-view images are subsequently displayed, para 0006, The feature vectors 34 are representations of the image patches 33 that 
are suitable for use in looking up reference data 35 comprising reference displacement vector fields that represent transformations of the 
image patch and are associated with possible values of the feature vector, para 0055, The reference data 35 is obtained and analyzed in 
advance using a machine leami ng technique which derives the form of the feature vectors 34 and associates the reference displacement 
vector fields with the possible values of the feature vector, para 0056 ), each adjusted digital representation being obtained by performed 
the adjustment that the first machine learning algorithm was trained to perform (A displacement vector field representing a transformation 
of an image patch is derived, using the derived feature vector to look up reference data comprising reference displacement vector fields 
associated wjth possible values of the feature vector produced by machine leamI ng. The multI-vIew images are adjusted by transforming 
the image patches containing the left and right eyes of the head in accordance with the derived displacement vector field, abstract, each 
image 31 of the stereoscopic pair is adjusted by transforming the image patches containing the left and right eyes of the head in 
accordance with the derived displacement vector fields 37. This produces an adjusted stereoscopic pair of images 38, in which the gaze 
has been corrected [i.e. each adjusted digital representation being obtained by performed the adjustment that the first machine learning 
algorithm was trained ta perform], para 0116); and 
training a second machine learning algorithm (In a second type of machine learning technique. the feature vector may comprise features 
that are discrete values of the local image descriptors in a continuous space. In this case, the machine lea ming technique associates a 
reference displacement vector field F derived from the training input with possible discrete values of the feature vector in the continuous 
space. This allows a displacement vector field F to be derived from the reference data 35 by interpolation from the reference 
displacement vector fields based on the relatIonshIp between the feature vector 34 derived and the values of !he feature vector 
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associated with the referencs displacsmenl vector fields [i.e. training a second machine learning algorithm} to perform the same 
adjustment of a digital representation of a head region as the first machine learning algorithm (deriving a displacsment vector field 
representing a transformation of an image patch, using the derived feature vector to look up reference data comprising reference 
displacement vector fields associated with possible values of the feature vector; and adjusting each image of the multi-view images by 
transforming the image patches containing the left and right eyes of the head in accordance with the derived displacement vector field 
[i.e. perform the same adjustment of a digital representation of a head region], para 0005, image patches containing the left and right 
eyes of the head are identified and transformed To derive a displacement vector field that represents the transformation, a feature vector 
is derived from plural local image descriptors of the image patch in at least one image of the multi-view images and used to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector. The form of the 
feature vector may be derived in advance from the reference data using machine learning. This method allows the gaze to be corrected, 
thereby reducing the disconcerting effect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The 
feature vectors 34 are representations of the image patches 33 that are suitable for use in looking up referencs data 35 comprising 
reference displacement vector fields that represent Ira nsformations of the image patch and are associated with possible values of the 
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technique which derives 
the form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, 
para 0056). 
RealD does not specifically disclose the second machine learning algorithm using at least a subset ol the training data used to train the 
first machine learning algorithm and the first reference data. 
However, Magic discloses the second machine learning algorithm using at least a subset of the training data used to train the first 
machine learning algorithm and the first reference data (receiving one or more sections of higher-quality visual data: training a 
hierarchical algorithm, wherein the hierarchical algorithm is operable to increase the quality of one or more sections of lower-quality 
visual data to substantially reproduce the one or more sections of higher-quality visual data: and outputting the hierarchical algorithm, pg 
12 In 13-17, Training hierarchical algorithms can allow enhancement and/or reconstruction models to be developed for enhancing visual 
data in at least one embodiment, visual data can be image data and/or video data, enhancement models can be developed to increase 
the accuracy of higher-quality visual data that can be reproduced from lower-quality visual data in comparison to original higher-quality 
visual data, knowledge of the original visual data can allow the hierarchical algorithm to be trained (arid/or developed) based on 
knowledge of both the original visual data and the low-quality visual data in order to train a hierarchical algorithm to substantially 
reproduce the original visual data from the low-quality visual data [i.e. the second machine learning algorithm using at least a subset of 
the training data used to train the first machine learning algorithm and the first reference data], pg 12 In 18-27). II would have been 
obvious to one of ordinary sk1I I 1n the art at the time of the 1m,ent1on to modify Real D with the teachings of Magic for the purpose of 
allowing the hierarchical algorithm to be trained (and/or developed) based on knowledge of both the original visual data and the 
low-quality visual data in order to train a hierarchical algorithm to substantially reproduce the original visual data from the low-quality 
visual data (Magic pg 12 In 18-27). 
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Regarding Claim 30. Real□ fails to explicitly disclose further comprising receiving a further digital representation of the head region and 
using the updated or trained second machining learning algorithm to adjust the further digital representation. 

However, Real□ teaches a pre-trained second machine learning algorithm trained to generate second reference data (In a second type 
of machine learning technique, the feature vector may comprise features that are discrete values of the local image descriptors in a 
continuous space. In this case, the machine learning technique associates a reference displacement vector field F derived from the 
training input with possible discrete values of the feature vector In the continuous space. This allows a displacement vector field F to be 
derived from the reference data 35 by interpolation from the reference displacement vector fields based on the relationship between the 
feature vector 34 derived and the values of the feature vector associated with the reference displacement vector fields [i.e. updating a 
pre-trained second machine learning algorithm trained to generate second reference data], para 0083) and adjust the digital 
representation of the head reg ion (deriving a displacement vector field representing a Ira nsformation of an imagc1 patch, using thc1 
dc1rived feature vector to look up reference data comprising reference displacement vector fields associc1ted with possible values of the 
feature vector: and adjusting each image of the multi-view images by transforming thc1 image patchc1s containing thc1 left and right eyes of 
the hc1ad in accordance with the dc1rived displacement vector field [i.e. the second reference data comprising editing instructions for 
adjusting the digital representation of the head region], para 0005, image patches containing the lc1ft and right eyes of the head are 
identified and transformed. To denve a displacement vector field that represents the transformation. a feature vector is derived from 
plural local image descriptors of the image patch in at least one image of the multi-view images and used to look up reference data 
comprising refc1rence displacement vector fields associated with possible values of the feature vector. The form of the feature vector may 
bEI derived in advance from the reference data using machine learning. This method allows the gaze to be corrected. thereby reducing 
the disconcerting effect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The reature vectors 34 are 
reprc1sentations of the image patches 33 that are suitable for use in looking up reference dc1ta 35 comprising reference displc1cemenl 
vector fields that represent trc1nsformations of the image patch and are associated with possible values of the feature vector, para 0055, 
The reference data 35 is obtainc1d and analyzed in advancc1 using a machine leami ng technique which derives the form of the feature 
vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056). 

Further, Magic teaches updated algorithm (receiving one or more sections of higher-quality visual data; training a hierarchical algorithm, 
wherein thEI hierarchical algorithm is operable lo incrc1ase the quality of one or more sections of lowc1r-quality visual data to substantially 
reproduce the one or more sections of higher-quality visual data; and outputting the hierarchical c1lgorithm, pg 12 In 13-17, Training 
hierarchical algorithms can allow enhancement and/or reconstruction models to be developed for enhancing visual data in at least one 
embodiment, visual dc1tc1 can bc1 image data and/or video data, enhancement models can be developed to increasc1 the accuracy of 
higher-quality visual data that can be reproduced from I owe r-quality visual data in comparison to original higher-quality visual data, 
knowledge of the original visual data can allow thc1 hic1rarchical algorithm to bc1 trained (and/or developed) based on knowledge of both 
the original visual data and the low-quality visual data in order to train a hierarchical algorithm to substantially reproduce the original 
visual data from the low-quality visual data [i.e. the input for the updating comprises the traIrnng data and the generated first reference 
data]. pg 12 In 18-27) 
Furthermore, dc1fining an analysis and training of a learning algorithm to update the representation as taught by Real□ and Magic and the 
specifics [update the second algorithm for hc1ad representation] would involve routine ski I I in the art. 

It would have been obvious to onc1 of ordinary ski I I in thc1 art at the time of the invention to modify Rea ID with the tc1achi ngs of Magic for 
the purpose of allowing the hi era rch ical algorithm to be trained (and/or dc1veloped) based on knowledge of both the original visual data 
and the low-quality visual d ala in order to train a hierarchical algorithm to substantially reproduce the original visual data from the 
low-quality visual data (Magic pg 12 In 18-27). 
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Regarding claim 33, RealD discloses a device for generating reference data (The reference data 35 is obtained and analyzed in advance 
[i.e. generating reference data] using a machine learning technique which derives the form of the feature vectors 34 and associates the 
reference displacement vector fields with the possible values of the feature vector, para 0056) for adjusting a digital representation of a 
tiead region (adjusting the stereoscopic pair of images, or more generally multi-view images, of a head to correct the perceived gaze, 
para 0004, adjusting multi-view images of a head to correct gaze [i e adjusting a dig ital representation of a head region], para 0005), the 
device comprising a data processing unit (an image processor 30, para 0036) arranged to: 
receive training data (The capture device 1 0 includes a display 11 and a camera system 12 comprises two cameras 13 used to capture 
the stereoscopic pair of images of the head of a source observer 14, para 0030, The training input to the machine learning technique is 
two sets of images [i.e. receiving training data], which may be stereoscopic pairs of images or monoscopic images, para 0057) 
comprising: 
a set of input patches (in each imaga of the multi-view images. identifying image patches [i .a. a set of input patches] containing the left 
and right eyes of the head, respectively, para 0005 ). each in put patch compnsIng Informatton about a target feature of a digital 
representation of the head region prior to adjustment of the digital representation of the head region (in each image of the multi-view 
images, identifying image patches =ntaini ng the left and right eyes of the head, respectively; in respect of the image patches containing 
the left eyes of Iha head in each image of the multi-view images, and also in respect of the image patches containing the right eyes of the 
head in each image of the multi-view images [i.e. input patch comprising a target feature of a digital representation of a head region prior 
to adjustment of the digital representation of the head region]. para 0005, the image patches input and output images of each individual 
are aligned in the normalized coordinate system, para 0062), wherein the target feature is the same for each input patch (image patches 
containing the left and right eyes of the head, respectively are identified in each image 31 of the stereoscopic pair. FIG. 4 shows the 
identified image patches 32 of the nght eye In each image 31 [i.e. the target feature Is the same for each input patch]. para 0049, image 
patches 32 containing the left and right eyes of the head a re identified in each image 31 of the stereoscopic pair. This is done by 
identifying an image patch 39 in each image 31 located around the identified points ("landmarks") corresponding to features of an eye, 
para 0051 ); and 
a set or output patches in one-to-one correspondence with the input patches, each output patch comprising the target portion of the 
digital representation of the head region after adjustment of the digital representation of the head region (adjusting each image of the 
multi-viaw images by transforming the image patches containing the left and right ayes of the head in accordance with the derived 
displacement vector field, para 0005, image patches containing the left and right eyes of the head are identified and transformed. para 
0006, the image patches input and output images of each individual are aligned in the normalized coordinate system [i.e. a set of output 
patches in one-to-one correspondence with the input patches]. para 0062, From an input and output imaga of each individual, there is 
derived a displacement vector field that represents the transformation of the image patch in the input image required to obtain the image 
patch of the output image [i .a. each output patch comprising the target feature of the digital representation of the head region after 
adjustment of the digital representation or the head region], para 0063, The displacement vector field Fis chosen so that the image patch 
of the output image O(x,y) is derived from the image patch of the input image l(x,y) [i.e. a set of output patches in one-to-one 
correspondence with the input patches, each output patch comprising the target feature of the digital representation of the head region 
after adjustment of the digital representation of the head region], para 0064); 
use a first machine learning algorithm to generate first reference data using the training data (To derive a displacement vector field that 
represents the transformation. a feature vector is derived from plural local image descriptors of the image patch in at least one image of 
Iha multi-view images and used to look up reference data comprising reference displacement vector fields associated with possible 
values of the feature vector. The form of the feature vector may be derived in advance from the reference data using machine learning, 
para 0006, The reference data 35 is obtained and analyzed in adv a nee using a machine lea ming technique which derives the form of the 
feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056. The 
training input to the machine learning technique is two sets of images, which may be stereoscopic pairs of images or monoscopic images 
[Le using a first machine learning algorithm to generate first reference data using the training data], para 0057. In a first type of machine 
learning technique, the feature vector may comprise features that are values derived from the local imaga descriptors in a discrete space, 
being binary values or values discretized into more than two possible values. In this case, the machine learning technique associates a 
reference displacement vector field F derived from the training input with each possible value of the feature vector in the discrete space. 
so the reference data 35 is essentially a look-up table. This allows a reference displacement vector field F to be simply selected from the 
reference data 35 on the basis of the feature vector 34 derived, para 0076); and 
use a second machine learning algorithm to generate second reference data (In a second type of machine learning technique. the 
feature vector may comprise features that are discrete values of the local image descriptors in a continuous space. In this case, the 
machine learning technique associates a reference displacement vector field F derived from the training input with possible discrete 
values of the feature vector in the continuous space. This allows a dis placemen! vector field F to be derived from the reference data 35 
by interpolation from the reference displacement vector fields based on the relationship between the feature vector 34 derived and the 
values of the feature vector associated with the reference displacement vector fields [i .a. using a second machine leami ng algorithm to 
generate second reference data). 
RealD does not specifically disclose the second machine learning algorithm using the same training data as the first machine learning 
algorithm and the first reference data output by the first machine learning algorithm. 
However, Magic discloses the second machine learning algorithm using the same training data as Iha first machine learning algorithm 
and the first reference data output by the first machine learning algonthm (receiving one or more sections of higher-quality visual data; 
training a hierarchical algorithm. wherein the hierarchical algorithm is operable to increase the quality of one or more sections of 
lower-quality visual data to substantially reproduce the one or more sections of higher-quality visua I data; and outputting the hierarchical 
algorithm, pg 12 In 13-17. Training hierarchical algorithms can allow enhancement and/or reconstruction models to be developed for 
enhancing visual data in at least one embodiment, visual data can be image data and/or vjdeo data, enhancement models can be 
developed to increase the accuracy of higher-quality visual data that can be reproduced from lower-quality visual data in comparison to 
original higher-quality visual data, knowledge of the original visual data can allow the hierarchical algorithm to be trained (and/or 
developed) based on knowledge of both the original visual data and the low-quality visual data in order to train a hierarchical algorithm to 
substantially reproduce the original visual data from the low-quality visual data \i.e. the second machine learning algorithm using the 
same training data as the first machine learning algorithm and the first reference data generated by the first machine learning algorithm], 
pg 12 In 15-27) It would have been obvious to one of ordinary skill in Iha art at the time of the invention to modify Rea ID with the 
teachings of Magic for the purpose of allowing the hierarchical algorithm to be trained (and/or developed) based on knowledge of both 
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the original visual data and the low-quality visual data in order to train a hierarchical algorithm to substantially reproduce the original 
visual data from the low-quality visual data (Magic pg 12 In 18-27). 

Regarding claim 36, Real□ further discloses further com prising a telecommunications interface arranged lo transmit the adjusted digital 
representation over a telecommunications networl< to a destination device to allow display of the head region thereon (The image 
processor 30 may be provided in the source device 1 0, the destination device 10 or in any other device, for example a server on a 
telecommunications network, which may be suitable in the case that the source devjce 10 and the destination devjce 1 O communicate 
over such a telecommunications network, para 0037, the source device 1 0 and the destination device 10 communicate over such a 
telecommunicat1ons network 50, para O 141, the image processor 30 is provided in the source device 1 0 and is provided with the 
stereoscopic pair of images directly from the camera system 12. The telecommunications interface 17 is arranged to transmit the 
adjusted stereoscopic pair of images 38 over the telecommunications network 50 to the destination device 20 ford isplay thereon, para 
0142). 

Claim 5 lacks an inventivs step undsr PCT Article 33(3) as being obvious over Real □ Spark, LLC (hsreinaftsr RsalD) in view of Magic 
Pony Technology Limited et al. (hereinafter Magic) and Nourbakhsh. 

Regarding claim 5, modified Real□ discloses the invention above, but RealD did not disclose that the editing instructions comprise a filter 
field, a brightness adjustment field, or a texture blending field. However, Nourbakhsh is in the field of video calls and meetings (para 
0001) and discloses that the editing instructions comprise a filter field (analyzes video frames for the orientations of B's head and gaze 
direction, and uses jmage editing software to virtually correct the gaze direction of B's eye upward, toward B's camera, para 0002, The 
logic calculates 670 the angular correction for the eyes. The logic may then determine 680 filter parameters that set bounds on when eye 
gaze direction correction will be applied at all, para 0046 ), a brightness adjustment field, or a texture blending field. It would have been 
ob111ous to one of ord 1nary skill In the art at the time of the invention to modify Real□ with the teachings of Nourbakhsh for the purpose of 
automatically adjusting eye gaze direction in a set of images to simulate eye-contact (Nourbakhsh para 0001 ). 

Claims 20, 21, and 35 lack an inventive step under PCT Article 33(3) as being obvious over Real□ Spark. LLC (hereinafter RealD) in 
view of Rhodes. 

Regarding claim 20, Real □ discloses a method of adjusting a digital reprssentation of a hsad region (adjusting the stereoscopic pair of 
images, or more generally multi-view images, of a head to correct the perceived gaze, para 0004, adjusting multi-view images of a head 
to correct gaze [i.e. adjusting a digital representation of a head region], para 0005), the method comprising: 
identifying a target patch in the dig ital representation of the head region, the target patch comprising a target feature of the digital 
representation of the head region (identifying image patches containing the left and right eyes of the head, respectively; in respect of the 
image patches containing the left eyes of the head in each image of the multi-view images, and also in respect of the image patches 
containing the right eyes of the head in each image of the multi-view images [i.e. identifying a target patch in the digital representation of 
the head region, the target patch comprising a target feature of the digital representation of the head region], para 0005); 
deriving a feature vector from plural local descriptors of the target patch (deriving a feature vector from plural local image descriptors of 
the image patch [i.e. deriving a feature vector from plural local descriptors of the target patch] in al least one image of the multi-view 
images, para 0005); 
using the feature vector to select editing instnuctions from reference data. the reference data comprising editing 1nstnuctions for a range of 
possible values of the feature vector (deriving a displacement vector field representing a transfomnation of an image patch, using the 
derived featurs vector to look up reference data comprising reference displacement vector fields associated with possible values of the 
feature vector, para 0005, the machine learning tectmique associates a reference displacement vector field F derived from the training 
input with each possible value of the feature vector in the discrete space, so the referenced ata 35 is essentially a look-up table. This 
allows a reference displacement vector field F to be simply selected from the reference data 35 on the basis of the feature vector 34 
derived [i.e. using the feature vector to select editing instructions from reference data, the reference data comprising editing instructions 
for a range of possible values of the feature vector], para 0076): and 
applying the selected editing instructions to the target patch to adjust the digital representation of the head region (adjusting each image 
of the multi-view images by transforming the image patches containing the left and right eyes of the head in accordance with the derived 
displacement vector field [i.e. applying the selected editing instructions to the target patch to adjust the dig ital representation of the head 
region], para 0005, image patches containing the left and right eyes of the head are identified and transformed, para 0006, the machine 
learning techrnque associates a reference displacement vector field F derived from the training input with each possible value of the 
feature vector in the discrete space, so the reference data 35 1s essentially a look-up table. This allows a reference displacement vector 
field F to be simply selected from the reference data 35 on the basis of the feature vector 34 derived, para 0076). 
Rea ID does not specifically disclose that the editing instructions in the reference data are provided in a compressed representation. 
However, Rhodes is in the field of transmitting. receiving, and displaying data (abstract) and discloses that the ad iting instructions in Iha 
reference data are provided in a compressed representation (After computing the discrete wavelet transform (DWT}, the data can be 
compressed according to any type of compression technique, such as, a variable thresholding mechanism governed by the embedded 
zerotree wavelet (EZW) in which coefficients that are larger than a threshold may be selected for transmission, para 0050. The additional 
data subsequently transmitted can bs data compressed using a lower amount of compression, if prioritization instructions (e.g., 
information indicative of a gaze direction) are provided to the transmitter, the transmitter may encode data representing information about 
the gaze direction in better quality and less distortion than data representing other areas [i.e. the editing instructions in the reference data 
are provided in a compressed representation], para 0052). It would have been obvious to ona of ordinary skill in the art at the time of the 
invention to modify Rea ID with the teachings of Rhodes for the purpose of lowering bandwidth (Rhodes abstract). 
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Regarding claim 21, modified RaalD discloses the invention above. but RealD did not disclose that the compressed representation 
comprises one or more of the fol lowing: a principle component analysis representation; a wavelet representation; Fourier and/or discrete 
cosine transform components: cluster centres. However, Rhodes discloses that the compressed representation comprises ans or more 
of Iha following: a principle component analysis representation: a wavelet representation (Any type of encoding or compression 
techniques may be used. such es for example, a wavelet based technique (e.g .. such as discrete wavelet transform (DWT) or embedded 
zerotree wavelet (EZW)), para 0050): Fourier and/or discrete cosine transfonm components; cluster centres. It would have been obvious 
lo ans of ordinary skill in the art at the time of the invention to modify Rea ID with the teachings of Rhodes for the purpose of lowering 
bandwidth (Rhodes abstract). 

Regarding claim 35, Rea ID discloses a davica for adjusting a digital representation of a head reg ion (adjusting the stereoscopic pair of 
images, or more generally multi-view images, of a head to correct the perceived gaze, para 0004, adjusting multi-view images of a head 
to correct gaze (1.e. adIust1ng a d1g1tal representation of a head region). para 0005), the device comprising a data procassing unit 
arranged to procass the digital representation of Iha head region (an image procassor 30, para 0036. the image procassor 30 is provided 
in the source davica 1 0 and is provided with the stereoscopic pair of images d 1rectly from Iha camera system 12. The 
telecommunications interface 17 is arranged to transmit the adjusted stereoscopic pair of images 38 over Iha telecommunications 
network 50 to the destination device 20 ford isplay thereon [i.e. a data processing unit arranged to process the digital represanlat1on of 
the head region], para O 142) by: 
identifying a target patch in the digital representation of the head region, the target patch comprising information about a target feature of 
the digital representation of the head region (identifying image patches containing the left and right eyes of the head. respectively; in 
respect of the image patches containing the left eyes of the head in each image of the multi-view images, and also in respect of the 
image patches containing Iha right ayes of the head in each image of the multi-view images [i.e. identifying a target patch in the digital 
representation of the head region, the target patch comprising a target feature of the dig ital representation of the head reg ion], para 
0005); 
deriving a feature vector from plural local descriptors of the target patch (deriving a feature vector from plural local image descriptors of 
the image patch [i.e. deriving a feature vector from plural local descriptors of the target patch] in at least one image of the multi-view 
images, para 0005); 
using the feature vector to select editing instructions from reference data, the reference data comprising editing instructions for a range of 
possible val uas of the feature vector (darivi ng a displacement vector field representing a transformation of an image patch, using the 
derived feature vector to look up reference data comprising reference displacement vector fields associated with possible values of the 
feature vector, para 0005, Iha machine learning technique associates a refe,enca displacement vector field F derived from the training 
input with each possible value of the feature vector in the discrete spa ca, so the reference d ala 35 is essentially a look-up table. This 
allows a reference displacement vector field F to be simply selected from the reference data 35 on the basis of the feature vector 34 
derived [i.e using the feature vector to select ed ,ting 1nstruct1ons from reference data, Iha reference data comprising editing instrtJctions 
for a range of possible values of the feature vector], para 0076 ): and 
applying the selected editing instructions to the target patch to adjust the dig ital representation of the head region (adjusung each image 
of the multi-view images by transforming the image patches containing the left and right eyes of the head in accordance with the derived 
displacement vector field [i.e. applyjng !he selected editing instructions to the target patch to adjust the digital representation of the head 
region]. para 0005, image patches containing the left and right eyes of the head are identified and transformed. para 0006, the machine 
learning technique associates a reference displacement vector field F derived from the training input with each possible value of the 
feature vector in the discrete space, so the reference data 35 is essentially a look-up table. This allows a reference displacement vector 
field F to be simply selected from the reference data 35 on the bas;s of the feature vector 34 derived, para 0076). 
Rea ID does not specifically disclose that the editing instructions in the reference data are provided in a compressed representation. 
However. Rhodes discloses that the editing instructions in the reference data are provided in a compressed representation (After 
computing the discrete wavelet transform (DWT), the data can be compressed according to any type of compression technique, such as, 
a variable thresholding mechanism governed by the embedded zerotree wavelet ( EZW) in which coefficients that are larger than a 
threshold may be selected for transmission, para 0050. The additional data subsequently transmitted can be data compressed using a 
lower amount of compression, if prioritization instructions (e.g., information indicative of a gaze direction) are provided to the transmitter, 
the transm iller may encode data representing i nforrnation about the gaze direction in better quality and less distortion than data 
representing other areas {1.e. the editing instructions in the reference data a re provided in a compressed representation], para 0052 ). It 
would have been obvious to one of ordinary skill in the art al the t1ma of the invention to modify RealD with the teachings of Rhodes for 
the purpose of lowering bandwidth (Rhodes abstract) 

Claims 28 and 29 lack an inventive step under PCT Article 33(3) as being obvious over RealD Spark, LLC (hereinafter Real□) in view of 
Magic Pony Technology Limited et al. (hereinafter Magic) and Kaye et al, (hereinafter Kaye). 

Regarding claim 28, modified Real D discloses the invention above, but Rea ID did not disclose that the adjustment of the digital 
representation comprises converting from a two-dimensional digital representation to a three-dimensional digital representation. 
However, Kaye is in the field of reconstructing a hidden surface area in an image (abstract) and discloses that the adjustment of the 
digital representation comprises converting from a two-dimensional digital representation to a three-dimensional digital representation 
(converting two-dimensional images into three-dimensional images, para 0037). It would have been obvious to one of ordinary skill in the 
art at the time of the invention to modify RealD with the teachings of Kaye for the purpose of converting two-dimensional (2D) motion 
picture images into three-dimensional (3D) motion picture images and to be able reduce or eliminate image artifacts that occur in the 
procass of applying depth to objects during the conversion of 2D images into 3D images (Kaye para 0002, 0008). 
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Regarding claim 29, modified RealD discloses the invention above, but RealD did not disclose that the training of the first machine 
lsarni ng algorithm comprisss itsratively using a rend sring process to gsnsrata a two-dimensional digital representation from a 
three-dimensional digital representation gar1erated by the first machine learning algorithm and comparing the generated digital 
representation with a corresponding digital representation 1n the training data. However, Kaye discloses that the training of the first 
machine learning algonthm compnses iteratively using a rendermg process to generate a two-dimensional digital representation from a 
three-aimensional digital representation generated by the first machine learning algonthm and comparing the generated digital 
representation with a corresponding digital representation in the training data (An image region comparison technique is used to 
determine if an image region in an alternate frame contains missing image information hidden in the original frame, an image region is 
represented as a 2-dimansional topological sat. Basic point-set topological operations than facilitate the pertinent region comparisons in 
the reconstruction process, para 0045, a region of image discrepancy caused by the shift of the object is determined quantitatively. This 
region is compared with the object's original region of definition in alternate frames to determine if any portion of the area of discrepancy 
is uncovered in those frames, para 0046, comparing image regions to determine if an image region in an alternate image contains 
infonmation missing from the image due to the separation pi)lel gap. In one embodiment, the step of comparing image regions further 
includes the steps of: representing the image regions as a two-dimensional topological sets; and employing point-set topological 
operations for pertinent image region comparisons, para 0051). It would have been obvious to one of ordinary skill in the art at the time of 
the invention to modify RealD with the teachings of Kaye for the purpose of determining if an image region in an alternate frame contains 
missing image irifonmation hidden iri the origirial frame (Kaye para 0045). 

Claim 34 lacks an inventive step under PCT Article 33(3) as being obvious over Real□ Spar!<, LLC (hereinafter Real□) in view or Magic 
Pony Technology Limited et al. (hereinafter Magic) and Rhodes. 

Regarding claim 34, modified RealD discloses the invention above, and RealD further discloses that the first reference data comprises 
editing instructions for adjusting the digital representation or the head region for a range of possible digital representations of the head 
region (deriving a displacement vector field representing a transfonmation of an image patch, using the derived feature vector to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector; and adjusting each 
image of the multi-view images by transforming the image patches containing the tell and right eyes of the head in accordance with the 
derived displacement vector field [i. a. Iha first reference d ala comprising ad iting instructions for adjusting the digital representation of the 
head region for a range of possible digital representations of the head region]. para 0005, image patches containing the left and right 
eyes of the head are identified and transformed. To derive a displacement vector field that represents the transformation, a feature vector 
is derived from plural local image descriptors of the image patch in al least one image of the multi-view images and used to look up 
reference data comprising reference displacement vector fields associated with possible values of the feature vector. The form of the 
feature vector may be derived in advance from the reference data using machine learning. This method allows the gaze to be corrected, 
thereby reducing the disconcerting effect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The 
feature vectors 34 are representations of the image patches 33 that are suitable for use ;n looking up reference data 35 comprising 
reference displacement vector fields that represent transformations of the image patch and are associated with possible values of the 
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technique which derives 
the form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of Iha feature vector, 
para 0056 ); and the second refe re nee data comprises editing instructions for adjusting Iha dig ital representation of the head region for a 
range of possible digital representations of the head region (deriving a displacement vector field representing a transformation of an 
image patch, using the derived feature vector to look up reference data comprising refererice displacement vector fields associated with 
possible values of Iha feature vector; and adjusting each image of the multi-view images by transfonming Iha image patches containing 
the left and right eyes of the head in accordance with the derived displacement vector field [i.e. the second reference data comprising 
editing instructions for adjusting the dig ital rspresentation of the head region for a range of possi bla digital representations of the head 
region]. para 0005, ;mage patches containing the left and right eyes of the head are identified al"!d transfonmed. To derive a displacement 
vector field that represents the transformation, a feature vector is derived from plural local image descriptors of the image patch in at 
least one i mags of the multi-view images and used to look up reference data comprising reference dis placement vector fields associated 
with possible values of the feature vector. The form of the feature vector may be derived in advance from the reference data using 
machine leam;ng. Th;s method allows the gaze to be corrected, thereby reducing the disconcerting effect of incorrect gaze wheri the 
multi-view images are subsequently displayed, para 0006, The feature vectors 34 are representations of the image patches 33 that are 
suitable for use in looking up reference data 35 comprising reference displacement vector fields that represent transfonmations of the 
image patch and are associated with possible values of the feature vector, para 0055, The reference data 35 is obtained and analyzed in 
advance using a machine laarni ng technique which derives the fonm of the feature vectors 34 and associates the reference displacement 
vector fields with the possible values of the feature vector, para 0056), but Real D did not disclose that the second ad iting instructions in 
the second reference data are provided in a compressed representation. However, Rhodes discloses that the second editing instructions 
in the second reference data are provided in a compressed represantation (After computing the discrete wavelet transfonm (DWT), the 
data can be compressed according to any type of compression technique, such as, a variable th rash old i ng mechanism governed by the 
embedded zerolree wavelet {EZW) in which coefficients that are larger than a threshold may be selected for transm1ss1on, para 0050, 
The additional data subsequently transmitted can be data compressed using a lower amount of compression, if prioritization instructions 
(e.g., infonmation indicative of a gaze direction) are provided to the transmitter, the transmitter may encode data representing infonma!ion 
about the gaze direction in batter quality and less distortion than data representing other areas [i .a. the editing instructions in the 
reference data are provided in a compressed representation], para 0052). It would have been obvious lo one of ordinary skill in the art al 
the time of the invention to modify RealD with the teachings of Rhodes for the purpose of lowering baridwidth (Rhodes abstract). 

Claims 1-5, 20, 21. 25-30, and 33-36 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the 
subject matter claimed can be made or used in industry. 
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2 (ADJUST+ AND DIGITAL+ AND REPRESENT+ AND HEAD+ 453783 
AND (REGION+ OR AREA+ OR 
SECTION+ ))/TI/AB/IW/OBJ/ADB/IC LM/TX AND PD <= 2017-
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3 (ADJUST+ AND DIGITAL+ AND REPRESENT+ AND HEAD+ 433210 
AND (REGION+ OR AREA+ OR SECTION+) AND 
(GENERAT+ OR CREAT+))/TI/AB/IW/OBJ/ADB/ICLM/TX 
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4 3 AND REFERENCE+ 88283 

5 4AND DATA+ 49334 

6 5 AND RECEIV+ 31118 

7 6 AND TRAIN+ 2401 

8 7 AND INPUT+ 1405 

9 8 AND PATCH+ 11 

10 8 AND TARGET+ 300 

11 8 AND {FEATURE+ OR CHARACTERISTIC+) 748 

12 8 AND OUTPUT+ 1109 
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(G06T-2207/30216)/CPC AND PD <= 2017-08-08 172 

(H04N-001/624)/CPC AND PD <= 2017-08-08 156 

(H04N-005/2256)/CPC AND PD <= 2017-08-08 3948 

( H 04 N-00 5/232 0 6 )/C PC AND PD < = 2017-08-08 2195 

(H04N-005/23219)/CPC AND PD<= 2017-08-08 2680 

(H04N-007 /144 )/CPC AND PD <= 2017-08-08 476 

(H04N-013/117)/CPC AND PD <= 2017-08-08 342 

(H04N-013/122)/CPC AND PD <= 2017-08-08 915 

(H04N-013/128)/CPC AND PD <= 2017-08-08 2053 

(H04N-013/194)/CPC AND PD <= 2017-08-08 1580 
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1 adjust digital representation of head region 543,000 
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inassignee:"REALD SPARK" adjust digital representation of 10 
head region 
generate reference data for adjusting digital representation of 445,000 
head region 
generate reference data for adjusting digital representation of 116,000 
head reqion receive traininq data 
generate reference data for adjusting digital representation of 47,500 
head reoion receive traininq data input patches 
generate reference data for adjusting digital representation of 33,500 
head region receive training data input patches comprising 
target feature prior to adjustment 
generate reference data for adjusting digital representation of 22,000 
head region receive training data input patches comprising 
target feature prior to adjustment output patches comprising 
target feature after adjustment 
adjust digital representation of head region machine learning 32,700 
algorithm generate reference data using training data 
adjust digital representation of head region machine learning 13,900 
algorithm generate reference data using training data adjust 
range of possible digital representations 
adjust digital representation of head region editing instructions 45,600 
comprise filter field 
gaze correction editing instructions comprise filter field 5,740 

gaze correction editing instructions in reference data provided 4,400 
in compressed representation 
gaze correction compress editing instructions reduce data 4,200 
storaqe bandwidth 
compress image editing instructions 118,000 

compressed instructions for editing image 122,000 

send compressed instructions to edit image 46,100 

send compressed instructions to correct gaze 7,830 

second machine learning algorithm use same training data as 133,000 
first machine learning algorithm and reference data generated 
by first machine learning algorithm 
image correction second machine learning algorithm use same 80,800 
training data as first machine learning algorithm and reference 
data generated by first machine learning algorithm 
image correction second machine learning algorithm use same 67,000 
training data as first machine learning algorithm and reference 
data generated by first machine learning algorithm update 
near input data frame rate 
second machine learning algorithm use same training data as 96,100 
first machine learning algorithm and reference data generated 
by first machine learning algorithm update near input data 
frame rate 
update machine learning algorithm near input data frame rate 275,000 

update machine learning algorithm near input data "frame 16,800 
rate" 
convert from two-dimensional digital representation to three- 85,900 
dimensional diqital representation machine learninq comparinq 
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reverse gene rated two-di mens ion a I dig ita I re presentation from 
three-dimensional di ital re resentation 

Computer Accessed Text Databases Searched 
The Patent Analyst searched the following computer accessed text databases: 

G htt II ooa e: :os: www.googe.com 
# Search query 

1 adjust digital representation of head region 

2 ''REALD SPARK" 

3 "REALD SPARK" adjust digital representation of head region 

4 generate reference data for adjusting digital representation of 
head region 

5 generate reference data for adjusting digital representation of 
head region receive training data 

6 generate reference data for adjusting digital representation of 
head region receive traininq data input patches 

7 generate reference data for adjusting digital representation of 
head region receive training data input patches comprising 
target feature prior to adjustment 

8 generate reference data for adjusting digital representation of 
head region receive training data input patches comprising 
target feature prior to adjustment output patches comprising 
tarqet feature after adjustment 

9 adjust digital representation of head region machine learning 
alqorithm qenerate reference data usinq traininq data 

10 adjust digital representation of head region machine learning 
algorithm generate reference data using training data adjust 
range of possible digital representations 

11 adjust digital representation of head region editing instructions 
comprise filter field 

12 gaze correction editing instructions comprise filter field 

13 gaze correction editing instructions in reference data provided 
in compressed representation 

14 gaze correction compress editing instructions reduce data 
storage bandwidth 

15 compress image editing instructions 

16 compressed instructions for editing image 

17 send compressed instructions to edit image 

18 send compressed instructions to correct gaze 

19 second machine learning algorithm use same training data as 
first machine learning algorithm and reference data generated 
by first machine learninq algorithm 

20 image correction second machine learning algorithm use same 
training data as first machine learning algorithm and reference 
data generated by first machine learninQ algorithm 

21 image correction second machine learning algorithm use same 
training data as first machine learning algorithm and reference 
data generated by first machine learning algorithm update 
near input data frame rate 

Results 

33,100,000 

6,970 

274 

36,400,000 

29,100,000 

14,000,000 

6,470,000 

2,540,000 

5,290,000 

915,000 

5,690,000 

610,000 

596,000 

475,000 

29,300,000 

29,000,000 

5,230,000 

732,000 

32,700,000 

18,200,000 

7,570,000 
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22 second machine learning algorithm use same training data as 64,100,000 
first machine learning algorithm and reference data generated 
by first machine learning algorithm update near input data 
frame rate 

23 update machine learning algorithm near input data frame rate 24,400,000 

24 update machine learning algorithm near input data "frame 360,000 
rate" 

25 convert from two-dimensional digital representation to three- 13,500,000 
dimensional digital representation machine learning comparing 
reverse generated two-dimensional digital representation from 
three-dim en siona I di q ital representation 

G 00Q e c oar: I S h I h ttps: SC o ar.Qoogle.com/ // h I 
# Search query Results 

1 adjust digital representation of head region 96,500 

2 "REAL□ SPARK" a 
3 ''REAL□ SPARK" adjust digital representation of head region 0 

4 generate reference data for adjusting digital representation of 45,800 
head reqion 

5 generate reference data for adjusting digital representation of 27,300 
head reqion receive traininq data 

6 generate reference data for adjusting digital representation of 19,500 
head reqion receive traininq data input patches 

7 generate reference data for adjusting digital representation of 17,400 
head region receive training data input patches comprising 
target feature prior to adjustment 

8 generate reference data for adjusting digital representation of 15,500 
head region receive training data input patches comprising 
target feature prior to adjustment output patches comprising 
tarqet feature after adjustment 

9 adjust digital representation of head region machine learning 28,200 
alqorithm qenerate reference data usinq traininq data 

10 adjust digital representation of head region machine learning 19,400 
algorithm generate reference data using training data adjust 
range of possible d iq ita I representations 

11 adjust digital representation of head region editing instructions 18,400 
comorise filter field 

12 gaze correction editing instructions comprise filter field 17,400 

13 gaze correction editing instructions in reference data provided 15,000 
in compressed representation 

14 gaze correction compress editing instructions reduce data 2,970 
storage bandwidth 

15 compress image editing instructions 27,500 

16 compressed instructions for editing image 39,400 

17 send compressed instructions to edit image 23,500 

18 send compressed instructions to correct gaze 19,400 

19 second machine learning algorithm use same training data as 620,000 
first machine learning algorithm and reference data generated 
by first machine learning algorithm 

20 image correction second machine learning algorithm use same 56,700 
training data as first machine learning algorithm and reference 
data generated by first machine learning algorithm 
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image correction second machine learning algorithm use same 23,300 
training data as first machine learning algorithm and reference 
data generated by first machine learning algorithm update 
near input data frame rate 
second machine learning algorithm use same training data as 38,500 
first machine learning algorithm and reference data generated 
by first machine learning algorithm update near input data 
frame rate 
update machine learning algorithm near input data frame rate 61,800 

update machine learning algorithm near input data "frame 18,600 
rate" 
convert from two-dimensional digital representation to three- 19,000 
dimensional digital representation machine learning comparing 
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and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Eric Sommerlade 409001 
CONFIRMATION NO. 5211 

PUBLICATION NOTICE 
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NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/057,566 08/07/2018 2688 2355 409001 36 6 

145234 
RealD Spark, LLC 
100 North Crescent Drive 
Suite 200 
Beverly Hills, CA 90210 

CONFIRMATION NO. 5211 
UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!Ull~II 11~, 111111111111111 IIII IIII 

Date Mailed: 11/02/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Eric Sommerlade, Oxford, UNITED KINGDOM; 
Alexandros Neophytou, Oxford, UNITED KINGDOM; 

Applicant( s) 
RealD Spark, LLC, Beverly Hills, CA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 62/542,661 08/08/2017 
and claims benefit of 62/543,587 08/10/2017 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/24/2018 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/057,566 

Projected Publication Date: 02/14/2019 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

Adjusting a digital representation of a head region 

Preliminary Class 

360 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/057,566 

145234 
RealD Spark, LLC 
100 North Crescent Drive 
Suite 200 
Beverly Hills, CA 90210 

FILING OR 3 71 (C) DATE 

08/07/2018 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Eric Sommerlade 409001 
CONFIRMATION NO. 5211 

INFORMAL NOTICE 
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Date Mailed: 11/02/2018 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Eric Sommerlade 
Alexandros Neophytou 

/yteferra/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/057,566 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 36 minus 20= 16 (37 CFR 1.16(i)) 
X 50 = 800 OR 

INDEPENDENT CLAIMS 6 minus 3 = 3 X 230 = 690 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 2275 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 
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ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/057,566 

145234 
RealD Spark, LLC 
100 North Crescent Drive 
Suite 200 
Beverly Hills, CA 90210 

08/07/2018 Eric Sommerlade 409001 
CONFIRMATION NO. 5211 

FORMALITIES LETTER 

11111111111111111 lllll ll]~!l]!~l!~IU!IIU!~iljl] 111111111111111 IIII IIII 

Date Mailed: 10/30/2018 

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL) 

Filing Date Granted 

The U.S. Patent and Trademark Office has received your reply on 10/26/2018 to the Notice to File Missing Parts 
(Notice) mailed 08/27/2018 and it has been entered into the nonprovisional application. The reply, however, 
does not include the following items required in the Notice. A complete reply must be timely filed to prevent 
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts, 
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450. 

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 08/27/2018 
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time 
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

Items Required to Avoid Abandonment: 

The required items noted below SHOULD be filed along with any items required above. The filing date of this 
nonprovisional application will be the date of receipt of the items required above. 

The application is informal since it does not comply with the regulations for the reason(s) indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: 

• The drawings are not in compliance with 37 CFR 1.84 because figures 4# contain figure or view numbers 
that have incorrect orientation. Reference characters, sheet numbers, and view numbers must be oriented 
in the same direction as the view. See 37 CFR 1.84(p)(1 ). 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 
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• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Eric Sommerlade 
Alexandros Neophytou 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/yteferra/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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APPLICATIONNO. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: RealD Spark, LLC 

Title: Adjusting a digital representation of a head region 

Application No.: 16/057,566 

Examiner: TBD 

Atty. Docket No.: 409001 

Mail Stop Amendment 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Filed: 

Group Art Unit: 

Conf. No.: 

August 7, 2018 

2688 

5211 

CERTIFICATE OF FILING ELECTRONICALLY VIA EFS 
37CFR1.8 

I HEREBY CERTIFY THAT I HAVE A REASONABLE BASIS FOR BELIEF THAT 

IBIS CORRESPONDENCE IS BEING SUBMITTED TO IBE UNITED STATES 

PATENT AND TRADEMARK OFFICE VIA EFS (ELECTRONICALLY) ON IBE 

DATE INDICATED BELOW, AND IS ADDRESSED TO: 

MAIL STOP AMENDMENT 

COMMISSIONER FOR PA TENTS 

PO Box 1450 

ALEXANDRIA, VA 22313-1450 

/Penny L Lowty/ 
Penny L. Lowry, Reg. No. 57186 

DATE OF SUBMISSION: OCTOBER 30, 2018 
ELECTRONIC FILING (EFS) 

RESPONSE TO NOTICE TO FILE 
MISSING PARTS OF A NON-PROVISIONAL APPLICATION 

In response to the Notice to File Missing Parts of Non-provisional Application 

mailed August 27, 2018, Applicants hereby respectfully submit the following: 

1. Replacement drawing sheets (1/12 thru 12/12; and 

2. Fees due. 
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REMARKS 

APPLICATIONNO. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

Applicant notes that the replacement drawing sheets contain no new subject 

matter. 

The Examiner is requested to contact the undersigned Attorney of Record if such 

would expedite the prosecution of the present Application. If the Commissioner 

determines that any additional fees are due, the Examiner is requested to contact the 

undersigned Attorney of Record for any such fees, referencing Attorney Docket Number 

409001. 

Date: October 30, 2018 

Respectfully submitted, 

/Penny L Lowry/ 

Penny L. Lowry 
Reg. No. 57186 

RealD Inc. 
5700 Flatiron Parkway 
Boulder, CO 80301 
Tel: (303) 500-6030 
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Electronic Patent Application Fee Transmittal 

Application Number: 16057566 

Filing Date: 07-Aug-2018 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Filer: Penny Lea Lowry/Stefan Bump 

Attorney Docket Number: 409001 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 1 month with $0 paid 2251 1 100 100 

Miscellaneous: 

Total in USO($) 100 
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Electronic Acknowledgement Receipt 

EFSID: 34157242 

Application Number: 16057566 

International Application Number: 

Confirmation Number: 5211 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Customer Number: 145234 

Filer: Penny Lea Lowry/Stefan Bump 

Filer Authorized By: Penny Lea Lowry 

Attorney Docket Number: 409001 

Receipt Date: 30-OCT-2018 

Filing Date: 07-AUG-2018 

Time Stamp: 12:42:53 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $100 

RAM confirmation Number 10301 SINTEFSWl 2445200 

Deposit Account 506262 

Authorized User Stefan Bump 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

90003 

1 
Applicant Response to Pre-Exam 

409001_Response_NTFMP.pdf no 2 
Formalities Notice 

e4c1 2ecfce0Sac319b9d64e8e2242f98abb7 
Occ9 

Warnings: 

Information: 

130765 

2 
Drawings-only black and white line 409001 _Replacement_sheets. 

no 12 
drawings pdf 

a4d43741f462c7217cab67f4d8207f5c3905 
e7d6 

Warnings: 

Information: 

30025 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
db4f626f044e3b2836946cf25Sd856e009eE 

23e6 

Warnings: 

Information: 

Total Files Size (in bytes) 250793 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATIONNO. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: RealD Spark, LLC 

Title: Adjusting a digital representation of a head region 

Application No.: 16/057,566 

Examiner: TBD 

Atty. Docket No.: 409001 

Mail Stop Amendment 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Filed: 

Group Art Unit: 

Conf. No.: 

August 7, 2018 

2688 

5211 

CERTIFICATE OF FILING ELECTRONICALLY VIA EFS 
37CFR1.8 

I HEREBY CERTIFY THAT I HAVE A REASONABLE BASIS FOR BELIEF THAT 

IBIS CORRESPONDENCE IS BEING SUBMITTED TO IBE UNITED STATES 

PATENT AND TRADEMARK OFFICE VIA EFS (ELECTRONICALLY) ON IBE 

DATE INDICATED BELOW, AND IS ADDRESSED TO: 

MAIL STOP AMENDMENT 

COMMISSIONER FOR PA TENTS 

PO Box 1450 

ALEXANDRIA, VA 22313-1450 

/Penny L Lowty/ 
Penny L. Lowry, Reg. No. 57186 

DATE OF SUBMISSION: OCTOBER 26, 2018 
ELECTRONIC FILING (EFS) 

PRELIMINARY AMENDMENT 

Prior to examination, please amend the above-identified application as indicated 

below. 

Amendments to the Claims begin on page 2 of this paper. 

Remarks begin on page 11 of this paper. 
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Electronic Patent Application Fee Transmittal 

Application Number: 16057566 

Filing Date: 07-Aug-2018 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Filer: Penny Lea Lowry/Stefan Bump 

Attorney Docket Number: 409001 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75 

UTILITY SEARCH FEE 2111 1 330 330 

UTILITY EXAMINATION FEE 2311 1 380 380 

Pages: 

Claims: 

CLAIMS IN EXCESS OF 20 2202 16 50 800 

INDEPENDENT CLAIMS IN EXCESS OF 3 2201 3 230 690 

Miscellaneous-Filing: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 2355 
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Electronic Acknowledgement Receipt 

EFSID: 34130915 

Application Number: 16057566 

International Application Number: 

Confirmation Number: 5211 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Customer Number: 145234 

Filer: Penny Lea Lowry/Stefan Bump 

Filer Authorized By: Penny Lea Lowry 

Attorney Docket Number: 409001 

Receipt Date: 26-OCT-2018 

Filing Date: 07-AUG-2018 

Time Stamp: 15:37:46 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $2355 

RAM confirmation Number 10291 SINTEFSWl 5400400 

Deposit Account 506262 

Authorized User Stefan Bump 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

113016 

1 
409001_Preliminary_Amendm 

yes 11 
ent.pdf 

f86a4579bce848bf3c748a4138ce6994e42t 
1bb1 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Arguments/Remarks Made in an Amendment 11 11 

Claims 2 10 

Preliminary Amendment 1 1 

Warnings: 

Information: 

40419 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
bbl e737172221 add071f3ba79461 cb7841 a 

2cabe 

Warnings: 

Information: 

Total Files Size (in bytes) 153435 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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REMARKS 

APPLICATIONNO. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

Claims 1-36 were originally filed. Claims 4-6, 9-16, 18-19, 22, 30-31, and 36 are 

currently amended to remove multiple dependencies and to correct minor typographical 

errors. No new matter has been added. 

The Examiner is requested to contact the undersigned Attorney of Record if such 

would expedite the prosecution of the present Application. No fees are believed due. If 

the Commissioner determines that any fees are due, the Examiner is requested to contact 

the undersigned Attorney of Record for any such fees, referencing Attorney Docket 

Number 409001. 

Date: October 26, 2018 

Respectfully submitted, 

/Penny L Lowry/ 

Penny L. Lowry 
Reg. No. 57186 

RealD Inc. 
5700 Flatiron Parkway 
Boulder, CO 80301 
Tel: (303) 500-6030 
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APPLICATIONNO. 16/057,566 
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AMENDMENTS TO THE CLAIMS 

1. (Original) A method of generating reference data for adjusting a digital 

representation of a head region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a 

digital representation of a head region prior to adjustment of the digital 

representation of the head region, wherein the target feature is the same for each 

input patch; and 

a set of output patches in one-to-one correspondence with the input 

patches, each output patch comprising the target feature of the digital 

representation of the head region after adjustment of the digital representation of 

the head region; 

using a first machine learning algorithm to generate first reference data using the 

training data, the first reference data comprising editing instructions for adjusting the 

digital representation of the head region for a range of possible digital representations of 

the head region; and 

using a second machine learning algorithm to generate second reference data 

using the same training data as the first machine learning algorithm and the first reference 

data generated by the first machine learning algorithm, the second reference data 

comprising editing instructions for adjusting the digital representation of the head region 

for a range of possible digital representations of the head region. 

2. (Original) The method of claim 1, wherein: 

the first reference data comprise first editing instructions for a range of possible 

configurations of the target feature and first selection instructions for selecting editing 

instructions for a particular input patch from the first editing instructions based on the 

configuration of the target feature of the input patch; and 

the second reference data comprise second editing instructions for a range of 

possible configurations of the target feature and second selection instructions for 
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selecting editing instructions for a particular input patch from the second image editing 

instructions based on the configuration of the target feature of the input patch. 

3. (Original) The method of claim 2, wherein the configuration of the target 

feature of each input patch is represented by a feature vector derived from plural local 

descriptors of the input patch, and the first and second selection instructions define how 

the feature vector is used to select editing instructions for the input patch. 

4. (Currently amended) The method of claim 2 ~, wherein the editing 

instructions comprise a displacement vector field defining how the input patch is to be 

transformed. 

5. (Currently amended) The method of claim 2 ~, wherein the editing 

instructions comprise a filter field, a brightness adjustment field, or a texture blending 

field. 

6. (Currently amended) The method of claim 2 aHy of elaim:s 2 5, wherein: 

a first editing algorithm is used by the first machine learning algorithm to define 

how the first editing instructions are to be applied to an input patch to derive an output 

patch; and 

a second editing algorithm is used by the second machine learning algorithm to 

define how the second editing instructions are to be applied to an input patch to derive an 

output patch. 

7. (Original) The method of claim 6, wherein: 

the second editing instructions are principle component analysis components of a 

principle component analysis of the first editing instructions; and 

the second image editing algorithm is configured to transform the second editing 

instructions into the first editing instructions by inverse principle component analysis 

transform. 
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the second editing instructions are wavelet components of the first editing 

instructions; and 

the second editing algorithm is configured to transform the second editing 

instructions into the first editing instructions by inverse wavelet transform. 

9. (Currently amended) The method of claim 2 any of claims 2 8, wherein the first 

selection instructions for the first reference data are able to select between a larger 

number of alternative editing instructions than the second selection instructions for the 

second reference data. 

10. (Currently amended) The method of claim 1 any preceding claim, wherein the 

first machine learning algorithm is of a different machine learning algorithm type than 

the second machine learning algorithm. 

11. (Currently amended) The method of claim 1 any preceding claim, wherein the 

first machine learning algorithm comprises one or more of the following: a neural 

network; a support vector machine; and a generative adversarial network (GAN), Gi\N. 

12. (Currently amended) The method of claim 1 any preceding claim, wherein the 

second machine learning algorithm comprises one or more of the following: a regression 

forest; regression ferns, cluster centres, a lookup table, and separable filter banks. 

13. (Currently amended) The method of claim 1 any of claims 1 10, wherein the first 

machine learning algorithm comprises a first neural network and the second machine 

learning algorithm comprises a second neural network, wherein the second neural 

network comprises fewer layers and/or smaller convolution fields than the first neural 

network. 

14. (Currently amended) The method of claim 1 any preceding claim, wherein the 

target feature comprises one or more of the following: an eye region comprising at least 
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part of an eye, a nose region comprising at least part of a nose, a mouth region 

comprising at least part of a mouth, a chin region comprising at least part of a chin, a 

neck region comprising at least part of a neck, and a hair region comprising hair. 

15. (Currently amended) The method of claim 1 aHy of claims 1 13, wherein: 

the target feature comprises an eye region comprising at least part of an eye and 

the adjustment of the digital representation of the head region comprises adjusting a gaze 

direction; 

the target feature comprises a nose region comprising at least part of a nose and 

the adjustment of the digital representation of the head region comprises adjusting a 

shape and/or texture of the nose; 

the target feature comprises a chin region comprising at least part of a chin and 

the adjustment of the digital representation of the head region comprises adjusting a 

shape and/ or texture of the chin; 

the target feature comprises a neck region comprising at least part of a neck and 

the adjustment of the digital representation of the head region comprises adjusting a 

shape and/or texture of the neck; and/or 

the target feature comprises a hair region comprising hair and the adjustment of 

the digital representation of the head region comprises adjusting a color of the hair. 

16. (Currently amended) The method of claim 1 aHy preeediHg claim, wherein the 

second editing instructions in the second reference data are provided in a compressed 

representation. 

17. (Original) The method of claim 16, wherein the compressed representation 

comprises one or more of the following: a principle component analysis representation; a 

wavelet representation; Fourier and/or discrete cosine transform components; cluster 

centers. 

18. (Currently amended) A method of adjusting a digital representation of a head 

region, the method comprising 
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receiving a digital representation of a head region; and 

using reference data comprising editing instructions to adjust the digital 

representation of the head region, wherein the reference data comprises the second 

reference data generated by the method of claim 1 aHy of claims 1 17. 

19. (Currently amended) A method of adjusting a digital representation of a head 

region, the method comprising: 

identifying a target patch in the digital representation of the head region, the target 

patch comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the 

reference data comprising editing instructions for a range of possible values of the feature 

vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the reference data comprises the second reference data generated by the method of 

claim 1 aHy of claims 1 17. 

20. (Original) A method of adjusting a digital representation of a head region, the 

method comprising: 

identifying a target patch in the digital representation of the head region, the target 

patch comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the 

reference data comprising editing instructions for a range of possible values of the feature 

vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the editing instructions in the reference data are provided in a compressed 

representation. 
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The method of claim 20, wherein the compressed representation 

comprises one or more of the following: a principle component analysis representation; a 

wavelet representation; Fourier and/or discrete cosine transform components; cluster 

centres. 

22. (Currently amended) The method of claim 18 any of claims 18 21, wherein a 

plurality of the digital representations of the head region are received and adjusted, each 

digital representation being captured from the head region at a different point in time, and 

the method further comprises updating the second machine learning algorithm using 

editing instructions generated by the first machine learning algorithm using one or more 

of the received and adjusted digital representations. 

23. (Original) The method of claim 22, wherein the updating of the second 

machine learning algorithm is performed at or near input data frame rate. 

24. (Original) The method of claim 23, wherein only a subset of the received and 

adjusted digital representations are used to update the second machine learning algorithm. 

25. (Original) A method of training a machine learning algorithm to adjust a 

digital representation of a head region, comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a 

digital representation of a head region prior to adjustment of the digital 

representation of the head region, wherein the target feature is the same for each 

input patch; and 

first reference data generated by a pre-trained first machine learning 

algorithm, the first reference data comprising a set of editing instructions in one­

to-one correspondence with the input patches, each editing instruction being for 

adjusting the digital representation of the head region; 

updating a pre-trained second machine learning algorithm trained to generate 

second reference data, where the input for the updating comprises the training data and 
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the generated first reference data, the second reference data comprising editing 

instructions for adjusting the digital representation of the head region. 

26. (Original) The method of claim 25, wherein the updating of the second 

machine learning algorithm is performed at or near input data frame rate. 

27. (Original) A method of training a machine learning algorithm to adjust a 

digital representation of a head region, the method comprising: 

receiving training data comprising a set of input digital representations of a head 

reg10n; 

training a first machine learning algorithm using the training data to perform an 

adjustment of a digital representation of a head region; 

using the trained first machine learning algorithm to generate first reference data, 

the first reference data comprising an adjusted digital representation of the head region 

for each of at least a subset of the input digital representations, each adjusted digital 

representation being obtained by performed the adjustment that the first machine learning 

algorithm was trained to perform; and 

training a second machine learning algorithm using at least a subset of the training 

data used to train the first machine learning algorithm and the first reference data to 

perform the same adjustment of a digital representation of a head region as the first 

machine learning algorithm. 

28. (Original) The method of claim 27, wherein the adjustment of the digital 

representation comprises converting from a two-dimensional digital representation to a 

three-dimensional digital representation. 

29. (Original) The method of claim 28, wherein the training of the first machine 

learning algorithm comprises iteratively using a rendering process to generate a two­

dimensional digital representation from a three-dimensional digital representation 

generated by the first machine learning algorithm and comparing the generated digital 

representation with a corresponding digital representation in the training data. 
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30. (Currently amended) The method of claim 25 any of claims 25 29, further 

comprising receiving a further digital representation of the head region and using the 

updated or trained second machining learning algorithm to adjust the further digital 

representation. 

31. (Currently amended)A computer program capable of execution by a processor 

and arranged on execution to cause the processor to perform a method according to claim 

l_any of the preceding claims. 

32. (Original) A computer readable storage medium storing a computer program 

according to claim 31. 

33. (Original) A device for generating reference data for adjusting a digital 

representation of a head region, the device comprising a data processing unit arranged to: 

receive training data comprising: 

a set of input patches, each input patch comprising information about a 

target feature of a digital representation of the head region prior to adjustment of 

the digital representation of the head region, wherein the target feature is the same 

for each input patch; and 

a set of output patches in one-to-one correspondence with the input 

patches, each output patch comprising the target portion of the digital 

representation of the head region after adjustment of the digital representation of 

the head region; 

use a first machine learning algorithm to generate first reference data using the 

training data; and 

use a second machine learning algorithm to generate second reference data using 

the same training data as the first machine learning algorithm and the first reference data 

output by the first machine learning algorithm. 

34. (Original) The device of claim 33, wherein: 
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the first reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the 

head region; 

the second reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the 

head region; 

the second editing instructions in the second reference data are provided in a 

compressed representation. 

35. (Original) A device for adjusting a digital representation of a head region, the 

device comprising a data processing unit arranged to process the digital representation of 

the head region by: 

identifying a target patch in the digital representation of the head region, the target 

patch comprising information about a target feature of the digital representation of the 

head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the 

reference data comprising editing instructions for a range of possible values of the feature 

vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the editing instructions in the reference data are provided in a compressed 

representation. 

36. (Currently amended)The device of claim 35 aH:y ofelaim:s 33 35, further 

comprising a telecommunications interface arranged to transmit the adjusted digital 

representation over a telecommunications network to a destination device to allow 

display of the head region thereon. 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/057,566 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

Adjusting a digital representation of a head region 

Preliminary Class 

360 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PTO/AIA/14 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Attorney Docket Number 409001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document 
may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

□ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37 
CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Eric Sommerlade 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Oxford I country of Residence i 1GB 

Mailing Address of Inventor: 

Address 1 100 N. Crescent Drive 

Address2 Suite 200 

City I Beverly Hills I State/Province I CA 

Postal Code I 90210 I Country i I us 

Inventor 2 

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Alexandros Neophytou 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Oxford I country of Residence i 1GB 

Mailing Address of Inventor: 

Address 1 100 N. Crescent Drive 

Address2 Suite 200 

City I Beverly Hills I State/Province I CA 

Postal Code I 90210 I Country i I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be generated 

I Add I within this form by selecting the Add button. 
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PTO/AIA/14 (08-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 409001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 145234 

Email Address patpros@reald.com 
I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention Adjusting a digital representation of a head region 

Attorney Docket Number 409001 I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 12 I Suggested Figure for Publication (if any) I 3 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

,_ 
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time ofRequest 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 35 u.s.c. 

□ 
122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 
months after filing. 

Representative Information: 

Representative information should be provided for all pract1t1oners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number 
will be used for the Representative Information during processing. 
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PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 409001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e}, 120, 121, 365(c}, or 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Application Number Continuity Type Prior Application Number 

Claims benefit of provisional 62542661 

Application Number Continuity Type Prior Application Number 

Claims benefit of provisional 62543587 

Additional Domestic Benefit/National Stage Data may be generated within this form by 
selecting the Add button. 

Foreign Priority Information: 

Fi ing or 371 (c) Date 
(YYYY-MM-DD) 

2017-08-08 

Fi ing or 371 (c) Date 
(YYYY-MM-DD) 

2017-08-10 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible 

for retrieval under the priority document exchange program (POX) the information J,ill be used by the Office to automatically attempt retrieval 

pursuant to 37 CFR 1.55(i)(l) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign 

application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority 

application is filed, within the time period specified in 37 CFR 1.55(g)(l). 
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PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

409001 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Application Number Country 1 Filing Date (YYYY-MM-DD) 

Additional Foreign Priority Data may be generated within this form by selecting the Add 
button. 

Access Codei(if applicable) 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

409001 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see 
paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. 
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access 
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned 
hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean 
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of China (SIPO), the World 
Intellectual Property Organization (WIPO), and any other foreign intellectual property office participating with the USPTO in a 
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant 
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, (2) any foreign 
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and 
(3) the date offiling of this Authorization. See 37 CFR l.14(h)(l ). 

B. Search Results from U.S. Application to EPO- Unless box Bin subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from 
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See 
37 CFR l.14(h)(2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a copy of 
search results from the instant application without delay in a European patent application that claims priority to the instant 
application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any 

documents and information identified in subsection 1 A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in 
accordance with 37 CFR 1.14. 
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PTO/AIA/14 (08-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 409001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have 
an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The 
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the 
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows 
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee, 
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more 
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section. 

I Clear I 

@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 

Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I RealD Spark, LLC 

Mailing Address Information For Applicant: 

Address 1 100 N. Crescent Drive 

Address 2 Suite 200 

City Beverly Hills State/Province CA 

Country 1 I us Postal Code 90210 

Phone Number 303-500-6151 Fax Number 

Email Address patpros@reald.com 

Additional Applicant Data may be generated within this form by selecting the Add button. 
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Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 409001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 ofTitle 37 of 
CFR to have an assignment recorded by the Office. 

Assignee 1 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application 
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an 
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application 
publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

409001 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Adjusting a digital representation of a head region 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet 
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the 
"Authorization or Opt-Out of Authorization to Permit Access" section, then this form must also be signed in accordance 
with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e. 
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, 
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., 
see USPTO Form PTO/AIA/81) on behalfofalljoint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature /Penny L. Lowry/ Date (YYYY-MM-DD) 

First Name Penny L. I Last Name I Lowry I Registration Number 57186 

Additional Signature may be generated within this form by selecting the Add button. 
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Utility Patent Application 
Attorney Ref No. 409001 

Adjusting a Uigital representation of a Head Region 

TECHNICAL FIELD 

[01] This application relates to adjusting a digital representation, such as an image or a three­

dimensional geometrical representation, of a head region, particularly a facial and/or neck 

reg10n. The application relates particularly to adjusting target features of the digital 

representation of the head region, for example to correct a perceived gaze direction of eyes, or to 

modify the texture and/or shape of features such as the nose, mouth, chin or neck 

BACKGROUND 

[021 In many systems, images of a head, which may comprise single images at different 

times, or stereoscopic pairs of images or other rnulti-view· images, may be captured in one device 

and displayed on a different device for viewing by an observer. One non-limitative example is a 

system for performing teleconferencing between two telecommunications devices. In that case, 

each device may capture images of the observer of that device and transmit them to the other 

device over a telecommunications network for display and viewing by the observer of the other 

device. Digital representations other than images and/or complernentary to images may also be 

captured, for example using depth measurements (e.g. using a time-of-flight camera). 

[03] When an image or other digital representation of a head is captured and displayed, the 

gaze of the head may not be directed at the observer. This may be caused for example by the 

gaze of the head not being directed at the sensing system (e.g. camera system) used to capture 

the digital representation ( e.g. image), for example because a user whose head is imaged is 

observing a display in the same device as a camera system and the camera system is offset above 

(or below) that display. In that case, the gaze in the displayed images will be perceived to be 

dowmvards (or upwards). The human visual system has evolved high sensitivity to gaze during 

social interaction, using cues gained from the relative position of the iris and white sclera of 

other observers. Errors in the perceived gaze are disconcerting. For example in a system for 

performing teleconferencing, errors in the perceived gaze can create unnatural interactions 

between the users. 

[041 The present disclosure is concerned with processing techniques (e.g. image processing 
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techniques) for adjusting digital representations ( e.g. images) of a head region to correct the 

perceived gaze and/or to improve other aspects of a computer-generated display of the head 

reg10n. The present disclosure is particularly concerned with implementing such processing 

techniques with minimal demands on computer hardware and/or power such that they provide 

results at or near input data frarne rate or user feedback requirements. 

BRIEF SU:Ml\/IARY 

[05j According to a first aspect of the present disclosure, there is provided a method of 

generating reference data for adjusting a digital representation of a head region, the method 

comprising: receiving training data comprising: a set of input patches, each input patch 

comprising a target feature of a digital representation of a head region prior to adjustment of the 

digital representation of the head region, wherein the target feature is the same for each input 

patch; and a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region after 

adjustment of the digital representation of the head region; using a first machine learning 

algorithm to generate first reference data using the training data, the first reference data 

comprising editing instructions for adjusting the digital representation of the head region for a 

range of possible digital representations of the head region; and using a second machine learning 

algorithm to generate second reference data using the same training data as the first machine 

!earning algorithm and the first reference data generated by the first machine learning algorithm, 

the second reference data comprising editing instructions for adjusting the digital representation 

of the head region for a range of possible digital representations of the head region. 

[06] The described use of two machine learning algoritluns allows an improved balance to be 

achieved between accuracy of the adjustment process and speed of execution. The first machine 

learning algorithm can be configured to provide highly detailed first reference data, which 

provides high accuracy. Use of this first reference data directly in a processing technique (e.g. 

image processing technique) to adjust a digital representation (e.g. image or three-dimensional 

geometrical representation) of a head region \vould be relatively expensive in tenns of 

computational resources because of the high level of detail. By arranging instead for the first 

reference data to be provided to a second machine learning algorithm, which provides, based on 
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the first reference data and the original training data, the reference data (the second reference 

data) that is to be used for the adjustment of the digital representation of the head region, it is 

possible to benefit to an extent from the high accuracy of the first machine learning algorithm 

whilst also providing reference data that is less detailed and thus easier to process efficiently 

when performing the adjustment of the digital representation of the head region. The quality of 

the reference data provided by the second machine learning algorithm is found to be significantly 

improved when the second machine learning algorithm is provided with both the first reference 

data and the training data in comparison to when the second machine learning algorithm is 

provided only with the training data. 

[07] In an embodiment, efficiency is further improved by providing editing instructions (e.g. 

image editing instructions) in the second reference data in a compressed representation. The use 

of a compressed representation reduces data storage and bandwidth requirements during use of 

the editing instructions to perforn1 adjustment of a digital representation of a head region. 

[08] According to a second aspect of the present disclosure, there is provided a device 

configured to perform a similar method to the first aspect of the invention. 

[09] According to a third aspect of the present disclosure, there is provided a method of 

adjusting a digital representation of a head region, the method comprising: identifying a target 

patch in the digital representation of the head region, the target patch comprising a target feature 

of the digital representation of the head region; deriving a feature vector from plural local 

descriptors of the target patch; using the feature vector to select editing instructions from 

reference data, the reference data comprising editing instructions for a range of possible values 

of the feature vector; and applying the selected editing instructions to the target patch to adjust 

the digital representation of the head region, \vherein the editing instructions in the reference data 

are provided in a compressed representation. 

[10] According to a fourth aspect of the present disclosure, there is provided a device 

configured to perform a similar method of the third aspect of the invention. 

[11] The use of a compressed representation reduces data storage and bandwidth 

requirements. 

[12] According to a fifth aspect of the present disclosure, there is provided a method of 

training a machine learning algorithm to adjust a digital representation of a head region, 
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compnsmg: receiving training data compnsmg: a set of input patches, each input patch 

comprising a target feature of a digital representation of a head region prior to adjustment of the 

digital representation of the head region, wherein the target feature is the same for each input 

patch; and first reference data generated by a pre-trained first machine learning algorithm, the 

first reference data comprising a set of editing instructions in one-to-one correspondence with the 

input patches, each editing instruction being for adjusting the digital representation of the head 

region; updating a pre-trained second machine learning algorithm trained to generate second 

reference data, where the input for the updating comprises the training data and the generated 

first reference data, the second reference data comprising editing instructions for adjusting the 

digital representation of the head region. 

[13] According to a sixth aspect of the present disclosure, there is provided a method of 

training a machine learning algorithm to adjust a digital representation of a head region, the 

method comprising: receiving training data comprising a set of input digital representations of a 

head region; training a first machine learning algorithm using the training data to perform an 

adjustment of a digital representation of a head region; using the trained first machine learning 

algorithm to generate first reference data, the first reference data comprising an adjusted digital 

representation of the head region for each of at least a subset of the input digital representations, 

each adjusted digital representation being obtained by perfonned the adjustment that the first 

machine learning algorithm was trained to perform; and training a second machine learning 

algorithm using at least a subset of the training data used to train the first machine learning 

algorithm and the first reference data to perform the same adjustment of a digital representation 

of a head region as the first machine learning algorithm. 

BRCEJ? DESCRIPTION()]<' THE DRA\VINGS 

[14] Non-limitative embodiments are illustrated by way of example in the accompanying 

figures, in which like reference numbers indicate similar parts, and in which: 

f151 FIGURE 1 is a schematic perspective view of a device that captures a stereoscopic pair 

of images; 

[16] PIGURE 2 is a schematic perspective view of a device that displays the stereoscopic 

pair of images; 

4 

Microsoft Exhibit 1002 - Page 2331 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application 
Attorney Ref No. 409001 

[17] FIGURE 3 is a flow chart of a method of adjusting a stereoscopic pair of images; 

[18] FIGURE 4 is a diagram illustrating the processing of the stereoscopic pair of images in 

the method of FIG-URE 3, 

[191 :FIGURE 5 is a flow chart of a step of extracting an image patch; 

[20] FIGURE 6 and FIGURE 7 are flow charts of two alternatives for a step of adjusting an 

1mao-e: b, 

[21] FIGURE 8 is flow chart of a method of generating reference data; 

[22] FIGURE 9 schematically depicts data flow in an example method of generating 

reference data; 

[23] FIGURE 10 depicts a device for generating reference data; 

[24] FIGURE 11 is a flow chart of a method of adjusting an image of a head region; 

[25] FIGURE 12 schematically depicts data flow in an example of a method of adjusting an 

image of a head region; 

[26] FIGURE l3 is a diagrarn of a telecomnmnications system in which the method rnay be 

implemented; 

[27] FIGURE 14 schematically depicts data flow in an example method of generating 

reference data for converting a two-dimensional digital representation of a head region to a three­

dimensional digital representation of a head region; and 

[28] FIGURE 15 schematically depicts data flow in an example of a method of adjusting a 

digital representation of a head region in which a second machine learning algorithm is updated 

online. 

DETAILED DESCRIPTION 

[29] FIGURE l and J?IGlJRE 2 illustrate how incorrect gaze is perceived when a 

stereoscopic pair of images of a head is captured by the device 10 shown in FIGURE l which 

will be referred to as the source device 10, and displayed on a different device 20 shown in 

FIGURE 2 which will be referred to as the destination device 20. Capturing of a stereoscopic 

pair of images is shown as an example. A similar effect can occur when a monocular image is 

captured and when more than two views of the head are captured. A similar effect can also 

occur when alternative or additional sensing techniques are used to build a digital representation 
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of the head (e.g. where a depth sensor such as a time-of-flight camera is used to obtain three­

dimensional geometrical information about positions on the surface of the head). 

[30j In the embodiment shown, the capture device IO includes a display l l and a camera 

system 12. In this particular example, the camera system comprises two cameras 13 in order to 

capture the stereoscopic pair of images of the head of a source observer 14. In a monocular 

implementation a single camera may be provided instead of the two cameras 13. In other 

implementations a depth sensor is alternatively or additionally provided. The source observer 14 

views the display 11, along line 15 The cameras 13 ( optionally including one or more depth 

sensors) of the camera system 12 are offset from the display 11, in this case being above the 

display l 1. Thus, the cameras 13 effectively look down on the source observer 14 along line 16. 

[31] The display device 20 includes a display 21, which in this example can be a 

stereoscopic display of any known type, for example an autostereoscopic display of any known 

type. The display 21 displays the stereoscopic pair of images as captured by the capture device 

10. A destination observer 24 views the display 21. If the destination observer 24 is located in a 

normal viewing position perpendicular to the center of the display 21, as shown by the hard 

outline of the destination observer 24, then the gaze of the source observer 14 is perceived by the 

destination observer 24 to be downwards, rather than looking at the destination observer 24, 

because the cameras 13 of the source device 10 look down on the source observer 14. 

[32] Although the cameras 13 are above the display 11 in this example, the cameras 13 could 

in general could be in any location adjacent the display 11, and the gaze of the source observer 

14 perceived by the destination observer 24 would be correspondingly incorrect. 

[331 If the destination observer 24 is located in an offset viewing position, as shown by the 

dotted outline of the destination observer 24 so that the destination observer 24 views the display 

21 along line 26, then the offset of the destination observer 24 creates an additional error in the 

gaze of the source observer 14 perceived by the destination observer 24. A similar additional 

error in the perceived gaze of the source observer 14 occurs if the destination observer 24 is 

located in the normal viewing position along line 25, but the displayed image (or stereoscopic 

pair of images in this example) is displayed on the display 25 in a position offset from the center 

of the display 25. 

[34j A stereoscopic pair of images is an example of multi-view images where there are two 
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images. Although FIGURE 1 illustrates an example where the camera system 12 includes two 

cameras 13 that capture a stereoscopic pair of images, alternatively the camera system may 

include more than two cameras 13 that capture more than two multi-view images, in which case 

similar issues of incorrect perceived gaze exist on display. The camera system may alternatively 

include only one camera and/or one or more depth sensors. 

[35] FIGURE 3 illustrates a method of adjusting multi-view images to correct such errors in 

the perceived gaze. The method of FIGURE 3 is a specific example of a method of adjusting 

digital representations of a head region in a case where the digital representations comprise 

images of the head region and where the images comprise one or more multi-view images of the 

head region. For simplicity, this method will be described with respect to the adjustment of 

multi-view images comprising a stereoscopic pair of images. The method may be generalized to 

multi-view images comprising more than two images, simply by performing sirnilar processing 

on a larger number of images. The method may also be generalized to the case where single 

view (monocular) irnages of the head region are used and to the case where information from 

other sensing modalities, such as depth measurements, is included within the digital 

representations of the head region. 

[36j The method may be performed in an image processor 30 (or other processor). The image 

processor 30 may be implemented by a processor executing a suitable computer program or by 

dedicated hardware or by some combination of software and hardware. Where a computer 

program is used, the computer program may comprise instructions in any suitable language and 

may be stored on a computer readable storage medimn, which may be of any type, for example: 

a recording medium which is insertable into a drive of the computing system and which may 

store information magnetically, optically or opto-rnagnetically; a fixed recording medium of the 

computer system such as a hard drive; or a computer memory. 

[37] The image processor 30 ( or other processor) may be provided in the source device l 0, the 

destination device 10 or in any other device, for example a server on a telecommunications 

network, which may be suitable in the case that the source device 10 and the destination device 

10 communicate over such a telecommunications network 

[38] In this example, a stereoscopic pair of images 31 are captured by the camera system 12. 

Although the camera systems 12 is illustrated in FIGURE l as including two cameras 13, this is 
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not !imitative and more generally the camera system 13 may have the following properties. 

[39] The camera system comprises a set of one or more cameras 13, with at least two cameras 

13 in the case where multi-view images are processed. Where two cameras are provided, the 

cameras are typically spaced apart by a distance less than the average human intrapupilar 

distance. In the alternative that the method is applied to rnore than t\vo multi-view images, then 

there are more than two cameras 13, that is one camera 13 per image. In some embodiments, a 

depth sensor is provided for obtaining three-dimensional geometrical infonnation about a surface 

of the head region, optionally in addition to one or more other cameras (e.g. optical cameras). 

The depth sensor may comprise a time-of-flight camera. 

[40] Where plural cameras 13 are provided, the cameras 13 may be spatially related to each 

other and the display 11. The spatial relationship between the cameras 13 themselves and 

between the cameras 13 and the display 11 is known in advance. Knmvn methods for finding the 

spatial relationship may be applied, for example a calibration method using a reference image, or 

specification a priori. 

[41] The camera or cameras 13 face in the same direction as the display 11. Thus, when the 

source observer 14 is viewing the display 11, then the camera or cameras 13 face the source 

observer 14 and the captured information, such as depth information, image or images (e.g. 

stereoscopic pair of images) are digital representations (e.g. images and/or three-dimensional 

geometrical representations) of the head of the source observer 14. Different cameras in the 

camera system can have different fields of view. 

[42] The camera system 12 may include cameras 13 having different sensing modalities, 

including but not limited to visible light, infrared, and time-of-flight ( depth). 

[43] In some embodiments, the main output of the camera system 13 is images 31 which are 

typically video images output at a video rate. The output of the camera system 13 may also 

include data representing the spatial relationship between the cameras 13 and the display 11, the 

nature of the sensing modalities and internal parameters of the cameras 13 (for example focal 

length, optical axis) which may be used for angular localization, as well as three-dimensional 

geometrical information, for example from depth rneasurements. 

[44] An example of the method performed on a digital representation of a head region 

cornprising a stereoscopic pair of images 31, for the case of adjustment of eye regions, is as 
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follows. To illustrate this example method, reference is also made to ],']GURE 4 which shows 

an example of the stereoscopic pair of images 31 at vaiious stages of the method. 

[45j In step S 1, the stereoscopic pair of images 31 are analyzed to detect the location of the 

head and in particular the eyes of the source observer 14 'vvithin the stereoscopic pair of images 

31. This is performed by detecting presence of a head, tracking the head, and localizing the eyes 

of the head. Step SI may be performed using a variety of techniques that are known in the art. 

[46j One possible technique for detecting the presence of the head is to use Haar feature 

cascades, for example as disclosed in Viola and Jones, "Rapid Object Detection using a Boosted 

Cascade of Simple Features", CVPR 2001, pp 1-9, which is herein incorporated by reference in 

its entirety. 

[47] One possible technique for tracking the head is to use the approach of Active Appearance 

Models to provide the position of the head of the subject, as well as the location of the eyes, for 

example as disclosed in Cootes et al., "Active shape models - their training and application", 

Computer Vision and Image Understanding, 61(1):38-59, Jan. 1995 and in Cootes et al. "Active 

appearance models", IEEE Trans. Pattern Analysis and :Machine Intelligence, 23(6):681-685, 

2001, both of which are herein incorporated by reference in their entireties. 

[48j In step Sl, typically, a set of individual points ("landmarks") are set to regions of the 

face, typically the eyes, for example corners of the eye, upper and lower lid locations, etc., 

thereby localizing the eyes. 

[49] In step S2, patches representing portions of a digital representation of the head region, 

which in this example may be referred to image patches, containing the left and right eyes of the 

head, respectively, are identified in each image 31 of the stereoscopic pair. FIGURE 4 shows the 

identified image patches 32 of the right eye in each image 31 (the image patches for the left eye 

being omitted in FIGURE 4 for clarity). 

[50] Step S2 may be performed as shown in FIGURE 5, as follows. 

[51 j In step S2-1, image patches 32 containing the left and right eyes of the head are identified 

in each image 31 of the stereoscopic pair. This is done by identifying an image patch 39 in each 

image 31 located around the identified points ("landmarks") coITesponding to features of an eye, 

as shown for example in FIGURE 4. 

[52j In step S2-2, the image patches 32 identified rn step S2-1 are transformed into a 
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normalized coordinate system, being the same normalized coordinate system as used in the 

machine learning process which is desc1ibed further below. The transformation is chosen to 

align the points ("landmarks") of the eye within the image patch that were identified in step S l, 

with predetern1ined locations in the normalized coordinate system. The transformation may 

include translation, rotation and scaling, to appropriate extents to achieve that alignment. The 

output of step S2-2 is identified image patches 33 of the right eye in each image in the 

normalized coordinate system as shown for example in FIGURE 4. 

[53j The following steps may be performed separately (a) in respect of the image patches 

containing the left eyes of the head in each image 31 of the stereoscopic pair, and (b) in respect 

of the image patches containing the right eyes of the head in each image 31 of the stereoscopic 

pair (in this example). For brevity, the following description will refer merely to image patches 

and eyes without specifying the left or right eye, but noting the same steps are performed for 

both left and right eyes. 

[54] In step S3, a feature vector 34 is derived from plural local descriptors (representing 

information about a local region in a patch), which in this example may be referred to as local 

image descriptors, of an image patch 33 in at least one image 31 of the stereoscopic pair (in this 

example). Depending on the approach and as described further below, this may be an image 

patch in a single image 31 of the stereoscopic pair or may be both images 31 of the stereoscopic 

pair. Thus, the local image descriptors are local image descriptors derived in the normalized 

coordinate system. 

[55j The feature vectors 34 are representations of the image patches 33 that are suitable for 

use in looking up reference data 35 to be used for adjusting the image patches. The reference 

data 35 may comprise reference displacement vector fields that represent transformations of the 

image patch, or other representations of transformations of the image patch, including 

compressed representations as described below, and are associated with possible values of the 

feature vector. 

[56] The reference data 35 is obtained and analyzed in advance using a machine learning 

technique. The machine learning technique may derive the fonn of the feature vectors 34 and 

associate transforn1ations such as the reference displacement vector fields with the possible 

values of the feature vector. A specific example of a machine learning technique applied in the 
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case where it is desired to correct gaze using digital representations of a head region comprising 

images of the head region, will now be described before reverting to the method ofFIGlJRE 3. 

[57j The training input to the machine learning technique is two sets of images (or image 

patches), which may be stereoscopic pairs of images or monoscopic images, as discussed further 

below. Each set may corn prise images of the head of the same group of individuals but captured 

from cameras in different locations relative to the gaze so that the perceived gaze differs as 

between them (in the case where gaze is to be corrected). 

[58j The first set are input images, being images of each individual with an incorrect gaze 

where the error is known a priori. In particular, the images in the first set may be captured by at 

least one cameras in a known camera location where the gaze of the individual which is in a 

different known direction. For example in the case of the source device of FIGURE 1, the 

camera location may be the location of a camera 13 and while the gaze of the imaged individual 

is towards the center of the display l l. 

[59] The second set are output images, being images of each individual \vith correct gaze for a 

predetermined observer location relative to a display location in which the image is to be 

displayed. In the simplest case, the observer location is a normal viewing position perpendicular 

to the center of the display location, for example as shown by the hard outline of the destination 

observer 24 in the case of the destination device 20 of FIGURE 2. 

[60] For each image in the two sets, the image is analyzed to detect the location of the head 

and in particular the eyes using the same technique as used in step S l described above, and then 

image patches containing the left and right eyes of the head, respectively, are identified using the 

same technique as used in step S2 described above. The following steps may then be performed 

separately (a) in respect of the irnage patches containing the left eyes of the head in each image, 

and (b) in respect of the image patches containing the right eyes of the head in each image. For 

brevity, the following description will refer merely to image patches and eyes without specifying 

the left or right eye, but noting the same steps are performed for both left and right eyes in this 

embodiment. 

[61] Each irnage patch is transfom1ed into the same nonnalized coordinate system as used in 

step S2 described above. As described above, the transformation is chosen to align points 

("landmarks") of the eye \vith predetermined locations in the normalized coordinate system. The 
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transformation may include, for example, translation, rotation and/or scaling, to appropriate 

extents to achieve that alignment. 

[62j Thus, the image patches input and output images of each individual are aligned in the 

normalized coordinate system. 

[63] From an input and output image of each individual, there is derived a displacement vector 

field that represents the transformation of the image patch in the input image required to obtain 

the image patch of the output image, for example as follows. Defining positions in the image 

patches by (x,y), the displacement vector field Fis given by 

F=iuix y) v(x v)} 
l \ ' ' ' J,,,, 

where u and v define the horizontal and vertical components of the vector at each position (x,y). 

[64] The displacement vector field F is chosen so that the image patch of the output image 

O(x,y) is derived from the image patch of the input image I(x,y) as 

O(x, y) = I(x+u(x, y), y+v(x,y)) 

[65] For image data frorn more than one camera, the system delivers a displacernent vector 

field for the input image from each camera. 

[66] The displacement vector field F for an input and output image of an individual may be 

derived using a process in which a trial feature vector F1
"'{ u1,v 1

} is modified to minimize errnr, 

optionally in an iterative process, for example in accordance with: 

IIO(x,y) - I(x + u'(x,y),y + v'(x,y))I = min! 

[671 By way of non-!imitative example, the displacement vector field F may be derived as 

disclosed in Kononenko et al., "Leaming To Look Up: Realtime Monocular Gaze C(mection 

Using Machine Leaming", Computer Vision and Pattern Recognition, 2015, pp. 4667-4675, 

which is herein incorporated by reference in its entirety, wherein the displacement vector field F 

is referred to as a "flow field''. 

[68] Another example for editing instructions, which may be referred to as image editing 

instructions in cases where the digital representation of the head region consists of images, which 

can be used additionally or as an alternative to the displacement vector field in any of the 

arrangements disclosed herein, is given by filter field L '" {k(P, x, y) }, which defines a filter 

kernel for a given location (x, y). This filter field L is chosen so that the image patch of the 

output image O(x, y) is derived from the image patch of the input image I(x, y) as O(x, y) = 
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k(P(I, x, y)), x, y)), where P(I, x, y) is a local region around the point (x,y) in the image I, and 

k(P, x, y) operates on the patch P with coefficients depending on the position (x, y). For 

example, it could be the output of a convolution of the patch with a Gaussian filter with width 

depending on the position x in the image, or a brightness increase of a local pixel depending on 

the vertical position y. 

[69] Another example for editing instructions ( e.g. image editing instructions) 'vvhich can be 

used additionally or as an alternative to the displacement vector field in any of the arrangernents 

disclosed herein, is given by a set of typical image components that make up the edited image 

area, e.g. texture showing beard stubbles. These are then blended with a factor depending on the 

image coordinates and local image content (i.e. a texture blending field). Other transformation 

fields can be used, such as a brightness adjustment field. 

[70] A machine learning technique is used to obtain a map from the displacement vector field 

F' (or other editing instructions such as image editing instructions) of each individual to 

respective feature vectors derived from plural local (e.g. image) descriptors of a target patch of 

an input image. 

[71] The local descriptors (e.g. local image descriptors) capture relevant information of a local 

part of a patch (e.g. image patch) of an input digital representation of the head region (e.g. an 

input image) and the set oflocal descriptors usually form a continuous vect01ial output. 

[72] The local descriptors input into the machine learning process are of types expected to 

provide discrimination bet\veen different individuals, although the specific image descriptors are 

selected and optimized by the machine learning process itself. In general, the local descriptors 

may be of any suitable type, some non-iimitative examples which may be applied in any 

combination being as follows. 

[73] The local descriptors may include values of individual pixels or a linear combination 

thereof. Such a linear combination may be, for example, a difference between the pixels at two 

points, a kernel derived within a mask at an arbitrary location, or a difference between two 

kernels at different locations. 

[74] The local descriptors may include distances of a pixel location from the position of an 

eye point (''landmark"). 
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[75] The local descriptors may include SIFT features (Scale-invariant feature transform 

features), for example as disclosed in Lowe, "Distinctive Image Features from Scale-Invariant 

Keypoints", International Journal of Computer Vision 60 (2), pp 91---110, which is herein 

incorporated by reference in its entirety. 

[76] The local descriptors may include HOG features (Histogram of Oriented Gradients 

features) , for example as disclosed in Dalal et al. "Histograms of Oriented Gradients for Human 

Detection", Computer Vision and Pattern Recognition, 2005, pp. 886-893, which is herein 

incorporated by reference in its entirety. 

[77] The local descriptors may include "low level representations" from pre-classification 

stages in deep learning neural networks, for example as disclosed in Yang and Ramanan, "Multi­

scale recognition with DAG-CNNs", ICCV 2015, which is herein incorporated by reference in 

its entirety. In a classifying deep learning neural network with nmltiple layers applied to an 

input digital representation ( e.g. image), for example, such low level features could be taken 

frorn a layer before the final classification layer of the network. 

[78] The derivation of the feature vector from plural local descriptors depends on the type of 

machine learning applied. 

[79j In a first type of machine learning technique, the feature vector may comprise features 

that are values derived from the local descriptors ( e.g. local image descriptors) in a discrete 

space, being binary values or values discretized into more than two possible values. In this case, 

the machine learning technique associates a reference displacement vector field F derived from 

the training input with each possible value of the feature vector in the discrete space, so the 

reference data 35 may provide similar functionality to a look-up table, with the machine learning 

generating a machine learning parameter set that can be used to generate corresponding editing 

instmctions. This allows a reference displacement vector field F to be simply selected from the 

reference data 35 on the basis of the feature vector 34 derived in step S3, as described below. 

[80j In the case that the feature vector comprises features that are binary values derived from 

the local descriptors, the feature vector has a binary representation. Such binary values may be 

derived in various ways from the values of descriptors, for example by comparing the value of a 

descriptor with a threshold, comparing the value of tvvo descriptors, or by comparing the distance 

of a pixel location from the position of an eye point ("landmark"). 
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[81] Alternatively, the feature vector may comprise features that are discretized values of the 

local descriptors. In this case, more than two discrete values of each feature are possible. 

[82j Any suitable machine learning technique may be applied, for example using a decision 

tree, a decision forest, a decision fern or an ensemble or combination thereof, or a neural 

network. 

[83] By way of example, a suitable machine learning technique usmg a feature vector 

cornprising features that are binary values derived by cornparing a set of individual pixels or a 

linear combination thereof against a threshold, is disclosed in Ozuysal et al. "Fast Keypoint 

Recognition in Ten Lines of Code", Computer Vision and Pattern Recognition, 2007, pp. 1-8, 

which is herein incorporated by reference in its entirety. 

[84] By way of further example, a suitable machine learning technique using a distance of a 

pixel location with the position of an eye landmark is disclosed in Kononenko et al., "Leaming 

To Look Up: Realtime Monocular Gaze Correction Using Machine Learning", Computer Vision 

and Pattern Recognition, 2015, pp. 4667-4675, which is herein incorporated by reference in its 

entirety. 

[85] By way of further example, a suitable machine learning technique usmg a random 

decision forest is disclosed in Ho, "Random Decision Forests", Proceedings of the 3rd 

International Conference on Document Analysis and Recognition, Montreal, QC, 14-16 August 

1995, pp. 278-282, which is herein incorporated by reference in its entirety. 

[86] In a second type of machine learning technique, the feature vector may comprise features 

that are discrete values of the local descriptors (e.g. local image descriptors) in a continuous 

space. In this case, the machine learning technique associates a reference displacement vector 

field F (in this example, but other editing instructions could be used) derived from the training 

input with possible discrete values of the feature vector in the continuous space. This allows a 

displacement vector field F to be derived from the reference data 35 by interpolation from the 

reference displacement vector fields based on the relationship between the feature vector 34 

derived in step S3 and the values of the feature vector associated with the reference displacement 

vector fields. 

[87] Any suitable machine learning technique may be applied, for example using support 

vector regression. 
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[88] By way of example, a suitable machine learning technique usmg support vector 

regression is disclosed in Drucker et al. "Support Vector Regression Machines", Advances in 

Neural Information Processing Systems 9, NIPS 1996, 155---161, which is herein incorporated by 

reference in its entirety. The output of the technique is a continuously varying set of 

interpolation directions that form part of the reference data 35 and are used in the interpolation. 

[89] The machine learning technique, regardless of its type, inherently also derives the form of 

the feature vectors 34 that is used to derive the reference displacement vector fields F (or other 

image editing instructions). This is the form of the feature vectors 34 that is derived in step S3. 

[901 The description now reverts to the method of FIGURE 3. 

[91] In step S4, at least one displacement vector field 37 representing a transformation of an 

image patch is derived by using the feature vector 34 derived in step S3 to look up the reference 

data 35. Due to the derivation of the displacement vector field 37 from the reference data 35, the 

transformation represented thereby corrects the gaze that 'vvill be perceived when the stereoscopic 

pair of images 31 are displayed. 

[92] In the case that the feature vector 34 comprises features that are values in a discrete space 

and the reference displacement vector fields of the reference data 35 comprise a reference 

displacement vector field associated with each possible value of the feature vector in the discrete 

space, then the displacement vector field for the image patch is derived by selecting the reference 

displacement field associated with the actual value of the derived feature vector 34. 

[93] In the case that the feature vector 34 comprises features that are discrete values of the 

local descriptors in a continuous space, then then the displacernent vector field for the image 

patch is derived by interpolating a displacement vector field from the reference displacement 

vector fields based on the relationship between the actual value of the derived feature vector 34 

and the values of the feature vectors associated with the reference displacement vector fields. In 

the case that the machine learning technique was support vector regression, this may be done 

using the interpolation directions that form part of the reference data 35 

[941 In step S5, each image 31 of the stereoscopic pair is adjusted by transforming the image 

patches containing the left and right eyes of the head in accordance \vith the derived 

displacement vector fields 37. This produces an adjusted stereoscopic pair of images 38 as 
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shown in FIGURE 4, in which the gaze has been corrected. In particular, the adjustment may be 

performed using two alternative methods, as follows. 

[95j A first method for performing step SS is shown in F]GURE 6 and performed as follows. 

[961 In step S5-l, the image patch is transformed in the normalised coordinate system in 

accordance with the corresponding displacement vector field 37 in respect of the same image, 

thereby correcting the gaze. As described above, for a displacement vector field F the 

transformation of the image patch of the input image I(x,y) provides the output image O(x,y) in 

accordance with 

O(x, y) = I(x+u(x, y), y+v(x,y)) 

[97] In step SS-2, the transformed image patch output from step SS-1 is transformed out of the 

normalised coordinate system, back into the original coordinate system of the corresponding 

image 31 This is done using the inverse transformation from that applied in step S2-2. 

[981 In step SS-3, the transformed image patch output from step SS-2 is superimposed on the 

corresponding image 31. This may be done with a full replacement \vithin an eye region 

corresponding to the eye itseli~ and a smoothed transition between the transformed image patch 

and the original image 31 over a boundary region around the eye region. The width of the 

boundary region may be of fixed size or a percentage of the size of the image patch in the 

original image 31. 

[99] A second method for performing step SS is shown in FIGURE 7 and performed as 

follows. 

[100] In this second, alternative rnethod, the transformation back into the coordinate system of 

the corresponding image 31 occurs before the transformation of the image patch in accordance 

with the transfonned displacement vector field F. 

[101] In step SS-4, the displacement vector field F is transformed out of the normalised 

coordinate system, back into the original coordinate system of the corresponding image 31. This 

is done using the inverse transformation from that applied in step S2-2. 

[102] In step S5-5, the image patch 32 in the coordinate system of the image 31 is transformed 

in accordance with the displacement vector field F that has been transformed into the same 

coordinate system in step S5-4. As described above, for a displacement vector field F' the 
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transformation of the image patch of the input image l(x,y) provides the output image O(x,y) in 

accordance with 

O(x, y) '" I(x+u(x, y), y+v(x,y)) 

but this is now pe1formed in the coordinate system of the original image 31. 

[103] Step S5-6 is the same as S5-3. Thus, in step S5-6, the transformed irnage patch output 

from step S5-5 is superimposed on the corresponding image 31. This may be done with a foll 

replacement within an eye region corresponding to the eye itself and a smoothed transition 

between the transformed image patch and the original image 31 over a boundary region around 

the eye region. The width of the boundary region may be of fixed size or a percentage of the size 

of the image patch in the original image 31 

[104] FIGURE 8 depicts a method of generating reference data (including reference data 37 of 

the type described in the specific examples discussed above) for adjusting a digital representation 

of a head region. In some embodiments, the digital representation of the head region comprises 

or consists of an image of the head region. In some embodiments, the digital representation of 

the head region comprises or consists of a three-dimensional digital representation (representing, 

for example, three-dimensional geometrical information). The three-dimensional digital 

representation may be obtained from depth measurements, using for example a time-of-flight 

camera. In an embodiment, the digital representation of the head region is usable to provide a 

computer generated display of the head region. In an embodiment, the adjustment of the digital 

representation comprises converting a two-dimensional digital representation of the head region 

to a three-dimensional digital representation of the head region. 

[105] In a case where the digital representation of the head region (prior to adjustment, after 

adjustment, or both) cornprises a three-dimensional digital representation, this may be provided 

in any of various known ways. For example, the three-dimensional digital representation may 

comprise a point cloud, a particle system, or a mesh representation. The mesh representation 

may comprise one or more of: a polygonal surface, a multi-resolution surface, a subdivision 

surface. The digital representation may comprise a three-dimensional digital representation and 

texture information associated with the three-dimensional digital representation, e.g. via a texture 

map. The digital representation may comprise a three-dimensional geometrical representation 

and color information (e.g. obtained from an optical camera) aligned with the three-dimensional 
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geometrical representation. Other volumetric representations such as particle system or implicit 

definitions such as signed distance functions may also be used. 

[106] The method comprises a step S100 of receiving training data 100. The training data 100 

may be provided for example via a communications interface 112 (e.g. connecting to an external 

data connection or storage device) connected to a data processing unit 120 that is to perform the 

method (as depicted schematically in FIGURE 10). The training data 100 comprises a set of 

input patches. A patch consists of a target portion of a digital representation of a head region. In 

a case where the digital representation comprises an image, the patch may be referred to as an 

image patch. Each input patch ( e.g. input image patch) comprises a target feature of the digital 

representation (e.g. image) of the head region prior to adjustment of the digital representation 

(e.g. adjustment of the image to be displayed) of the head region. The target feature is the same 

for each input patch. The target feature may comprise one or more of the follow-ing: an eye 

region comprising at least part of an eye (as in the specific examples discussed above with 

reference to FIGURE 4 for example), a nose region comprising at least part of a nose, a mouth 

region comprising at least part of a mouth, a chin region comprising at least part of a chin, and a 

neck region comprising at least part of a neck. In an embodiment each input image patch 

comprises a portion of the image of the head region corresponding to the target feature, such as 

the above-mentioned eye region, nose region, mouth region, chin region, or neck region. 

[107] In an embodiment, the target feature comprises an eye region comprising at least part of 

an eye and the adjustment of the digital representation (e.g. image) of the head region comprises 

adjusting a gaze direction. 

[108] In an embodiment, the target feature comprises a nose region comprising at least part of a 

nose and the adjustrnent of the digital representation (e.g. image) of the head region cornprises 

adjusting a shape and/or texture of the nose (e.g. to make nose look smaller and/or slimmer by a 

fixed proportion, similar to the effect of a "tele lens"). 

[109] In an embodiment, the target feature comprises a chin region comprising at least part of a 

chin and the adjustment of the digital representation (e.g. image) of the head region comprises 

adjusting a shape and/or texture of the chin (e.g. to reduce or remove double chin appearance). 

[110] In an embodiment, the target feature comprises a neck region comprising at least part of a 

neck and the adjustment of the digital representation (e.g. image) of the head region comprises 
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adjusting a shape and/or texture of the neck ( e.g. to reduce or remove wrinkles). 

[111] In an embodiment, the target feature comprises a hair region comprising hair and the 

adjustment of the digital representation (e.g. image) of the head region comprises adjusting a 

color of the hair (e.g. by a fixed hue). 

[112] In the case where the target feature comprises an eye region, the input patches may be 

obtained using the methodology described above with reference to steps S2-l and S2-2, except 

that stereoscopic pairs of images are not necessarily required. Thus, the input patches may be 

obtained by using identified points ("landmarks") corresponding to features of an eye to locate 

the relevant region of the digital representation ( e.g. image) of the head region ( e.g. surrounding 

the eye) and/or transformation of the input patch into a normalized coordinate system, including 

alignment of the landmarks with predetermined locations in the normalized coordinate system 

using translation, rotation and/or scaling. 

[113] In some embodiments, the training data 100 further comprises a set of output patches. As 

described above, each patch consists of a target portion of a digital representation of a head 

region. In a case where the digital representation comprises an image, the patch may be referred 

to as an image patch. The output patches (e.g. output images patches) are in one-to-one 

correspondence with the input patches. Each output patch comprises the target feature of the 

digital representation (e.g. image) of the head region after adjustment of the digital 

representation (e.g. adjustment of the image to be displayed) of the head region. Thus, in the 

case where an image of the head region is to be adjusted to correct a gaze direction, each output 

patch comprises an eye region that has been adjusted so that the gaze appears to be in the desired 

direction ( e.g. directly towards a destination observer 24). 

[114] The method further comprises a step S101 comprising using a first rnachine learning 

algorithm to generate first reference data 101 using the training data 100. The first reference 

data l 0 l comprises editing instructions ( e.g. image editing instmctions) for adjusting the digital 

representation (e.g. image) of the head region for a range of possible digital representations (e.g. 

digital representations representing different states of the head, such as different positions and/or 

orientations, optionally represented as different images) of the head region. 

[115] The method further comprises a step S 102 comprising using a second machine learning 

algorithm to generate second reference data 102. The second machine learning algorithm uses 
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the same training data l 00 as the first machine learning algorithm in step S 1()1. The second 

machine learning algorithm further uses the first reference data l O 1 output by the first machine 

learning algorithm in step S l 01 The second reference data 102 comprises editing instmctions 

(e.g. image editing instructions) for adjusting the digital representation (e.g. image) of the head 

region for a range of possible digital representations (e.g. different positions and/or orientations, 

optionally represented as different images) of the head region. 

[116] In an embodiment, the first reference data IO l comprises first editing instructions ( e.g. 

first image editing instructions) for a range of possible configurations of the target feature (e.g. 

different gaze directions and/or eye morphologies in the case where the target feature comprises 

an eye region) and first selection instructions for selecting editing instmctions (from the first 

editing instructions) for a particular input patch (e.g. input image patch) based on the 

configuration of the target feature of the input patch (e.g. the particular gaze direction and/or 

particular eye morphology of that input patch). 

[117] In an embodiment, the second reference data comprises second editing instructions (e.g. 

second image editing instructions) for a range of possible configurations of the target feature and 

second selection instructions for selecting editing instructions (from the second editing 

instructions) for a particular input patch ( e.g. input image patch) based on the configuration of 

the target feature of the input patch. 

[J 18] The configuration of the target feature of each input patch may be represented by a 

feature vector derived from plural local descriptors ( e.g. local image descriptors) of the input 

patch, as described above with reference to step S3 of FIGURE 3 for the particular case where 

stereoscopic pairs of images containing eye regions are processed (but the method is applicable 

more generally than this particular case). As described above, the feature vector may take 

various forms but is generally adapted to be suitable for looking up editing instructions for 

performing adjustment of the digital representation ( e.g. image) of the head region. In the 

present embodiment, the first and second selection instrnctions define how the feature vector is 

used to select editing instructions for the input patch. In an embodiment, the editing instructions 

comprise a displacement vector field defining how the input patch is to be transformed to 

perform the adjustment. The displacement vector field may take any of the forms discussed 

above. The editing instructions are not limited to displacement vector fields, however. Other 
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editing operations may additionally or alternatively be associated with the features vectors to 

perform other desired adjustments of the digital representation (e.g. image) of the head region, 

including for example adjustments to pixel colors or intensities, or changes to underlying 

geometries (e.g. via a filter field, brightness adjustment field, or texture blending field). 

[119] In an embodiment, a first editing algorithm (e.g. first image editing algorithm) is used by 

the first machine learning algorithm to define hmv the first editing instructions are to be applied 

to an input patch to derive an output patch. A second editing algorithm ( e.g. second image 

editing algorithm) is used by the second machine learning algorithm to define how the second 

editing instmctions are to be applied to an input patch to derive an output patch. The first and 

second editing algorithms may comprise any of the methods described above for implemented 

step S5 of FIGURE 3, described with reference to FIGURES 6 and 7. 

[120] In an embodiment, the second editing instructions in the second reference data are 

provided in a compressed representation. The compressed representation may comprise a 

principle component analysis representation or a wavelet representation for example. In this 

case, the first and second editing algorithms may be adapted to define how to operate efficiently 

in this context. 

[121] In an embodiment, the second editing instructions are principle component analysis 

components of a principle component analysis of the first editing instmctions. The second 

editing algorithm in this case transforms the second editing instructions into the first editing 

instructions by inverse principle component analysis transform. 

[122] In an alternative approach, the second editing instructions are wavelet components of the 

first editing instructions. The second editing algorithm in this case transforms the second editing 

instructions into the first editing instructions by inverse wavelet transform. 

[123] In an embodiment, the first selection instructions for the first reference data are able to 

select between a larger number of alternative editing instructions (e.g. image editing instructions) 

than the second selection instructions for the second reference data. The first machine learning 

algorithm may thus be described as having more input parameters than the second machine 

learning algorithm. The first machine learning algorithm may provide higher accuracy than the 

second machine learning algorithm but will typically operate considerably slower. Additionally, 

the first selection instructions may be significantly more complex (e.g. involving linear algebra 
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or other relatively computer intensive operations) than the second selection instructions (where 

the selection instructions may resemble a computationally straightforward look-up table, a 

combination of a look-up table and a tree structure, or similar). 

[124] In one particular embodiment, the first machine learning algorithm comprises a neural 

network (known to provide relatively high accuracy, but at the expense of relatively high 

computational demands). In such an embodiment, and others, the second machine learning 

algorithm may comprises a regression forest (known to provide higher computational efficiency, 

but at the expense of reduced accuracy). The inventors have found that the combination of the 

two different machine learning algorithms provides reference data that can be used in an 

adjustment method with high efficiency while still achieving high adjustment accuracy. The first 

machine learning algorithm may alternatively comprise a support vector machine or a generative 

adversarial net\vork (GAN) The second machine learning algorithm may alternatively comprise 

regression ferns, cluster centres, a lookup table, or separable filter banks. In one embodiment, 

the first rnachine learning algorithm cornprises a first neural network and the second machine 

learning algorithm comprises a second neural net\vork, wherein the second neural network 

comprises fewer layers and/or smaller convolution fields than the first neural network. 

[125] I?IGlJRE 9 schematically depicts data flow in a detailed example of the method of 

generating reference data of FIGURE 8. The first and second machine learning algorithms are 

respectively labelled MLA 1 and MLA2. The first machine learning algorithm MLA l receives 

the training data (labelled TD) and, optionally, the first editing algorithm EAi, and a similarity 

metric SM. The similarity metric SM provides a numerical value to measure similarity between 

an adjusted image and a desired image and can be used to control the first machine learning 

algorithm MLA 1 and the second machine learning algorithm MLA2 to vary the extent to which 

differences are penalized according to the nature of the differences. For example, the similarity 

metric SM may be configured to penalize reductions in portions of images that it is desired to 

maintain ( e.g. sclera in the case where eye regions are being adjusted) or deviations of adjusted 

features from a known form ( e.g. deviations in the shape of an iris from an elliptical form) or 

from a form that is observed in training data. Alternatively or additionally, the training data may 

comprise an average absolute or square difference between the adjusted image and a target, or 

average absolute or square difference between low level representations of the adjusted image 
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and target, such as low level features from a deep learning network (as discussed above). In the 

example shown, the first editing algorithm EAl receives auxiliary data AuxD, which defines a 

basis set used for providing a compressed representation of image editing instructions. The first 

machine learning algorithm wlLA 1 outputs first selection instructions LA 1 and first editing 

instructions ED 1. The second rnachine learning algorithm MLA2 receives the same training data 

TD and, optionally, the second editing algorithm EA2, and the similarity metric SM. The second 

machine learning algorithm MI,A2 additionally receives the first editing instructions EDI. The 

second machine learning algorithm outputs second selection instructions LA2 and second editing 

instructions ED2. 

[126] The second machine !earning algorithm MLA2 thus gets the editing instructions to match 

or to approximate, and does not have to infer these from the matched input images as MLAl. 

[127] FIGURE lO depicts a device 110 for generating the reference data. The device 110 

comprises a data processing unit 120 configured to perform the method of generating the 

reference data according to any of the disclosed embodiments. The data processing unit 110 may 

be implemented by a processor executing a suitable computer program or by dedicated hardware 

or by some combination of software and hardware. Data input/output may be provided via a 

communications interface 112. Where a computer program is used, the computer program may 

comprise instructions in any suitable language and may be stored on a computer readable storage 

medium, which may be of any type, for example: a recording medium which is insertab!e into a 

drive of the computing system and which may store information magnetically, optically or opto­

magnetically; a fixed recording medium of the computer systern such as a hard drive; or a 

computer memory. 

[128] FIGURE 11 depicts a method of adjusting a digital representation of a head region. In 

the example shown, the digital representation comprises an image of a head region, but the 

method can be adapted to use any of the digital representations discussed above ( e.g. to 

additionally or alternatively process three-dimensional digital representations). The method may 

use reference data generated using any of the methods of generating reference data disclosed 

herein or may use reference data generated using other rnethods. 

[129] The method comprises a step S200 in 'vvhich a target patch (in this case an image patch) is 

identified in an image 200 of a head region that is to be adjusted. The target patch comprises a 
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target feature of the head region. The target feature may take any of the forms discussed above. 

The step S200 may optionally comprise detecting a head and/or eye location as described above 

with reference to step Sl of FIGURE 3. The step S200 may optionally further comprise 

identifying image patches using the methodology described above with reference to steps S2-l 

and S2-2 of FIGURE 5, except that the image patches do not necessarily need to be identified as 

stereoscopic pairs (although they may be if desired). 

[130] In step S201, a feature vector is derived from plural local descriptors (e.g. local image 

descriptors) of the target (e.g. image) patch. The feature vector may be derived using the 

methodology described above with reference to step S3 of FIGURE 3. The feature vector may 

take any of the forms discussed above. 

[131] In step S202, the feature vector is used to select editing instructions (e.g. image editing 

instructions) from reference data 102. The reference data 102 cornprising editing instructions for 

a range of possible values of the feature vector (representing for example different gaze 

directions and/or eye morphologies in the case where the target feature comprises an eye region). 

[132] In step S203, the selected editing instructions are applied to the target patch to adjust the 

image of the head region (e.g. to coITect a gaze direction). 

[133] In an embodiment, the editing instructions (e.g. image editing instructions) are provided 

in a compressed representation, comprising for example one or more of the following: a principle 

component analysis representation; a wavelet representation; Fourier and/or discrete cosine 

transform components; duster centers. The use of a compressed representation reduces data 

storage and bandw·idth requirements during use of the image editing instructions to perfonn 

adjustment of the digital representation (e.g. image) of the head region. Alternatively or 

additionally, the reference data containing the editing instructions may be generated using any of 

the embodiments disclosed herein. The reference data may comprise the second reference data 

discussed above for example. 

[134] Reference to editing instructions herein is understood to encompass any data which can 

be used to define how a digital representation (e.g. image) of a head region should be adjusted to 

achieve a desired aim (e.g. gaze correction or conversion from a two-dimensional digital 

representation to a three-dimensional digital representation or both). The editing instructions 

may comprise data that can used directly to modify a digital representation (e.g. image), such as 
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a vector field, or intermediate data such as a machine learning parameter set that can be used to 

generate data that can be used directly to modify the digital representation ( e.g. image). 

[135] I?IGlJ RE 12 schematically depicts data flow in a detailed example of a method of 

adjusting a digital representation of a head region in the case where the digital representation 

comprises an image, using reference data generated according to the detailed example of 

FIGURE 9. Input data ID is provided from a sensor system SS (e.g. comprising one or more 

cameras). The input data ID is input to the second selection instructions LA2 to select editing 

instructions appropriate to the input data ID from the second editing instructions ED2. The 

selected editing instructions, which in this example are provided in a compressed representation 

(e.g. principle component analysis components or wavelet components) from the compressed 

second editing instructions ED2, are then used by the second editing algorithm EA2, in 

cornbination with the auxiliary data AuxD providing the basis set for the compressed 

representation, to provide output data OD. The output data OD comprises an adjusted image of 

the head region and is displayed via a display DS. 

[136] As described above, the method of adjusting a digital representation of a head region (e.g. 

an image of a head region) may be implemented in an image processor 30 provided in various 

different devices. By way of non-limitative example, there will now be described a particular 

implementation in a telecommunications system which is shown in FIGURE 13 and arranged as 

follows. 

[137] In this implementation, the source device 10 and the destination device 10 communicate 

over such a telecommunications net\vork 50. For communication over the telecommunications 

network 50, the source device 10 includes a telecommunications interface 17 and the destination 

device 20 includes a telecornmunications interface 27. 

[138] In this implementation, the image processor 30 is provided in the source device 10 and is 

provided with an image of a head region directly from a camera system 12 (in this example, a 

stereoscopic pair of images). The telecommunications interface 17 is arranged to transmit the 

adjusted images 38 over the telecommunications network 50 to the destination device 20 for 

di splay thereon. 

[139] The destination device 20 includes an image display module 28 that controls the display 

26. The adjusted images 38 are received in the destination device 20 by the telecommunications 
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interface 27 and supplied to the image display module 28 which causes them to be displayed on 

the display 26. 

[140] The following elements of the destination device 20 are optionally included in the case 

that the method corrects gaze for a destination observer 24 in an observer location other than a 

nonnal viewing position perpendicular to the center of the display location. In this case, the 

destination device 20 includes a camera system 23 and an observer location module 29. The 

camera system 23 captures an image of the destination observer 24. The observer location 

module 29 derives the location data 40. The observer location module 29 includes a head 

tracking module that uses the output of the camera system 23 to detect the location of the 

destination observer 24. Where the relative observer location also takes into account the location 

of the image displayed on the display 21, the observer location module 29 obtains the location of 

the image displayed on the display 21 from the image display module 28. The 

telecommunications interface 17 is arranged to transmit the location data 40 over the 

telecommunications network 50 to the source device 10 for use thereby. 

[141] Although the above description refers to a method applied to images supplied from a 

source device 10 to a destination device 20, the method may equally be applied to images 

supplied in the opposite direction from the destination device 20 to the source device l 0, in 

which case the destination device 20 effectively becomes the "source device" and the source 

device 10 effectively becomes the "destination device". Where images are supplied 

bi-directionally, the labels ''source" and "destination" may be applied to both devices, depending 

on the direction of communication being considered. 

[142] :FIGURE 14 depicts a further embodiment of a method of generating reference data for 

adjusting a digital representation of a head region using a framework of the type depicted in 

FIGURE 8. In this embodiment, the training data 100 received in step SI00 (FIGURE 8) 

compnses a set of input digital representations of a head region ( e.g. input patches each 

consisting of a target portion of a two-dimensional digital representation of the head region, such 

as a captured image). 

[143] In step S101, a first machine learning algorithm MLAJ is trained using the training data 

100, the training causing the first machine learning algorithm :MLA l to become capable of 

performing an adjustment of a digital representation of a head region. In an ernbodirnent, the 
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adjustment of the digital representation comprises converting from a two-dimensional digital 

representation to a three-dimensional digital representation ( e.g. converting from a 2D image of a 

portion of a head region to a 3D mesh of a portion of the head region). The trained first machine 

learning algorithm MLAl is then used to generate first reference data 101. The first reference 

data l 0 l corn prises an adjusted digital representation of the head region for each of at least a 

subset of the input digital representations in the training data 100. Each adjusted digital 

representation is obtained by performing the adjustment that the first machine learning algoritlun 

MLA 1 was trained to perform. 

[144] In step S 102, a second machine learning algorithm MLA2 is trained using at least a 

subset of the training data l 00 used to train the first machine learning algorithm MLA2 and the 

first reference data l 0 1. The training causes the second machine learning algorithm rvILA2 to 

becorne capable of perfonning the same adjustment of a digital representation of a head region as 

the first machine learning algorithm MLAl. 

fl45] In the particular embodiment of FIGURE 14, the first machine learning algorithm MLA l 

comprises a first encoder 306A and a first predictor 308A. The training data 100 is input to the 

first encoder 306A. In this embodiment, the first encoder 306A comprises a feature extractor 

algorithm. The feature extractor algorithm derives informative and non-redundant values from 

the training data 100 (i.e. extracts meaningful features from the training data 100). Examples of 

feature extractor algorithms include Convolutional Neural Networks, Principal Component 

Analysis, SIFT (Scale Invariant Feature Transform). An output from the first encoder 306A is 

input to a first predictor 308A. The first predictor 308A generates an adjusted version of each 

input digital representation in the training data 100 based on the output of the first encoder 306A 

(e.g. features extracted by the first encoder 306A). In this embodiment, each input digital 

representation comprises a two-dimensional digital representation (e.g. a two-dimensional 

image) and the adjusted version of each input digital representation comprises a three­

dimensional digital representation (e.g. a mesh). Each three-dimensional digital representation is 

input to a renderer 310. The renderer 310 synthesizes one or more two-dimensional digital 

representations corresponding to each input three-dimensional digital representation (e.g. one or 

more photorealistic images of the head region defined by the three-dimensional digital 

representation). The output from the renderer 310 is then input to a second encoder 306B. The 
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second encoder 306B may be identical to the first encoder 306A. An output from the second 

encoder 306B is input to a second predictor 308B. The second predictor 308B may be identical 

to the first predictor 308A. A first regularizer 314 is provided that compares the output from the 

first encoder 306A with the output from the second encoder 306B and imposes one or more 

predetermined first constraints. A second regularizer 316 is provided that compares the output 

from the first predictor 308A 'vvith the output from the second predictor 308B and imposes one or 

more predetermined second constraints. The first regul arizer 314 and the second regul arizer 316 

may use a set of semantically meaningful constraints (examples of the first constraints and 

second constraints) or additional information to help reach a desirable solution and to prevent 

overfitting. The constraints may help to ensure that generated three-dimensional digital 

representations are natural looking for example, by requiring high levels of natural levels of 

smoothness. Using this architecture, the first rnachine learning algorithm MLAl iteratively 

updates properties of the first predictor 308A and the second predictor 308B (e.g. by adjusting 

parameters such as weights defining the operation of the predictor) to maximize matching 

between the outputs from the first and second encoders (as measured by the first regularizer 314) 

subject to the first constraints and to maximize matching between the outputs from the first and 

second predictors (as measured by the second regularizer 316) subject to the second constraints. 

In other embodiments, the first encoder 306A and second encoder 306B may also be iteratively 

updated. The training of the first machine learning algorithm MLA 1 thus comprises iteratively 

using a rendering process to generate a two-dimensional digital representation from a three­

dirnensional digital representation generated by the first machine learning algorithm :MLA 1 and 

comparing the generated digital representation with a corresponding digital representation in the 

training data. Once matching has been achieved or a predetermined number of iterations have 

been performed, the first machine learning algorithm MLA 1 is considered trained and the 

resulting output from the second predictor 308B can be used to provide the first reference data 

101 (which in this embodiment comprises three-dimensional digital representations 

corresponding to the input two-dimensional representations in the training data 100). 

[146] As an extension, ne\v two-dimensional and/or three-dimensional digital representations 

can be generated by applying editing instructions either to two-dimensional digital 

representations (which are converted to three-dimensional digital representations by the trained 
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first machine learning algorithm MLA 1) or to three-dimensional digital representations output by 

the trained first machine learning algorithm T\1LA1). In this case, the first reference data 101 

may include the two-dimensional digital representations and/or three-dimensional 

representations after modification by the editing instructions. 

[147] A set of thus generated three-dimensional digital representations output as first reference 

data 101 and corresponding two-dimensional digital representations (e.g. directly from the 

training data 100 as shown in FIGURE 14) are used to train the second machine learning 

algorithm MLA2 (input at block 304). In this embodiment, the second machine learning 

algorithm J\;1LA2 also comprises an encoder 306C and a predictor 308C, which may be 

configured as described above for the first machine learning algorithm MLAl. The predictor 

308C (and, optionally, the encoder 308C) may be iteratively updated (trained) using a regularizer 

318 based on the input training data 100 and first reference data 101 Thus, the second machine 

learning algorithm J\;[LA2 learns to convert between a two-dimensional digital representation and 

a three-dimensional digital representation based on the rnapping between two-dimensional digital 

representations and three-dimensional digital representations derived using the renderer 310 in 

the first machine learning algorithm MLAl. Provided the mapping derived by the first machine 

learning algorithm MLAl is reliable, the second machine learning algorithm MLA2 will be able 

to provide accurate conversion between two-dimensional digital representations and three­

dimensional digital representations using a simpler trained machine learning model (which can 

be stored and operated using fewer computing resources than the first machine learning 

algorithm Jv[LA 1 ). 

[148] :FIGURE 15 depicts data flmv in an example implementation of an embodiment in which 

a pre-trained second machine learning algorithm MLA2 is updated (ie. trained further) in at or 

near input data frame rate (i.e. online). In embodiments of this type, a plurality of the digital 

representations (e.g. images) of the head region may be received as input data ID (e.g. from a 

sensor system SS as described above) and adjusted (e.g. as described above with reference to 

FIGURES 11, 12 and 14) to provide output data OD that is subsequently displayed via display 

DS (as described above with reference to FIGURE 12) The input data ID may comprise a set of 

input patches, each input patch comprising a target feature of a digital representation of a head 

region prior to adjustment of the digital representation of the head region, \vherein the target 
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feature is the same for each input patch. The adjustment may be performed using a pre-trained 

version of the second machine learning alg01ithm Jv1LA2, optionally in combination with a 

geometrical model. The input data ID may comprise digital representations captured at different 

points in times, such as different frames in a sequence of images obtained by the sensor system 

SS in a video capture mode. In an embodiment, the method comprises updating the pre-trained 

second machine learning algorithm MLA2 using first reference data (e.g. editing instructions) 

generated by the first machine learning algorithm MLAl using one or more of the received 

digital representations (from the input data ID). The first reference data may comprise a set of 

editing instructions in one-to-one correspondence with the input patches, each editing instruction 

being for adjusting the digital representation of the head region. In the example depicted in 

FIG1.JRE 15, the first reference data for the updating is generated in a background process and 

the second machine learning algorithm MLA2 is updated at or near input data frame rate (i.e. 

online). 

[149] The updating thus uses a pre-trained version of the first machine learning algorithm 

MLAl (which, as described above, is configured to provide more highly detailed reference data 

at the expense of higher computational demands, relative to the second machine learning 

algorithm MLA2) to generate first reference data that is used to update the second machine 

learning algorithm MLA2. ·where the first machine learning algorithm MLAl is slower than the 

second machine learning algorithm MLA2 (which will normally be the case where the first 

machine learning algorithm MLA l is configured to provide more highly detailed reference data 

than the second machine learning algorithm :MLA2), only a subset of the input data ID 

( comprising the received and adjusted digital representations) are used to update the second 

machine learning algorithm MLA2, thereby allowing the updating process to keep up with the 

adjusting of the input data ID by the second machine learning algorithm MLA2 to provide the 

output data OD. Any of various known techniques may be used to perform the updating of the 

second machine learning algorithm MLA2. For example, the online updating may be performed 

as described in Amir Saffari, Christian Leistner, Jakob Santner, Martin Godec, and Horst 

Bischof, "On-line Random Forests," in 3rd IEEE ICCV \Vorkshop on On-line Computer Vision, 

2009, which is herein incorporated by reference in its entirety, or as described in Online Deep 

Leaming: Learning Deep Neural Networks on the Fly, Doyen Sahoo, Quang Pham, Jing Lu, 
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Steven C.H., Hoi School of Information Systems, Singapore Management University 

(https://arxiv.org/pdf!l 711.03705.pdf), which is herein incorporated by reference in its entirety. 

The second machine learning algorithm MLA2 can therefore be gradually improved during use, 

as more input data ID are encountered and processed by the system. 

[150] Additional embodiments of the disclosure are described in the following numbered 

clauses. 

l A rnethod of generating reference data for adjusting an image of a head region, the 

method comprising: 

receiving training data comprising: 

a set of input image patches, each input image patch comprising a target feature of 

an image of a head region prior to adjustment of the image of the head region, wherein 

the target feature is the sarne for each input image patch; and 

a set of output image patches in one-to-one correspondence with the input image 

patches, each output image patch comprising the target feature of the image of the head 

region after adjustment of the image of the head region; 

using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising image editing instmctions for adjusting the image of the 

head region for a range of possible images of the head region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algoritlun, the second reference data comprising image editing 

instructions for adjusting the image of the head region for a range of possible images of the head 

reg10n. 

2. The method of clause 1, wherein: 

the first reference data comprise first image editing instructions for a range of possible 

configurations of the target feature and first selection instmctions for selecting image editing 

instructions for a particular input image patch from the first image editing instructions based on 

the configuration of the target feature of the input image patch; and 

the second reference data comprise second image editing instructions for a range of 

possible configurations of the target feature and second selection instmctions for selecting irnage 
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editing instmctions for a particular input image patch from the second image editing instructions 

based on the configuration of the target feature of the input image patch. 

3 The method of clause 2, wherein the configuration of the target feature of each input 

image patch is represented by a feature vector derived from plural local image descriptors of the 

input image patch, and the first and second selection instructions define how the feature vector is 

used to select image editing instructions for the input image patch. 

4. The method of clause 2 or 3, wherein the image editing instructions comprise a 

displacement vector field defining how the input image patch is to be transformed. 

5. The method of clause 2 or 3, wherein the image editing instructions comprise a filter 

field, a brightness adjustment field, or a texture blending field. 

6. The method of any of clauses 2-5, wherein: 

a first image editing algorithm is used by the first machine learning algorithm to define 

how the first image editing instructions are to be applied to an input image patch to derive an 

output image patch; and 

a second image editing algorithm is used by the second machine !earning algorithm to 

define how the second image editing instructions are to be applied to an input image patch to 

derive an output image patch. 

7. The method of clause 6, wherein: 

the second image editing instructions are principle component analysis components of a 

principle component analysis of the first image editing instructions; and 

the second image editing algorithm is configured to transform the second image editing 

instructions into the first image editing instructions by inverse principle component analysis 

transform. 

8. The method of clause 6, wherein: 

the second image editing instructions are wavelet components of the first image editing 

instructions; and 

the second image editing algorithm is configured to transform the second image editing 

instmctions into the first image editing instructions by inverse wavelet transform. 
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9. The method of any of clauses 2-8, wherein the first selection instmctions for the first 

reference data are able to select between a larger number of alternative image editing instructions 

than the second selection instructions for the second reference data. 

10. The method of any preceding clause, wherein the first machine learning algorithm is of a 

different machine learning algoritlun type than the second machine learning algorithm. 

11. The method of any preceding clause, wherein the first machine learning algorithm 

corn prises one or more of the following: a neural network; a support vector machine; a 

generative adversarial network, GAN. 

12. The method of any preceding clause, wherein the second machine learning algorithm 

comprises one or more of the following: a regression forest; regression ferns, cluster centres, a 

lookup table, separable filter banks. 

13. The method of any of clauses 1-10, \vherein the first machine learning algorithm 

comprises a first neural network and the second machine learning algorithm comprises a second 

neural network, wherein the second neural network comprises fewer layers and/or smaller 

convolution fields than the first neural network. 

14. The method of any preceding clause, wherein the target feature comprises one or more of 

the following: an eye region comprising at least part of an eye, a nose region comprising at least 

part of a nose, a mouth region comp1ising at least part of a mouth, a chin region comprising at 

least part of a chin, a neck region comprising at least part of a neck, and a hair region comprising 

hair. 

15. The method of any of clauses 1-13, \vherein: 

the target feature comprises an eye region comprising at least part of an eye and the 

adjustment of the image of the head region comprises adjusting a gaze direction; 

the target feature comprises a nose region comprising at least part of a nose and the 

adjustment of the image of the head region comprises adjusting a shape and/or texture of the 

nose; 

the target feature comprises a chin region comprising at least part of a chin and the 

adjustment of the image of the head region comprises adjusting a shape and/or texture of the 

chin; 

34 

Microsoft Exhibit 1002 - Page 2361 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application 
Attorney Ref No. 409001 

the target feature comprises a neck region comprising at least part of a neck and the 

adjustment of the image of the head region comprises adjusting a shape and/or texture of the 

neck; and/or 

the target feature comprises a hair region comprising hair and the adjustment of the image 

of the head region comprises adjusting a color of the hair. 

16. The method of any preceding clause, wherein the second image editing instructions in the 

second reference data are provided in a compressed representation. 

17. The method of clause 16, wherein the compressed representation comprises one or more 

of the following: a principle component analysis representation; a wavelet representation; 

Fourier and/or discrete cosine transform components; cluster centres. 

18. A method of adjusting an image of a head region, the method comprising: 

identifying an image patch in the image of the head region, the image patch comprising a 

target feature of the image of the head region; 

deriving a feature vector from plural local image descriptors of the image patch; 

using the feature vector to select image editing instructions from reference data, the 

reference data comprising image editing instructions for a range of possible values of the feature 

vector; and 

applying the selected image editing instructions to the image patch to adjust the image of 

the head region, wherein: 

the reference data comprises the second reference data generated by the method of any of 

clauses 1-17. 

19. A method of adjusting an image of a head region, the method comprising: 

identifying an image patch in the image of the head region, the image patch comprising a 

target feature of the image of the head region; 

deriving a feature vector from plural local image descriptors of the image patch; 

using the feature vector to select image editing instructions from reference data, the 

reference data comprising image editing instructions for a range of possible values of the feature 

vector; and 

applying the selected image editing instructions to the image patch to adjust the image of 

the head region, wherein: 
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the image editing instructions in the reference data are provided in a compressed 

representation. 

20. The method of clause 19, wherein the compressed representation comprises one or more 

of the following: a principle component analysis representation; a wavelet representation; 

Fourier and/or discrete cosine transform components; cluster centres. 

21. A computer program capable of execution by a processor and arranged on execution to 

cause the processor to perfonn a method according to any of the preceding clauses. 

22. A computer readable storage medium storing a computer program according to clause 21. 

23. A device for generating reference data for adjusting an image of a head region, the device 

comprising a data processing unit arranged to: 

receive training data comprising: 

a set of input image patches, each input image patch comprising information 

about a target feature of an image of the head region prior to adjustment of the image of 

the head region, wherein the target feature is the same for each input image patch; and 

a set of output image patches in one-to-one correspondence with the input image 

patches, each output image patch comprising the target portion of the image of the head 

region after adjustment of the image of the head region; 

use a first machine learning algorithm to generate first reference data using the training 

data; and 

use a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data output by 

the first machine learning algorithm. 

24. A device for adjusting an image of a head region, the device comprising an image 

processor arranged to process the image of the head region by: 

identifying an image patch in the image of the head region, the image patch comprising 

information about a target feature of the image of the head region; 

deriving a feature vector from plural local image descriptors of the image patch; 

using the feature vector to select image editing instructions from reference data, the 

reference data comprising image editing instructions for a range of possible values of the feature 

vector; and 
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applying the selected image editing instmctions to the image patch to adjust the image of 

the head region, wherein: 

the image editing instructions in the reference data are provided in a compressed 

representation. 

25. The device of clause 24, further comprising a telecommunications interface arranged to 

transmit the adjusted image over a telecommunications network to a destination device for 

display thereon. 

[151] While various embodiments in accordance with the principles disclosed herein have been 

described above, it should be understood that they have been presented by way of example only, 

and not limitation. Thus, the breadth and scope of this disclosure should not be limited by any of 

the above-described exemplary embodiments, but should be defined only in accordance with any 

claims and their equivalents issuing from this disclosure. Furthermore, the above advantages and 

features are provided in described embodiments, but shall not limit the application of such issued 

claims to processes and structures accomplishing any or all of the above advantages. 

[152] Additionally, the section headings herein are provided for consistency with the 

suggestions under 37 CFR 1.77 or otherwise to provide organizational cues. These headings shall 

not limit or characterize the embodiment(s) set out in any claims that may issue from this 

disclosure. Specifically and by way of example, although the headings refer to a "Technical 

Field," the claims should not be limited by the language chosen under this heading to describe 

the so-called field. Further, a description of a technology in the "Background" is not to be 

construed as an admission that certain technology is prior art to any embodiment(s) in this 

disclosure. Neither is the "Summary" to be considered as a characterization of the embodiment(s) 

set forth in issued claims. Furthemwre, any reference in this disclosure to "invention" in the 

singular should not be used to argue that there is only a single point of novelty in this disclosure. 

Multiple embodiments may be set forth according to the limitations of the multiple claims 

issuing from this disclosure, and such claims accordingly define the embodiment(s), and their 

equivalents, that are protected thereby. In all instances, the scope of such claims shall be 

considered on their O\vn merits in light of this disclosure, but should not be constrained by the 

headings set forth herein. 
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1 A method of generating reference data for adjusting a digital representation of a head 

region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustrnent of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

using a first rnachine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning alg01ithm, the second reference data comprising editing instmctions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region. 

2. The method of claim 1, 'vvherein: 

the first reference data cornprise first editing instructions for a range of possible 

configurations of the target feature and first selection instructions for selecting editing 

instructions for a particular input patch from the first editing instructions based on the 

configuration of the target feature of the input patch; and 

the second reference data comprise second editing instructions for a range of possible 

configurations of the target feature and second selection instructions for selecting editing 

instructions for a particular input patch from the second image editing instructions based on the 

configuration of the target feature of the input patch. 

38 

Microsoft Exhibit 1002 - Page 2365 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application 
Attorney Ref No. 409001 

3. The method of claim 2, wherein the configuration of the target feature of each input patch 

is represented by a feature vector derived from plural local descriptors of the input patch, and the 

first and second selection instructions define how the feature vector is used to select editing 

instructions for the input patch. 

4. The method of claim 2 or 3, wherein the editing instructions comprise a displacement 

vector field defining how the input patch is to be transformed. 

5. The method of claim 2 or 3, wherein the editing instructions comprise a filter field, a 

brightness adjustment field, or a texture blending field. 

6. The method of any of claims 2-5, wherein: 

a first editing algorithm is used by the first machine learning algorithm to define how the 

first editing instructions are to be applied to an input patch to derive an output patch; and 

a second editing alg01ithm is used by the second machine learning algorithm to define 

how the second editing instrnctions are to be applied to an input patch to derive an output patch. 

7. The method of claim 6, wherein: 

the second editing instructions are principle component analysis components of a 

principle component analysis of the first editing instructions; and 

the second image editing algorithm is configured to transform the second editing 

instructions into the first editing instructions by inverse principle component analysis transform. 

8. The method of claim 6, wherein: 

the second editing instructions are wavelet components of the first editing instructions; 

and 

the second editing algorithm is configured to transform the second editing instructions 

into the first editing instructions by inverse wavelet transform. 
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9. The method of any of claims 2-8, wherein the first selection instructions for the first 

reference data are able to select between a larger number of alternative editing instructions than 

the second selection instructions for the second reference data. 

10. The method of any preceding claim, wherein the first machine learning algorithm is of a 

different machine learning algorithm type than the second machine learning algorithm. 

11. The method of any preceding claim, wherein the first machine learning algorithm 

comprises one or more of the following: a neural network; a support vector machine; a 

generative adversarial network, GAN. 

12. The method of any preceding claim, wherein the second machine learning algorithm 

comprises one or more of the following: a regression forest; regression ferns, duster centres, a 

lookup table, separable filter banks. 

13. The method of any of claims 1-10, wherein the first machine learning algorithm 

comprises a first neural network and the second machine learning algorithm comprises a second 

neural network, wherein the second neural network comprises fewer layers and/or smaller 

convolution fields than the first neural network 

14. The method of any preceding cl aim, wherein the target feature comprises one or more of 

the following: an eye region comprising at least part of an eye, a nose region comprising at least 

part of a nose, a rnouth region comprising at least part of a mouth, a chin region comprising at 

least part of a chin, a neck region comprising at least part of a neck, and a hair region comprising 

hair. 

15. The method of any of claims 1-13, wherein: 

the target feature comprises an eye region comprising at least part of an eye and the 

adjustment of the digital representation of the head region comprises adjusting a gaze direction; 
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the target feature comprises a nose region comprising at least part of a nose and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the nose; 

the target feature comprises a chin region comprising at least part of a chin and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the chin; 

the target feature comprises a neck region comprising at least part of a neck and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the neck; and/ or 

the target feature comprises a hair region comprising hair and the adjustment of the 

digital representation of the head region comprises adjusting a color of the hair. 

16. The method of any preceding claim, 'vvherein the second editing instructions in the second 

reference data are provided in a cornpressed representation. 

17. The method of claim 16, wherein the compressed representation comprises one or more 

of the following: a principle component analysis representation; a wavelet representation; 

Fourier and/or discrete cosine transform components; duster centers. 

18. A method of adjusting a digital representation of a head region, the method comprising 

receiving a digital representation of a head region; and 

using reference data comprising editing instrnctions to adjust the digital representation of 

the head region, wherein the reference data comprises the second reference data generated by the 

method of any of claims 1-17. 

19. A method of adjusting a digital representation of a head region, the method comprising: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 
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using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the reference data comprises the second reference data generated by the rnethod of any of 

claims 1-l 7. 

20. A method of adjusting a digital representation of a head region, the method comprising: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, 'vvherein: 

the editing instmctions in the reference data are provided in a compressed representation. 

21. The method of claim 20, wherein the compressed representation comprises one or more 

of the foil owing: a principle component analysis representation; a wavelet representation; 

Fourier and/or discrete cosine transform components; duster centres. 

22. The method of any of claims 18-2 l, wherein a plurality of the digital representations of 

the head region are received and adjusted, each digital representation being captured from the 

head region at a different point in time, and the method further comprises updating the second 

machine learning algorithm using editing instructions generated by the first machine learning 

algorithm using one or more of the received and adjusted digital representations. 

23. The method of claim 22, wherein the updating of the second machine learning algoritlun 

is performed at or near input data frame rate. 
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24. The method of claim 23, wherein only a subset of the received and adjusted digital 

representations are used to update the second machine learning algorithm. 

25. A method of training a machine learning algorithm to adjust a digital representation of a 

head region, cornprising: 

receiving training data comprising: 

a set of input patches, each input patch cornprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

first reference data generated by a pre-trained first machine learning algorithm, 

the first reference data comprising a set of editing instructions in one-to-one 

correspondence with the input patches, each editing instruction being for adjusting the 

digital representation of the head region; 

updating a pre-trained second machine learning algorithm trained to generate second 

reference data, 'vvhere the input for the updating comprises the training data and the generated 

first reference data, the second reference data comprising editing instructions for adjusting the 

digital representation of the head region. 

26. The method of claim 25, wherein the updating of the second machine learning algorithm 

is performed at or near input data frame rate. 

27. A method of training a machine learning algorithm to adjust a digital representation of a 

head region, the method comprising: 

receiving training data comprising a set of input digital representations of a head region; 

training a first machine learning algorithm using the training data to perform an 

adjustment of a digital representation of a head region; 

using the trained first machine learning algorithm to generate first reference data, the first 

reference data comprising an adjusted digital representation of the head region for each of at 

least a subset of the input digital representations, each adjusted digital representation being 
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obtained by performed the adjustment that the first machine learning algorithm was trained to 

perform; and 

training a second machine learning algorithm using at least a subset of the training data 

used to train the first machine learning algorithm and the first reference data to perform the same 

adjustment of a digital representation of a head region as the first machine learning algoritlun. 

28. The method of claim 27, wherein the adjustment of the digital representation comprises 

converting from a two-dimensional digital representation to a three-dimensional digital 

representation. 

29. The method of claim 28, wherein the training of the first machine learning algorithm 

cornprises iteratively using a rendering process to generate a two-dirnensional digital 

representation from a three-dimensional digital representation generated by the first machine 

learning algorithm and cornparing the generated digital representation with a corresponding 

digital representation in the training data. 

30. The method of any of claims 25-29, further comprising receiving a further digital 

representation of the head region and using the updated or trained second machining learning 

algorithm to adjust the further digital representation. 

31. A computer program capable of execution by a processor and arranged on execution to 

cause the processor to perform a method according to any of the preceding claims. 

32. A computer readable storage medium storing a computer program according to claim 31. 

33. A device for generating reference data for adjusting a digital representation of a head 

region, the device comprising a data processing unit arranged to: 

receive training data comprising: 

a set of input patches, each input patch comprising information about a target 

feature of a digital representation of the head region prior to adjustment of the digital 
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representation of the head region, wherein the target feature is the same for each input 

patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target portion of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

use a first machine learning algorithm to generate first reference data using the training 

data; and 

use a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data output by 

the first machine learning algorithm. 

34. The device of claim 33, wherein: 

the first reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; 

the second reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

reg10n; 

the second editing instrnctions in the second reference data are provided in a compressed 

representation. 

35. A device for adjusting a digital representation of a head region, the device comprising a 

data processing unit arrnnged to process the digital representation of the head region by: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising information about a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 
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the editing instmctions in the reference data are provided in a compressed representation. 

36. The device of any of claims 33-35, further comprising a telecommunications interface 

arranged to transmit the adjusted digital representation over a telecommunications network to a 

destination device to allow display of the head region thereon. 
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Methods and devices for generating reference data for adjusting a digital representation of a head 

region, and methods and devices for adjusting the digital representation of a head region are 

disclosed. In some arrangements, training data are received. A first machine learning algorithm 

generates first reference data using the training data. A second machine learning algorithm 

generates second reference data using the same training data and the first reference data 

generated by the first machine learning algorithm. 
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