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the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHU CHUAN (JJ) LIU whose telephone number is 

(571)270-5507. The examiner can normally be reached on M-TH 8:00am-4:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Tse Chen can be reached on (571 )272-3672. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/CHU CHUAN (JJ) LIU/ 
Examiner, Art Unit 3777 

/TSE CHEN/ 
Supervisory Patent Examiner, Art Unit 3777 
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fN THE ·uNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Ki I-L Chon et al. Examiner: LIU, CHU CHU.AN 
Application Number: 13/354,941 Group Art Unit: 3T!7 
Filed: January 20, 2012 Confirmation No. 9133 
Title: PH'YSIOLOGlCAL PA&\.METER M:ONITORJNG vnTH A MOBILE 

COMMUNICATION DEVICE 

BURNS & LEVINSON, LLP 
125 Summer St. 
Boston, J\{A 02 l 10 
(617) 345-3243 

TO: Mail Stoo AF . 
Commissioner for Patents 
P .O. Box 1450, 
Alexanciria, VA 22313-1450 

Sir: 

In reply to the final Oflice Action dated !vfarch 21, 2014, Applicants submit the following 

amendments and renrnrks that piace the application i.n coDdition for aUowance or, in the 

alternative, in better form for appeal. An Afler Final Consideration Request fom1 is also attached 

hereto. 

Ameud.numts to the daims begin on page 2 of this paper. 

Remarks begin on page 17 of this paper. 

Attaclmu\nts to this paper also include a copy of F()rrn PTO/SB/434 (1 sheet). 
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This listing of clairns replaces all prior versions and listings of the claims. 

1. {Currently amended) /\ rnethod fr,r physiological parameter monitoring, the method 

comprising: 

providing a physiological indicator signal to a handhe!d mobile communication device; 

analyzing, using the bandh.~lg mobile comrnunication device, the physiological indicator 

signal. to obtain measurements of one or more physiological parameters; and 

detecting, using the bimst!1~l$,1 mobiie communication device and using only the 

rneasurernents of one or more physiological parameters, effects of motion artifacts in the 

measur,~ments of the one or more physiological parameters and. deciding whether to 

retain the measurements; 

\\.ille1'dti detcch11i1 ~tfocts <Jf n16iion .mtifrict~r iuthej1i~a1-mre1.nt.fr1H~. ct):mp.rfs~<g.;. 

a. prt']XtX)l?\;~ssing_a s,~_gmerµ:Jr.nm .tfa~ rxi.easurern.ent ()f one physkllo~ical varnmt:~t~r~ 

!?.: ~lN~~1foing ... ~.Y.~h1@ .. 0f at lea~t one ind:icat<>r o{_y~~li1tWJSJ.Y.I th~~ prr.121~~,~£~;~~~~ 

seQmcnt: the at least on,~ ,indk~ator of vql{g.ill.ty. b¢1ng_at Jeast _one. of kurtosis or 

Shannon entropy Jor .the.preprocessed segment; 

of the value of the. at _least _one. imHqtor. of volatility with a predetermined 

~hr~t?.Dl!.l.4..lmti.~fA1~.vmiseimotion artifacts are not present; an<t 

d. St.~lceting~<:Ul()thc:c ~cru1i.e1lt,,vf tJw, .::iigr}{l.l.frrm1 Jhe.1,hYslolo.gicgl .. measurement and 

wx~~~-~{!:\rW,}9}iJ~n..C?.-}}j.f.1hY-.. Y.?!:!!:!~--9.t!h.~ .at ktu;t one indicator of Y.()1n:til ity..i}.k~,i 

th.mt t't ptt.,>dcteni1incd thrcshold•a'nd_t-mdtht~r segnwnl i~.tiv.HH~1hh.\ 

2. (Canceled) 

2 
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3. (Currently amended) The method of claim ll wherein said at least one indicator of 

volatflity comp.rises kurtosis. 

4. (Currently amended) The method of daim ;!J wherein said at least one indicator of 

volatility comprises Shannon entropy. 

5. (Currently amended) The method of claim 21 wherein said at least one measure of 

vo1atility comprises kurtosis and Shannon entropy. 

6. (Cs .. u·rently amended) The method of daim :.u wherein tht'. predetermined threshoid is 

determined using receiver operator characteristic (ROC) analysis. 

'7 
'' (Currently amended) The rnethod of claim 1 ,.vherein providlng a physiologkal indicator 

signal comprises: 

plac1ng a portion of a subject's body over an objective lens of a carnera in a handhdd 

1nobile comrrnmication device; and 

obtaining video images of the portion of the subjecfs body. 

8. (Previously presented) The method of daim 1 wherein providing a physiological 

indicator signal comprises obtaining a signal from a physiological monitoring sensor. 

9.. (Previously presented) The method of daim 8 wherein the physiological rnonitoring 

sensor is a photoplethysmographic (PPG) sensor or an electrocardiogram sensor. 

10. (Withdrm.vn) The method of claim 1 wherein the one or more physiological 

measurements comprise heart rate and ht~art rate variability. 

11. (Vvithdrawn) The method of daim 10 wherein obtaining r:neasurements of heart rate a.'1d 

heart rate variability comprise: 

3 
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determining beats for the physiological indicator signal; 

determining beat to beat intervals; and 

applying a cubic spline algorithm to obtain a substantiaHy continuous beat to beat interval 

signal indicative of heart rate. 

12. (Withdrawn) The method of claim 1 '>Vherei.n the one or more physiological 

measurements comprise respiratory rate. 

13. (Withdnrvm) The method of claim 12 wherein measmement of respiratory rate 

compnscs: 

obtaining time---.frequency spectrum of the physiological indicator signal utilizing variable 

frequency complex demodulatioD (VFCDM); and 

obtaining respiratory rates by extracting a frequency component that has a largest 

amplitude for eaeh time point at a heart rate frequency band. 

14. {Withd1w.vn) The method of claim l wherein the one or more physiologicaJ 

measurements cornp.dse a measure of oxygen saturation. 

1 c.; (Withdrawn) The method of claim 14 wherein providing a physiological indkator signal 

comprises: 

placing a p01tion ofa subject's body over an objective lens of a camera in a mobile 

communication devke; and 

obtaining video images of the portion of the su~ject's body, and 

wherein obtaining the measure of oxygen saturation comprises: 

4 
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obtaining an uverage intensity of a red component and a blue componeni of the video 

images of the portion of the su~ject's body; the average intensity of the red component 

and the average intensity of the blue component constituting DCRED and DCBtUE 

respectively; 

obtaining a standard d.eviat1on of the red component and the blue component; the 

standard deviation of the red component and the blue component constituting AC1um and 

ACBt)JE respectively; and 

obtaining the measure of oxygen saturation (Sp02) by 

AC,w/ 
; ·,)·" 

, ... . 1 L Lmm 
SpO L.. = A - B -~{d~~uh:::;.:;.,··············· . 

. •· T)~·, 
/ · 1, C .,, 'J''7 · ·. J. ...... £ , 

16. (Withdrawn) The rnethod of claim 1 wherein the one or rnore physiological 

measurements comprise a measure of blood loss. 

17. (Withdravm) The method. of claim 16 wherein obtaining the measure of blood loss 

comprises: 

obtaining time-frequency spectrnm of the physiologka! indicator signal utibzing variable 

fi:equency comp.lex demodulation (VFCDM); 

obtaining the amplitude modulation (AM) series from a set of the largest instantaneous 

amplitude at each time sample within the heart. rate frequency hand of the time­

frequency spectrum; and 

determining whether the amplitude modulation decreases; a decrease in the ampLitude 

modulation indicating blood volume loss in su~ject. 

5 
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18. (Previously presented) The method of claim 1 wherein the one or more physiologic.al 

measurements comprise a measure of atrial fibrillation. 

19. ( Currently amended) :.r:h€··ffl·&he<l--ef efoir.a l 8 A ffifilh~~~u~,!rnhy~j-~)jggic.f:!U~.fil.~lneter 

monitoring. the method.compr.isin~ 

nniY.t4h!&JLphvsiolo~il~ll i11~u~~atQ.I si gn§11 :gtJLhftJ,\~ih~lfLtm~hiL~_cntnmunic;mkm 

device; 

;l1~~\lyzJ.ni~ .. u~in$'..the -handhcld .111t~t~Hs:J~mm.llil11I£!!.i!:@:1;_~1~~:h~s~.Jh~.nh.vsiol()gical. 

1 ndicator .sigp.al tttbfoinJnt:~Hs11te~netits of-0ne or,ti'lort~ ,.physiologkal .JXtr,1m1~ters.: 

and. 

~t~f§r.!l!W;, i.1sin_g the hm14h~~14J)1\t@k~.fo1P.:lAt\Wii9f!t!9.tt ~fovke and. usii;n.g: ___ qnh~J.ht: 

n1tm;';:ur~~.r.mm.t~_nf on,e._or_moreJihy:sk)lo.gical p;m1tnajprn,~~ffuct:s.of.rnotion artifatits 

irrJh~ .. m~g~gxen.1ents of the one OIJ.TIQI~~ . .PJ1Y~,!QAQ&l~a! param~ters and deciding 

whether to.retain the rnea-~urements; 

fibri!Jation; 

wherein obtaining the measure of atrial fibrillation comprises: 

obtaining a time-varying coherence function by multiplying two tirne-varyi.ng 

transfer functions (TVFTs), the two time-varying transfer functions obtained using 

two adjacent data segments,. from the~.Qhvsio!ogical indicator sh1,nal, with one data 

segment as input signal and the other data segment as output to produce the first 

TVTF; tl1e second TVTF is produced by reversing the input and output signals; ~md 

determining whether the time-varying coherence function is less than a 

predetem1ined quantity. 

20. (Previously presented) The method of c!aim 19 wherein determining whdher the time­

varying coherence fonetion is less than the predetermined quantity cornprises: 

6 
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obtaining one or more indicators of atrial fibrillation; and 

determining whether the one or more indicators of atrial fibrillalion exceed 

predetermined thresholds. 

2 l. (Previously presented) The method of claim 20 wherein the one or rnore indicators of 

atrial fibriliation comprise a variance of the time-varying coherence fum:tion.. 

22, (Previously presented) The method of claim 21 wherein the one or more indieators of 

atrial fibrillation also comprise Shannon entropy. 

23. (Previously presented) The method of claim 20 wherein the predetennined thresholds arc 

determined using reeeiver operator characteristic (ROC) analysis. 

24. (Currently a.mended) A system for physiological parameter monitoring} the system 

comprising: 

a phys.iologicai indicator signal sensing component; and a hand.held mobile 

communication device comprising: 

at l.east one process~~J!n4 

at _least. ('!11e' co1:n1)ntl::;t usahh:\ ntt~diu.m:t th(~ ·co.mJmter .u~ablc med i m1:1Juiving. 

com.nuter .n .. \adabk;fQf.le. embodied tt1cicihA tl10 compui"t.~r nxrdphfo. (~6d9 .c:aul\lng 

the.atkast orie.12roccssor to: 

mwly;.wtu£vhysfolo'g,kal. ini:.Hcat<~r ~hmal. t() .ohJaiJUA()illilll:~maenis. ~)f OHQ 

or .n1ose ._nhvsioloQic~,l parameters~. and 

detect effects of motion artifacts in the mea.surernents of the one or more 
•.o.uo•uoou•ooo_.oOOOO•H• ••"•"OhoOo.... .. ................. .._.._,.._ •• - ~, ••o•-..•o••u• u ••• u •••u•••u o. ; ......................... . 

phvsj9ki_gk:al parameters; 

,., 
I 
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wlK~ft:!in. th~~- C<)nmut.cr J\~adable _cod~~ in_ ca.1isi.tigJh6 at h~JlSt .on~' MK~emmrJo 

dt:~h..%t (~nt~cts trf.n:)()don artiJbcts.. canses the at least one 1:imcc-s3or bx "'"""---··----·-·······-·····--·-··--······ ...... ,., .............. __________ ::...l--------------~ -
a. m:&Process a segment fromJhe measur_emerJ.t.Qf..9.D&.t~hY..~lfll.Qgical 

pJlramyter: 

.r>., obtain a value of at least one frKLlfill9t of vofo.tilitv_.for.the_preprocessed 

b--egmei1t;. tb(~ ~il, kast. tm~~. iTH.i:k~:i.l:or <;)f W)lat.iHty beh1g ~it least (,mq pt 
kurtosis.or.Shannon entropy.fur tbepr~ro(.~es,sed s~,rnent: 

c. h1dude the segment in anaJvses_of _ph_ysiologica1 measurements, if 

co11waris9n_ of.the. value of the at least one indicator of yola;.til_h.y _with a 

pre,determinc<l. thrcsh,Jld _indic~~te,f2 .. noise/motion_ artifacts .ar,~-nQ.Lpycsent~ 

d. aj(.i(.:tanpthe~--s~t?ptent .of' tht: s.igna1 front the 1~hv~i0.fo_g_foajrn(NJst1.1x~n:H:~Jlt. 

4nitJ1rnceedi11~ to step {a),jf ,tlK~ ajue:.,2f the. <H.J1;.~~1Ht_ one _indic,ator ('l:f\i'o!ati lity )s 

k~-~s thmJ_ a_predcttttllln&zl. thte$hpl.d_and another scgnient 'iwavailabk~. 

an anHl y~i-&--OBfflf}OB-ent-ru:i.alyz.ing--t-he-fili,·siol o gioa:l i nd~'-fil-g-n-al-t-o-ob-tai-n 

ffi:OO&tl!"efl'l.eats--af.-one or mere p!zysiologioaJ1.~-a-ram.et;ers; and 

H motion arti~'act ~ki~R-eOmpoaent-det-oo{ing, using eniy tho mew,tirements of 

em.~ er morn--pl:iy~i-olo-gi~-ame-ters, ~:::fi:~ots of motieB: artifue:-ts-,fn--foe 

m-ei.'l&ill'e-lnent~-Bf-Hw one er n:iore f>fl%i-H-l-0-gkat·parnmet-er"S. 

25-26. (Canceled) 

27. (Current!y amended) The system of claim ;M24. wherein said at !east one indicator of 

vota.tility comprises kurtosis. 

28. (Currently amendt'.d) The system of claim 261:t wherein said at least one indicator of 

volaHlity comprises Sha.nn.on e.nU'opy. 

29. (Currently amended) The systern of claim ;!;(~24 wherein said at kast one measure of 

volatility comprises kurtosis and Shaimon entropy. 

8 
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30. (Ctmently amended) The system of claim ~24 \Vherein the predetermined threshold .is 

determined using receiver operator characteristic (.ROC) analysis. 

31. (Original) The system of claim 24 wherein the physiological indicator signal sensing 

component comprises an image acquisition component, said acquisition component capable of 

acquiring a nmnber of frames, each frame acquired at a predetermined time. 

32. (Currently arnended) The system of claim 3 i wherein theJrm~ih~kLmobik 

communications device comprises said irnage acquisition component. 

33. (Previously presented) The system of claim 24 wherein the physiological .indicator signal 

sensing component comprises a physiological monitoring sensor. 

34. (Previously presented) The system of cl.airn 33 wherein the physiological monitoring 

sensor is a photoplethysmographic (PPG) sensor or an electrocardiogram sensor. 

35. (Withdravvn) The system of claim 25 wherein the physiological indicator signal sensing 

component comp.rises an image acquisition component, said acquisition compone.nt capable of 

acquiring a number of frames, each frame acquired at a predelen.nined time; wherein said image 

acquisition component acquires a color image having red, green and blue components; wherein 

one or more physiological measurements comprise a measure of oxygen saturation; c'lnd whe.rei11 

the computer readable code, in causing the at least one processor to analyze the physiological 

indicator signal, causes the at least one processor to: 

obtain an average intensity of a red component and a blue component of the images of a 

portion of a subject's body; the average intensity of the red cornponent and the average 

intensity of the blue component constitl1ting DCRl:;D and DCm .. vE respectively; 

obtain a standard deviation of the red <.~omponent and the blue component.~ the standard 

deviation of the red component and the blue cornponent cnnstituting ACRED and ACnwE 

respectively; and 

9 
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obtain the measure of oxygen saturation by 

36. (\Vithdrawn) The system of claim 25 wherein the one or more physio!ogical 

measurement<; comprise heart rate and heart rate variability; and wherein the computer readable 

code, in causing the at least one processor to analyze the physiological indicator signal, causes 

the at least one processor to: 

determine beats for the physiological indicator signal; 

detem1inc beat to beat interva!s; and 

apply a cubic spline algorithm to obtain a substantially contim .. tOllS beat to beat interval 

signal indicative of heart rate. 

37. (Withdrawn) The system of claim 25 wherein the one or more physiological 

measurements comprise n~spiratory rate; and wherein the computer readable code, in causing the 

at least one processor to analyze the physiological indicator signal, causcs the at tt~ast one 

processor to: 

obtain time-frequency spectrum of the physiological indkator signal utilizing variable 

frequency complex demodulation (VFCDJ'.Vl); and 

obtain respiratory rates by extracting a frequency component that has a largest amplitude 

for each time point at a heart rate frequency hand. 

38. (\Vitbd.raw11) The system of claim 25 wherein the one or more physiological 

measurements comprise a measure ofhlood loss; and wherein the computer readable code, in 

causing the at least one processor to analyze the physiological indicator signal, causes the at least 

one processor to: 

10 
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obtain time···frequency spectrum of the physiologkai indicator signal utilizing variahle 

frequency complex demodulation (VFCD.M); 

obtain the ampfaude modulation (AM) series from set of the largest instantaneous 

amplitude at each time sample within the heart rate frequency band of the time­

frequency spectrum; and 

determine whet.her the amplitude modulation decreases; a decrease in the amplitude 

modulation indicating blood volume loss in subject. 

.39. (Currently amended) A svstcm for ghysio19.gj_;;.§1.m1r.?!-rn~t~.t rno11ito(in.&JJ1e svstem 

compnsmg: 

JJ..P.DY..~!,Ql_qgif.q.Ltrn1ic'!t~r signal sensing_£QmP.9nent;_Jffl-.4.;.i. .. t@lfRW_l.4.n.12biI~ 

9omnmnication {fovk:c corr.mrisin_g;_ 

at least 0_11~_J2I.Q£Y-1i§9r; __ mlfJ 

J1l)ef1~t one. com,putor 6sa:ble me<li n..n.l •. tht-:s_gnipulhr usah!e .. medi um havJtw. 

t-:.-01nputcr readable· cotk~ e.mbodled thert<Jn,. thg.:i:.~ou1pJJtm::1Qadabk cod.c causigg 

the at least one _processor to: 

MJ11.vze the physiolpiliq~~JjgdicQf~tL~i!?ll~1l.J9.J)h1t!iJl.mQ.g~H!;.~menfa-(jf nxie. 

or _more__Qhvsiological __ parameters: and 

detect.effects of motion artifacts inJhe.me.'1suren:K::J1ts.ofthe.one .. or more 

phvsio logical Rarnmetex_~;.+he--sy.stem-~aim--25 

wherein the one or more physiological measurements comprise a measure of atrial 

fibriHation; and wherein the computer readable code, in causing the at !east one processor 

to analyze the physiological indicator signal, causes the at least Ont'. processor lo: 

obtain a time-varying coherence function by multiplying two time-varying transfer 

fo.nctions (TVFTs), the two time-varying trnnsfor functions obtained using two adjacent 

data segments, from the physiolo2ical insii£9J.9.!'. .. ~1.gn?.:L..with one data segment as input 

11 
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s1gnal and the other data segment as; output to produce the first TVTF; the second TVTF 

is produced by reversing the input and output signals; and 

determine whether the time-varying coherence function is less than a predetermined 

quantity. 

40. (Previously prcsentt'.d) The system of daim 39 wherein the computer readable code, in 

causing the at least one processor to determine whcih{/r thi.~ time-varying coherence function is 

less than the predetermined quantity, causes the at least one processor to: 

obtain one or more indicators of atrial fibrillation; and 

determine whether tlK~ one or more indicators of atrial fibrillation exceed pn}deter.mined 

thresholds. 

41 . (Previously presented) The system of claim 40 V'iherein the one or more indicators of 

atdai fibrillation comprise a vrdance of the time--va.rying coherence function. 

42. (Previously presented) The system of claim 41 wherein the one or more indicators of 

atrial fibrillation also comprise Shannon entropy. 

43, (Previously presented) The system of claim 41 wherein the predetermined thresholds are 

determined using receiver operator characteristic (ROC) analysis. 

44. (Currently amended) A, no.n-tram,itory computer usable medium having computer 

readable code embodied therein, the computer readable code causing at least one proct~ssor to: 

analyze a physiological indicator signal to obtain measurements of one or mo.re 

physiological parameters; and 

detect, using only the measurements of one or more physiological parameters, effects of 

motion artifacts in the measurements of the one or more physiological parameters; 

12 
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·wherdn. th(;>-~0JIUJff~~r_re~idable.¢b~fo. ir\£atIBfug__fue _tit fonst one _prQC,cssor_ to· 

dd.~!~1H;dJhcts .of.m.otkm a:rfrfacts,. cm.11:.{.~s--tlw.~rt.le::1.sl one_pn':lcessor to: 

mmuneter~ 

f obtain a value. of at _ieast __ oneindicator of volatilitv _for th£.pn;processed 

segment;_ the. at_ie~st one indicator of volatility _fo-:dn~~-nt)east .one. of 

kurtosis or Shannon entnmy for_the_p,re,processed segment 

predett.:01:UJW<:l.. t.p:resho-id)ndkatcs. 1i.oi:·K~/motiop _ar.ti.fi.wts are _no~.s-ent; 

h.: $~l¢¢t.anotber scgri1erl(o:f.the sit\P~ll_fi,ont.lhe physi<:'il<)gical me<:tsilrt~nR.mt 

and proceeding to. ${:~11.L~). __ if th~ _valpe of the at least one fa1dka1.rw of vo!atiijtyjs 

less than.a. nrcdt~tfunined threshold and another ;:;~:&J:ri.ent _is_ available. 

45. (Withdrawn) Tbe computer usable medium of daim 44 wherein the physiological 

ind.ie-ator signal comprises a video color image having red, green and blue components, tht'. video 

color image being an .irriage obtained from of a portion of a subject's body; vvherein the 

measurements of one or more physiological parameters comprise a measure of oxygen 

saturation; and wherein the computer readable code, in causing the at least one processor to 

ana!.yze lhe physiological indicator signal, causes the at least one processor to; 

obtain an average intensity of the .red component and a blue cornpon.e.nt of the video color 

image of a portio11 of a subject's body; the average intensity of the red compom~nt and the 

average intensity of the blue component constituting DCRw and DCnuJE respectively; 

obtain a standard deviation of the red cornponen.t and the blue component; the standard 

deviation of the red component and the blue compom.:~nt constituting ACRrn and ACstuE 

respectively: and 

obtain the measure of oxygen satw-ation by 

1-~ ., 
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·c ,. A .... '> / 
!!I:.. ,/DC' · · 

... 02 ~ B ,., ' <it'1 So =/1- · ' .· ·· . .1.c-. 
"'- /1(: u1 Ci'•~ _;.-...: 

'~ . ' "/ .. ......, 
}.( L>c .", ... J.,,., .. .11: 

46. ( \Vithdrawn) The computer usable medium of claim 44 vvhe.rein fhe one or more 

physiological measurements comprise heart rate and heart rnk variability; and wherein the 

computer readable code, in causing the at least one processor to analyze the physiologicai 

indicator signal, causes the at least one processor to: 

determine beats for the physiological indicator signal; 

detennine beat to beat intervals; and 

apply a cubic spline algorithm to obtain a substantially continuous heat to beat interval 

signal indicative of heart rate. 

47 (Withdrawn) The computer usable medium of claim 44 wherein the one or more 

physiological measurernents comprise respiratory rate; and '\Nherein the computer readable code, 

in causing the at least one processor to analyze the physiological ind.icator signal, causes the at 

.!east one processor to: 

obtain time-frequency spectrum of the physiological indicator signal utilizing variable 

frequency complex demodulation (VFCDM); and 

obtain respiratory rates by extracting a frequency component. that has a largest amplitude 

for each time point at a heart rate frequency band. 

48, (Withdrawn) The computer usable mt:dium of daim 44 wber.ein the one or more 

physiological measurements comprise a measure of blood loss; and wherein the computer 

readable code, in causing the at Jeast one processor to analyze the physiological indicator signal, 

causes the at least one processor to: 

obtain time-frequency spectrum of the physioiogical indicator signal utilizing variable 

frequency complex demodulation (VFCDM); 

14 
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obtain the amplitude modulation (AM) series from set of the largest instantaneous 

amplitude at euc.h time sample ,,vi.thin the heart rate frequency band of the time-

frequency spectrum; and 

determine ,vhcthcr the amplitude modu.lation decreases; a decrease in the arnplitude 

modulation indicating blood volume ioss in subject. 

49. {Currently amended) A..r.19_n-transito.rv comguter .. '!f.5.~~le medium having QQ_m1m~I 

rcw:fabk _ cod~'. _etnbodied therein. the (.~<nnr,mter .r~ada.blc c<.xle•.r.ausing.ar .least one J21"<.X~(;.\~s6rto;: 

analyze 4 phvsiofoe_(i9al. ir11:Jtc:ator ~i€1,.nal t<H-ihufrtt,:P1~:.l~lu:t'-tn.ents of.one _or mqre 

Qhysiologfoa.l. oara.meters~ and 

detet~t. usit1g_on.lv fhc . .ri1e .. isu.rel'ficiJtt of Q.p¢. i:w more Jtlw~i t) Logka1J,)$nn.nel~t.\rs~ . efth~ts t.) f 

mcJtkmnrtifhc:t~ in the measnrt'!.rnept~ _of the omi or .rrH.m:.~-,.nhv:sfol-0gjQtl~mefors; 

The H.fm-tmflsi-tery eon1:putef' 1.:.sabl~Hnoo.ium of eluhn-44 wherein the one or more 

physiological measurements comprise a rneasure of atrial fibriliation; and wherein the 

computer readable code1 in caus.ing the at kast one processor to analyze the physiological 

indicator signal, causes the at leasl one processor to: 

obtain a tim.e~varying coherence function by multiplying two tfrrn>varying trans.for 

functions (TVFTs), the two time-varying transfer functions obtained using two adjacent 

data segments_, from the ph.ysiolqg19.?.-.Ur~dicator sigm11_ with one data segment as input. 

signal and the oilier data segment as output to produce the first TVTF; the second TVTF 

is produced by reversing the input and output signals; and 

determine whether the time--varying coherence function is iess than a predetermined 

qmmtity. 

50. (Currently amended) The non-transitory computer usable med.it1m of daim 44 whert~in 

the cornputer readable code, in causing the at least one processor to detem1ine whether the frme-

15 
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varying cohercm.\e fi.mction is less than the predetermined quantity, causes the at least one 

processor to: 

obtain one or more indicators of atrial fibrillation: and 

determine whether the one or more indicators of atTial fibrillation exceed predetermined 

thresholds. 

51. (Previously presented) The non-tr:.ms1tory computer usable medium of claim 50 wherein 

the one or more indicators of atrial fibrillation comprise a variance of the time-varying coherence 

fimction. 

52. (Previously presented) The non-transitory computer usable rnedium of claim 51 ;,vherciu 

the one or more indicators of atrial fibriilation also comprise Shannon entropy. 

53. (Previously presented) The computer usable medium of clahn 50 wherein the 

prec.kterrnined thresholds are detenni.ned using receiver operator characteristic (ROC) analysis. 
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RJ:MAllKS 
. ................... ,, ........... x,~ 

App.lica.nt'3 have carefully rcvievv·ed the final Offi(;e Acfam dated Mm·ch 21, 2014, and 

this response addresses the Examiner's concerns. Entry of this amendment into the application is 

respectfoHy requested. 

1. STATUS OF THE CLAIMS 

Claims 1-53 are pending .in the application. 

Claims 10-17, 35-38 and 45-48 a.re withdrawn from consideration. 

Claims l ~9, 18-34, 39-44 and 49-53 are rejecled. 

Claims l, 3-7, 19, 24, 27-30, 32, 39, 44 and 49-50 are amended. 

Ciaims 2, 25 and 26 are canceled. 

~hmoort in the specifi.~1t~i~~11Jl!.r...th~_g!aim amendmeni~. 

Amendments to clairns 1, 7, 19, 24, 39 stating that the mobHe computer system is 

handheld finds support in paragraph 28, 74, 76, 87, 90 and 91. Other amendments resulted from 

introducing limitations frorn claims afterward cancded into independent claims 1, 24, 44, from 

making claims I 9 and 39 independent by including the orig1nal claims on which daims 19 and 

39 ·were dependent, and from adjusting the dependenc.y of claims fomwrl.y dependent on 

canceled claims. 

ll THE 35 U.S.C. 102il03 REJ.ECTJONS 

Claims 1-2, 8-9, 24-26, 33-34 and 44 are rejectedunder;we-A!A 35 U.S.C. j02(b) as 

anticipated by Diab et al. (l..f.5PN 6,067,462) or, in the alternative, underpre-A!A 35 USC. 

.103(aj as obvious over Lichter et al. (USPN 6,159, J 47 - cited in previous action). 

Claim 1 has been amended to include claim 2 and also to recite that "the at__least one 

indiQW_<.Jf V<.)hrtilhy .being_:.rl)east one of kuftl)Sis t)r S1mtm<m.t:mln.my Jhr _theJll!,:l).mCe$SCd 

segment." Ciaim 24 has been amended to include the Lirnitations of claims 25 and 26 and to 

recite that "lht:~ at len:stnnt) indid)l6t 11fvoliitiHtV being at km,t. one -ofk1nvto::;kor Shan.nnn "-"*" __ .._,.,o••••,,.,,,_.,. .,......, ........... ,..,. .u••• ••••• •••••••••• , ••h•, , ,_.,.....,.,,.,._.._ ., ...... ., ... .,.....,.,...,._ .... ,.._,"'''"..,.,,.., _...,.., • .,,,..,., ••.. .. .• ,,,,,,,,,,,,,,,,,,,,,,,,,~+•••• . .. _..._, 

entrcpv_for the .preprocessed se&_nent.'! Claim 44 has been amended to include the fonctions of 

clahn 2 and to recite that :,the at JcasH>nt:t irtdkah)f pf\<ajatHitv ht:~ing at k~tst tm0tfkurt(n~i.~ _or_ 

17 
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Sham1on entropv for the preproc9ssed segment." Claims l and 24 have been amended to n.!(;ite 

that the mobile communication device is a handheld mobile cornmunication deviz~e. 

Appl1cants respectfully state that neither Diab nor Lichter teach or suggest aU the 

limitatjons of claims 1, 24 or 44. 

Claims 2, 8-9 are dependent on claim l and claims 25-26: 33-34 are dependent on claim 

24. 

Applicants with likely state that claims 1-2, 8-9, 24-26, 33-34 and 44, as amended, are 

not anticipated by Diab and aprimafiicte case of obviousness has not been cstablish(~d for daims 

1-2, 8-9, 24-26, 33-34 and 44 as amended. 

UL THE 35 U.S.C. 103 REJECTIONS 

C r • .., "' • 2~ ... 9 · 1 ·, A r4 "C' [ · S' -, · /" ' , · ' 'l ,arrns .1-,) ana 1-L are r€;jecte( unaer pre··.d.,, .1.1 ! ., .c.. Jih(a) as veing unpatentao e 

over Diab as t.tpplied to claims J, 24 and 44 above, and further in view ojAddison et al. 

(USPGPUB 2005/0070774 - cited in previous actio,~). In regard w claims 3-5 and27-2.9. Diab 

discloses all the claimed limitations except said at least one measure of volatility comprises 

kurtosis and Shannon entropy. 

Claim 1 has been amended to include dalm 2 and also to recite that "the at least. one 

indicator _0Jvt)l~1tili1v heJqg ·a:t_k~ist _oue. of kurttisis ,lW Shannon entropy Jf.n: .t.h.e·.rreprot~1)sse.d. 

segmt~nt" Claim 24 has been. amended to include the limitations of daims 25 and 26 and to 

recite that "the~Jjy~ist /)lleJndicato:r qfv{.)latnity beingJtt' km>L one <}(kurtosis tit_Shm:rm')n. 

~ntrogy:_J~)r th~ .. m:~t~rocesscd segm.Y-nh" Claim 44 has been amended to include the functions of 

clairn 2 and to recite that "JJ,~~tnt lcast_gne i.mMi;:.~l.~'Qf of VJ2lrui]jJY..h~~~ng__gtJeast ope .9Llil!.~.~~~M~U?£' 

Shannoq_entn,m,y .. f9r the preprocess~~L~~_gment." Applicants respectfully state tbat, based on the 

aJguments bcicr\V: a prima facie case of obviousness has not been established for claims 1-5, 24, 

27-29 and 44. 

Addison et al. suggest the calculation of kurtosis and entropy for the wavelet transfom1ed 

signai. The kurtosis is defined as: 

k = 8(x-µj~ 
~ (l) ., I 
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h J.1 · t' ,, x G · 1 ; ; 1 • • f'x J E'(t) , J \V .ere 1s · ne mean or , 1S t 1e stano.aro (!eviat10n o , an{s · - reoresents tne expecti.x1 . ,. .. 

I f th · t ( 'fi · q • · " 5 "o· va uc o e quantity speer 1cat1on, page , , nncs 1, -j ) 

and the Shrumon entropy SE can be calculated as 

where i represents the bin number, and p(.i) is the probability distribotion of the sip1al amplitnde 

(specificatio~ pagelO, lines 4-8). 

App Hean ts respectfully state that none of the properties of the continuous VJa velet. 

trnnsfom1, linearity, shift prope1iy, scaling property energy conservation or localization 

properties (see, for example Vetteili, Kovacevic, Wavelets and Suhband Coding, ISBN 0- 13-

097080-8, 1995, pp. 304-3 08) indicate that the jnvcrse transfonn of the kurtosis of the wavelet 

transforms signal is the same as the kurtosis of the preprocessed segment of the measurement of 

one physiological parameter, which is recited in claim 3. By a similar argument, Sarkela (cited 

by the .Examiner) calculate the entropy in terms of the coeifidents of the wavelet transform. 

Applicants respectfully state that none of the properties of the continuous wavelet transfom1 

indicate that the inver::;e transform of the entropy calculated by Sarkela is fae same as the 

Shannon entropy cakulatcd from the preprocessed segment of the rneasurement of one 

physiological parameter. 

This quandary can he easily understood in terms of the infinite support cousin of the 

wavelet transform, the Fourier trnnsfom1. 8JIPA!.f.~D.J) .. !~~P.~f_tfolb:sb.%UJ~P.g~ the Examiner to 

fih9..~r.r.h~.~.J,h~ .. K:td!~9.5.i.~ .. 9.f.Q..Jomier transform can be inverted to provide the kurtosis of the sigrg.\... 

That is, if f(t) is the signal and F(o..l) is the Fourier trnnsfrxm, is the kurtosis of F(m) 1nve1tih!e 

into the kurtosis of .t{t)? The Examiner may be able to find out pathological cases in which this is 

true but in general it cannot he shown to be true. The same argument applies to the Shannon 

entropy of the Fourier transform. 

£~1.HU.Qants rcsnectt\tUv rdbt the Examiner t() !vfPEJ> 2-l44.03(~_JtmLnwn~~~tl~illlX 

rcouest. a~ sl1ggested __ bv .MPEP . .2 l 44.03C Jind_ the __ cases. cited __ therein._ that __ the __ Exam1ner 
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provide_adg::gyate .evidence for tht~ Exarniner's.conc!uslons. A .. pnlicants, resp¢,'.l'thl.!y_state_that 

thi:! JJxamim .. T~s .. lli.'(~:-~n.t Jl rZ,t.nn~mt. is __ 111;;)t ~upported. 1?,Y $U bst~mJial. ev.irk.nce .. 

The Office Action states that "the lhnitation of "at !east one indicator of volatility" does 

not exclude othtir indicators suitable for other analyses." Applicants respectfuily disagree. The 

claim recites "an indicator of volatility for the preprocessed segment. )a The Examiner bas not 

provided any evidence that the supporting the fact that the kmtosis and Shannon entropy of the 

wavelet signal are "indicators of volatility for the preprocessed segment." AQpJi~'.5!!11§. 

n~spectfolly stat~ that tl1{~_Examiner'~_present.arg:ument is not_snt1,{)ortt~d.hy_substantla! 

g:vidcnce. 

"'[R.Jejections on obviousness cannot be sustained by mere condusory statements; 

instead, there must be some artkulated reasoning with some rational underpinning to support the 

legal conclusion of obviousness."' KSR. 550 U.S. at 418, 82 USPQ2d at 1396 (quoting In re 

K .i. 441 '''''do-- 9°8 ,..,<")Tr,;;:pc·12d· 1129 '31-'l'0 d ....... 21'\f\6)" 11.1p1··1>"' 14""'11V a,,ri, . r .. } 7/ I, 0 , lo Uv ,<: • . ', , . ..,() i._.l:'C • CH. ,Vv ), ... v .. :~ L-i . • ).\; 

Applicants respectfull.y state that neither Diab nor Addison teach or sugge~i. "~11?.(~hiinu 

value ·of mjea!>t m1t.>._indicamt of vol~1tilitv for. the.i~reprf1ccs~ed. S(."£,!11~mt:,.the at _tegst on<:~ lnd.i(.~~tlor 

.of vofotfl:ilv hdnu. at kast-nn.e. of kurtosis ()r-Shmm()n ,;ntroj)V/ a limitation of amended claims 1, 

24 and 44, since the Examiner has not shown an<l can not show that the kurtosis and Shannon 

entropy in their wavelet domain can be inverted to provide kurtosis and Shannon entropy in the 

time domain where the preprocessed segments are found. 

Applicants respectfully state that there is no likelihood of success in this cornbination. 

Applica.nts also respectfuHy state that the combination is not enabling for the limitation. cited. 

Applicants respec.tfolly state that the combination does not enable the practice ofthe 

claimed invention. 

To cstabHshprimajacie obviousness of a claimed invention, all the daim limitations 

must be taught or suggested by the prior arL In re Royka, 490 F.2d 981 , 180 USPQ 58{} (CCPA 

1974). 

In order to render a claimed apparatus or method obvious, the cited prior art as a 

whole rnust enable one skilled in the a.rt to make and use the apparatus or method. 

Beekman Instruments, Inc. v. LKB Produkter AB, 892 F.2d 1547, 1551 (Fed. Cir. 1989). 
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.r>V! .>1..; ........ i.~~-... \..,..., ,Jl • .. ~<- l .>A .. r., .L, . ,I • ... ·"S..1. 1l.... .._, 1,.j) ()D"f P(Yf r:,:;Nu~s J>P.QP1RE·s· A" R.E,·•A,""')N•AJ:>r _i:: ·c;x·1:t1:;c"I',\ Tl')N ()F Sl'C'CES.S 

(MPEP 2143.02). 

Applicants re:;pect.fuHy state that a primajacie case of obviousness has not been 

established fbr amended claims 1, 24 and 44. Cla,ims 3-5 are dependent on claim l and claims 

27-29 ,u-e depemknt on clajm. 24. 

Applicants respectfoUy stak that a prima .fhcie case of ohviornmess has not been 

established for claims 1,3-5, 24, 27-29 and 44. 

C'l,·,iv. .. •, ~; 1u" ~Md "3 ""r0 ru-',,(,fe,·lun,J,,,, >J;··e 4TI: 35 JI('(' /fl=?/(.')' a<· 1;eiyi3 "r.1pal'pn.f,·,i,le '•"t,a·tlt-J (.,) - , {~,-" .. J c. .( , , .._,j,._; n , t. t. ~, 1 .,..,:L ... .i::J. c. V~i..> . . . . \.l .... \ .,. >J t _;i,.:.t ,.:. ., . ...,,,;,.~+v .. · 

over the combination of Diab and Addison as applied to daims 1, 24 and 44 above, andfurther 

in vie1,1.1 of Echauz et al. ([!,SPN 6,678,548 - cited in previous action). 

Claim 6 is dependent on claim 1, claim 30 is dependent on claim 24 and claim 53 is 

dependent on da.im 44. 

As stated above, Appbeants respectfully state that neither Diab nor Addison teach or 

suggest ~'obtaining a_ value_ 9f at least one indicato.LQ.f.'(olatilitvfor thz~yesse<l s.egrn~nt~_ the 

at ,least. one. indicato.r of volatili tv_ bein_g at le~~s( one of kurtosis or Shannon. cp tror,y. for .the 

pg~pg·~~-~-~sed segment,,, a limitation of amended claims 1 ~ 24 and 44, sfr1ce the Examjner has not 

shov,m and can not show that the kurtosis and Shannon entropy in their wavelet domain can be 

i.nw~rted to provide kmtosis and Shannon entropy in the time domain vvhere the preprocessed 

segments are found. 

Appljcants respectfully state that there is no likelihood of success in lhis combination. 

Applicants also respectfnHy state that the combination is not enabling for the limitation dted. 

Forthermore, the Examiner, in the Office Act.ion, states that '"Echauz teaches a threshold 

value can be dctcrmim.,d using receiver operator characteristic (ROC) analysis for changing the 

sensitivity of feature classifications which includes wavelet Goefficients and entropy analysis 

(Col 4 lines 26-51; Col 21 line 56 - Col 22 1.ine 7)." Echauz~ in Col 4 lines 26-5 l, leaebes that: 

The foature extraction portion 40 contains selectable algorithms and mathematical 
formulas that disti.H relevant seizure~predictive and seizure-indicative attributes 
from the high~dimensional preprocessed signals. Multichannel data within the 
sliding observation wjndow (typically 400 to hundreds of thousands of numbers) 
are converted into a lcl\V dimt:nsion.Hl vector [X.sub. 1 X.sub.2 . .. X.sub.n 'j 
containing 10 or less features for each time scale (usually 40 or .less numbers in 
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the complete vector). Features can be any linear or nonlinear projection of raw 
data into another space, including the same raw data without compression as a 
special case. Features can be updated as fast as the raw data sampling rate (e.g., 
200 Hz), but typically the fastest feature sampling is set as one every 0.45 
seconds. Longer-horizon features can be update-d less frequently according to a 
no-less-than-50'}f> sliding window overlap criterion. Distinctly frorn all the prior 
art contemplating features, the feature veci.or is made patient-specific and 
optimized from a rich feature library of instantaneous, historical, spatial, and 
artificial features. An exernplary feature library is disclosed in co-pending 
Application Serial No. 09i735,364. Exumoles of useful features include 
accumulated energy profiles, quick fractal dimension (curvelength), absolute 
values of wavelet cod1icients, nonlinear energy, spectral entropy, prodrome 
templates, the statistical moments of any feature, and custom-made genetica.l.ly 
follnd, neurally computed features. 

Applicants respectfu}ly state that Ecbauz, in Col 4 lines 26-51, teaches extracting attributes of the 

preproci.-ssed signal. Echauz, in Col 21 line 56 - Co1 22 line 7, teaches that: 

Increasing the risk of FPs raises the probability threshold, reducing the system's 
propenslty to declare S.sub.T. Similarly, lncreasing the risk of FNs lowers the 
threshold, making the system more sensitive. If instead of the above thresholds 
on the Ukelihoorl ratio 01· the prnhability, some other constant is used, the 
classifier's operating point moves along the ''recdvcr ope.rating 
characteristic'' (ROC; Pep vs. PFr) cu-rve, trading off the ability to detect 
prcscizures for the ability to detect nonprc.seizu.res (and losing optimality as 
initiaHy defined by the performance metrics, of course). Changing these 
simple thresholds on the Jikelihood ratio or the. probability implies that the 
dassifier1s compkx decision boundaries also change in tht~ n-dimcnsional 
space of features. Except for aeademk special cases, separately thresholding 
one-dimensional features, as commonly found in prior art systems, creates 
suboptimal decision rules. For t\vo or more features, the resulting suboptimal 
decision regions are piecewise rectangular, \.V1th boundaries parallel to the feature 
axes. 

Applicants respectfully state that Ec.hauz teaches that the classi.fie.r operating polnt moves 

along the ROC when something other than the optimal decision rule based on likelihood ratio or 

probability is used. According to Echauz moving along the ROC chcmges the classifier's complex 

decision boundaries and creates suboptimal decision rules. For the case that Echauz describes, 

Echauz teaches that moving along the ROC is discouraged. One skilled in the art would be 

discouraged from moving along the ROC away from the optimal decision n..i!e based on 

likelihood ratio or probabiHty. 
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The Examiner has not provided any evidence that the ROC used by Echauz can be used 

for determining the threshold for comparing the value of the indicator of volatility. 1\pplicants 

1."CSj1£:'4:folly' stati::~JJ1:1t_ tbe .. EX~ilnfnnpro~h:.nt a.ntmIL(~nt ·is· 1.1(){: .sllppcfrted hv ·substantial 

evidenc~. 

~"[R]~j{~ctions on obviousness cannot be sustained by mere conclusory statements; 

instead, there must be sorne articulated reasoning with some rational underpinning to support the 

legal conclusion of obviousness."' K.W( 550 U.S. at 418, 82 USPQ2d at 1396 ( quoting ln re 

Kahn, 441 F.3d 977,988, 78 USPQ2d 1329: 1336 (Fed. Cir. 2006)). MPEP 2143.01 IV 

Applicants respectfully state that neither Diah nor Addison nor Echauz teach or suggest 

using the R.OC for determining the thxeshold for comparing the value of the indic'.ator(s) of 

volatility, a limitation of claims 6, 30 and 53. 

Furthermore, Echauz teaches away from the combination. 

One skilled in the art would be discouraged from following the path set out in the 

reference, therefore the reference teaches away. In re Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994), 

In KSR International Co. v. Telejlex Inc., ]27 S. Ct. 1727, 1740 (2007), the Court. 

identified "teaehing away'" as a strong indicator of nonobviousness. 

Even fo1thermore, Applicants respectfully state that the combination of Diab and 

Addison and Echauz does not enable the claimed invention of claims 6, 30 and 53. 

Applkants respectfully state that a priJnafacie case of obviousness has not been 

established for claims 6, 30 and 53. 

Claims 7 and 31-32 are rejected under pre-AL4. 35 US.C. 103(a) as being unpatentable 

over Diab as applied to claims 1, 24-25 and 44 above, and further in view ofJacobsen et a!. 

(USPN 6, 198,394 ...... cited in previous aciion). 

Applicants respectfully state that neither Diab nor Jacobsen teach or suggest placing a 

port.jon of the subject's body over an objective lens of a camera in a handheld mobile 

communication device. a limitation of claims 7 and 31-32, 

The Office Action states that ·'Jacobsen teaches placing a portion of a subject's body over 

an objective lens of a camera in a mobile communication device (clement 376, Fig. 5A; Fig. 8; 

Col 13 lines 55-67); and obtaining video images of the portion of the subject's body (element 
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376, Fig. 5A; Fig, 8; Col 13 lim~s 55-67)." Col. 11 , lines 51-52 of Jacobsen state that ·'Referring 

now to FIGS. 5 and 5A there is shown the components of a lcader/rnedic unit 320.' ' Co! 13 lines 

55-67 of Jaeobsen are reproduced below: 

Referring now specifically to FJG. 5A, the micro-computer 330 can also ope.rate 
several other devices. As electronics ,:onti.nue to be reduced in size and require 
less energy, the additional sensors 372, such as chemica.l and biologic.al warfare 
sensors 374 can be added to lhc leader/medic unit 320. Additionally, other types 
of inf<)rmation gathering equipment, such as a vkleo camera, may also be 
included. Such a foat.ure will be especially beneficial to medics 'vvho will be ahle 
to transmit images of vv·ounds, etc., .for additional input from medical personnel. at 
a central cormnand center. To facilitate trn.nsrnission of the inforrnation, the 
micrcH::omputcr 330 in.eludes circuitry for image compression. 

Applicants respectfully state that the.re is no teaching or Sl1ggestion in Jacobsen (or in 

Diab) of placing a leader/medic unit on the soldier or of pladng a portion of the soldier's body 

over an o~jectlve lens of the video camera in the l.eader/medic unit. Applicants also respectfuHy 

state that, if a portion of the soldier's body having a wound is placed over the objective lens of 

the video ,:amera in the !eader/medk unit~ such a procedure 'vVould be counter to tb.e known a.ti 

since it would expose the wound to infoctio.n, would coat the objective lens or the objective kns 

cover with blood and would not p.roduce an imag1e of the entire wound (hv ontical considerations 
' - . 

of w·here an objective lens should be relative to a scene in order to produce an image). The 

combination would render Jacobsen not workable for the purpose it was int~~nded for. 

One: skilled in the art would be discouraged from following the nath set out in the . ~ . 
combination, therefore the reforencc teaches away. Jn re Gurley, 27 F.3d 551, 553 (Fed. Cir. 

l 994). 

"If when combined, the references "would produce a seemingly inoperative device," 

then they teach awa.y :from their cornbination. In re Sponnoble, 56 C.C.P.A. 823,405 F.2d 578, 

587, 160 U.S.P.Q. (BNA.) 237,244 (CCPA 1969); see al.so In re Gordon, 733 F,2d 900, 902,221 

U.S.P.Q. (BNA) 1125, 1127 (Fed. Cir. 1984) (finding no suggestion to .modify a prior a1t dev.ice 

where the modification. ·would render the device inoperable .for its intended purpose)'> (as cited in 

Tee-Air lnc. v_ Denso Afamffacturin.g, 192 F.3d. 1353, 1360 (Fed. Cir. 1999).) MPEP 2143 

v VC'R T t . . / (' ·y' s I' r 1'">~ .~ Ci 1'7',~ '74E' '"('"7' ti,, ( ' ' m A,) 1n.erncmona ,o. v. eie1 tex inc., 1,:;, ! ;:;. i , , .... ! , 1 ,, V, 1\i ), ,ne ... mm: 

identified "teaching away" as a smmg indicator of nonobviousness. 
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Since neither Jacobsen nor Diab, either separately or in combination, teach or suggest all 

the limitations of claims 7 and 31-32 and since the combination would render Jacobsen not 

workable for the purpose it was intended. for, applicants respectfully state that prima facie case of 

obviousness has not been establish,~d for claims 7 a..1d 31-32. 

Claims 18-22, 39-42, and 49-52 are rejected under pre-AL4 35 US. C. J 03(a) as being 

unpatentabie over Diab as applied to dairns 1, 24-25 and 44 above, andj11rther in vie·w of Zhang 

(USPGPUB 2009/01121.f O ····· cited in previous action). 

Claim 18 is dependent on an amended claim 1. As stated above, Applicant.;; respectfully 

state tbat .neither Diab nor Addison teach or suggest '~obtaining a value of at least one indicator 

orvola:tilitv fur tht~Qfvl)fO(JC.l.~sed:.1:HM~:t11cnt th.(\ ~xtk~;:t~l" QUC_indic~ltflr_of vohHHif~:-being.at fo~'l.st 

one of kurto_§!§.Str.Sh_{!gEQ!.L~JHXDP..Y.," a limitation of amended claims 1, 24 and 44. Applicants 

effectively state that Zhang does not teach or suggest the missing fanitations. 

Applicants respectfully state that a prbna facie case of obviousness has not been 

established fr).r clafrn 18. 

Claims J 9, 39 and 49 have been rewritttm in independent form by induding the 

limitations of the intervening original claims. Applicants respectfully state that, for the reasons 

given below, aprimafi.1-cie case of obviousness has not been established for claims 19-22, 39.42 

and 49-52. 

The Of-rice Action states that: 

Diab d1sdoses the measurement of ECG signals (Col 23 lines 51-57) but does not 
specifically discloses a measure of atrial fibrillation. Zhang teaches a measure of 
atrial fibrillation based on ECG signal analysis (abstract and Figs. 1-9). Therefore, 
it would have been obvious to one with ordinary skill in the art at the time of the 
invention -..:vas made to .modify the method (Diab) to incorporate the ECG-based 
atrial fibrillation analysis (Zhang) in order to obtain more health inforrnati.on of 
the user. 

In regard to daims 19-22, 39-42, anrl 49-52, Diab as modified by Zhang 
discloses cornparing the ECG signals in two adjacent data segments (Figs. 5-9 and 
associated descriptions of Zhang\ Shannon entropy analysis ((0042] of Zhang), 
adaptive thresholds ([0036] of Zhang), detecting threshold ([0041-00421 of 
Zhmw) but does not specificallv disclose the redted limitations. However. time-o .. . ,,, ,, 

varying coherence function(s) for analyzing two signals are known in tht~ art as 
evidenced by Buck et aL (LSPN 201 0/01 50375 -·- cited in previous action). 
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Therefore, it would have obvious to om~ with ordinary skill in the art at the time 
of the invention was made to modify the method to incorporate time--varying 
coherence function analysis through investigations or researches in order to obtajn 
optimal atrial fibrillation infonnation. 

Zhang, in the abstract, teaches detecting P wave characteristics, where the detected 

characteristics incl.ude entropy of the cardiac s.ig.nal within the T/Q window, arnplitude of the P 

wave and latency of the P wave, and at least one of max-min analysis, multi-beat averaging, 

heart rate variability and RAR. interval analysis. The detected characteristics compared to a 

threshold value in order to determine whether the patient is in atrial fibrillation (abstract, figure 

9, paragraphs 61-66, Zhang). 

Applicants respectfuUy state that neither Diab nor Zhang, either separately or in 

combination, teach or suggest the use of a time varying coherence function of the physiological 

indicators signal in order to determine whether the patient is in atrial fibrillation, 

The Office Action states that "Zhang ..... docs not specifically disdose the recited 

limitations. However, lime-varying coherence function(s) for anaiyzjng two signals are knovvn in 

the art as evidenced by Bu.ck et al. (USPN 201 0/01 50375 ······· cited in previous action). 

Therefore, it would have obvious to one with ordinary skill in !'he art at the time of the invention 

was made to modify the method to incorporate time-varying coherence function analysis through 

investigations or researches in order to obtain optimal atrial fibrillation informafam." 

Applicants respectfully state that coherence, a statistical operation in signal processing~ is 

a mathemat1caJ operation that has been known, in the npe.n literature, since about 1950. 

However, coherence typically relates to stationary signals and the concept of time-varying 

coherence requires an extension to non-stationary (non~ergodk) signals requires an extension of 

the concept. There is no indication in Buck of extend·ing to nonstationary sig11als, 1n fact to the 

contrary1 Buck starts by actively filtering the signals, by creating a short time coherence using 

power density spectra that is smoothed !n tirne, and then further smoothing the short time 

coherence (paragraphs 32, 36, 37, Buck). Applicants respectfully state that Buck does not teach 

or suggest "obtaining a time-varying coherence function by multiplying two thne~w1ry1ng 

transfer functions (TVFTs), the two time-varying transfer functions obtained using two adja,:cnt 

data segments, from the with one data segment as input signal and the other data segment as 
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output to produce the first TVTF; the second TVTF is produced by reversing the input and 

output signals," a limitation of claims 19-22, 39-42 and 49-52, and neither does Diab or Zhang. 

Neither Diab or Zhang nor Buck teach or suggest each or suggest detennining the presence of 

atrial fibrillation by determining whether the time varying coherence function is foss than a 

predetermined quantity, a limitation ofcfaims 19-22, 39-42 and 49-52. 

The Examiner has presented no evidence that either Zhang or Buck teach or suggest 

determining the presence of atrial fibrillation by determinjng whether the time varying coherence 

function is less than a predeterrnined quantity. ADplicants resQectfolly statt: that the Examiner's 

present argument is not supported bv substantial evidence. 

' '"[R]ejections on obvfrmsness cannot be sustained by mere conclusory statements; 

instead, there ml1st be some articulated reasoning with some rational underpinning to support the 

lega! conclusion of obviousness."' KS'R, 550 U.S. at 418, 82 USPQ2d at 1396 (quoting In re 

Kahn, 441 F.3d 977,988, 78 USPQ2d 1329, 1336 (Fed. Cfr. 2006)). MPEP 2143.01 IV. 

Applicants respectfoHy state that a primafacie ca;;;e of obviousness has not been 

established for claims 19-22, 39-42 and 49-52. 

Claims 23 and 43 are rejected under pre-AM 35 U.S.C. JOJ(c~) as being unpatentabfe 

over the cornbinalion of Diab and Zhang as applied to claims 19-21 an.d39-41 above, and 

further in view of Echauz. 

Claim 23 is dependent upon claim 19 and claim 43 is dependent on c.laim 39. 

As stated above, Buck does not teach or suggest "obtaining a time-varying coherence 

function by multiplying two time-varying transfer functions (TVFTs), the two tirne-varying 

transfer fi.mctkms obtained using two adjacent data segments, from the with one data segment as 

input signal and the other data segment as output to produce the first TVTF; the second TVTF is 

produced by reversing the input and output signais," a limitation of claims 19-22, 39-42 and 49~ 

52, and neither does Diab or Zhang; and neither Diab or Zhang nor Buck teach or suggest each 

or suggest dete.rr.nining the presence of atrial fibrillation by detem1i.ning whether the time varying 

coherence function is less than a predetermined quantity, a limitation of claims 19-22, 39-42 and 

49-52. 
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Also, as stated above, Echauz teaches that the classifier operating point moves along the 

ROC vvhen son.1eth1ng other than the optimal decision rule based. on likelihood ratio or 

probability is used. According to Echauz moving along the ROC changes the classifier's complex 

decision boundaries and creates suboptimal dedsfon rules. For the case that Echauz teaches that 

moving along the ROC is discouraged. One skilled in the art would he discouraged from moving 

along the ROC away from the optimal decision rule based on likelihood ratio or probability. 

The Examiner has not provided any evidence that the ROC used by Echauz can he used 

for determining the threshold for comparing the value-of one or more indicators of atrial 

fibrillation . .Appl.icants . .respectfully .state .that. the Examiner's present argument is not 

supported bv substantial evidence. 

'"[R]~jections on obviousness cannot be sustalned by rnere conclusory staternen1.s; 

instead, the.re must be some a1ticu!ated reasoning with some rational underpinning to suppo1i the 

k:gai conclusion of obviousness.'" KSR, 550 U.S. at 418, 82 USPQ2d at 1396 (quoting ln re 

v,.t_ 44\ J' 1.1 a..,- .)88 7(J 1v··,·1>Q2·' l"''JG 1 316 rF, d c· ')0('(··., l\_,\'T)EI3 ')14n 01 I\. n.unn, ; • ... <1'J1I,>., o .J~. u -'--, 1 .. )!,_ e-. 1r."" J))).1v.a- "" j, ' 

Applicants respectfoJly state that neither Diab nor Zhang nor Echauz teach or suggest 

using the ROC for determining the threshold for comparing the value of 011e or more indicators 

of atrial fibr.illation, a lirnitation of claims 23 and 43. 

Furthermore, Echauz teaches away from the combination. 

Applicants respectfolly state that a prima jade case of obviousness has not been 

established for c!aims 23 and 43. 

VL CONCLUSION 

Any amendments to the claims as set forth herein, including the modification, addition, 

cancellation, or withdrawal of any claims, have been oftered to advance th.is application to issue. 

None of the amendments made herein should be consu·ued as an admission that tbe subject 

matter of the claims, as originally filed, is anticipated by or made obvious in light of any art of 

record whether considered singularly or in combinations. Applicants expressly reserve the rjghl 

to pursue the originaHy filed claims in another co-pending application without being pn.:judked 

by any amendments, including cancdlation of claims, made herein. 
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The Director of Patents and Trademarks is hereby authorized to charge any 

tmderpayment of fees, or credit any overpayments, to Deposit Account 03-2410 (Order No. 

30210-201). 

The follmving information is presented in the event that a call may be deemed desirable 

by the Examiner: 

ORLANDO LOPEZ (617) 345-3000. 

Respectfully submitted, 

Dated: May 21, 2014 By: 
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Note: n,is form must be signed in occordance with 37 CFR 1.33. See 31 CFR 1.4(d) for sig."loture requirements and certifirntfor1s . St;bmit nw/tipie 
form:: f mc:e than one signature is requlred; see heicv,1* ... .. ....... ._ __ ................................. , .... _______ ,,"""'""" __ .............................. .. 
["''] • Total of., .............. ... forms are submitted. 

• ~ ,1(1.)(1( • , ;,;,,.,,,;------------------·-----,-----------...-.. 
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Electronic Acknowledgement Receipt 

EFS ID: 19089292 

Application Number: 13354941 

International Application Number: 

Confirmation Number: 9133 

Title of Invention: 
PHYSIOLOGICAL PARAMETER MONITORING WITH A MOBILE 
COMMUNICATION DEVICE 

First Named Inventor/Applicant Name: KiH.Chon 

Customer Number: 26486 

Filer: Marlo Schepper Grolnic 

Filer Authorized By: 

Attorney Docket Number: 30210-201 

Receipt Date: 21-MAY-2014 

Filing Date: 20-JAN-2012 

Time Stamp: 12:34:42 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1876807 

1 201 RFOA.pdf yes 30 
601fod~tl.38b9.S.t1765c14«427dOS2.ai3tlaS 

bc:463 
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Multi part Description/PDF files in .zip description 

Document Description Start End 

Response After Final Action 1 1 

Claims 2 16 

Applicant Arguments/Remarks Made in an Amendment 17 29 

After Final Consideration Program Request 30 30 

Warnings: 

Information: 

Total Files Size {in bytes) 1876807 

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 Aeelications 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 Aeelication 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/E0/903 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 Aeelication 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 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 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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PTOISB/06109-1 1) 
Approved lor use through 1131/2014 0MB 0651-0032 

U.S. Patent and Trademark Office ; U.S. DEPARTMENT OF COMMERCE 
Under lhe Paperwork Reduction Act of 1995, no persons are req uired to respond lo a collection of information unless it displays a valid OMS conlrol number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Fi ling Date 

Substitute for Form PT0-875 13/354,941 01 /20/2012 D To be Mailed 

ENTITY: D LARGE [8J SMALL D MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE($) 

D BASIC FEE 
(37 CFR 1.16(a). (bl. or (cl) 

N/A NIA NIA 

D SEARCH FEE 
137 CFR 1. t61kl , lil, or Im\\ 

N/A N/A NIA 

D EXAMINATION FEE N/A 
(37 CFR 1.16(0), (p ), or la \\ 

N/A NIA 

TOTAL CLAIMS 
minus 20 = (37CFR 1.1Brill X S = 

INDEPENDENT CLAIMS 
minus 3 = ' (37 CFR 1.1 B(h)l X $ = 

If the specifica tio n and drawings e xceed 100 s heets 

0APPLICATION SIZE FEE 
of paper , the applicat ion size fee due is $310 ($ 155 
for sm a ll entity) for each additional 5 0 s heets or 

(37 CFR 1. 16(s)) 
fracti on thereof. See 3 5 U .S.C . 4 1 (a)( t )(G ) a nd 3 7 
CFR 1.1 6 (s ) 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1 .16G)) 

• If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

05/21 /2014 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ . 50 Minus .. 53 = 0 X s40 = 0 1.10/1)1 
0 

Independent z . 6 Minus ···3 = 3 X s210 = 630 w 137 CFR 1. 16/hl) 

~ D Application Size Fee (37 CFR 1 .16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.160)) 

TOT AL ADD'L FEE 630 

(Co lumn 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAI NING NUMBER 

PRESENT EXTRA RATE($) ADDI TIONAL FEE ($) 
AFTER PREVIOUSLY 

f--
AM ENDMENT PAID FOR 

z Total (37 CFR . Minus .. = X $ = w l .161' ill 

~ Independent . Minus . .. = X $ = 0 /37 CFR 1.1 S{hl) 

z D Application Size Fee (37 CFR 1 .16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 137CFR 1.160)) <( 

TOT AL ADD'L FEE 

• If th e entry in column 1 is less than the entry in column 2, write 'O" in column 3. LIE 
•• If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DEBORAH POLLARD/ 
••• 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 number found in the appropriate box in column 1. 

Th is co llection of information 1s rec u1red by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benem by the publ ic which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S. C. 122 and 37 CFR 1.14. This co llect ion is estimated lo lake 12 minutes to complete, includ ing gathering, 
preparing, and submitting the completed application form lo the US PTO. 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 lnfomnation Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria , VA 223 13-1 450. DO NOT SE ND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing !he form, call 1-800-PT0-9199 and select op/ion 2. 
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Document code: WFEE 

United States Patent and Trademark Office 
Sales Receipt for Accounting Date: 06/ 10/2014 

DPOLLARD SALE #00000001 Mailroom Dt: 05/21 /2014 032410 13354941 
01 FC : 2201 630.00 DA 
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U ITED S TATES PATE T AND TRADEMARK O FFICE 

APPL! T ION NO. FILING D ATE FIRST NAMED lNV fTO 

13/354,941 01/20/2012 Ki H. Chon 

264ll6 7 5 90 06120/20 14 

BUR S & LEVINSON, LLP 
125 SUMMER TI ET 
BOSTON, MA 02110 

UNITED STA TES DEPARTMENT OF OMME RCE 
United Stales Patent and Trademark Office 
Address: OMMI !ONER FOR f)ATENT 

P.O. Box 1450 
Ak=dria. Virginia 22313-1450 
wv,.rw.usplo.gov 

ONAR MATION NO. 

30210-201 9133 

EXAM INER 

Lill, CHU CHUAN 

ART UNIT PAPER BER 

3777 

NOTIFICATION DATE DELIVERY MODE 

06/20/2014 ELECI'RONI 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

dock ting@burnslev.com 

PTOL-90A (Rev. 04/07) 
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Advisory Action 
Application No. 
13/354,941 

Applicant(s) 
CHON ET AL. 

Before the Filing of an Appeal Brief Examiner Art Unit I AIA (First Inventor to File) Status 

CHU CHUAN (JJ) LIU 3777 No 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 21 May 2014 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
NO NOTICE OF APPEAL FILED 
1. [gl The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file 

one of the following replies: (1) an amendment, aftidavit. or other evidence, which places the application in condition for allowance; 
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31 ; or (3) a Request for Continued Examination (RCE) in compliance with 
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of 
the following time periods: 

a) D The period for reply expires ___ months from the mailing date of the final rejection. 

b) (8J The period for reply expires on : (1) the mailing date of this Advisory Action ; or (2) the date set forth in the final rejection , whichever is later. 
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 

c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed 
within 2 months of the mailing date of the final rejection . The current period for reply expires months from the mailing date of 
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection , whichever is earlier. 

Examiner Note: If box 1 is checked, check either box (a) , (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE 
FIRST RESPONSE TO APPLICANTS FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL 
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(1). 

Extensions of time may be obtained under 37 CFR 1.136{a). The date on which the petition under 37 CFR 1.136(a) and the appropriate 
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The 
appropriate extension fee under 37 CFR 1.17(a) is calculated from: ( 1) the expiration date of the shortened statutory period for reply originally 
set in the final Office action; or (2) as set forth in {b) or (c) above, if checked. Any reply received by the Office later than three months after the 
mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 

2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41 .37 must be filed within two months of the date of filing the 
Notice of Appeal (37 CFR 41.37{a)) , or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of 
Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. (8J The proposed amendments filed after a final rejection , but prior to the date of filing a brief, will not be entered because 
a) l8J They raise new issues that would require further consideration and/or search (see NOTE below); 
b) D They raise the issue of new matter (see NOTE below); 
c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: See Continuation Sheet. (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121 . See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the non­
allowable claim(s). 

7. C8J For purposes of appeal , the proposed amendment(s): (a) [gl will not be entered, or (b) D will be entered, and an explanation of how the 
new or amended claims would be rejected is provided below or appended. 

AFFIDAVIT OR OTHER EVIDENCE 

8. DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

9. D The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because 
applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier 
presented. See 37 CFR 1.116{e). 

1 o. D The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered 
because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good 
and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41 .33(d)( 1). 

11. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

12. [gl The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 
See Continuation Sheet. 

13. D Note the attached Information Disclosure Statemenl(s) . (PTO/SB/08) Paper No(s). __ 
14. [gl Other: See Continuation Sheet. 

STATUS OF CLAIMS 

15. The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: 
Claim(s) objected to: 
Claim(s) rejected: 1-9, 18-34,39-44 and 49-53. 
Claim(s) withdrawn from consideration: 10-17, 35-38 and 45-48. 

/TSE CHEN/ 
Supervisory Patent Examiner, Art Unit 3777 I 

/CHU CHUAN (JJ) LIU/ 
Examiner, Art Unit 3777 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20140611 
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Continuation Sheet (PTOL-303) Application No. 13/354,941 

Continuation of 3. NOTE: The amendments change the scopes of the claims and therefore require further consideration and/ or search. 

Continuation of 11 . does NOT place the application in condition for allowance because: The amendments change the scopes of the claims 
and therefore require further consideration and/ or search. 

Continuation of 14. Other: Applicant's request for entry into AFCP 2.0 is acknowledged, but is denied because the response cannot be 
reviewed and a search conducted in the limited amount of time authorized for this pilot program. Therefore, the response is being reviewed 
under pre-pilot practice. 

2 
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DO NOT ENTER: /CCL/ 

fN THE ·uNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Ki I-L Chon et al. Examiner: LIU, CHU CHU.AN 
Application Number: 13/354,941 Group Art Unit: 3T!7 
Filed: January 20, 2012 Confirmation No. 9133 
Title: PH'YSIOLOGlCAL PA&\.METER M:ONITORJNG vnTH A MOBILE 

COMMUNICATION DEVICE 

BURNS & LEVINSON, LLP 
125 Summer St. 
Boston, J\{A 02 l 10 
(617) 345-3243 

TO: Mail Stoo AF . 
Commissioner for Patents 
P .O. Box 1450, 
Alexanciria, VA 22313-1450 

Sir: 

In reply to the final Oflice Action dated !vfarch 21, 2014, Applicants submit the following 

amendments and renrnrks that piace the application i.n coDdition for aUowance or, in the 

alternative, in better form for appeal. An Afler Final Consideration Request fom1 is also attached 

hereto. 

Ameud.numts to the daims begin on page 2 of this paper. 

Remarks begin on page 17 of this paper. 

Attaclmu\nts to this paper also include a copy of F()rrn PTO/SB/434 (1 sheet). 
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Doc code: RCEX PTO/SB/30EFS (07-09) 
Doc description: Request for Continued Examination (RCE) Approved for use through 07/3112012. 0MB 0651-0031 

U .S . Patent and Trademark Office ; U .S . DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persoos are required lo respond to a collection of information unless il contains a valid 0MB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
13354941 I Filing I 2012-01-20 

Docket Number 
30210-201 I Art I 3777 Number Date (if applicable) Unit 

First Named 
KiH . Chon 

Examiner 
Chu Chuan Liu 

Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8. 
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise . If applicant does not wish to have any previously fi led unentered amendment(s) 
entered, applicant must request non---€ntry of such amendment(s)_ 

!gJ Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

D Enclosed 

D Amendment/Reply 

D Information Disclosure Statement (IDS) 

D Affdavit(s)/ Declaration(s) 

D Other 

MISCELLANEOUS 

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shal l not exceed 3 months; Fee under 37 CFR 1.1 7( i) required) 

D Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
lg] The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No 032410 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

~ Patent Practitioner Sig nature 

D Applicant Signature 

EFS - Web 2.1.15 
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Doc code: RCEX PTO/SB/30EFS (07-09) 
Doc description: Request for Continued Examination (RCE) Approved for use through 07/3112012. 0MB 0651-0031 

Signature 

Name 

U .S . Patent and Trademark Office ; U .S . DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persoos are required lo respond to a collection of informat ion unless il contains a valid 0MB control number. 

Signature of Registered U.S. Patent Practitioner 

/Orlando Lopez/ Date (YYYY-MM-DD} 2014-06-23 

Orlando Lopez, Ph.D. Registration Number 46880 

This collection of information is required by 37 CFR 1.114. The information is requ ired to obtain or retain a benefit by the public which is to 
fi le (and by the USPTO to process) an application. Confidential ity is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14 . This collection is 
estimated to take 12 minutes to complete, including gathering , preparing, and submitting the completed application form to the USPTO_ Time 
w ill 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 . 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

EFS - Web 2.1.15 
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Privacy Act Statement 

The Privacy Act of 197 4 (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 farm 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 ta apposing 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. ta 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 ta 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. 

EFS - Web 2.1.15 
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Electronic Patent Application Fee Transmittal 

Application Number: 13354941 

Filing Date: 20-Jan-2012 

Title of Invention: 
PHYSIOLOGICAL PARAMETER MONITORING WITH A MOBILE 

COMMUNICATION DEVICE 

First Named Inventor/Applicant Name: Ki H. Chon 

Filer: Marlo Schepper Grolnic 

Attorney Docket Number: 30210-201 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

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 

USD($) 

Miscellaneous: 

Request for Continued Examination 2801 1 600 600 

Total in USO($) 600 
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Electronic Acknowledgement Receipt 

EFS ID: 19375107 

Application Number: 13354941 

International Application Number: 

Confirmation Number: 9133 

Title of Invention: PHYSIOLOGICAL PARAMETER MONITORING WITH A MOBILE 
COMMUNICATION DEVICE 

First Named Inventor/Applicant Name: KiH.Chon 

Customer Number: 26486 

Filer: Marlo Schepper Grolnic 

Filer Authorized By: 

Attorney Docket Number: 30210-201 

Receipt Date: 23-JUN-2014 

Filing Date: 20-JAN-2012 

Time Stamp: 10:01 :36 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

PaymentType Deposit Account 

Payment was successfully received in RAM $600 

RAM confirmation Number 8229 

Deposit Account 032410 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F .R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F .R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 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.) 

Request for Continued Examination 
841525 

1 
(RCE) 

201 RCETransmittal.pdf no 3 
ow,,r...,c5;9Jal75<>l6dl2af224<62 18l 

740 

Warnings: 

Information: 

30674 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
21 f6cbe9'-'6f I Jea530549809acbabc?60e2~ 

'1568 

Warnings: 

Information: 

Total Files Size (in bytes) 872199 
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DETAILED ACTION 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Page 2 

2. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1 .114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

05/21/2014 has been entered. 

3. Claims 1, 3-24, and 27-53 are pending for examination. Claims 2, 25 and 26 are 

cancelled. Claims 10-17, 35-38 and 45-48 are withdrawn from consideration. 

Claim Rejections - 35 USC§ 112 

4. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

5. Claims 1, 3-9, 18, 24, 27-34, and 44 are rejected under 35 U.S.C. 112(b) or 

35 U.S.C. 112 (pre-AIA), second paragraph, as being indefinite for failing to particularly 

point out and distinctly claim the subject matter which the inventor or a joint inventor, or 

for pre-AIA the applicant regards as the invention. Claims that depend directly or 

indirectly from claim(s) 1, 24 and 44 is/are also rejected due to said dependency. 
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6. Claims 1, 24 and 44 recites "detecting ... effects of motion artifacts in the 

Page 3 

measurements ... and deciding whether to retain the measurements ... ". It is not clear if 

the decision is made according to the "detected effects of motion artifacts" or based on 

other information. Examiner interprets the decision is made based on other information 

for the purpose of examination. 

In addition, claims 1, 24 and 44 " ... deciding whether to retain the measurements 

... (c or g) including the segment in analyses of physiological measurements, if 

comparison of the value ... (d or h) selecting another segment. . .if the value ... ". The 

limitations appear to be conditional/optional languages which are not positive limitations 

("Language that suggests or makes optional but does not require steps to be performed 

or does not limit a claim to a particular structure does not limit the scope of a claim or 

claim limitation", see MPEP 2103 C and 2111.04). Therefore, claim limitations recited 

after "whether to" and the steps (c or g) and (d or h) are not given sufficient patentable 

weights. It is suggested that the term of "whether to", the limitation should be set forth 

"deciding to retain the measurement when/ based on (certain condition is met) or not to 

retain the measure when/ based on (certain condition is met); the terms "if' should be 

set forth "when" to more positively claim the limitations. 

7. Claims 19, 39, 49 recites "the two time-varying transfer functions obtained using 

two adjacent data segments, from the physiological indicator signal, with one data 

segment as input signal and the other segment as output to produce the first TVTF; 

the second TVTF is produced by reversing the input and output signals". Although 

the limitation recites one data segment and the other segment, it is unclear if the data 
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segments are part of the "two adjacent data segments" or other possible data 

Page 4 

segments. Furthermore, the limitation recites input signal, output, the input and output 

signals. The relationships between them are not clearly recited in the claims. It is 

suggested that the limitation should be set forth "the two time-varying transfer functions 

obtained using two adjacent data segments, from the physiological indicator signal, with 

one of the two adjacent data segment as an input signal and the other one of the two 

adjacent segment as an output signal to produce the first TVTF; the second TVTF is 

produced by reversing the input signal and the output signal[s]". 

Claim Rejections - 35 USC§ 103 

8. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

9. Claims 1, 3, 8-9, 24, 27, 33-34, and 44 are rejected under pre-AIA 35 U.S.C. 

103(a) as being unpatentable over Addison et al. (USPGPUB 2005/0070774 - cited in 

previous action) in view of Lichter et al. (USPN 6,159,147 - cited in previous action). In 

regard to claims 1, 3, 24, 27, and 44, Addison discloses a method and an apparatus for 

physiological parameter monitoring ( abstract; Figs. 1-17 and associated descriptions), 

the method comprising: providing a physiological indicator signal (PPG, abstract; Figs. 

1-2 and associated descriptions; [0008]; [0072]) to a device (computer 14, Fig. 17 and 
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[0124]); analyzing, using the device, the physiological indicator signal to obtain 
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measurements of one or more physiological parameters ([0005-0006]; [0021 J; Figs. 8b, 

9b and 1 Ob and associated descriptions); and detecting, using the device and using 

only the measurements of the one or more physiological parameters ([0023]), effects of 

motion artifacts in the measurements of the one or more physiological parameters 

([0023]) and deciding whether to retain the measurements ([0023]; Figs. 5 and 6d and 

associated descriptions), wherein the step of detecting effects of motion artifacts in the 

measurements comprises: a. preprocessing a segment from the measurement of one 

physiological parameter (Figs. 2 and associated descriptions); b. obtaining a value of at 

least one indicator of volatility for the preprocessed segment; the at least one indicator 

of volatility being at least one of kurtosis or Shannon entropy for the preprocessed 

segment (kurtosis and entropy, [011 O]). It is noted that steps (c or g) and (d or h) are not 

given sufficient patentable weights referring to the 35 USC 112 2nd rejection above. 

Addison does not specifically disclose the computer is a handheld mobile 

communication device. Lichter teaches a handheld mobile communication device 

(personal computer 27, Figs. 2-3) which can be connected to various sensors to 

measure and analyze the collected data (Figs. 16) including pulse oximetry signals and 

ECG signals (Fig. 15). Addison additionally discloses that PPG signals and ECG are 

obtained ([0009]). Therefore, it would have been obvious to one with ordinary skill in the 

art at the time of the invention was made to substitute the computer (Addison) with the 

handheld mobile communications device (Lichter) to yield predictable results. It is noted 

that the rejection is made as best understood. 
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In regard to claims 8-9, 33-34, Addison as modified by Lichter discloses providing 

a physiological indicator signal comprises obtaining a signal from a PPG sensor and an 

ECG sensor (Figs. 2 and 17 and associated descriptions of Addison; Fig. 15 and 

associated descriptions of Lichter). 

10. Claims 4-5 and 28-29 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over the combination of Addison and Lichter as applied to claims 1 and 24 

above, and further in view of Sarkela (USPGPUB 2007/0197930 - cited in previous 

action). In regard to claims 4-5 and 28-29, Addison as modified by Lichter disclose the 

use of kurtosis and entropy ([011 OJ of Addison) but does not specifically disclose the 

entropy is Shannon entropy. Sarkela teaches the use of kurtosis and Shannon entropy 

to analyze physiological signals in wavelet domain ([0043-0052]) and many types of 

entropies can be utilized in the analysis of wavelet coefficient ([0048]. Therefore, it 

would have been obvious to one with ordinary skill in the art at the time of the invention 

was made to substitute the entropy analysis (Addison as modified by Lichter) with the 

Shannon entropy analysis (Sarkela) to yield predictable results. 

11. Claims 6 and 30 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over the combination of Addison and Lichter as applied to claims 1 and 24 

above, and further in view of Echauz et al. (USPN 6,678,548 - cited in previous action). 

In regard to claims 6 and 30, Addison as modified by Lichter discloses all the claimed 

limitation except the predetermined threshold is determined using receiver operator 
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characteristic (ROC) analysis. Echauz teaches a threshold value can be determined 

using receiver operator characteristic (ROC) analysis for changing the sensitivity of 

feature classifications which includes wavelet coefficients and entropy analysis (Col 4 

lines 26-51; Col 21 line 56 - Col 22 line 7). Therefore, it would have been obvious to 

one with ordinary skill in the art at the time of the invention was made to modify the 

method and the apparatus (Addison as modified by Lichter) to incorporate the ROC 

determined threshold (Echauz) in order to better removing/ reducing the noise content 

of the detected signals. 

12. Claims 7 and 31-32 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over the combination of Addison and Lichter as applied to claims 1 and 24 

above, and further in view of Jacobsen et al. (USPN 6,198,394 - cited in previous 

action). In regard to claims 7 and 31-32, Addison as modified by Lichter discloses all the 

claim limitation except placing a portion of a subject's body over an objective lens of a 

camera in a mobile communication device; and obtaining video images of the portion of 

the subject's body. Jacobsen teaches placing a portion of a subject's body over an 

objective lens of a camera in a mobile communication device (element 376, Fig. 5A; Fig. 

8; Col 13 lines 55-67); and obtaining video images of the portion of the subject's body 

(element 376, Fig. 5A; Fig. 8; Col 13 lines 55-67). The portable communication device 

taught by Jacobsen can be connected to various sensors applied to a user (Figs. 1-3, 5-

7, and 8 and associated description) and provide video images associated with specific 

location of the user to the command center (Col 13 lines 55-67). Therefore, it would 
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have been obvious to one with ordinary skill in the art at the time of the invention was 

made to modify the method and the apparatus (Addison as modified by Lichter) to 

incorporate the camera of the portable communication device (Jacobsen) in order to 

obtain video images associated with specific location of the user and transferring to a 

central monitoring system/ unit. 

13. Claim 18 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 

the combination of Addison and Lichter as applied to claim 1 above, and further in view 

of Zhang (USPGPUB 2009/011211 O - cited in previous action). In regard to claim 18, 

Addison as modified by Lichter discloses the measurement of ECG signals (Fig. 2 and 

associated descriptions of Addison; Fig. 5 and associated descriptions of Lichter) but 

does not specifically discloses a measure of atrial fibrillation. Zhang teaches a measure 

of atrial fibrillation based on ECG signal analysis (abstract and Figs. 1-9). Therefore, it 

would have been obvious to one with ordinary skill in the art at the time of the invention 

was made to modify the method (Addison as modified by Lichter) to incorporate the 

ECG-based atrial fibrillation analysis (Zhang) in order to obtain more health information 

of the user. 

Double Patenting 

14. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 
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and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the claims at issue are not identical, but at least 

one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 

1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on a nonstatutory 

double patenting ground provided the reference application or patent either is shown to 

be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. A terminal 

disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO internet Web site contains terminal disclaimer forms which may be 

used. Please visit http://www.uspto.gov/forms/. The filing date of the application will 

determine what form should be used. A web-based eTerminal Disclaimer may be filled 

out completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 
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15. Claims 19-23, 39-43, 49-53 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 1-16 of U.S. Patent No. 8,755,876 in view 

of Addison and Lichter. In regard to claims 19-23, 39-43, 49-53 of present appl ication, 

claims 1-16 of '876 recite all the limitations except a system and a method comprises 

providing a physiological indicator signal to a handheld mobile communication device; 

analyzing, using the device, the physiological indicator signal to obtain measurements 

of one or more physiological parameters; and detecting, using the a handheld mobile 

communication device and using only the measurements of the one or more 

physiological parameters, effects of motion artifacts in the measurements of the one or 

more physiological parameters and deciding whether to retain the measurements. 

Addison teaches a system and a method comprises providing a physiological indicator 

signal (PPG, abstract; PPG and ECG, Figs. 1-2 and associated descriptions; [0008) ; 

[0072)) to a device (computer 14, Fig. 17 and [0124)) ; analyzing, using the device, the 

physiological indicator signal to obtain measurements of one or more physiological 

parameters ([0005-0006); [0021 ); Figs. 8b, 9b and 1 Ob and associated descriptions); 

and detecting, using the device and using only the measurements of the one or more 

physiological parameters ([0023)), effects of motion artifacts in the measurements of the 

one or more physiological parameters ([0023)) and deciding whether to retain the 

measurements ([0023) ; Figs. 5 and 6d and associated descriptions). Claims 1-16 of 

'876 recite a processor to process data related to R-R intervals (claims 1, 2, 6, 7, 12 and 

13) but do not recite the processor is in part of a computing device. Addison teaches the 

measurements of PPG and ECG signals. Therefore, it would have been obvious to one 
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with ordinary skill in the art at the time of the invention was made to modify the method 

and the apparatus (claims 1-16 of '876) to incorporate the device (Addison) in order to 

obtain more information from the user. Claims 1-16 of '876 as modified by Addison does 

not specifically recite the device is a handheld mobile communication device. Lichter 

teaches a handheld mobile communication device (personal computer 27, Figs. 2-3) 

which can be connected to various sensors to measure and analyze the collected data 

(Figs. 16) including pulse oximetry signals obtained from the oximeter and ECG signals 

obtained from ECG sensor (Fig. 15). Therefore, it would have been obvious to one with 

ordinary skill in the art at the time of the invention was made to substitute the computer 

(Claims 1-16 of '876 as modified by Addison) with the handheld mobile communications 

device (Lichter) to yield predictable results. 

Response to Arguments 

16. Applicant's amendment and argument with respect to claims 1-9, 18-34, 39-44, 

49-53 filed on 05/21/2014 have been fully considered but they are deemed to be moot 

in views of the new grounds of rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHU CHUAN (JJ) LIU whose telephone number is 

(571)270-5507. The examiner can normally be reached on M-TH 8:00am-4:30pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Tse Chen can be reached on (571 )272-3672. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/CHU CHUAN (JJ) LIU/ 
Examiner, Art Unit 3777 

/TSE CHEN/ 
Supervisory Patent Examiner, Art Unit 3777 
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Applicants: K1 H. Chon et. al. Examiner: LIU, CHU CHUAN 
Appiication Number: 13/354,941 Group Art Unit: 3 777 
:Hied: January 20, 2012 Confinnation No. 9133 
Title: PHYS10LOG1CAL PARAf'v1ETER MONITORING WITH A MOBILE 

COMMUNICATlON DEVICE 

TO: l:V1ai1 Stop Arnendmenl 
Commissioner for Patents 
P.O. Box 1450, 
Alexandria, VA 22313-1450 

BURNS & LEVINSON, LLP 
125 Summer St. 
Boston, M.A 02110 
(617) 345~3243 

AM.J&ND1\'1ENT AND RESPONSE TO OFFICE ACTIO:l\{ 

Madam: 

In reply to the non-final Office Action dated September 24, 2014, Applicants submit the 

fi)llowing amendments and remarks that place the application in condition for allowance or, in 

the alternative, in better fom1 for appeal. 

A.mendments to the claims begin on page 2 of this paper. 

Remarks begin on page 17 of this paper. 
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Amendments to the Claims: 

'niis listing of claims n,.\places aH p1ior versions and listing~, of the claims. 

1. (Currently amended) A method for physiologieul paraineter monitoring, the method 

comprising: 

providing a physiological indicator signal lo a hundheld rnobHe communication device; 

analyzing, using the handheld rnobHe communicafam dcvfr;e, the physiological indicator 

signal to obtain m.easurcrmmts of one m- .more physiologica1 parameters; and 

detecting, using the handh1Jd mobile cornrnun.icf1tion device and using only the 

measurements of on.e or rnore phy~iological parameters, effects of motion m:Ufa.cts in the 

rneasureme.nts of the one or more physiological parameters and dec.id1ng whether to 

retain the nwasu.rernents bnscd on dt~ts::.ded effects of m.otion artiln<..'-'t:-:r • .... .,..,..,..,_._, .. ,..,. ............ -,. , ••••-•~ ••••••- •••• -• ••·•·•••••••••••••••••••••••"•••••••••'-'-•n,,_.....,, .. .,,..,.-_..,....,.,__._1' 

wherein. detecting effocts of rnotion artifacts in the measun .. ·ments comprises: 

a. preprocessing a segrnent from the measore:rnent of one physio!ogical parameter; 

b. obtaining a value of at k:ast one indicator of volatility for the preprocessed 

se~'Tilent; the at !east one indicator of volatility being at least one of kurtosis or 

Shannon entropy for the preprocessed segment; 

c. including the segment in analyses of physiological measurements, .!f. wlJ.Y.[1 

comparison of the value of the at least one indicator of volatility with a 

predetermined thn.:shold indicates noise/mohon artifacts are not present; and 

d. selecting another segment offhe si~;ml from the physiological measurement and 

proceeding to step (a)[[,11 when ·i-fthc value of the at !east one indicator of 

volatility is kss than a predete:nnined threshold and when another ser .. mcnl is 

available. 

2. (Canceled) 
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3. (Previously presented) The method of claim 1 wherein said at least o.ne jndicator of 

volatility comprises kurtosis. 

4. (Previously presented) The method of claim l wherein said at least one indicator of 

volatility comprises Shannon entropy. 

5, (Previously presented) The method of claim 1 wherein said at least one measure of 

volatility cornprises kurtosis and Shannon entropy. 

6. (Previously presented) The method of claim 1 wherein the predetermined threshold is 

determined using receiver operator characteristic (ROC) analysis. 

7. (Previously presented) The method of dai.'11 1 wherein providing a physiologicaJ 

indicator signal comp1i.s(~s: 

placing a portion of a subject's body over an objective lens of a camera in a handh.dd 

mobile communication device; and 

obtaining video images of the r•ortion of the subject's body. 

8. (Pnwi.ous1y presented) The method of claim 1 wherein providing a physiological 

indicator signal comprises obtaining a signal from a physiological monitoring sensor, 

9. (Previously presented) The method of dai111 8 wherein the physiological monitoring 

sensor is a photop!ethysnwgraphic (PPG) sensor or an electrocardiogram sensor. 

10. (\Vithdravm) The method of claim 1 wherein the one or more physiologicai 

measurements comprise .heart rate and heart rate variability. 

11, (Withdrawn) The m.ethod of claim 10 wh<.~rein obtaining measurements of heart rate and 

heart rate variability coJnprise: 

3 
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determining heats for the physiological indicator signal; 

determining beat to beat intervals; and 

applying a cubic spline algorithm to obtain a substantially continuous beat to beat interval 

signal indicative of heart rate. 

12. (Withdmwn) The method of daim l wherein the one or more physiological 

13 . (\,Vithdrawn) The rnd.hod of dain1 12 wherejn meas1.irement of respiratory rate 

cornprises: 

obtaining timc···frequency spectrum of the physiological in<hcator signal utmzing variable 

foJquency conlplex df.,.0:modulation (VFCDM); and 

obtaining respiratory mks by extracting a fi:equem~y cornponent that has a laxgest 

amplitude for each tirne point at a heart rate frequency band. 

14. (Withdrawn) The method of daim. 1 wherein the one or more physiological 

measurements cornprise a measurn of oxygen saturation. 

l 5. ('vVithdrav,rn.) The method of claifn 14 wherein providing a physiological indicator signal 

comprises: 

placing a portion of a subject's body over an objective tens of a camera in a mobik 

commnnieafam device; and 

obtaining video images of the portion of the sohjecf s body, and 

where.in obtaining the measure of oxygen saturation comprises: 

4 
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obtaining an ~verage in.tensity of a red component and a blue component of the video 

jmages of the portion of the subject's body; the average intensity ofthe red component 

and the average intensity of the blue component constituting DCRrn and DCsu.iE 

rcspectivt~1y; 

obtaining a .standard devi~tion of the red component and the blue component; the 

standard deviation of the red component and the blue component constituting ACRf:1) and 

ACBLUE respectively~ and 

16. (Withdra,;vn) The method of clahn 1 wherein the one or more physiologieal 

measurements comprise a measure of blood loss. 

17. (\.\lithdrawn) The method of dairn 16 wherein obtaining the measwJ.: of blood los1:. 

comprises: 

obtajning time--frequency spectrum of the physiol()gical indicator signal utilizing variable 

frequency complex demodulation (VFCDM); 

obtaining the mrip!if.ude uwdulation (Al'Vl) series from a set of the largest instantaneous 

ampl1tude at each time sample within the heart rate frequency hand of the time-··· 

frequency spectnuu; and 

determining whether the amplitude modi..ilatio:n decreases; a decrease in the ampiit,1de 

rnodulation indicating blood volurn.e loss in subject 

5 
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18. (Previously presented) The method of claim l wherein the one or more physiologica.1 

measurements cornprise a measure of atrial fibrillation. 

19. (Cunently arnended) A method for physiological parameter monitoring~ the method 

comµns1ng: 

providing a physiological indicator siJ;,'iUtl to a handheld mobile conm11 . .u1kation 

device; 

analyzfr1g, using the handhdd mobile communication device, the physiological 

indicator signa1 to obtain measurements of one or more physiologicai parameters; 

and 

detect1ng, using the handhe.J.d mobile com.rmmication device and m:in.g only the 

measurements of one or more physiological parameters, effects of HK>tion artifacts 

in t.he measurements of the one or more physiological parameters and deciding 

whether to retain the mci:i.surements based.on effects of mq{ion. 1-'lrtifacts_in ... the 

measurements: 

wherein the one or more physiolog1ca! measurements comprise a measure of atrial 

fibri11at.ion; 

wherein obtaining the measure of atrial fibrillation comprises: 

obtaining a thne-varying coherence function by multiplying two thne·-varying 

transfer frmctions (TVFTs), the two time--varying transfor fundio.ns obtained using 

t\.VO adjacent data segments, from the physiological indicator signal, ,,>.<tt,h .. on-e-datn 

segment--as--input-s-ignal and the othef--€ia-t:.a-segmem--as-outpaH-&~:1c€~ the first 

·-1:Y~fi?.;4l'i~·,~1-nd TVTF is 'f.WE>dui::led-hy-rn;ve1'S-ing the input f:n~.ltfAA-stgpal-s one 

data set!ment as _an ()\1tp-qt_ ~:;ig:nal .. to _ _produce. a first TVTf; a secom.l. TVTFjs 

.Q:£QQJ:H.:t!d. by_nzv~r~ing,_the.lnput,:rn1Lth&rm1tptLt§ign;Hls, .. 1.1~ing said.another of the 

twn.ndj.acent.data.,segnfont <'},}} the inp1.itJ;ig11al._,.ittd. ~~lid.one.of the_hvf) ilfil~1¢~";11t data. 

segment a-; the output signal; and 

6 
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determining wh{.:ther the tirn.e-varying coherence function is kss than a 

predetermined quantity. 

20. (Previously presented) The method of claim 19 whc·rein determining whether the tirne­

varying coherence function is less than the predetermined quantity comprises: 

obtaining one or more indicators of atrial fibrillation; and 

determining whether th~~ one or more in(fo:;ators of atria} fib1i1lation t')XCeed 

predetermined thresholds. 

21 , (Previously presented) The method of claim 20 v1herein the one or nwre indicators of 

atrial fibrillation cornprise a variance of the time-varying coherence function. 

22. (Prevfom,Jy presented) Tbe method of claim 21 v,:herein the one or more indicators of 

atrial fibrillation also comprise Shan.non entropy. 

23, (Previously presented) The method of claim 20 wherein the predetermined thresholds are 

determined using rnGeiver operator characteristic (ROC) analysis, 

24, (Currently amended) A system for physioiogjcal pararneter monitoring, the systen.1 

comprising: 

a physiological indicator signai sensing component; and a handheld mobile 

communication device comprising: 

at least one processor; and 

al least one computer usab!e medium, the compntcr usable 1nedium having 

computer readable code embodied therein, the computer readable code causing 

the at least one processor to: 

7 
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analyze the physiological .indicator signal to obtain measurern.t~.nts of one 

or more physiological parameters; and 

detect tiffocts of rr1otjon artifacts in the measurements oft.be one or more 
·t • ' • l p11ys~o.wg.1ca p.arnmetcrs~ 

wht~ein the c.ornputer readable code, in causing the al least one processor to 

detect effects of motion artifitcts, eauses the at !east one processor to ; 
,, 
(4. pn.~process a segment fron1 the measurement of one physfr>logkal 

pararneter; 

b. obtain a value of at least. one indicator of volatility for the preprocessed 

segment; tbe at least one indicator of volat.il'ity being at least one of 

kurtosis or Shannon entrnnv for the preprocessed se:nn{m.t", .. . -
c. include the segment 1n analyses of physiulogicaI measurements[LlJ i-f 

Y.~h~A1 .. comparison of the value of the at least one indicator of volatility 

with a predetennl.ned threshold indicates noise/motion. arbfads are not 

d. select another segment of the signal from the physiological measuremenl 

and proceeding to step (a)[[,]] ff.:,yhen the value of the at least one indicator of 

volatflity is less than a predetennined threshold and another segment is avaifable. 

25~26. ( Canceled) 

27. {Previously _presented) The syslem of cl.aim 24 wherein said at kast one indicator of 

volatiHty comp1iscs kurtosis. 

28. (Previously presented) The system of daim 24 'Nherein said at k~ast one indicator of 

volatilitv comprises Shan.non entroov. 
~ . ~ 

8 
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29. (Previously presented) The system of ciaim 24 wherein said at least one measure of 

volatibty cornprises kurtosis and Shannon entropy. 

30. (Previously presented) The system of claim 24 wherejn the predeterrnined threshold is 

determined using receiver opt'.:rato:r characteristic (ROC) anaiysis. 

31 . (Previously presented) The system of claim 24 wherein the physiological indicato.r signal 

sensing cornponent comprises an jmage acquisition component] sa1d acquisition cnrnponent 

capable of acqufring a number offouncs, each frame acquired at a predetern1incd time. 

32. (Previously presented) The system of claim 3 .l wherein the handhetd mobile 

communications device comprises sa1d image acquisition component. 

33. (Previously presented) 'l11c system of dafrn 24 v/herein the physiologicaJ indicator signal 

sensing component compl.ises u physiolog.ical monitoring sensor. 

34. {Previously presented) The system of clairn :n wherein the physiological monitoring 

sensor is a photoplethysmographic (PPG) sensor or an electrocardiogram sensor. 

35. (Withdrawn) 'Tfa~ systcrn of claim 25 where.rn the physioiogical indicator signal :...;ensing 

component comprises an hnage acquisition component, said acquil:\ition cornponent capab1e of 

acquiring a 1mrnber of frames, ead-:i frame acquired at. a pre<lete:rmincd time; wherein said image 

acquisition component acquin,s a color image having red, green and blue compo11ents; wherein 

one or more physiological measmcrnents comprise a .measure of oxygen saturation; and wherein 

the computer readable code, in causing the at ieast one processor to anaiyzc the phys1ological 

indicator signal, causes foe at least one processor to: 

obtain ari average J.ntensity of a red component and a b!ue component of the images of a 

portion of a subject's body; the avemge intensity of the red component and the average 

intensity of the blue component constituting DCiu::o and DCm,uE respectively; 

9 
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obtain a standard deviation of the red component and the blue component; the standard 

deviation of the red con1ponent and the blue component constituting AC RED and AC8u;i:: 

obtain the measure of oxygen saturation by 

36. (Wilhdnrwn) The systern of c1aim 25 wherein the one or more physiological 

measurements comprise heart rnte and hemt rate variability; and wherein tht: computer readable 

code, in causing the at !east one processor to analyze the physiologicai indicator signal, causes 

the al least one processor to: 

determine beats for the physjologica! indicator signal; 

detem1ine beat to beat intervals; and 

apply a cubic spline algorithm to obtain a substantially continuous beat to beat interval 

signal indicative of heart rate . 

.37. C>Nithdrawn) The system of dairn 25 wherein the one or more physiological 

measurements con1prise respiratory rate; and wherein the computer readable code, in causing the 

at least one processor to anal:yze the physiological. indicator signal, causes the at least one 

processor to: 

obtain time--frequency spectrum of the physiological indicator signal utilizing variable 

frequency complex demodulation (VFCDrvl); and 

obtai1) respiratory rates by extracting a freqnency component that has a largest amplitude 

for each time point at a heart rate frequency hand. 

38. (Withdrawn) The system of claim 25 wherein the one or more physiological 

measure.rnents comprise a measun .. : of blood loss; and where.in the computer readable C(H.le> in 

10 
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causing the at lea:-:1t o.ne processor to analyze the physiological indicator signal, causes the at least 

one processor to: 

"O j _,_ 

obtain time- frequency spectrurn of the physiological indicator signal utihzing variable 

frequency complex demod111ation (VFCDM); 

obtain the amplitude modulation {AM) series from set of the largest instmrtane;,,yus 

amplitude at each time sample 1.vHhin the heart rate frequency hand of the time-­

frequency spedTum; a.nd 

determim~ whether the tirnplHude modulation decreases; a decrease in tb.e amplitude 

modulation indicating blood volume loss in subject. 

{CrnTently mnended) A system for physiological pararntter n-:i<.mitoring; the system 

compnsmg: 

a physiological indicator signal sensing cornponent; and a handheld mobile 

communication device comprising: 

at least one processor; and 

at least one computer usable medium, the computer usable medium having 

cornputer readable code embodied therein, lhe computer readable code causing 

the at least one processor to: 

analyze the physiological indicator signal to obtain measurements of one 

or more µhys io]ogical p,m1melers; and 

detect effect(, of motion a1tifacts.,, using only the measnremcnts of one.or 

more phvsiologty..filJ}t1Pm1eters> .in the rnemmrements of the one or more 

physiological parameters; 

wherein tb.e one or more physiological measurements comprise a measure of atria! 

fibrillation; and wherein the computer readable code, in causing the at least one processor 

to analyze the physiological indicator signa{, causes the at least one processor to: 

11 
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obtain a time·-varvin£ coherence function. bv rnultiplviIH! two time-varvini! transfer ... ),.., .; J ;_,, J •J 

±unctions (TVfTs), the two tirne-varying transfer fonctions obtained using two adjacent 

data segments , from the physiological indicator signal, w:th €m&tWa-8Jf:>XJ',l%ffi·Ht&-4npm 

• • ,l ·1. hn= ' . '""'' -I h !' ,,.,:\!'I'r' ,I • ..l ,1·1.!'T'D s-1gn·at-an~·f.t1tj--O-h=-·{tH-HHegment :~s ou~4eim~1.~tice--t 6 ·-i-HBt··-1··';'··· ··r'·;··ti:1e--seoo1ru:··· ·;--i-r 

ffii.H~He--d--hy~vef&i-:il-g--the··inp1=1t·and··Ol,tput-sigfl£l-&w-i#1·-f:H·1~a-t~egmen.t (~G :npu~ 

si-gaal-·and-the·0thef·-t4at·a-·s~100t ns output to produe-0-th-L,,.,.4°+fs-t-.'..f\f.'.f-!-~-·the-t:.e6E}fl!.1··'TV-TF 

t511ro·d=t1~'Hti-f1.Wef&i-f!:1?,··tl=ie-input·an-d·output·signa-ls one of th~'. nyo_t!JfaccnUl<!t?. 

se1m1ent as an innm sit.mal and another of HK~ two a,fowent data ser!.ment as an outnut ---··--····••••••••••••• -----·--•-- ~""""'""'""""~~--~-·-·····w, .. -.•••••••••••••••••·•-···••••• •••• •••••••••••••••••""' "'••••""'"""""'""'••"•••• k -

;{i ~i~)J},~ . .!9 .. L~i:q~'l_l,~~~.~ .. ;~:.fi:n~'b.'.]~Y.'.[f:;~.~--~-~-~smd 'f'V1'F is prt)duccd hv· t2Y~R~i114JJ1~dDtWAJl:iV~.tb~~­

o.nt.put signaJs._u~irn;__:mid_ .1:mother -of the t1N(.l mfoKx~rJ;t 1.faia_.~e,g.it).ent .,ls. fo('J in111.tt_S:ignal. htid. 

said .. one. of thcty,·Q .R~U(.;c.,!n.t.daHL s.~grnent. &:>. the output. signaL and 

determine whether the tim.e;-varying coherence fonctio.n is less than a predetennined 

quantity. 

40. (Previously presented) The systern of claim 39 vvhe.rein the computer readable code, in 

causing the at ieast one proeessor to deterrn1ne whether the time~varying coherence function is 

!ess than the predetermined quantity, causes the at kast one processor to: 

obtain one or morn indicators of atrial fibrillation; and 

determine whether the one or more indicators of atrial fibriHation exceed predetermined 

thresholds. 

41. (Prev1ousiy presented) The system of claim 40 wherein the one or more indicators of 

atrial fibrillation comprise a variance of the tirne-varying cohere.nee function. 

42. (Previously presented) The system of claim 41 wherein the one or more indicators of 

atlia1 fibrillation also comprise Shannon eut1:opy. 

4
,, 
.. ) .. (Previousiy presented) The systcrn of cl.aim 41 wherein the predetermined thresholds arc 

determined using rnct~iver operator characteristic (ROC) analysis. 

12 
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44. (Currently mnended) A non-transitory computer usable med1urn having computer 

readable code emb(Hfo.:d therein, !.he computer readable code causing at least om) processor to: 

analyze a physiological indicator signal to obtain measurements of one or more 

physio!ogical parameters; and 

detect, using only the measurements of one or more physiological parameters, eftects of 

motion arbfacts in the measurements of the one or more physiological parameters; 

wherein the computer readable code, in causing foe ;1t least one processor to 

detect effects of rnobon artifacts, causes the at least one processor to: 

e. preprocess a seg-Jnent from the measurement of one physiological 

parameter; 

f. obtain a value of at least one indicator of volatiiity for the preprocessed 

segment; the at least om~ indicator of volatility being at least one of 

kurtosis or Shannon entropy for the preprocessed segment; 

g. inciude the segment In analyses of physiological mca.surements[[,}J-if-wtl~n 

comparison of the vahw of the at least one indicator ofvolatiiity with a 

predetermined thresh(">ld indicates noise/motion artifacts are not present; 

h. select another segment of the sign.al from the p1lysio1ogical rnea~mreme.nt 

and proceeding to Sti.~p ( a)[(,[[ if:-w.h~n the value of the at least one indicator of 

volatjlity is less than a predetermined threshold and another segment is available. 

45. (Withdrawn) The computer usah.le mediurn of daim 44 wherein the physiological 

indicator signal comprises a video color image having red, green and blue cornpo.nents, the vjdeo 

color image being an image obtained .from of a portion of a subject's body; wl1ercin the 

rm.>,.asmements of one or more physiological parameters coir1prise a measure of oxygen 

saturation; and ·wherein the con1puter readable code~ in c,wsjng the at least one processor to 

analyze the physiological indicator signal, causes the at least one processor to: 

13 
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obtain an average intensity of the red component and a blue component of the vidt~o color 

image of a portion of a subject's body; the average intensity of the red component and the 

average intensity of the blue component eonstitufa1g DCRED and DC13u.JE respectively; 

obta1n a standard deviation of the red compom5nt and the blue co.mponent; the standard 

deviation of the red componer1t and the blue component constituting ACRrD and ACntuE 

.respectively; and 

obtain the measure of oxygen saturation by 

46, (vVHhdrawn) The computer usable mediurn of daim 44 wherein the one or more 

physiological measurements eornprise heart rate and heart rate variability; and whcn~in the 

computer readabfo code, in causing the at least one processor to analyze the physiological 

indicator signal, causes the at i{}ast one processor to: 

1;7 
t'' 

deten:ninc beats for the physioiogical indicator signal; 

detennine beat to beat intervals; and 

apply a cubic spiine algoritbrn to obtain a substantially continuous beat to beat interval 

signal i.ndkaHve of heart rate. 

(Withdrawn) TI1e computer usable mecii'um of clairn 44 wherein the one or more 

physiological rr1easure1nents comprise respirntory rate; and \vherein the cornputer readable code, 

in causing the at le,:1st one processor to analyze the physio!ogkal indicator signal, causes the at 

l'"•s·t. "'D'" l~'"' )·'eS"('J" t·v ,.(,\ , ,., ,.(., .h' \..., ·~ ;":t J ' {.,. 

obtain time ... frcqncncy speetrnm of the physiological indicator sigmil utilizing variable 

frequency cornpkx ckrnodulation (VFCDM); and 

14 
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obtain respiratory rates by extracting a frequency component that has a largest amplitude 

for each time point at a heart rate frequency band. 

48. (Withdrawn) The computer usable medium of claim 44 wherein the one or more 

physiological measurements comprise a measure of blood loss; and ·wherein the cornpuler 

re.adab!e code, in causing the at least one processor to analyze the physio1ogfoal indicator signal, 

causes the at least one processor to: 

obtain tirne-frequency spectrum of the physiological 1nd1cator signal utilizing variable 

frequency complex demodulation (VFCDM); 

obtain the amplitude modulation (AM) series from set ofthe largest instantaneous 

amplitnde at each time sampfo within the heart. rate frequency band of the tirne­

frequency spectrum; and 

detem1im~ vvhcther the amplitude modulation. decrec)ses; a decrease in the amplitude 

modulation indicating blood volume loss in subject 

49. (Currently amended) A non-transitory computer usable med.ium having computer 

readable code embodied therein, the computer readable code causing at least one processor to: 

analyze a physiological indicator signal to obtain measurements of one or more 

physiological parameters; and 

detect, ·using on.iy the .measurements of one or rnore physiolngkal pararneters, etlects of 

motion artifacts in the measurements of the one or more physiological parameters; 

whert~in the one or more physiologica1 measurements comprise a r.neasure of atrial 

fibrillation; and wherein the computer rearlabte code, in causirig the at least one processor 

to analyze the physiological indicator signal, causes the at foast one processor to: 

obtain a tirne-varying cohere.nee functlon hy rnu16plying t\vo time-varying transfer 

functions (TVFTs), the h.vo tim,:-varying transfer f\.mctions obtained using two adjacent 

15 
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data segments, fmrn the physiological indic~mr signal, v,ith one tl,~gi:n{.~tl:--a-5-ffif.m!: 

f.iig:~a-1-and-th-e·0the1=··tl-ata-·seginent as outpul to f>ffJfk~*&t--:P/~.r:r~ .. the·-Seeo-n<l·TV-':J.'..:."Q 

h,·fJ·J~d1:1.--;t':\('H:}y-f"0:V\~-S:ing-H1-l:!-tt1rt\:lf:··tlrn:l:·OH-(t:mt•f*lg1:i-~tl~\Nitb·(~JW·t!flh1:·S't;"gtni~9:KiS".~l'!:f1Nt': 

cign~il and t!:ie t}th~Hlata-·&egm~mt··8:&-€>1*i-'lt1t--re--pred.-uce the first TV1-11f-l~ie-OOGene-TVTF 

~S··prnd-ooef:H:ly·t'eW:r-6ffig ~he input am:i-eHtf)Hi--signal-s one of the two adiacent data 

segment. as. an. .input. signal .and another of the. two adjacent. data .. segrnenl. as. ~n .. output 

sig<nal...JQJ.yoduce. aj:irst JVTF:. a .. sccon.d _TVTF.1s_produced bv rcversing_the.input, and_ the 

output_sig.nals, __ usingsctid .. another. of the two adjac.cnt datq scR:tneni._ a;:;_ thejnput_s1gnal __ and 

said one of the two adiacent dma ~egrnent as the outnut sirma1: and ............ u........................ ............. ................................ . ........... .. ......... 4.,;:; ....................................... . 4.-.. ..... h ....... . ............ . 

determine whether the time-varying coherence hmction 1s less than a predetermined 

quantity . 

.50. (Previously presented) The non-trnnsitory computer usab[e medium of claim 44 wherein 

the computer readable code, in o.rus-ing lhe at least one processor to determine whether the time­

varying coherence .frmction is less than the predetermined quantity, causes the al least one 

processor to: 

obtain one or more indicators of atriai fibrillation; a11d 

detennine whether the one or more indicators of atrial fibrillation exceed predeterrnined 

thresholds. 

5 .l. (Previously presented) The norHrnnsitory eornputer usable medium of claim 50 wherein 

the one or m-ore indicators of atria! fibrillation compnse a variance of the time-varying coherenC{'; 

fundion. 

(Previous1y presented) The non-transitory computer 1-1sable medfom of clai,n 5 l wherein 

fhe one- or rnore indicators of atrial fibrillation also comprise Shannon entropy. 

53. (Previously presented) The computer usable medium of claim 50 wherein the 

pnxkterrnined thresholds are determined using receiver operator characteristic (ROC) analysis. 

16 
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RElVlARKS 

Applicants. have careh1Hy n.:vie;;ved the non-final Office A .. ction dated September 24, 

20 J 4, and thss response addresses the Examiner's concerns. Entry of this amendment into the 

application is respectfi.il ly requested. 

I. STATUS OF Tl:fE CLAIMS 

Claims 1, 3-24 and 27-53 are pen.ding in the application. 

Claims 10-17, 35-38 and 45-48 are withdrawn from consideration. 

Claims l, 3 .. 9, 18-·24, 27-34, 39A4 and 49-53 are rejected . 

Claims 1, 19, 24, 39, 44 and 49 are amendtid. 

IL THE 35 U.S.C. 112 REJECTIONS 

Claims 1, 3-·9. 18, .24. 27-3{ and 44 are rejectedv.nder 35 U.S.C. 112(h) or 35 U.S.C. 

J 12 (pre--A.IA), second paragraph, as being indejinitejorjailing to partic·ular!y poil'it out and 

distinctly claim the subject w1.o.tter ·which the inventor or a joint inventor, orfor pre-AL4. the 

"''')tt'l•c•··q·it y,?,;,ar·"AS ''S th., ;~•v,,nt-;n.., V,i l.) (, ,(."'• ' .._.,b ;.4. {,t; vf1'V .,_,, ~ ... ,..,t,-..H) , 

Claims 1, 19, 24, 39, 44 and 49 have been arnended following the Examiner's 

suggesbons. Applicants respcctfnlly slate that the 35 USC l 12 rejection..s have been lraversed, 

III. 'n-IE 35 U.S.C. 103 REJECTIONS 

Claims 1, 3, 8--9, 24, 27, 33-34, and 44 are rejecied underpre-A!A 35 US.C. l03(a) as 

being unpatentahle over Addison et al. (VSPGPUB 2005/0070774 -···· cited in previous action) in 

de,v of Lichter et al. (USPN 6,159,147 - cited in previous action). 

The factual inquiries set forth in Graham v. John Deere Co., 383 U .S. l :, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness u.nder 35 

U.S.C. 103(a) are sumrn.arized as follows: 

J. Detennining the scope and contents of the prior mt. 

2. Ascertaining the difforences betv,;ecn the prior art and the dairns at issue. 

3. Reso 1 vin f!, the level of ordinarv skill in the p. erlinent art. ·~ ~ 

n 
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4. Considering objective evidence present in the application indicai.ing obviousness 

or nonobviornmess. 

Oaim. Constructio)} 

The first step in determining whether a claim is anticipated, or is obvions in view of prior art, is 

to in teqxet the daim. CH is ele1nentary in patent law that, in determining whether a _patent is 

valid . . .. . ...... , the first step is to determine the meaning and scope of each daim in. suit." 

Lemelson v. Gen. lvfit!s, Inc. , 968 F.2d 1202, 1206, 23 U.S.P.Q.2D (BNA) 1284, 1287 (Fed. Cir. 

1992).) When not defined by applicant in the specification, the words of a ciaim must be read as 

they would be interrreted by those of ordinary skill in the art. (MPEP 21 l l .01) {.Rexnord Co11>. 

l . · -, ')'-4 F' ., · ·1 ·- .,6. 1" "? 6·o u·sp ,., · · 8,cl 1854 (r.' <l r·· ''{10·1'\ ···· 1 · · t v . . ,attram corp.,~ I .ja jj , _1·+-,. ,. ·, '-</.,ct i ;;, , , re ..... ir. ,t., , 1 C'{'.Xp arnrng t 1e 

courf s analytical process for determ1n1ng the meaning of disputed claim terms")). The US Patent 

and Trademark Office ("USPTO") detcnni.nes the scope of dajms in patent applications not 

solely on the basis of the claim lmiguage, but upon giving clajms their broadest n .. '.asonahle 

construction «1n light of the spedfication as it would be interpreted by one of ordinary skill in the 

" ' 1 A ' .rs·· .. .,., 1 --, -·, ·1F ·~l '3 .. ,, 1'1r·41· 7t)1r"'J>Q2d 1 0 ' '7 1s··-0J(F a c· art. .1r: r e / m. 1·s.caa. OJ • ci. 1 ecn. ctr., j{:i .Jl, , -:;_;, .,,J _, \ .. ,) . , c,,t.,. , j . ·e . ..ff. 

2004). MPEP 21 1 L 

One skil.led in the art, upon reading the specification, would interpret kurtosis for the 

preprocessed segment and Shannon entropy for the preprocessed segment has been computed 

1.1sing the scgrnent and equations (1) and (2) in paragraphs 48 and 49 of the specHication. 

the kvel of ordinarv ;5.kiH.inJhe_perlinent .. art 

One skilled in the alt has knowledge of signal proeessing, at an equivalent graduate-level, 

and knovJledge of biomedical applications. 

scppe. and .. content:">. of the yrlor rut 

Addison teaches deconiposing a pulse oximetry signal, suitably a photoplethysmogram 

(PPG), by iNavelet transform. techniques, and analyzing the decomposed signal. to provide 

selected physio1og1cal data. The signal may be processed to remove noise, artefacts, or transient 

features. Addison teaches using a modulus maxima technique for separating art:facts from the 

signal (paragraph 23). Addison teaches analyzing features, such as wavelet entropy, of the 
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wavelet transform signal a.n.d provides an example of wavelet entropy in figure 13 {paragraphs 

l 09-ll2). 

Lichter teaches a real-time biological data processing PC card that is lightweight, cost 

crnx:tiv(), and portable. The real-time biological data _processing PC card is capable of converting 

a host personal computer systcxn i.nto a pov.:erful diagnostic instmment. Each real-time biological 

data processing PC card is adapted to input and process biological data from one or more 

biological data sensors, and is interchangeable with other real-time biological data processing PC 

cards. 

tbe .. diffo.re.nces between the pdot ~rt. and_ lhe_ dafrns. atjssue 

Applicants respectfully state that neither Addison nor Lichter tench or suggest deteding) using the 

lrnndbel.d mobile communication device and using only the measurernents of one or more 

physiological parameters, effects of mo lion artifacts in the measurements of the one or more 

physiological paramek:rn and deciding whether to retain. the mcasurerr1entsJ1.f.~~~ffLrm.-d~.t~ct~<l 

.~H~f1;-i . .Q[JXH21!.f!.n_ arti fu ct.s; 

wherein detecting effects of motion artifacts in the measurements comprises: 

a. preprocessing a segment from the measurement of one physiological parameter; 

b. obtaining a value of at least one indicator of volatility for the preprocessed segment; the 

at least one indieator of volatiiit:-:,: being at least one of kurtosis or Sbmmon entropy for the 

preprocessed segment. 

Addison teaches decomposing a pulse oximetry signal, suHably a photoplethysmogrmn (PPG), 

by wavelet transform techniques. 

A wavdct transform 

is the transfonnation from the time space to a space characterized by the two variables s and 1:. 

The wavelet fonction is a function •,vith finite support Wave!et have found use in signa1 analysis. 

One quantjty that has been found useful is the so~caHed wavelet entropy inf.roduc1..:d by Blanco et 

aL, Time .. frequency analysis of electroencephalogram series. III. \Vavdet packets 
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and infonnation. cost function) PHYSICAL REVIEW E VOLUME 57, NUMBER 1 JANUARY 

1998 (a copy of which is attached). As stated by B1aneo, the .. W.~.Y.~t~J..Rr.ltfQPY..t .. %1hmY.~.J! 

~:orrclation between_ ti~,cff!atituJ _strnctu1.e~ _,\irr~~~!)(Hlt'.H l'fg_ t(\ dffte1t!nt sb1lc~'{., whilc the Shannon 

cnt:t:OQ>,'._ ShQ}Y§ .. h9.~~-.r~~J:1:m~t~11Jh~_timc series is. The probabilities us~Hn .. rngm.1:1:timr,Jb&.Wavelet 

Entropy arc based on the_energ:y in_each_resolution)evei .. while the rrobabilitics uscd_in the 

Shmu1on_ cntrovv ~~e 'X!.Uhll!:\tf::SU?.~~§.~d oQJ.he sigirnl amplitude (see paragraph 49 of lhe 

specification). 

One skilled in the art would recognize thai. the V./avdet Entropy is different from the Shannon 

entropy. 

Furthermore, since the Wavelet Entropy is a fonction of the two va.riables s and -r, taking the 

inverse transform to express the equivalent fone ftmcfo:m, where the inverse transform is given 

by 

f(t) == J fh v(s~ 'f.)\H ... ~.(t)cfcds 
.J '· I\ J •• t'..,,I ,I ... 

does not produce the Shannon entropy. 

The Examiner, in the o.fliee uct1on, states that Addison teaches !!obtaining a value of at least one 

indicator of volatility for the preprocessed segment; the at least one in.dkator of volatility 

being at least one of kurtosjs or Shannon entropy for the preprocessed segment (kurtosis and 

entropy) in paragraph 110. 

f\.pplicants respectfully state that paragraphs 109-110 and Fig. 13 of Addison, reproduced 

below: 

[0109] \Vavelet Feature .Analysis 

[0110] A scheme is described for the analysis of foaturcs derived from statistical 
n1easures of the wavelet transformed signal at a. given frequency leve! or by 
following a time-frequency feature in wavelet spacc-·-·where the transform can be 
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represented as the actual transform values, the modulus of transform values, the 
squared trans:fom1 values (the 3calogrnrn) or some other simple transfonnation of 
the wavelet lransform values. 1n the preferred entlH)dh:ncnt these features 
derived from tile vvavelet tnrn.sform at a selected frequcnc.y level may in.dnde 
the power, mean~ skew, kurtosis and entropy, In addition, these may be found for 
the peak frequency fOf each individual scalogram rather than a constan t predefined 
frequency level,, when.: peak frequency is defined as the frequency tevd contajning 
the rnost power ·vvhen integrated across the scalogrnrn to produce a wavelet pm:ver 
spectrum. FIG. 12 sbov.:s a schematic of the ,.:vavdet transform sca!ograrn and the 
\.Vaveiet pov1cr spectrum obtained. .from integration aiong the time domain at each 
frequency lcveL The selected frequency level across which the statisticai measures 
are obtained is shown dashed in the .sca1ogram plot. 
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teach the calculation of wavelet entropy, such as the entropy at a frequeney used in Figure 13. 

Addison only teaches the obtaining of wavelet entropy. 
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Fnrthem10re, Addison does not teach the use of entropy for detecting motion artifacts. Instead, in 

paragraph 23, Addison teaches the use of a modulus maxima technique t:x separating artifacts 

from the signal. 

Applicants respectfuHy state that Addison does not te.ach or suggest detecting, using the handheld 

mobile cornrnunication device and ·using only the rneasurements of one or more physiological 

parameters, effects of motion artifacts in the measurements of the one or more physiological 

1Jarameters and deddin<Y whether to retain the measurements based on detected effects of rnotion 
l t::> """'"""··--·····················-···························-··············"''""" 

artifacts; 

wherein detecting effects of motjon artifacts in the measurements comprist:s: 

a. preprocessing a srgment from the measurement of one physiological parameter; 

b. obtfiin.ing a v.alue of al least one indicator of volatility for the pn::prm.:essed 

segment; the at least one indicator of volatility being at ieast one of kurtosis or 

Shannon entropy for the preprocessed segment, a bmitafam of dai.rns 1, 24 and 

44, 

Lichter also does not does not teach or suggest detecting, using the handheld mobile communication 

device and using only the m('.asurernents o.f one or more physiological parameters, effects of 

motion arfrfads in the measurements of the one or more physiological paramet{irs and deciding 

whether to retain the measurcmentt; b<1t.<t:d on deteded eflects of motion artifacts.: ............................. · ....... ~ . ._ ' ........... · ...................................................................................................................... ··' 

when .. '.tn detecting effects of motion artifacts in the measurements comprises: 

a. preprocessing a segment from. the measurement of one phy::,io!ogica! parameter; 

b, obtaining a value of at ,east one indkator of volatility for the preprocessed 

segment; the at least one indicator of volatility being at least one of kurtosis or 

Shannon entropy for the preprocessed segrnent, a limitation of claims 1, 24 and 

44. 

Applicants respectfully state that neither Addison .nor Lichter teach or suggest al! tbe 

limitations of claim l or claim 24 or daim 44. 

To establish prima facie obviousness of a claimed invention, aH the claim limitafams 

must be taught or suggested by the pdor art. ln re R.oyka1 490 F.2d 981, 180 USPQ 580 (CCPA 

197,4). 
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Applicants respectJully state that a prirna .focie case of obv1ousness has not been 

established fr,r claims .l, 24 or 44. 

Claims 3, 8-·9 are dependent on daim l. Claims 27, 33-34 are dependent on claim 24. 

Applicants respectfully state that a prirna facie case of obviousness bas not been 

established .for claims 1, 3, 8-9, 24, 27, 33-34 and 44. 

Claims 4-5 and 28-2.9 are rejected under pre-AJA 35 US.C. J03(a) as being u.npatentable 

over the combination of Addison and Lichter as applied to claims J and 24 above, and further in 

view ofSarkela (USPGPUB 2007/0197.930 ...... cited in previous action). 

Applicants respectfoHy state that, for the reasons given below, a prima fade case of 

obviousness has not been established for clajms 4-5 and 28-29. 

Clajms 4-5 at dependent on claim 1 and claims 28-29 are dependent on claim 24. As 

stated above, neither Addison nor Lichter teach or suggest a11 tbe !imitations of claim 1 or claim 

24 

Sarkela teaches the detection of epileptifom1 activity. In order to accomplish a 

mechanism with irnproved spticifidty lo epileptifonn activity and with the capability to detect 

specific type of epileplic palterns, hrain wave signal data obtained from a subj(~ct is decomposed 

into at !east one predetermined subband, each subband being jndicative of a specific type of 

epileptifom1 activity (ubstn:Gt). The subban.ds are obtained hy the use of wavelet transforms 

(paragraph 44, Sarkela). Sarkda teaches the cakulation of (mtropy in the suhbands (paragraph 

48) which is calculation of entropy of the wavelel coe.fficients, that is wavelet entropy. Sarkela 

teaches the cakulat.ion of kurtosjs oftbe v,avelct coefficients (paragraph 50). 

The same reasoning as presented above applies for wavelet kurlosis. Sarkela 1.1ses kurtosis 

as a snb band speci fie indicator while kurtosis for a time series, such as the segment of a signal, 

1s M . indicator of how outlier prone that signal is. One skilled in the art would recognize that 

Sarkela teaches the ose of waw:kt kurtosis and not kurtosis of a time series. Again, taking the 

inverse transfonn. to obtain a time :,erie:, related function, t11,i inverse transfo1m of 'Navel.et 

kurtosis is not kurtosis for a time series, 

App1ic21nts respectfully state that Sarkela also does not t(;ad1 or suggest detecting, using the 

handhdd mobile communication dt'.vice and using on.ly the measm·e111ents of one or more 

23 
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physiological parameters, effects of motion artifacts in the measun..'.ments ofthc one or rnnre 

pbysio!ogjca1 parameters and deciding whether to n.ltain the measurernents .. 1?.{i.$~f1..9.n,4.etec19_g 

effects of motion. artifacts; 

wherein detecting effects of motion artifacts in the measurements comprises; 

a, preprocessing a segment from the measurement of one physiological parameter; 

b. obtaining a value of at least one indicator of volatility for !.he preprocessed 

segment; the at least one indicator of volatility being at least one of kurtosis or 

Shannon entropy .fi.)r the preprocessed segment, a limitation of claims I} 24 and 

44. 

Applicants respectfully state that neither Addison nor Lichter nor Sarkda teaeh or 

suggest all the limHations of claims 4n5 or 28--29. 

A.pplk:ants respectfully state that a prima focie case of obviousness bas not been 

established for claims 4-5 or 28-29. 

Claims 6 and 30 are rejected under pre-A.IA 35 U.S.C. 103(a) as being unpatentable over 

the combination o..f Addison and Lichter as appiied to claims land 24 above .. and.further in vi<:rw 

ofEchauz et al. (USPN 6,678,548 - cited in previous action). 

Claims 7 and 31-32 are rejected underpre-AU 35 U.S.C. l03(a) as being 

unpatentable over the cornbination cd'Addison and Lichter as appb'ed to claims 1 and 24 

above. andfi,rther in view of.Jacobsen et al. (U .. 'J'PN 6,198,394 ······ cited in prrcliiou.s action). 

Claim 18 is rejected under pre--AlA 35 US. C. 103(q) as being unpalentable over the 

combination of.Addison and Lichter as applied to c!ai.m l above, and further in. view ofZhang 

(USPGPUB 200910.l .l 2 I J ()······cited in previous action). 

Claims 6, 7 and 18 are dependent on claim 1 and daims 30;, 31-32 are dependent on 

daim 24. As stated above, neither Addison nor Lichter teach or suggest aH the limitations of 

claim 1 or clairn 24. Applicants respectfully state that neither Echuuz nor Jacobsen nor Zhang 

teach or suggest the limitations that are not taught or suggested by Addison or Lichter. 

Applicants respectfu!ly state that a prima fade case of obviousness has not been 

i.:~Stablisht~d for ciairns 6, 7, I 8, 30, 3 "! ·-32. 
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VI. DOUBLE PATENTING 

Claims 19-23, 39-43. 49-53 are rejected on the gmund ofrwnstatutory double 

patenting as being unpatentable over claims J .. J 6 of U.S. Patent No. 8. 755,876 in view of 

Addison and Lichter. 

\.Vhile Applicants are not opposed to fil ing a ten,11na1 disdaimer, Applicants 

respectfully state that nonstatutory obviousness double patenting requires a prima focic case 

of obviousness. U.S. Patent No. 8,755,876 only claims the detection of atrial fihrmation 

whiie cl.a1rn. 19 .recites "detecting, using the handhe!d mobile communication device and using 

onJy the measurements of one or more physiologic.a] parameters, effects of motion a.rti.facts .in 

the measurements of the one or rnore physiological parameters and deciding whether to retain the 

rneasurements based.on .. effocts.of mofam mtifacts)n __ thc measurems.,·nts .. u Claims 39 and 49 also 

recite detecting, using the handheld mobile cornrnun1cat1on deviee and using only the 

measurements of one or more physiological parameters, effects of motion artifacts. Addison 

teaches consu:ucting a wavelet f(.-presentation of the signal and osing the wavelet decomposition 

to separate miifacts from the signal components. A.ppl.icants respeetfully state that Addison. does 

not teach or suggest using rmiy the meas1m~ments of one or more physiological _parameters to 

detect the effect of motion ariifacts. Applicants rnspectfoll.y state that Lichter also does not teach 

or suggest using only the measurements of one or more physiological parameters to detect the 

effect of motion artifacts. As stated above the claims of U.S. Patent No. 8,755,876 also do not 

teach or suggest using only the measurements of one or more physiological parameters to detect 

the effoct. of motion artifacts. Applicants respectfully state that a prima facie case of obviousness 

has not been established for 19-23, 39-43, 49-53 and nonstatutory obviousness double 

patenting is not proper. 

V. CONCLUSION 

Any amendments to the claims as set forth herein, induding the modification, addition, 

cancellation, or withdrawal of any claims~ have been offered to advancti this application to 1ssue. 

None of the amenchm:.,'11ts made herein should be construed as an admiss'ion that the subject 

matter oftlw claims, as original1y filed, js anticjpated by or made obvious in tight of any art of 
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record whether considered singularly or in combinations. Applicants expressly resen1e the rigli.t 

to pursue the originally fi!ed daims in another co-pending application without being prejudiced 

by any amendments, including canceliation of dafrns, made herein. 

Th{i Dirtx~tor of Patents and Trademarks is hereby authorized to chargt: any 

underpayment of fees, or credit any overpay:m.ents, 'to Deposit Account 03~2410 (Order No. 

30210-201). 

T'ne following information is presented in the event H1<it a (;al! rnay be deemed desirable 

by the Examiner: 

ORLANDO LOPEZ (617) 345-3000. 

Resr>ectful1v submitted, 
~ . 

Dated: December 24, 2014 

26 

By: /Orlando Loptw' ·-

Orlando Lopez 
Reg. No. 46,880 
Attorney f<Jr Patent Application Ovmers 
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PHYSlCAL l(fVlEW E .lANlJARY 1998 

Time-fre<Jucncy analysis o.f clednwncephalogram series. Ht Wavelet. packets 
and information cost .function 

S. Blanco, 1·* A. Figlioli'l,1-l R. Qt1ian Quiroga/? 0. A. lfos&o, 1·~ and E. Serrnrn/ 
~Pilcullad d.,:: (7iencia:; E."::uclas y ;Vt:!ura/JJ.s, insti!tU,._., d·? C/dculc, Ur!iversidtu/ de Bh(:rto.; Af;·e.,, Pab,::-iiOn fl, Ciudad lh;:versif,')vfr,1;, 

i428 /Juenos Aire."!·. A:·ger:tiru: 
1}r,.\'lit::te o_{Pjrysf.:>loJ1,Y, !vfedict;! lhnversity Liibacli, Rotzeburger A.l!e 160. l)--23.538 Liit.>~cJ, J, (iennany 

~ Dcpar!<:nu;;-uo de l>1aterntJ!!ca~ }~ .. c,cu!tad d12 (:iencia,t: Ex.ar.!as y /Vr;turales, l.lrfivers:{lad de Buenu3 Aires. Pabe/!On 1, 
l .. h:dad ! . ./nj),ersUr.,ria: l 128 Btuu1os Ai,.,:~sf Arg•:"J1tin(J 

(Rccciv~d 1G .lime !997: :-cvi~c<l m:muscdpt rccci·.,,J :9 A•.igcsl l997) 

Signals obl.llinc<l ctmii~g tonfo-i;loni;; cpikptic ~d,:u::'cS arc csusHy neglected fo, m;alysis by !h,1 ;ihy:;ki~ins 
d~ic to :.he pn.~s<.~n;..:-..~ 0f .noi!-,C ;.;t~uscd by niu~ck enntn~ctions. A itho;igh n,>isc nh:icu:cs completely the tcconJing) 
so1nc information about the t..indcri~nng br~in activity cnn be oh:.ahh~d ;;:ith 'Navekt transfnrrn by filtering ;hose 
frequencies 3S:io£;ia1cd ,v}th rnusctc actEvity. ()nc grc~1t advan1~gc of :..h}s u:.;..!th,1cl tlYl~~· ~rr.ditionat ·fHt<.~r;ng fa that 
the filtered freGucnr.ics do not n1c,dify th.;; pancrn of the rcrr~nntr!i ones. At: !~ccura\c ~na;ysis of rh,~ difi~~rcrJt 
sc:izure stages ,~·as <ld"d!!v<;rj using the v .. ·zvclc: pac .. kc; method, HnC 1hnn:gh ~ht iniOn11at-ion ;:o:H fiJnctii)n the 
btain <ly11a:11icai bctmvior car. be acc,:ss-.xL [S ! 063-65 LX(!f!)U9'1; 2-2} 

PACS nun1bcr(s,\: 87.90. -:- y, 02.70.Hn; 

t lNTRODIJCTlON 

The electroencephalogram {EEG) t:i,n be rnf,ly d;~fined as 
the me&n dectrkal activity or th~ bram in di ffere:it siles of 
the he:1d. EEG patterns are corrdated with fonclicns, dys-­
fone,ions, &ml diseases of the central nervous systc;n based 
m;_ iin empirical basis. Then clini(!a! inte-rprehliion of EEG 
records are achieved by associa1ing pa:hology ch;n·cH:terisncs 
(clinical symptomatology) with the vis1.1a! inspection and pilt.· 
tern recognition of the EEG. Atthmigh this trnditional analy­
;;is is quite usefo!, the visual inspeGtiGn of th,'. EEG is sub-· 
jccti v·~} and hardly aHo,~/s ~~ny sy:itc:-natizut:lGn f J ... t(j. J:1 
nrder to overcm:rn.; this, quantitative EEG analysis immduces 
obje{:tjve ffi{!H:>ures r1~nectit:g the :;harr~c;cristics of the brain 
ac?i\ .. ity as \v-en H~ th~: (iSSOCH\!ed dynasn!cs. J-k~v,ever) \v·c 
mus. remark !hilt these method;.; are not dcvdoped for rer,foc .. 
irtg traditional EEG visuul <inulysls, btn rather they comple­
ment them as addi,ional t;)nl:$, 

Quantitalive EEG iinaly!lis as a field include$ a wi,k~ va-· 
rlety of tedmiques. The-:,e are frequency dcGGmpo!;,tion 
(sptctr~,l analysis)) topogtapblc n-1apI;frtg;- cornpresscd spt~c­
traJ array~i> significance probabDi:y rn:3pping)' and ~}thcr conl·· 
p!ex analytical techniques f.J ·--4} A new appmad1 10 tile 
probiern <>f the ,ruan!ification of Hie E:EG series was achiev<~d 
•,vi!h non lin;!ar dynami::s [5 ·· l ! J. 

EEG's are cornpleli. signals whose staris1ica\ properties 
depends on beth spHce and tin1e. Regarding te1nporai ch&t·· 
acterislic;;, EEG signa[,; arc cbaotic [5- ! 1] r:nd highly non­
st;;tionary (nevertbelei;s, th:'.y can he mialytically subdivided 
into short reprcscnrntive epochs where ;;1e.tionarity !!ypotil-· 
e:sis is accomplished [9- ! l]). 

*Ekx,,w;;k atld1'Css: 
:E1cct:onir. address: 
:.Elcch\-;n;c addn:ss: 
~Ekx~trotnc addrcf~s: 

b1anco(~u1isc~.ic .fccn .uba.ar 
fighu;&G~u1i~cs.if;~fi.~erLuba.ar 
,odri@physio.mu-lucb~,:k.dc 
r(,s.so~~uf ises. ;c. fG{!:1. uha.~r 

l CJ6'.~-6S 1X!%!5'l( l }/912(9}/$ l 5.ilO 

Rcc(:ntly, w~ in1rodnced ;wo dilforenl tedmiqu:~s tbat al· 
lowed an analysis cf an EEG time series in the time·· 
frequency domain. The first ·was based on the Gabor trans­
form I.J0,!2---14.1, and 1h: secmul one <rn the wavekt 
trnnsfori,i [ l 5]. In the pN!lem work ;ve present lwo signifi.­
c,mt ii:nprnvernents to the time-frequency analysis of the 
EEG ~eries using wavelet transfc;nn. The first improvement 
is the introtlucdor; of the Wilvelet pJcket analysis (HiJ. The 
second improvement is the introduction of tli1~ informai1{m. 
cos; foncfam (ICF), defined in terms of !he wavelet cceffi­
cier:ls, and ,~s,:ntia!ly rq)tesenting e. She.nnm~ entropy fi.mc-­
tion [17.18). vVe wouid !ike ,o rernai:k Hmt the applicability 
of tf!tse :nethods are not rcstrk~t~d Qn)y to El~G rcccrdings. 

Uriti! the inlrnchction of long term monitoring, spontane­
ow, sei:wn'. EEG's were: nb,ained oniy in 1hose lucky situa­
tions in which the patient had a seizure J,ffing the fow min,. 
utes <if the recording. Normally, interictal EEG's (EE.G's 
wit.ho:;1 ~~:12.ure nctlvi,y) were analyzed looking for p:ilho­
!ogical char,icteristics such as spiki!S, parnxysms, !m,v frc,. 
quency activity, etc. During those intcl'iGtal EEG'~, S(~izurcs 
were activated wi,h phornestirnulstion, hyperventiiaticn, and 
other dinical methods. ffowever, provoked se·izu.res do not 
necessarily havi?- th~ same be.hHviGr HS sponla.rn!{)t,s or,.:~s. in 
order to overcome thi:s iimitation, long term video-EEG 
moniloring sys1cms w~rc devdor,ed. \Vith video-EEG, after 
dnys of re(:oxd.ing, cnnical and el{~c1n}enccphai,}graphic in ... 
forn:aticn can be correlated for Qbtain1ng an acct:rate evaiu-
2.tion :;f the :,eizures. Seizu;-c starting, duration, post-seizure 
n~c<;vering_. c1;1ssification of rh~ scizufc, ~nd diff~rent stages 
nre some i)f the cbaracteristic;; usoa!iy imalyzed. J-fow<,ver, in 
the cas::? of ion;c cionlc seizures~ JnuscJe Hi~tivity provokerl by 
violem movements c;:mpietdy obsc.;.1res the EEG recordings, 
limi;mg the ani!ysis m;ly to the st&rting and the post-sci,,im: 
stages. Visual inspection of the EEG, al1d traditionnl ninth·· 
tma!ical rnc!iwds such a1; Fouritr transform are no tonger 
~~ppHcahh~ in these c<Eses> {;\>iting to the great :rn1ount of noise 
involved. 1n consequence, brain activiiy during this kind of 
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SC'. i7..tt!'<: has b:'.f:ll ,)b,:ervcd only in :,pccial c,,scs, for example 
in pn!ients h~~!ated v,,i£h ~'curare:" (a drng 1ha1 inhibits n1uscle 
resDonses) [19\ or bv tilti!rin~ the s1grud in the freffuencv 
mr,"gc of ·the :;,lisde · activity 'with st;nd«rd method: [20]. 
I·ro\vever~ filtering h,1s scv,~ral disadvantages, because it is 
iJupossib1e to separatt br;;in and rnus,:;e a-:;tivity ,:nd) further$ 
it is well known !hi:! hitcring high frequer:cies also anects 
ti:;;: morphobgy Gf :he low ones. 

Th~ aims of tins work ,;re to ~ludy .i tonic clo1:ic seizure, 
avoiding noise re!a!ed !imi!.ations, by ,;sing wave!e1 tran:,-­
form and der;vcd magni:ndes ;r, order 10 help physicinns to 
identify and charnderi7..c the dynamical stage of the seizure 
as .:1 i~Omp1en1ctu of the ·11!dco-·EE(!. l 'h{-! paper i~: orga11ized 
in the foHowing way. fn S('.C. n the dinicai dda mid the 
experimental setup are ptcsen!ed. fo Se,:. 1H the time­
:frcqutncy :n~;hod based on i.>1:;:\.:clet tun1:1forrn is revic\\1ed. 
The wnvekt pack-et$, a,; 1>,c:!l as the infoi:natio1: cost func­
tion, arc introdut:ed. ln S;;c. IV the a;:wlysis of a scalp EEC 
tirne. serie;; corre-:1poading to an er,Heptk; seizure is per­
frarncd. Finafly, fn S-tc. \f ;a su:nrnary is given. 

H. F..:xpi;;ruMl~NTAL SETUP A,N!) CUNlCAL DATA 

A scalp EEG sigmd i~ a n<)n:;!ationary 1imc'. series that 
usually presents artifacts due to an e!c,:trooculogrnm, an 
electrorny<lgran:1 an ei:cctrocnrdiograrn {'ECG), and others 
[i ---4}. i\rtifoi;ts n,i!kt a rr:athernaticai ami!y:,:s of scalp EEG 
signals difficult.. SGmetimes, iirtifoct:; z.re pt,!sen,ed for a few 
S('.cornfa, and can be obvi1itcd because !hey obscure only i: 

sm,;lf pGr!i(!n <,f the torn! EEG. In other cases, almoRt the 
totd signal appears noisy and obscured by them, ancl very 
iitile infonnaticn about the underlying brain activity n ,n be 
ex,rn-~ted. An examp!e of this kind of scalp EEG signr.) is the 
ont corresponlHng to,: tonic -cinnic seizure [3]. 

A tonjc ... clo11ic ~ 'gran<l inar, seizure norn,a~iy )<ts£='> a.roi:nd 
40---90 s, and is characterized by violent rm,scle contractions. 
klititd :n&Ksive tonic. spafans are supp~antcd sotnc :~econds 
iater by a cJon~c: phase, \\'ith violent fie:<of n:ov~n!erus and 
charactcrhtic rhythmic :-:pasrns that last until 1he cndh1g <ff 
£h~ sci~i;.u(e. 

f:h,mp!es ,,f EEG lime se:ric:& corn-.:spondir:g to gr.mcrelizcd 
todc-doni,; seiz!lres cf' epilepti,: patients w;-:re mla!yzed, 
Scalp und spheno·idal electrodes ',>:ere applied following lhe 
10··20 international systern [ i ,2]. Each signa! 'Nas digitized ut 
409.6 Hz through :1 i2 bit analog !() digital converter$ and 
filtered \Vith an ~ntiaHasLng .:~igh: po;e lo;.v.p<;~~ Iie~se; fit;cr 
with a cutoff frequency of SD Hz. Then signab were rligiw\ly 
ilhered wi!h a t --50-I-fa bandwidth Butterworth filter r,nd 
stored, ,if':er decima1ion, at 102.4 H7.. in a pcrsoni! complEct 
har<l drive. Recordings were done under vide<! crn1t:d in 
ordet to have an accurate determination of the- difreren! 
stages of the seiz!m:. Ar;;;lysis of each event included l min 
of EEG prcseizure ac1iv;ty, and 2 mm <;f ,he :.eiz,ire and 
po~t··S{~~zurc phases. The different stages of EE(J s;gnals 
\.Vert d,:~t,:r;-o;ned by the physician tearn. 

/\s ?.n example, in l,'ig. 1 \Ve present a scalp El!Cl signal, 
c,)rre::;ponding to a tonic-donic epileptic seiz~m: ri:cord;od in 
a cennc:} r!gh1 loc:itinn (("ti chann<:D. in this n~cord, th(; sei ­
ZUr{! start~ at second 10, wHh H ~·uischa.rge): <~f high freq:1en·· 
cics. Tix, tonic phase starts around second 35 with increasing 
amplitude;; of the EEG, ,md lhe c!onic phase [}egins awund 

.I••,•' ••' •••" • •, •• •" •••"'••.f•••• • oo,,o~o ,•.-, , ........... ,#o,, •._,. .. ;,, ... , .,._., , . 'o ooo'o "' . .................. UUUO .. -H,,o,I 

·, .. . ... ., .. , .. · .................... • .. , ......... ,+ .. .,_, .... , ,, ,, •,,.-. •• , .. .-' ,u,.•,,, '.._• .. , ' ,.·, , .,, .. A.,-. 

~ ~ ~ ~ 

I,:,' 'i.:·,'.;··--- '" ' 
.. , .. t • ..... ~ ........ , .. ,,_."o,oooo , •••u• \ .,,Oon"o•• •••••••• .. ••••••'•""''""' '''" '' "" , ... "• '"'H"""''""'"""" 

!3G '/q an 90 
Ti :n·~' [ :$~~...- j 

HG. I. S1.,alp EEG signal. s ,~b,rc ~!a;:t:e. l'lt :scr.c,r;d 10, tonic 
ph,m~ a! :,cco;.1<l 3'.i, clonk phase ,;; second :50. The seiiur<: ends~, 
second 85. 

s,~cond 50 \vhcn the t;p2.s-rns donrinate:: th~ EEG. 1'he seizure 
clearly ends at second 8.5. 

Wav·efol. analysis gives us a powerful tool to confron! very 
diverse prob}etns ~n upplicd sci~11tes or pure rna1he1na!ics 
[21 - 27]. The wavelet is ,i :mwoth ad q_uickly vanishing o:.-­
ciJiating function with good loc;!lization both in r,,~quen::y 
and fiin,~. £t i;an he interpreted as s~ngle 8ignais) or atotr:s) c,f 
short times with osdHating :stn.ic:n::re:s, 

A wi1velct family '-Pub is the set of eieme!'ltai functions 
gencr:H,~d by diiations a

1

nd transiatkrns of a u1;iqtie ad~1is­
sib!c mother wavelet if,( t}, 

f I··· /J i ) I ; .. !•, '. . : 
tf1 ( I ::!! a: • • frli .......... ! 
·,· ,--:.b ~, ., : ,. \, a j' (1) 

w h(: re a, b ~, H, c 1' 0 arc th.: ~;calc ;md tra rn,lm.ion parameters 
respectively, and t is the time, As a ir,.::reas(~s, ,h<'. wavelet 
became more r,armw. Thus we have a uniq~ic analy!,tic pat­
tern «nd its replicas at different scales and with variable lo­
.:alization in time. 

(Jivcn a finite energy signal S{r)) the different ccn:el~~ 
tiorn; {,)', 1f1n,lJ) indicate ho\\' preclsc~y the v,avelct function 
locally fits the 5igna! at every sci:le a, This c-.urrdalfon Op·· 
;~rat1on defines the transformation that synthesizes the nu­
mc,kal .infonrmlion obtained in this way. Frnm a difforcnt 
vk:\\.r,oint, the ·wavelets of H forr:i!y play the rdes of demen-­
tal functions, representing the functions as a superposi,;nns 
<,f waveleti, con-elated with the function for different scales 
{different a's). Thi:; makes it possible to organi;w th-~ in.for .. 
mation in some puticu!ar strn.:t:1m: to di:;,ing1:ish. for ~x­
ampk, trend~, ,x tbe r.hape associated with long scales of the 
local details from corresp:mding short :.c~{i-,s. 

The c<mtir:uow; waveiet transform of s signal SU) 
r::: L2(H.; -i!; rlefin~~d a~ th.e torr,~t:tion bctv,c:en th•~ fonc~ian 
S{t) with the family wavelet if!a,b for each a [23], 

r » t·-- !; \ 
(}V,t.S){a) b):;!;!ai - rn 1 ,5(:):/1* --1<1~-- 1 ·)t ·/J \ . .,.. J--~c a j ·t ( "·\~ ~<, a,b:, 

(2) 
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the asterisk denotes co:nplcx cc,njuga:;on. 
For spccial ~elections of the function, i/1 and a discrete net 

• .,.. ' I ,.._ - : ( • \ • ~ ,., l I ofpar~:nH;tersai-:-::2., and o:, .. 7:': .,~ JK. v,.::t:11,1-:E:1.,a:1< ttlC 

scale 2 ·· i, give u:~ the shift ri'i;;i;mcter. The :;;;bfamily 

(3} 

constitutes an orthonormal bm;is of the Hilbert space l.'-(B) 
f_2 ! ,22]. fo ihis WS'f, WC C2..!'l Obtain discrete :rnnsformatiOnS, 
and it is possible to e:i;pand ths: sigm;l In a series of wavelets. 
Then •,:vc can join the adV!int<1ges Gf ,he 'N&veh:t tnrnsform 
wi!h the atomic decomposition of S(t). 

'I'.he discrete \V~vclet 11ansfGr.rn associatr:.d 'Nith ;/; is sin1-
ply seen as a rnstric!ion of" ,he <:ontimll)US wavelet tr<!nsform 
at the p~rarnetcr ~~r:::t {a. !b; ~}. Jn H:ds cu~,e .. as it is \Ve.U 
kr.cnvn, !he in fi.:,rrnatiot: g;,._,.~;~ by th~ discrete wavelet trans .. 
fonn r«r, be µ,p,:rnizc'l 'lC''i" ·,li'l " ·, 1, ,,.•rarcl1ical schenie of .... ~ ,. {)" - • - · .. .. ' ... )11 .-,. • ::.: ,. ... . .. .. - · - ... . 

ncsted subspac<:s called the mBltircsolution ar,aly;;is in L '·( H) 
[2 l---24). 

ln the pre~t~nt anah:sis vve t~sed ,i 1xtuttirc:so}ution schcn1c 
b3se<l or: cubic orthtH~HJ)al sphnr: funct~ou:-; as the n!,>thcr 
\vavelct .. \.vith a discr;tized v~rsion of !he. int'egra; \Vffve;et 
!.rnm:forrn given by Eq. (2) [25]. We selected this w&vele, 
due to the fact :ha, i; fon::-1:, B r,.,se ·in C rn) with a very 
convenient clrnrncteristic of symrr,etry and ;;imp!ici,y. Mort:·· 
ov,:r, :he srncH)thne3R of its dcriv~nives arc very suit~bJe fbt 
representing rmtmA phenomena. 

in the f0Ho'>-1;ng '.A'e \viH assu1nc that the I~I~G signal is 
givc: r: by sampled v;3lues {s0 (n)}, n= l, ... ,M, which cor­
resµond to a uniform time grid wi,h ~m:np!!ng tim,;; At. With· 
ou'I loss of ge;icrnlity, 1-vc can suppose that the sampling rate: 
is t\ t = 1. W ;'. defo1e ,he: rcpresc1:tation of the signal by intcr­
polf:ting the iiamp!ed dal& ir: ihe form 

S(:).,.,, L S(,(k)(/•{: ··· k}, (4) 
k 

whe:-;;; <}(!) is the cubic cardinai spline, vcritying </-(n) ::-c. !i,,0 

For any resolution level N<O, we can wri;c the dc:wrn-­
po:-;itior, of 111c signal as 

···; 

S . ,. '\' . "-' "2N, ... !.\ .' . -.;.·, "'' t , ~ ::: ,L....; :;. N\ JJ.. ) (l)\ . : :~ . ., : L ,..:;_,, 
• I k j··-·-N -~ 

('.i) 

where: C j( k) arc the wavekt coeffkient;;, and foe seq,;,,:ntt: 
{s ,v( k}} ·represc:nts the c,)arse-r s ign a! data at resoilltion level 
iV. where N= Ln2(M}. The second tcm: is tile wavelet ex-· 
pansion. The wavdct codTidents C1(k) can be interpreted as 
th;: le-cal residual errors bs:twecn siictessive signal <lpproxi­
matiom; at i:calcs j and j + I. and 

, . .(,) = >' C -( k, .fr· < '-. 
'j • , ~ .,.J I J,k~•l (6) 

is ,hr: derail signal at scale j. H contains the information 1)f 

the signal S(:) correspm1ding w 1he frcqix'.ncies 2; 1r~ I w! 
~:J.f •· l r.. ff ,he decomposition i;; carried out over aH resoh,-
1ion levels, then the wavelet :c'.:s:pansion v,i!i be 

••• : 

(7) 

Since th~~ fi1rr:ib1 !, !/11. ;-1,' t) } ;s ~1E orfiu..>norn:ai basis for 
"' ,,.. , · ·. .. . . . . 

!.. 2(B), the tonc<lpt 1)1 ,,r:ergy is ,inKC{! w;th the usual notwm; 
dcriv.::d from the Fourier theory. Then the wavelet c<iefll­
citr;t-s are given by Cj(k) =:: ( S, ifl.i,kl , and ,he total er:>;!rgy by 
,, ~,i2 .. _ '<' 'I.' IC '[r, <1 l!.),; - £,; ..-:.o.;..11 } .. ;; • 

In the '.,:..:aveict J''r':nlore~o~t:t?on fn;rr:,;)\;vork (de.scribed 
above) i, is pi)SSiblc l<i cvalu;.te the energy ccrresponding to 
each ieve}, and they can be used }Or the detection of the 
characteristic epiieptic events [15]. Sinct~ \Ve are using dy­
Hc.iic decomposition ~;f !he range ()f t~requencies, f:::.:)nl & signal 
;>f J.f samples, -v;c have M12- 1 codfa:ien,s it Jeve! .f. In 
order to obuin an :::cc;.mite evcr:t detection, we distribute the 
"atoms" of er,,:rgy .r: each k:vd j uniformly along 2--1 
points. 'fhc ~nergy in cr:cb reso!.ut1011 Jevei j = - J ~ . , . > 

-N, wi!l be r;1::, }:1/C;(k)I\ ,md the enccgy at each 
l . . ' ·11 ' i;:;. , \ ..,,-! IC' , , .}:> smn.p e,1 w:ne 1c w1 oe ",!,,"' 2.J=-N -Jl-",,-. 

Natural time series are usually combination of stochastic 
(nol;;y} ,md ch:3.{;tic behaviors. 1'..fany applkations, like non· 
lineHr Jvnamks. n::ni;.ir:'. !ht S(·:narnt!on of siiwa! and noise 
[28,29].' Otherwise, :.Vhen nonli~em invariant; a.re evaluated 
(j.c.=- i;haracicristic dhnensior.:s or Lyapur:ov exponents) th(~ 
conrarninating no~se c:::E give sputio~s results, and the ob­
tained vuh,cs wil! unden:sfrm3te (if nois,: h.as sf:-,)ng pe~iodic 
or almost periodic compcnr.n,s) c,r overestimnl.e (if noi;;e is 
representative of a dett rministie high dimensioiml or sto­
cl'wsi.1c prncess) the rea! cernp!exity of tht :;ysrern under 
study. \Vhen noise is pre!;ent only in spc~:Jh~ ;\~-equency 
bands., a iHtc:ring precess can be irnpJeinenied. Howevt~r, 
frmn th~: p;>int nf view of nonlinear dy1:arok:s, fi ltering could 
be suitaMe cn!y m some ,:asf.,; depending cm the sy,;;em un­
der study. !tis impomnt to emphasize that;; poody de,;igm.xi 
filtering (!f the signal ,.;an give spurious results (i.e., fi ltering 
frnquencie~ th.;t de!i~rmine the r::al dynamics of the signal). 

Thus in these cases i: f:Hering oa,;ed on waveic:t ,rnnsfonn 
can be implemented in ()rdcr to obtr:in a more acC'.t:rn,e signal 
of Hu~ process under intcr~st. Supposing) ag in the case of 
toni~>-clonic s~!ir.nres~ that \Ve <ire interested in ~Hni!nating 
high frequency noise, using Eq. (7) at level j, foe m:i,hml 
will be H :smoothed versiM of the original sigmii, huving 
fi!"vver high frequencies in co:nparison to ;evei j + ; . Tld:; 
rt(~W signnl will have half the JatH (!f foe previ<nis 1£-:vei; 
;herc:f<H'c, an interpolation with spline f\.mctions is april i,~d in 
order to obtain the remaining data. On ihe other hand, inter­
polation by the c;.:bJG spline gives zn efficient :3nd ·v:;;ry goGd 
approximation of the ,mderlyir:g physical sigrn!I given by 
sa..mp!e;; [:'iOJ. Th,::r. this method can be f:ccurntcly used for 
separation ofnoi~~} and ;he cle<:J1C(i signai <:·tHl be obtailicd as 
a s:.im of the interpolated residual ;;omponents com·:sponding 
to the interc:sting frequency bands. 

ha sumrm,ry, this metlmd al!owi: the e!imin;,tion of non­
desired frequency bands that hide 0th.er 1nore inttresting ~}r 
·unknown effects. Due t<; the oifaogonality of the wavelet 
funct~ons cinployed) y.,e c<B1 be as~un!d that only the un-­
wanted and ;,reviousiy selected frequency h.;ndi> \-vere e)( .. 
traticd, without nc<:di1:g ,o assume that linearity is necessary 
for n1aking the tr~dit!onal F-:yurier-based digit:31 fi;t{! ring. 
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n. Wnvdet pnckets 

A!( it is well known, wavelel analysis provides a time­
scale description of any finite energy signal. Essenti!";!!y, it is 
a successive decomposition of the signal ir: different scale&. 
.l\t each step:- tbc tffrrc;;ponding dct;lf3S arc separuttd? provid· 
ing t:sefn! ir:forma:ion for de1etrjng and characterizing short 
time phenomena or abrnp! changes of energy. 

Howev<:r, since waveleis do no! 1xisf;e.ss a well defined 
average in freqw::ncy, they :are not well ,mitcd t(l dc$:::ribe and 
dwrncieti?.e stationary phenoim:na or to detect ,1me­
frequeney strnctures. This is an importan! limitation, because 
significant events often involve joint variations of time and 
fi'cqucncy [24]. 'f(! oven:nme tbis problem, wuvdet p,;;;ket 
anaty.')is appears as ;3. nntarai extt~nsion of \v;iveJet analysis. 
Moreover, this technique aliows a time-scale-frequency de­
scription of the signals. 

A family of wavelet packets ·is a colk-.:tim1 of dernemal 
signals cbrnfoed from appropriate linear <:ombina.tion or 
wavckts. They look like locHlly oscillating wave forms rc­
semhhng modulated sines or cosines. Moreover, they can be 
organized on an mthmmrmal basi,; of tile space of finite en ­
ergy signals, The main ;idvanuge of usir:g wavek:t pi:;:ke,s is 
!hat standard waveie! analysis can be extended with a flex­
ible strategy. Thus, the description of the given sign&i can be 
wdi a,fapted according to ,he significant smictures. Several 
families of wavele: packets have been proposed in lhe litera­
ture [ l (;,24,27]. Herc we ,vii! apply trigonometric spline 
wavelet puck~ts [ i 6 J. Fir:,t let ttf, bridy revie\:v tbc proposed 
,edmique. 

Given a finite energy signal .,0(!), u3ing spline. wavelet 
analysis we ;;.n1 i;ucce%ivc!y decompose them ·with the re .. 
cursive scheme 

s;+, (t) ====s /:)tSr/t) {8) 

for each scale j = 0, - 1, ...• - N. As already mentioned, the 
crnr1ponerns si·f 1(t) and sj(t) add ti: the information of the 
sigrnii cor;-es~;onding to lhc frequency bands - 2.t+ 1 ·r."-"" w 
!';:;2.r> J « and ··--2' 1r~ tv~2.1 .«, f¢Spectively. This ;nean.s th~£ 
the Jec:ornposition al level j consists of' fi!ledng foe compc;­
nen,s s ;., : {t), giving the details correspcmding !o the re­
tnainin{i freq1H!nt!es 2.t 11"~ f rJJI ~2i+; 1r. ~rhe ccnnponeni 
rj(t) adds to ,his ir:formalion, and we can describe the signal 
S(t) in temi o.f detail signals as 

,; ,, ··-) - '(1 
!..-\))- .,;;.,.,/ I,\, •;•, 

j<C ~ 
(9} 

On the other hand1 the detail co;nponcnts can be described in 
terms of wuvdct atorn:; 

(IO) 

Sin:::e each wavelet ift; .. ~(!)=2.if2\/J(2jt ··· k) is wdl local­
ized in !he interval 2-jf~.1~~2 - J(k+ l ), the corresponding 
:::ocffo:icnt C:{k.) mkb to lhc loca! information ,1f the dcwil. 
However, us 'w,! menticned. above, these coct1icients avernge 
al! the Jnvolved frequencies 2f1r~;iwi~2.i·11

,;,, and we will 
f:i)l gain e>:phdt informancm about station;;ry mruct:ire$. 

Now we Mc .i nt::rcsted in iww to irnprove i.he frequency 
preci,;ion. Th,~ :-nain ;d?-a is !o decompose the component« 
rj(t) in portions, each one covering a longer interval. Then 
\"" will 1ocallv i,-n;"•r'·•·t ~r "'>"WJ>dilte ,,.,,." .. 'l'"V tech-v .. ':' . • , ., .. , . ! .............. , - ,. a1 .t· . ,,..,.'-iu-.;,. ,. ... ,.. 

r..1qt1e . 
We define any por!ion or locd :;ignal as 

;+21"-1 

L 
k-·-·/ 

( l ;) 

where the parameters :n and i are chosen m order that 
r\"'.i\t) covers the f'..1l! tin:vt interval 2 .. f/~t~2 ···\/+ 2"'), , . . 

which is a relativc!y long interval of length y,-,. Nole that 
'Ne defined lhe local wavdet puckct with of 2'" basic fon;; .. 
tions lf'i,;.(t) for k=l, ... J+2"'-1. 

Now, we define the set of fundamental frequencies 

(12) 

wi!h O~h~ -2"' .. 1, and associated tile Fourler matrix M1"') 

given by 

I
,· sin [ 1t(k+ i/2}] if n= l 

. 2 112cosfw 1,!k+ l/21] if n :seven 
\j(m.i ... . , ··m.'2, · '"' · · 

' "' ... .t. l 21i2sin [w,,,J/k+ 1/2)] if n is odd 

. COS !_2 r:rl_k+ i/2)] if ri ==2 m. 

(13) 

·with i~n,;:2"', o~.;k<Y'' and h=[f.n/2]], \>.•here flj] dc­
nol•ts the integer part. It can be demonstr&ted tbat M(m) is a 
2"'X2."' dimensional orthogonal rnairix [16} 

Then we can define the new set cf elemental fonction::1 in 
order to expand r')m,J)( I) as a 2 1

~' <lirnensionai vector obtained 
frorn 

L 
k=I 

far ] ~ n~2"'. 

~ ,(m) / ({) 
~V! uk 1./lj,k , , (14) 

Cearly, 1hes,~ fondions c<m:.tiluu: a n~w !o-.:at onhonGl'­
mul bilsis covering the interval under analysi::1, 2-it~! 
~ 2 .. .f U + 2"'). Therefore we can give a s<:coml description 
of the loci:l ;;ign:i.1 as 

The ccrresponding c:oeffa:ien,s are easily computed as 

where J ";.n~2"'. 

{'t t;. \ 
\l .,; 

{l&) 

The t6gonmnctric wavelet p.;;;kels r/'~,-1\ t) huvc 2.cro 
. J) . 

mean, oscillate on the interval 2 ···,;1,-_.:.t,,:..:.2 · .. J(l+2m), and 
de;:ay with exponent:ai rntiG Moreover, ,heir \'\'ave frirms 
resemble modulate sines or cosines. In fact, it can be dem­
onsm;ied that each Fourier tra,isfor.m 1/":/)r ,t,} is centered at 

.1 1 •• ' 

tht~ funda:nenta} freqt1ency Wmrt , when t; ~ 2/1 or n ~: 2h 
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+ I M""''OV"" ii_m,!){ w' = 0 on !'he Gther fundamental fre-. .... '.... . ... t' ·· ...r.:: \ l . 

qucncics, imd it illls H la$t {l;,:c:::y Ot:Ud('. the runge 2.f ·;;­
:-:;;~!dj :("..;2J·• ~ tt. 

ln other word,;, !he ;,:o('.fficients { D:."'·\ n)} can be con· ,, . 
f, ;d('.rcd a5 the discrete Fourier spcc,rnm for the :oc;i; signal 
r;m,!)(t). Sumrnir:g tip, ir, the doubk set of ,:oeffa;ienis 
{L",;-(k),Dj"'J>(n)} we ndd to the time-·;;c,ik:-fr('.que,icy infix­
rnat~on nfthc }oca.! sign~{ r)m·'\t) . 

Final1y, to anai~lZ~ the cor:1µ3ete function r_;( t) 1 that is$' tht 
det,:ils ~t ieveE j, '..¥e. choos,~ sorne partitior~ in ice~~ ccrnpo-­
"'\.:.>1't" r{';t; ,li);, ... \ 'l('"Orc..:Cl'<J ll'I"• ..:,t['Hl'~ \ 1·~·~·· r~t' H~,e ,1' 01·2n l ,l•V,) ~~ j \, )? ( , \., h ·'t> .-. .... ,)\. \.H.,:1\. .. v '-'1 1.u • v O {l': 

(i7) 

v:hcre £he sequence of" index l1 v,:ritk;; l,.f i ""J, + 2m1• Then 
we imp!emenl the timc-scale-frequem:y tr.dmiqne for cadl 
iocai sEgnal, referred to abov~. 

C. foformati<m tos{ 1imction 

;\;;;;:1ming 1kt the given data series S ::.: {s0(,-1)} has a ti­
nl!e encrg)'·"' Le.$ 

:E j.1·0(k )\ <cc {18) 
k 

and /H"' i, we can approxim::1te the energy of its sp!ine rep .. 
reser:lation in the fom1 

(i9) 

{20) 

giv~~ £he probabHt;y distrihotior; <:f th~ s!g.nal's !!ncrgy in the 
time domain. 

Furthenn;]tC) in rhc v1ave!~t n1:1Hiri!soiution analysis of 
the time sedes { .. -.·0(n)}, the cn~rgy h~ each resuiution level j 
(j<O) is the energy of the dclail ;;igmJI 

HS a consequence., the to£a1 en~rgy can ~)c obtained by 

E _11,112 __ ,, 1.: 
m~-!t.... ; - ~L.; ~·J · 

j <.O 

(2 l) 

(22) 

fOr j ~ - J) -- 2) . . . , -:V~ define by ~,;;ales dt':! prc,babl!ity dis­
t;-ibu;io:1 vf the energy. Cie~~riy: 

"\. '. ,··1 .··.·. " '-L; ,., L; .Pn{n):=: 
i < O n 

(24) 

and the vair of distributions r~r,1;(11)1 },{,~J) can be c,msi.:!-
... . ' ~ ·- '.~ ·. - ,- . . .. ;:;red as a tone-scme ae.nsi,y. 1 hey g,ve <1 smt,mle t,;d J·or 

dettctu1g and ch&rtctcdzin.g sp~cific phcnorncna. The Sht:n­
non entropy gives a useful ,:ri,erit for ar:,dyzing and compar­
ing t~csc distributions, since <lS is well i<:1ow:1, il provide:; i: 

measure of the information of any distribt:lion. 
We ddine the information rnst foncl'ion [!7, l8J f:S 

(25) 

and 

(26; 

The ll.rst ftm.dim1 shows how redundant the time scrie5 is. ln 
other 'Nonis, 11. leads us to ~nquire \:\1 bethcr the patterns ~:re 
periodic pnenoraem,. 011 the ether hand, ihe :second ftmction 
i;hows the correlation between oscillating strnc,ures rnrr('.­
sponding lo dfffo:rent scales. In purticular with thL foni;tion 
self,similar proe(!Sses can he d('.u:ct;:;d. 

It has become quite common io ana{yses of expcr!i:nental 
time series with nonlinear systems to make n ;;me delay re­
Gor:;;;rncti<tn oft!:;:: phaS~'. space in which the dynamic cnn be 
obser,:ed. The phase space r,oitrnil ecm be analy:;,cd rnath­
em<"lticaHy to demonstrate th,~ exister:,;c of an ;11:traclcir (the 
r,'.gion or the phase space of lower rlimcnsion where !ht~ sig­
rn;l is confined in it;; fot:rn; ('.voiutimi} and its dimension 
[28)9]. A uscf:..i t way to describe the: dyr:arnic: behavior i:; to 
n:sc Lyapunov ';)Xponent~. These exponents meas1:re the rnte 
a! \•vhicl: nearby point~ on an attrnctm diverge or c•.:mvcrge 
along m:arby trajectories [28,29.1. 'N·:) must emphasize that 
these metric parameters (dimen!;icns, Lyapnnov e.xponcnl', 
e,c.) ,;r(: defmcd only for st<1tionary :,ystcms. ln previou~ 
works, we {:onilrmed, from a nonlirn::ar dynamical analysis of 
epileptic EEG time :;eries [10---12"], the v&iidity of ihc basic 
as~umpt;on that., at the seizure OliS<!t, i transition takes rlace 
in the dyn,irr:ica1 beha·.ior of tile neural network from a com .. 
plex behavior t<; a simpler o:m: [6,8} T!rnt ir1eans !hat, during 
an epileptic seizure the <lirnem:icn nf tl;e allractor and tbe 
brg,:':r Ly;::punov exponent present lowel" YHiues compared 
\,vHh those evalu~tcd at prestir.t1r<~ f1nd post-seizure stages. 
Also the reconstrncred ,;ttrncl<tt· in phase space looks more 
simple and ordered. 

The information c0st ftrnction gives a measure of !he or­
der m: disDnfor of!he sy$t<.::i:n in time, Thus, the [CF is a goGd 
pan.imeter in Grder to d;!tect dynami<:aJ ditngcs in the system 
behavicr, as v1cU as £i fern, of quan:tfYing it f) 7!.t SJ 'The 
a.naly,;is ,>f l.he lCF as a function of the. different frequency 
bands ,md 1irne shows in which band~ th:: system has a ten­
dency to order) or to H less ch~otic behff'lit)r) during ar: epi .. 
!eptic sei:n,re. ln add.ilion, lhe ICF has the following advan-­
:age;; ovex the foilowing paramets:rs: (i) over the entropy, 
hcca;Jse it is capable of detec1ing t;J1nng!:s En (! nonst:ationary 
$)gnai due to the localization chun:ct.eristi<:s of the wavek~t 
,n:nsforn,; (ii) Gver din,,.;nsi,ms :::mi Lyapunov exponents 
(which are only defined for ,;!t.tion;iry behaviors), because 
foe computationi:l time Is significantly lower, since the alg,>­
riihtn ;nvc}ves the use of fast \VaV('! iet transfonns in a rnuhi­
rcf;o!ution framework. 
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TABLE J. .Frcqt1cncy h1;und~rics foi H7.) ,;~~ocimcd with th ..: 
difforcn\ rcsoluti<m wavelet levels ,;crnn!ing wifo sarnplc [i·cqucm;y 
1,·.,= !02.4 Hz. The 1radi1iorwi EiG frequency band5 con-cspom.i t!I 
the fo!lowing frcqucndc$: S ({).5- 3.5 Hz), f! {3.5-7.5 H2.:,: 1x (?.5·-· 
; 2.5 H-~); .B ( 12.S--:;o H.,(); }' (grca1cr ,hrm :rn H,.). 

25.6 

!2.8 

6.4 

.u 
1.6 

0.3 
0.4 

51.2 

25.6 

;2.8 
6.4 

3.2 
l.6 

0.8 

Rcsolu,ion 

... j 

····3 
··· 4 

···c 

···'? 

I) 

8 

0 
;; 
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IV. RESULT AND DJSCUSSlON 

Orthogonal 'Navclet transform wa:, used to anHlyze !he 
8rnlp ;::EG sign.:il cmre;;pom.!ing w a tonic-c!onic. (TC) cpi­
Jepti;; seizure. ln Fig. 1 vie show the signal. The s(~iz.un: sl:lrt, 
a1 second JO with a disd;arge of slow wffves S\1r,erim_rosed 
by fa,,t ones with lower amplitt1dc. The tonic phi:ise starts 
around second 35 wiih in;;reasir1g amplitude , aml the clonic 
phase starts ,irom1d second 50. Tb~ sei;;ure finishes at second 
85. 

EEG spectra! analysis is trnditionaliy performed by study­
ing different freqllency ba.nds, whose b<Hmdarics an:: wd i 
defined but couM have. some small v;iriations ,iccording Ii) 

the ptHticular experiment being i::onsidered [1--3]. Absolute 
and relative ir!!en~ilies of these bands a:re ,malyzed and cor­
rd::itcd ,vi,h d.ifferent paihologies . . In !his work, we chose 
seven frequency bands a:-;sociated v,-itJ-, resolu!ion level~ ap-­
propria!c to the wavelet analysi in the scheme of multire~o­
h,tion propoS(-!il. \Ve deno;ec! the.'e band -resohitiQn kvds by 
Bi {iii= ! , . . . , 7) , r.nd !heir frequency limits, as well as 
their com:spondenn: to trnditional EEG frequency bamis, are 
giv(~n in Table J. 
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F!G. 2. Noisc-frc-: EEG signa!. Same as fig. ! , bu! w11hcu! the 
fo ·, frcqu,:ncic · {B, and B;. bands}. 

Appiying wa·.-det trnnsform, we can filter the :,ignal by 
~ubtrnc1ing 1hr: different bands . Figure 2 shows the smoothed 
time series corresponding 10 the signa! of Fig. l, wltere os­
dl!Htions associated with the frequencies corresponding to 
B I and B2 bands, with wave kt n.:solutioo kvd j"' --- J and 
- 2 ri.spectivdy , were sub,rn.:ied. Fi)r recovering the orig i­
nal sampling rnte, this residual smGoih;;d signa! ,,v;is interpo­
lated with cubic ,;plines. Owing to the fact that one of the 
goa ls of this work is to analyze middle and !ow ficqucncy 
br::1. in activity dttring an cpj ieptic ~eizure1 \Ve eii n1inated B] 
and B, bands, both con!Hining high fn,qm:ncy ,irtifacL, lhal 
obscure t.he BEG. l-,lthm1gh high frequency brnin activi ,y 
will also be eliminated, it i w:::il ,.ccepted ;hm the compo­
;1en!s :ire not important in the study of an epileptic seizure 
[14,19,20.]. 

We chose the frcqueni..:_' bands B, and B4 for performing 
an a.m;lysis wi!h wavelet,; packets , ,1 was tkscribed io Sec. 
IH . \Ve selected these frequency bands bec;iuse 1hey earry 
the brain activity th;it is traditionally analyzed during an epi­
leptic sc:inm:. The 8e ,ies of C;(k) for i"' ··- 3 wm; s;:;gm(.'.1Jted 
w·ilh ll sliding windows of l;:,, 32 sa;~pies correspoI~ding !o 

F!G . 3 . Rc! :;v,mt w~vc packet 
intcnslti'..:5 for th(; fr~qu-:;!lCy band 
H 1 f:orresponding to tl·h~ EEG .siga 
na! ,lispiayul ifi fig . 1. ThL wave 
pach·,s arc centered al !f;r; follow­
ing fr<:qu,~?1CiGS: (a) 7.2 f!z, (b) 7.6 
Hz, (c) 8.0 l-12= {dt a.~~ Hz~ (~) Y2, 
H::-:, and (0 10-l~ l-i?.. 
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time intervHls of .At"" ?..5 s. Discre1e set,; (lf i + ii?. difft:rent 
frequencies benveen 6.4 r.m6 12 .8 Hz, with in!ervHl:, of (},4 

}fa, wc:re obtained. 
F1gun: 3 shows wave pm.:kcL,; of rdev,mt amp!1t,1des. 

They an. centered at the freqU<:ncies (;;) 7.2, (b) 7 .6, (c) 8.0, 
(d) 8.4, (e) 9.2, an<l (f) l 0.8 Hz. An important peak at ~econd 
35 can be identified in agreement ·Nith the timing of the 
tonic phase orthe seizure, a,; was established by il1r~ physi -
cian learn. ft um be obsen,ed, mainly in the wave packet~ 
(b.l, (c), e11d (d), which means tbt its frequency structure can 
be decomposed mo~tly in these ranges. At 50 another peak 
indicntes the starting of tbe donic phase. {l invoh-es wave 
packc!s (d). {e}, and (f). \.Ve can observe th:it the higher 
amplitudes in this band correspond to frequencies around iO 
Hz, in agrN~m,~nt with previou · works [14, 19,20]. 

The same analysis for the B,, b,iml was achieved u:ing i 
16 samples corresponding to time intervii!s of l'!.t=2.5 s 

and di screte set~ of freqiiencics between 3.2 ::1nd 6."l Hz wi!h 
lnterv~1L~ of 0.4 I-Iz. t-.fote that the j = - 4 !evel has ha!f tbt) 
dispet .'ion ii; fn,quency compared with th•; j = ··· 3 level ( ~ee 
Tnble I), arnl for this reason we used a windm.v of 16 ,;mr,pk:s 
in order to obtain the same definition. These p:ickets have a 
dispt'. t'Sion of :t 0 .2 Hz. Figure 4 ,;hows the amplitudes of 
wave pachts centered ir: (a; 3.2, (b) 3.6, {c) 4.0, {d) 4.4 , (e:) 
4 .8, (O 5.2, {g) 5.6, (h) G, and (iJ 6.4 Hz. The amplitude~ of 
the ,:orr;:!;ponding w;wc packr;L show ~l J)(::ak around second 
70, mainly in frequer:.:ies (b) ind (c). This peal,: corresponds 
to a i;ignificent change in the morphology of 1he signal to­
,,;1,1rd the end of the clonic ptmsc nf 1hc seizure. This fact is in 
ilgreement with !he low frequencies ob,;;:rved at the end of 
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12 t 
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F!G. 4 . Wave p,ickct imcnsi-· 
tics for !ti<: frequency band B,. 
concspor1<.1ing to th1: EEG sign,11 
displ;iycd in Fifi - I. The WEYC 

p:;dicts arc ccnlcn.:d at the follow ­
ing fr,,qucncir:s: {?.) 3.2 Hz, (b) 3.li 
Hz. {,,) 4,0 .Hz, (rJ) 4.4 .Hz, (c) 4 .8 
Hz, and (() 5.2 H7., (g) 5.6 Hz, (h) 
6.0 Hz, ,md (i) 6.-1 Hz. 

the se:wre, ann aiso mentioned in previous works 
f. i 4. l 9,2D]. 

The normalized energy as a function of time for the fre­
q1Jency hanch B, ··· B -1 is shown in Fig. 5. A.n increase: of !ht: 
energy can be ob~crvcd at lllc snift of the seizure (l O s), and 
at the beginning of the Ionic phase (35 s}, and largest in­
nease apprnr;; around s:::cond 50 with !he start of tile clonic 
s!age. The )argesl increase (lf energy corresponds 1.o the high 
freqt1eneie:-; concentrated in the B I and B 2 bands. The energy 

:: ;) f" ......... , .... , ""'"'T"'"'" . .... , .... , .. .. ,;,"·, " 'T ... ,. .. , .............. , ... ~ .. . 

• l ~ ~ 
i }. { i.· ; \ A :t 

) I ~..._ j l" 

r f . ~1 :t,'< l 
~ ~ -:) t f/\ f ~!. t, 

;/ f 
t, ,,,. ~ .1 

~\ ~ 1· 
'). ;! ·r ~ -. - -. ,: ·· ·:.:. .. x .. 

[; ... , ; .. -~\·\.,., j 
!I \>;__/\_t\ \ j 

0 0 ____ .,,-;:;;. ...._,,..,·;:-;;.~'.:::~~>l .. · :.' .. / ·-.-/ . -~.t~.~\ , .... . ,, 11 

.. . ...... . ~ .. .... ... . · .. ...... . · ........ ·t. ......... · . .. ....... ' ~ . 

,:, !O 20 3-:l ,;o !:-0 60 70 80 ()() !DC: 

FH .... 5. En:..~rg_v fif.T bm1d 1-:orff:~lized ,o tht~ total energy t":-c.)frt9:­

,pun,fo1g w th;; EEG signal disµh1ycd in Fig. 1 , as a fonction. of 
;:,fa~. 8; biinct (tripk doHbshcd 1irn;), B2 hm~d (long dashed line), 
8 3 b::rnd (sHli.-J lin:,), B4 knd (dotted !inc;, !1 0 hand {doHia~hcd 
line), <1nd B r, band {shnn: ,h hcd line). The 8 1 har;d is not disphyed 
bccm,sc its values arc i!most z•~ro for the cnnsidercd mtcrva!. 
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FlG. 6. Rdatwi: frcqucnl'Y bm;d ,;m,rgy respect ro rhc iota! en­
ergy, wi!ho,1! the eontribuliori of 13, 3nrl 8 1 bnnds. ih band (;;c;lid 
line), 8,1 ban.-J (dotted Enc), B, barid (dot -dashed line), 8 6 band 
(shorHh,h1:d line), and !J-1 baml (tripli:-dot-dashccl line.,). 

of !he B 1 bao<l pn:sents increasing values starling around 
seconds 35 and 50, in :igreemcot ,,vith the lx:girming of the 
tonic and cior,ic phases, rcspcctivdy. The energy of !he !3 4 

b,md _p,c$rnt$ an increase in its values around second 65 
{doriic phise) . A! this time a morphological cbangc can be 
ob:<ervcd i11 the signal (see Fig . l) . The energy in the other 
fn:quem:y bands is low except in B 5 , which presents an in­
crement ;it ,he end of ,he seizure. ln Fig. 6 we show the 
relative energy distribution among the freqllency hands 
B ,. ---B 7, 'Nhere the rnntriblltior1 of !he frcqucr,cy b,md B 1 

and B2 were removed from lhe total energy . We can observe 
in this figure that during an epileptic tonic-<:'-lonic seizure the 
dominant brain activity i$ concentrated in the B 3 ar,d B4 

bf.mds. 
fo summary, the above analysis show:; 1ha1 1he energy is 

accumulatt:d mainly in the fa:sl frequencies during the !onic 
pbse, and, when the sei:wre is er.ding, 1fa: slow and medium 
frequencies are the ones tha; become more rnlevanl in the 
o!ht:r stages. In c.onclusion, wavelet packets aEow an identi­
f\rntio.n of the dominant frequencies in each phaRe of the 
5eizure, us well HS ;i determillatioo of the s!arting of each 
phase. 

fo Fig. 'l we display the total information cost fonction, 
and the fCF withont 1he c:ontributiom; of frequency bands B 1 

and 8 2 , as a fonction of time. It is interesting to no1e that 
1here is a n;rnarkablc decrease uf the value:, al around second 
35, conesporiding ;o 1he beginning of the: tonic phase, and 
then an increJse around second 70, when 1he ::ionic phase of 
the ,;ei:wre reaches its end. The observed decreasing values 
in the total !CF during the seizilre rnuld be associated with a 
more rhythmic behavior induced by 1he musde activity, but, 
!rnJking at the ICF wilhout this kind of activity (B 1 and B1 

bands), we confirmed th.it the medium and low frequencies 
are also responsible for !he .'ignal order. This result cmifimn 
Hi.it the brnin dynamic.al behavior during an epi!eplic seizme 
i~ more ordered 1l:mn the presci,:ure and post-seiwre slages. 

V. CONCLUS IONS 

V/ith wavckt transform and derived methods, it is pos­
sible to clean an EEG signal in ,mkr Ii} obtain dynamic.al 

0.4 · 

o.::, 

l 
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~) !0 .:?0 :}0 ~~Ci ~0 fW ~\: - ;..](~ HD !C~ 

Pl.G. 7. !r;forrnaii,m cost function lCF (Shnmon entropy) for the 
signa! ui,p!aycd in fig. i. Th,'. wlirl line represents the to!ai !Cf', 
;md the <Jutted !inc is the same without the contribution of B I and 
H 1 IJ3nrls. 

parameters and lriddt:n frequency inforrrnHion. These noisy 
EEG signals are t1sually neg!ected by phy1-;icians. 

The analysis carried out in a !onic-c.lonic epi!eptic seizme 
using wavelet transfo;m and wave packets has ~hewn thal, 
dnr-i.ng an epilentic sciwre, the relevant brain activitv me­
sents frcquenci~s ,iround l U Hz, and when the ,;eizure' n;ars 
completely the brain activity become slower, with frequen­
cies around 4 Hz. High frequency muscle activity obscures 
the signaL These high freqllencies arc the ones that accumu­
bte energy during !he tonic ph,ise of the !;eimre. 

The peaks observed while performing wave pucket analy­
ses in /1 3 and !J 4 bands esrnblisl1 with accurate precision the 
starting und the ending of the different phases of the TC 
,c1;;urc. They also mark changes in the signal morphology 
that rnuid be eorrdated 'Nith th,e clinical symptomatology. 
The analysis of the torn) energy, relative cm:rgy, and ICF as 
functions of time shed light on the dynamirnl process or 
tendency to order during foe seizure. These change.s only can 
be nctually ob~erved through the video-EEG. 

Several numerica! methods were deve!oped for dcscrib1ng 
the EEG sigirnl in the !im-e-fr-equcney <lomain. Orthognm;l 
wavelet lransfon-n appears to be very cor.vcnienl, due to its 
capability for separating different freqnem.:y bands without 
modifying the remanent ones . lt is specirl!ly straightforward 
for analyzing brain activity information. Moreover, ,his 
method i~ suitable for studying the energy accumulation and 
its exdmnge among the different frequency bands .it different 
stages of the. s-eiznre. The dynamic of the seizure can also be 
acce;;sed by performing an analysis based on the information 
cost fonction, showing ai v,1.hich stage and in which fre­
quency band a less chaotic behavior is involved. 
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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). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith . 

D 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 /Marlo Schepper Grolnic/ Date (YYYY-MM-DD) 2015-01-08 

Name/Print Marlo Schepper Grolnic Registration Number 57194 
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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 record s. 

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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ARTEFACT REDUCTION IN PHOTOPLETHYSMOGRAPHY 

The present invention concerns the reduction of artefact m 

photoplethysmography, m particular the reduction of movement artefact. It is 

5 particularly significant in the context of remote (i.e. non-contact) 

photoplethysmography and pulse oximetry. 

Photoplethysmography (PPG) is a well known technique for monitoring non­

invasively variations in the light absorption by a component being monitored (e.g. 

oxygen in the blood stream). The major application for PPG at the present time is in 

10 pulse oximetry, used for non-invasive oxygen saturation measurement. The majority of 

pulse oximeters utilise PPG signals obtained by light transmission through tissue, rather 

than by reflection. The measurement of arterial oxygen saturation is made by obtaining 

and quantitatively comparing at least two PPG signals at different optical wavelengths 

(usually visible red and infra-red) from which an indication of blood colour (and hence 

15 oxygenation) is made. The technique requires the measurement of arterial pulsations, 

since these are used in a calibration process. Corruption of the PPG signal arises from 

inadvertent measurement of ambient light (ambient artefact) and from volunt<U')' and 

involuntary subject movement (movement artefact). 

Ambient artefact can, in theory, be removed in the recovery of 

20 photoplethysmographic signals, provided that the instrumentation correctly subtracts 

the ambient signal and that appropriate sensor packaging is utilised. Recent clinical 

publications however suggest that ambient light is a problem in practical systems, 

mainly due to the severity of artefact experienced in the operating theatre. It is not 

uncommon practice for clinicians to cover the finger and pulse oximeter with a black 

25 bag to eliminate problems caused by particularly strong ambient lighting. 

Movement artefact is by far the most important problem with current 

technology. An ability to significantly reduce or even remove the effect of such 

artefact would be of great importance in patient monitoring, particularly in the case of 

patients who have been difficult to monitor in the past. Movement artefact is 

30 manifested by mechanical forces giving rise to changes in: 

1. probe coupling 

2. physiology 

- 1 -
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3. optical properties of tissue due to geometric realigrunent 

4. combinations of the above. 

All PPG systems respond to changes in venous blood volume as well as arterial 

blood volume changes, indeed this is used clinically in the study of venous 

insufficiency, for example. However changes in venous blood volume may be caused 

variously by: 

1. 

2. 

physiology (e.g. exercise or temperature) 

gravity (e.g. raising limb or bending down) 

3. pressure (e.g. pressure on the probe or pressure on the body) 

4 . other mechanical forces (e.g. stress, strain) 

As long as these changes take place on time scales greater than a few heart 

cycles, the conventional implementation of pulse oximetry will (in theory) be 

unaffected, as the method is insensitive to quasi-static changes in the non-pulsatile 

tissue characteristics. PPG studies in contexts other than oximetry relate to both arterial 

15 and venous blood changes, and there is therefore a clear distinction to be drawn 

between the nature of artefact in the conte>..1: of pulse oxirnetry (i.e. all dynamic 

components which do not originate from the arterial blood pulsations) and that of PPG 

(i.e. all dynamic components which do not originate from changes in blood volume). 

If the consequences of a typical mechanical movement which might give rise to 

20 severe artefact are considered, such as a subject attached to a finger clip raising their 

arm to take hold of an object, then it is likely that all the above mentioned types of 

artefact will be generated. The physical contact of the probe to the skin is a major 

factor in generating secondary artefacts. In taking note of these effects, pulse oximeter 

designers have made more significant progress in improving the mechanical design of 

25 finger clips, ear clips and more recently semi-disposable adhesive probes. This 

progress has proceeded in parallel with other efforts to eliminate the undesirable effects 

of artefact, most notably by signal processing methods. 

30 

There have been a number of attempts at tackling the problem of artefact in the 

context of pulse oximetry, for example: 

1. Correlation cancellation (for example, as described m International 

Patent Application WO 96/12435) 
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2. Feature-based recognition of corrupt pulses (for example, as described in 

International Patent Application WO 94/22360) 

3. Cancellation via control of light source (for example, as described m 

International Patent Application WO 94/03102) 

4. Inversion of non-linear artefact model (for example, as described m 

International Patent Application WO 97 /0004 J) 

5. Identifying periods of artefact and subsequently suppressing the 

oximeter output- see US-A-4,714,341. 

Both 1 and 3 ideally use an independent measurement of artefact supplied by 

IO another transducer ( e.g. piezo or optical) . Both l and 3 assume that artefact is a linear 

addition to the pulsatile signal. Basic observation of the PPG signal under typical 

artefact-producing conditions casts doubt on this hypothesis. 2 provides a method of 

output suppression in the presence of artefact, established by a simple feature 

recognition analysis. However this approach is not a solution to artefact equalisation. 

15 In 4, the processing of the PPG signals is carried out following digital 

conversion. There is no attempt to eliminate the motion signal in any way, by 

measuring the motion signal, cancelling it by feedback, or mathematical manipulation. 

Rather the digital processing uses assumptions based on characteristics of the motion 

signal. 4 assumes a non-linear (multiplicative) model for the motion artefact and a 

20 Beer-Lambert law for the light transmission through tissue. The artefact becomes 

additive following a logarithmic transformation of the PPG signals, an expression for 

the oxygen saturation is derived by means of a linear solution of the three equations 

derived from observations of PPG signals at three source wavelengths. The calculation 

of oxygen saturation is unnecessarily complex, and any practical implementation would 

25 require an unnecessarily complex calibration involving the determination of at least six 

coefficients (page 11 of the published patent application). 

In 5, US-A-4,714,341, periods of artefact, are identified and the oximeter output 

is subsequently suppressed, rather than remaining the artefact from the PPG signals. A 

third light source with a different wavelength is included, so that the oxygen saturation 

30 may be calculated simultaneously with the red and third wavelength, and the infrared 

and third wavelength. Assuming that artefact affects the signals in a similar manner, 

... - ~ -
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the two values for the calculated saturation will be different during periods of artefact 

and the result can be disregarded. 

The present invention seeks to approach the problem of artefact from a new 

direction based on observations made by the inventors of the nature of typical artefact 

5 and on a physical model for the light/tissue interaction in the presence of artefact. A 

key e lement of the model is the optical receiver, which has a non-linear response 

characteristic. This property of the receiver is important in providing calibration of the 

signals and leads to a very effective method for artefact equalisation. The method may 

be implemented by analogue electronics and is suitable for electronic miniaturisation. 

10 

15 

20 

25 

In the present invention, the optical receiver is modelled, employing the 

following assumptions: 

1. The received light has additive components due to direct coupling with the 

light source, coupling through non-pulsatile tissue and pulsatile tissue. 

2. The light travelling through non-pulsatile tissue and pulsatile tissue 1s 

modulated by movement artefact and this artefact is represented by a 

multiplicative coefficient. 

3. The light receiver provides a logarithmic response, either in the light 

receiving diode itself, or in a subsequent logarithmic amplifier, and two 

such light signals at different wavelengths are subtracted from one another. 

This it will be shown provides a large DC signal which is of no interest and 

can be filtered out and a smaller AC component which represents the light 

signal component due to pulsatile tissue, but with the motion artefact 

removed. 

4. The AC component signal representing light through pulsatile tissue may 

then be digitised and subjected to DSP operations in order to derive values 

representing oxygen saturation. 

Accordingly, in a first aspect the present invention provides a method of 

monitoring living tissue comprising the steps of emitting electromagnetic radiation at 

said tissue at at least first and second different wavelengths. receiving the radiation at 

30 the different wavelengths after it has been transmitted through or reflected within said 

tissue, providing at least first and second signals which are a logarithmic measure of the 

received first and second radiation wavelengths and subtracting the second signal from 

-4-
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the first signal , removing a DC component of the result of the subtraction and providing 

an AC component to digital sampling means, and processing the digital samples in 

order to provide a desired value representing a property of the tissue. 

In a preferred application of the invention to pulse oximetry a third wavelength 

5 of electromagnetic radiation is employed and the second wavelength signal is 

subtracted from a logarithmic form of the signal produced in response to the third 

wavelength in order to provide a further AC component resulting from this subtraction 

which is applied to the digital sampling needs, thereby oxygen saturation may be 

calculated. 

10 In a further aspect, there is provided apparatus for measuring or monitoring 

living tissue, comprising means for irradiating tissue with electromagnetic radiation at 

at least first and second different wavelengths, means for receiving the radiation at the 

different wavelengths after it has been transmitted through or reflected within said 

tissue for providing respective first and second wavelength signals which are a 

15 logarithmic measure of the received radiation signals, means for subtracting the second 

wavelength signal from the first wavelength signal, means for removing a DC 

component from the output of the subtracting means, digital sampling means for 

digitising said AC component, and processing means for processing the digital samples 

in order to derive a value representing a property of said tissue. 

20 In a still further aspect, there is provided apparatus for measuring or monitoring 

living tissue, comprising means for irradiating tissue with electromagnetic radiation at 

at least first and second different wavelengths, means for receiving the radiation at the 

different wavelengths after it has been transmitted through or reflected within said 

tissue, logarithmic amplifier means coupled to the receiving means for providing 

25 respective first and second wavelength signals which are a logarithmic measure of the 

received radiation signals, means for subtracting the second wavelength signal from the 

first wavelength signal, means for removing a DC component from the output of the 

subtracting means, and processing means for processing the digjtal samples in order to 

derive a value representing a property of said tissue. 

30 In accordance with the invention, motion artefact can be completely or at least 

very substantially eliminated prior to any digital processing of the signal in order to 

derive desired characteristics. 

- 5 -
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A particular advantage of the invention anses m that smce it is possible 

dramatically to remove motion artefact, the invention may be applied in situations 

where the light emitting means is not directly coupled to the living tissue by means of a 

clip or other attachment means, as in the prior art. In the prior art it was necessary to 

5 couple the light source or other radiation emitting means to a subject in order to reduce 

as far as possible motion artefact. However in the present invention, in appropriate 

circumstances, the light source and Light receiving means may be mounted in a fixed 

installation with the patient or living tissue disposed adjacent for receiving radiation but 

not mechanicaUy coupled to the installation. This introduces an important 

10 simplification in that it is not necessary to employ carefully designed clip-type 

arrangements, and permits use where contact probes fail, such as foetal monitoring, 

abulatory studies, neonatal monitoring and patient trauma conditions. 

Whilst many light receiving diodes have logarithmic responses and will 

therefore naturally provide an output signal providing a logarithmic measure of input 

15 radiation, since such logarithmic responses are not strictly accurate in many cases, it is 

preferred to provide a light responsive diode with a linear response, and subsequently to 

provide a logarithmic amplifier which provides an accurate logarithmic measure of the 

input radiation. Naturally, a separate logarithmic amplifier will be provided in the 

respective channel for each wavelength signal. 

20 In a further aspect, the present invention provides apparatus for measuring or 

monitoring living tissue comprising emitting means for emitting electromagnetic 

radiation, means for receiving said radiation at the different wavelengths after it has 

been transmitted through or reflected within said tissue, the emitting means and 

receiving means being fixedly mounted with respect to one another, but there be no 

25 means provided for attaching the emitting means or receiving means to living tissue, 

the receiving means being arranged to provide at least first and second signals 

representing logarithmic measures of the received wavelength signals, and means for 

removing motion artefact from said signals and digital sampling means for sampling 

the motion artefact's removed signals, and means for processing the digital samples. 

30 In one embodiment the optical measuring device is a photoplethysmograph. 

The device may be a pulse oximeter and include means for displaying the oxygen 

saturation of the patient's blood. 

-6-
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In this embodiment use may be made of the derived independence of an 

equalised pulsatile PPG signal from the tissue characteristics at the wavelength of the 

second (subtracted) signal. One of three optical wavelengths may be chosen as a 

control signal , such that there is a high contrast between the tissue characteristics at the 

5 signal and control wavelengths. 

Brief Description of the Drawings 

A preferred embodiment of the invention will now be described with reference 

10 to the accompanying drawings, on which:-

Figure 1 is a schematic block diagram of a known arrangement for reducing 

motion artefact; 

Figure 2 ts a schematic block diagram of the preferred embodiment of the 

invention; and 

15 Figure 3 and 4 are wavefonns for explaining the application of the present 

invention. 

Description of the Preferred Embodiment 

20 The invention uses a general physical model (a more general model than applied 

in, say, the disclosure of WO 97/00041), which incorporates a means of ordering the 

dynamic components of the received signals with respect to both physiological and 

non-physiological dynamics. The ordering of dynamics implies a system which can 

derive the arterial oxygen saturation without the need to consider the static portions of 

25 the received signals, needing only the pulsatile components. In addition, this 

calculation is also independent of any tissue characteristics, both dynamic and static, at 

the control wavelength. Moreover, the oxygen saturation calculation contains only one 

unknown, which has a physical origin which can be bounded and estimated. 

\Ve examine the case when a number of light sources can be used in conjunction 

30 with a single receiver to generate one or more photoplethysmographic (PPG) signals. 

A PiN diode receiver is used, having a logaritlunic response lo the received light level. 

Although this non-linear response can lead to complexity in certain aspects of 
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measurement, however, it limits saturation and will therefore ultimately allow a greater 

degree of equalisation to be performed than with a linear receiver. A given PPG signal 

generated by the receiver may be described by 

v (1, A) = v O l n l1 + i ,,,, ( t , A) Z J (1) 

where the photocurrent ip;, is wavelength dependent through the diode responsivity, Z is 

a constant characteristic of the receiver, and v0 includes any gain being applied. Both Z 

and v0 should only be affected significantly by temperature. The photocurrent is 

10 linearly proportional to Jight intensity 1 at the receiver, which is modulated by 

pulsations and artefact as well as source characteristics and spatially dependent tissue 

characteristics. The received light intensity is modelled by 

15 
1 (t , ;i,) = ti I 1 (t )[a 1 (t) + /3 J (,, ;i,) + y 1 (t , ;i,)] 

(2) 

20 where the coupling coefficients depend on all the geometric, temporal and spectral 

properties of the source/receiver positioning, artefact, tissue dynamics and tissue optical 

properties. The coefficients a are interpreted as direct coupling between source and 

receiver and those labelled /3, y correspond to light coupled via non-pulsatile and 

pulsatile tissue respectively. In many instruments the active light sources emit fixed 

25 power levels but here for the sake of generality they are allowed to vary. The ambient 

light is assumed to have been eliminated by an electronic multiplexing technique. 

Oximeters tends to use two or three (n=2,3) light sources and it may be assumed that, in 

the case of transmission mode, no light will be directly coupled to the receiver. 

The nature of the coupling coefficients is now examined more closely. The 

30 values of a could also in principle depend on movement artefact, but only in the case of 

inappropriate sensor design. The values of /3 depend on tissue optical characteristics 

and movement artefact and include all effects not attributable to pulsatile signals. The 
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coupling of pulsatile signals modulated by movement artefact is represented by the y 

coefficients which will normally be much smaller than the corresponding values of /J. 
With these observations in mind we now make the following simplifying assumptions 

a 1 = canst (3) 

/J · (t) = /J · (1 + b I (t )) [1 + m(f )] 
.I .I . 

(4) 

r}t)= r)1 +m(t)]p/t) (5) 

enabling equation (2) to be written in the form 

(6) 

The assumption (3) is valid for probes in which the Optoelectronics have fixed relative 

positions or in which there is no direct coupling of light. Clearly this applies to the 

majority of conventional probes when operated normally. Equation (4) distinguishes 

20 movement artefact (m(t)) due to changes in probe coupling from artefact arising due to 

changes in non-pulsatile blood volume (b(t)). The constant of proportionality is free to 

change between given sources. This assumption is supported by om practical 

experience. Assumption (5) is justified by criteria similar to those for assumption (4) 

with the addition of independence between the pulsation dynamics and the movement 

25 artefact dynamics. 

It is worth noting the ideal limit of negligible artefact, namely 

(7) 

30 for a constant light source, labelled by j, and receiver responsivity Rj. equation (7) can 

be approximated to first order in the size of the pulsatile signal as 

(8) 

- 9 -



Petitioner Ex-1004, 0329Petitioner Ex-1004, 0329

WO 99/32030 PCT /GB98/03757 

and it may be noted that the measured pulsatile component of the signal is linearised 

and independent of the light source intensity. 

Model Analysis 

5 

There are a number of distinct elements of this model which can dominate the 

final signal and it will be important to analyse the detailed ordering of terms. Taking 

the case when the direct coupling of light is negligible, which should be a very good 

approximation for all transmission mode devices and suitably constructed reflection 

10 mode devices, and then using (1) and (6). 

(9) 

15 By further neglecting dark current compared with all the other sources of current we 

then obtain 

) ( ) ( ( )) ( ( ) r ;(,~.) p /1 )J 
V j (t,A. = v,, ln R.11,;Z/J.i + Vo ln 1 +mt + Vu In 1 + b; t + · P.,(,i) (10) 

20 It is interesting to observe that the assumptions (3) to (5) lead to a separation of probe 

coupling artefact into a single term not dependant on the light source, suggesting that 

its removal is trivial. It is important to realise that this degree of separation of 

movement aitefact is only achieved because of the non-linear nature of the receiver. 

25 Probe Coupling Artefact Equalisation 

The distinctive nature of the present approach is that the effect of movement 

artefact has been modelled as a linear factor modulating the coupling coefficients of 

static and pulsatile tissue. This factor is assumed to scale with the unmodulated 

30 coupling coefficients but its functionality is unchanged. This assumption may be 

inaccw-ate for certain types of movement artefact (e.g. extreme degrees of movement), 

especially those which produce differential path length changes between sources and 
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receiver, mainly due to skewing of the probe geometry. Nevertheless the ensuant 

simplicity afforded justifies an investigation of this approximation. It is also worth 

noting that the approximation is more general than assuming additive signal artefact, an 

assumption which has received very serious attention (for example in WO 96/12435). 

Removal of coupling artefact can be achieved by generating two independent 

measures of equation (10) and performing a subsequent subtraction, whence 

(11) 

Equation (11) indicates that an approach to equalisation based on the use of two 

light somces of contrasting tissue coupling characteristics will provide the most 

15 effective isolation of the pulsatile signal. Since oxy-. deoxy-haemoglobin and melanin 

are strong absorbers of blue light, significant contrast will be obtained between red (or 

infra-red) light and blue light. ln that case, a linearisation of equation ( 11) yields 

20 

25 

•q ( A. b-0)- 1 ( RJ!JfJ/-1.)J r /.:i)p/t) 
Vjk l, , - - Vo n /3 (l) +v" /3 (.:i) 

Rkh k _; 

(12) 

where j labels the red (or infra-red) light and k labels the blue light. It is to be noted 

that the pulsatile component of the equalised signal is entirely independent of the blue 

light. 
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Consequences for Oximetry 

The introduction of non-linearity at the front end amplifier has allowed us to 

develop a me"lhod for artefact equalisation but some rescaling of the pulsatile signals 

5 has been performed. It is now useful to explore the consequences on the determination 

of saturated oxygen. The Beer-Lambert formulation is usually used as a basis for the 

theoretical understanding of pulse oximetry and also benefits from simplicity. We use 

it here, mainly for the latter reason. The Beer-Lambert law couples path length r and 

effective absorbance µ,ff together in a single definition of optical density, so that the 

10 total signal may be written as 

15 

20 

(13) 

where s0 is a constant for given tissue type and probe placement. The effective 

absorbence may be interpreted as the combined effects of absorption and scatte1ing. 

We now make an assumption on the separation of optical path into a small pulsatile 

part and a larger non-pulsatile dependent part 

µ r -µ d(t)+µ (r-d) cf/ - /,/mu/ II.um: 
(14) 

where (r-d) may still be dynamic, due for example to venous blood movement. 

25 The dynamic part of the equalised signal, from equation (12), together with (13) and 

(14) can be expressed as 

30 

. - - . (2) r(2 ) d(t) 
VA(. - VoSaµ/,Joml ,8(2 ) (15) 

and changes in this component are found to be only dependent on the path 

through pulsatile issue. In the usual oximetry formulation we employ the wavelength 

dependency of µt,/outl to obtain 
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where 

(17) 

from which the oxygen saturation is found to be 

(T O _ C HbO, 
..:,Q 2 -

c N,,+ CHho , 

(18) 

Equation (18) differs from the conventional pulse oximetry formulation only by 

the factor T 12 which is a ratio of ratios and should be independent of any geometric 

coupling condition or individual tissue type . The difference in implementation between 

I 5 this fommlation and conventional oximetry is that only the pulsatile signal is required 

for analysis (equation (16)). 

20 

To clearly illustrate the invention, Figures I and 2 show diagrammatic block 

diagrams of, respectively, a pulse oximeter device of the prior art and a device 

according to the invention. 

In Figure 1 an optical receiver 2 receives two light signals at different 

wavelengths ( e.g. red visible and infrared). A demultiplexer 4 separates the two signals 

into two channels 6, 8 and passes them through pre-amplifiers 10. Each signal is 

passed through a parallel low-pass filter 12 and a high-pass/band-pass filter 14 in order 

to separate the de and the ac components. Each component signal is then passed 

25 through a separate gain control 16, 17 since the de and ac components are of very 

different orders of magnitude, before being multiplexed at 18 and passed into the DSP 

or microcontroller system 19 in which the comparisons can be made to produce an 

oxygen saturation measurement (Sa02). Conventional devices may incorporate 

30 

artefact reduction into the signal processing at this stage. 

In Figure 2, three signals are fed instead into logarithmic amplifiers as shown 

and the difference signals between each of the outputs of the logarithmic amplifiers and 

- 13 -
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the control amplifier feed into a gain control. Note that in this design it is only 

necessary to sample the AC (pulsatile) signal components, since the static components 

play no part in the oxygen saturation calibration. This not only simplifies the 

electronics (note that only two channels are multiplexed to the microprocessor) but also 

5 reduces the complexity of the control algorithm. 

Referring to Figure 2 in more detail, a light source 20 is fixedly mounted with 

an optical receiver 22 in a suitable mechanical installation, indicated as at 24. Living 

tissue schematic shown as at 26 is disposed between the light source and optical 

receiver 22, but is not mechanically affixed thereto. The light source emits three 

10 different wavelengths, normally red, infrared and a control source (e.g. blue) and the 

optical receiver has three separate light responsive diodes each responsive to their 

respective wavelength. The response of each diode is strictly linear in that a voltage or 

current output signal is provided which is linearly related to the intensity of radiation 

thereon. The output signals from the diodes are output on a single channel to a 

15 demultiplexer 28 which separates the three wavelength signals into respective channels 

30, 32, 34. Each channel has a preamplifier 36 followed by a logarithmic amplifier 38 

in order to give a logarithmic version of the signal. The signal in channel 32, 

representing the blue signal is used as a control channel and is subtracted from the 

infrared signal in channel 30 in a subtracter 40, and is subtracted from the red signal in 

20 34 and subtractor 42. The outputs of the two subtractors are signals which represent 

equations (1 l) and (12), referred to previously. The outputs of the subtracters 40, 42 

are applied to respective gain control units 44, 46, which gain controls units inherently 

remove de components in the signal, i.e. the de component represented in equation 

(12). Alternatively a high pass filter may be employed, with a cut off frequency of 

25 about 0.5 Hertz in order to remove the de component. The outputs of the gain control 

unit are applied to a multiplexor 48, the output of the multiplexer being fed to an 

analogue to digital converter 50 which provides digital samples of the ac components 

which will be digital samples of the light passing through pulsatile tissue with motion 

artefact removed as in equation (12), to a digital system 52 for carrying out a required 

30 manipulations as set out above. 

Artefact reduction may be incorporated into the DSP system, but the simple 

front-end analogue electronic arrangement automatically provides a signal 

- 14 -
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representative of the difference between the logarithms of the received signals, and 

therefore allows for compensation of the multiplicative element of the artefact. ln 

addition, the logarithmic amplifiers handle the extremely wide dynamic range of the 

received signals without saturating. 

It is to be noted that in the system of Figure I it is impossible to recover the 

multiplicative element of the signal since the ac and de components have been 

separated by the time the signal is processed. 

Implementation and testing 

10 

Artefact minimisation can be shown with the use of the simultaneous removal 

of ambient artefact and probe coupling motion artefact . Figures 3 illustrates a trace 

obtained without employing the artefact reduction of the present invention, and 

including a period of severe artefact. Figure 4 shows the same situation, but employing 

15 the artefact reduction of the invention: the artefact has been completely removed. 

Because the present approach provides a good solution to the problem of probe 

coupling artefact, it allows the consideration of remote PPG and therefore remote pulse 

oximetry. Since a significant fraction of other artefact is actually induced by 

mechanical forces being coupled to the subject via the physical contact of the probe 

20 (secondary artefact) these will all be removed in a remote system. Furthermore the 

solution to probe coupling artefact wiU also reduce (but not remove) primary artefact 

caused by venous blood motions and any residual ambient artefact. 

A further attractive property of this method is that the requisite technology is 

simple. It may be implemented by purely analogue electronics if necessary, and it is a 

25 strong candidate for miniaturisation. 

Although the present invention has been described and illustrated purely in the 

context of optical measuring and monitoring devices, it is believed that it might also be 

implemented in alternative systems such as in the area of ultrasound devices where 

movement artefact can cause problems. 

- 15 -
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CLAIMS 

1. A method of monitoring living tissue comprising the steps of emitting 

5 electromagnetic radiation at said tissue at at least first and second different 

wavelengths, receiving the radiation at the different wavelengths after it has been 

transmitted through or reflected within said tissue, providing at least first and second 

signals which are a logarithmic measure of the received first and second radiation 

wavelengths and subtracting the second signal from the first signal, removing a DC 

10 component of the result of the subtraction and providing an AC component to digital 

sampling means, and processing the digital samples in order to provide a desired value 

representing a property of the tissue. 

2. A method according to claim 1, including providing a third signal which is a 

15 logaritlunic measure of a third radiation wavelength, subtracting the second signal from 

the third signal, removing a DC component of the result of the subtraction and 

providing an AC component to digital sampling means, and processing the digital 

samples in order to provide a desired value representing oxygen saturation of the tissue. 

20 3. Apparatus for measuring or monitoring living tissue, comprising means 

for irradiating tissue with electromagnetic radiation at at least first and second different 

wavelengths, means for receiving the radiation at the different wavelengths after it has 

been transmitted through or reflected within said tissue for providing respective first 

and second wavelength signals which are a logarithmic measure of the received 

25 radiation signals, means for subtracting the second wavelength signal from the first 

wavelength signal, means for removing a DC component from the output of the 

subtracting means, digital sampling means for digitising said AC component, and 

processing means for processing the digital samples in order to derive a value 

representing a property of said tissue. 

30 

4. Apparatus for measuring or monitoring living tissue, comprising means 

for irradiating tissue with electromagnetic radiation at at least first and second different 

- 16 -
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wavelengths, means for receiving the radiation at the different wavelengths after it has 

been transmitted through or reflected within said tissue, logarithmic amplifier means 

coupled to the receiving means for providing respective first and second wavelength 

signals which are a logarithmic measure of the received radiation signals, means for 

5 subtracting the second wavelength signal from the first wavelength signal, means for 

removing a DC component from the output of the subtracting means, and processing 

means for processing the digital samples in order to derive a value representing a 

property of said tissue. 

10 5. Apparatus according to c laim 3 or 4, wherein the removing means 1s 

provided by gain control means. 

6. Apparatus according to claim 2 or 3, including means for providing a 

third wavelength signal which is a logarithmic measure of received radiation at a third 

15 wavelength, means for subtracting the second wavelength signal from the third 

wavelength signal, and means for removing a DC component from the output of the 

subtracting means 

7. Apparatus for measuring or monitoring living tissue comprising emitting 

20 means for emitting electromagnetic radiation, means for receiving said radiation at the 

different wavelengths after it has been transmitted through or reflected within said 

tissue, the emitting means and receiving means being fixedly mounted with respect to 

one another, but there be no means provided for attaching the emitting means or 

receiving means to living tissue, the receiving means being arranged to provide at least 

first and second signals representing logaritlunic measures of the received wavelength 

signals, and means for removing motion artefact from said signals and digital sampling 

means for sampling the motion artefact removed signals, and means for processing the 

digital samples. 

- 17 -
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Method and System for Monitoring Sleep 

Field of the Invention 

The present invention relates to the monitoring of sleep, including sleep state or sleepiness levels 

of humans in a convenient way, and more specifically to a method and system for acquiring and 

5 processing the related information. 

Background 

Monitoring of sleep state and sleepiness is useful in a clinical context for assessing subjects with 

suspected obstructive sleep apnoea, and in an industrial context for monitoring sleepiness in 

vehicle drivers and in actual work environments, particularly where slcepiness-rdated accidents 

10 can have serious consequences. 

Obstructive sleep apnoea syndrome (OSAS) is a prevalent but under-diagnosed condition \vith 

serious cardiovascular consequences, and is highly treatable. Standard in-laboratory testing for 

OSAS involves an overnight study to assess severity of apnoea and sleep fragmentation, and may 

also involve an all-day study to assess daytime sleepiness. Assessment of sleep fragmentation can 

15 be achieved by analysing the overnight study to produce a chart of sleep stages, and the 

assessment of daytune sleepiness can be accomplished by measuring on multiple occasions over a 

day, the time taken for subjects to fall asleep (the so-called Multiple Sleep Latency Test). 

However, due to increasing public awareness of OSAS and resource constraints in healthcare 

systems, in-laboratory testing for OSAS suffers from low availability in many countries. 

20 Therefore there is considerable interest among the professional societies in sleep medicine in the 

devdopment of reliable low-cost techniques suitable for use in the home environment for 

identification of subjects with OSAS. 

In the general population, the problem of sleepiness is recognised as a contributing factor to 

occupational and vehicular accidents. In the area of transportation safety, there is a lot of interest 

25 in methods to monitor driver fatigue. At the same time, there is interest in techniques that can 

complement existing in-laboratory clinical tools by assessing sleepiness over prolonged periods in 

the actual work environment. 

CONFIRMATION COPY 
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A variety of techniques have been disclosed in the background art for addressing the need for 

sleep srate and sleepiness monitoring outside of the laboratory environment. 

For sleep state monitoring, portable systems incorporating the required signals for standard in­

laboratory monitoring (2 channels of electro-encephalography, 2 channels of electro-oculography 

5 and 1 channel of electro-myography) have been developed. However, these systems require 

substantial clinical support to operate in the home environment. Subjects usually have to visit the 

sleep clinic before and after the overnight study to have the equipment set-up and removed. 

They also require the attachment of electrodes to the head, which can be disruptive and 

inconvenjent. 

10 Another method is to use a subset of the standard signals (such as a single EEG channel) to 

obtain an approximation. However, EEG monitoring at home reguires significant user expertise, 

and it does not allow concurrent apnoea detection. Methods using other signals to provide 

estimates have also been proposed. These methods include actimetry, ECG plus respiration, and 

peripheral arterial tone plus actimetry. However, actimetry alone can only distinguish between 

15 wake and sleep but not the different stages of sleep, and also does not allow concurrent apnoea 

detection. Peripheral arterial tone monitoring requires proprietary and costly hardware and 

associated software. Respiration monitoring may be prone to sensor displacement in a home 

environment. 

For sleepiness monitoring outside laboratory conditions, methods using eyelid closures, head 

20 movements, video surveillance, EEG, and actimetry have been proposed. However, methods 

using eyelid closures, head movements, video surveillance are not portable, so while it is feasible 

for applications such as driver sleepiness monitoring, it is not suitable for applications requiring 

ambulatory monitoring. EEG is ambulatory, but technical difficulties for lo ng-tertn monitoring 

exist, and again it is inconvenient to have electrodes attached to the scalp. Sleepiness can be more 

25 objectively assessed with measurements such as the Psychomot0r Vigilance Test (PVT) which 

measures a subject's reaction times. It has been shown that in a given subject, the reaction times 

will decrease as the person becomes sleepier - therefore PVT scores are used as a surrogate for 

sleepiness. However, PVT scoring takes approximately 10 minutes to carry out, and requires the 

subject's active attention so cannot be used for in-task monitoring of sleepiness. 

30 Summary 
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In its broadest aspect the present invention provides a method of monitoring sleep, comprising 

recording a person's electrocardiogram (ECG), deri\ring a parameter from the recorded data, and 

providing an output indicative of a sleep characteristic based upon an analysis of the parameter. 

In preferred embodiments the present invention provides a method of monitoring sleep, 

5 comprising simultaneously recording a person's electrocardiogram (ECG) and 

photoplethysmogram (PPG), deriving a plurality of parameters from the recorded data, and 

providing an output indicative of a sleep characteristic based upon an analysis of the parameters. 

Preferably the ECG and PPG are recorded using a recording apparatus wearable in ambulat0ry 

manner, most preferably a combination of a Holter monitor and a pulse orimeter. 

10 In a preferred embodiment the parameters include RR interval, pulse amplitude, pulse arrival 

time and respiratory rate. 

In one embodiment the sleep characteristic is sleepiness; in another it is the state of sleep. 

The invention also provides a system for monitoring sleep, comprising an apparatus for 

simultaneously recording a subject's electrocardiogram (ECG) and photoplethysmogram (PPG), 

15 and a data processor for deriving a plurality of parameters from the recorded data and providing 

an output indicative of a sleep characteristic based upon an analysis of the parameters. 

The invention enables the monitoring of sleep state or sleepiness level of human subjects in a 

convenient, non-invasive and low-cost fashion. In particular, the present invention provides the 

advantage that it requites a minimal number of signals (two signals) that are .robust in the home 

20 environment to perform sleep state monitoring, and th ese signals can also be used concurrently 

for apnoea detection, which is another significant aspect of sleep apnoea diagnostics. In addition, 

these signals can be acquired in a non-invasive and fully ambulatory manner using relatively low­

cost hardware. 

The invention has applications to clinical assessment of subjects with suspected sleep apnoea or 

25 sleep disorders that disrupt sleep state patterns, such as narcolepsy, monitoring o f sleep and 

sleepiness patterns in healthy subjects, fitness-for-duty tests for sleepiness, sleepiness monitoring 

in actual work environments such as machinery operation, and driver sleepiness monitoring. 

Brief Description of the Drawings 
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Embodiments of the present invention will now be described, by way of example, with reference 

to the accompanying drawings in which: 

Figure 1 is a block schematic diagram of a system for estimating sleep states according to a first 

embodiment of the presenc invention. 

5 Figure 2 are waveform diagrams showing parameters derived from the ECG (upper waveform) 

and PPG (lower waveform) which are used in the first embodiment (as well as the other 

embodiments). 

Figure 3 is a diagram illustrating the output of the system of Figure 1 for estimating sleep states. 

Figure 4 is a block schematic diagram of a system for estimating sleepiness according to a second 

JO embodiment of the present invention. 

Figure 5 is an example of the variation in features derived from RR interval, pulse arrival time, 

and pulse amplitude for an individual in an alert state (left hand column) and a sleepy state (right 

hand column). 

Figure 6 is a block schematic diagram of a system for estimating sleepiness according to a third 

15 embodiment of the present invention. 

Figure 7 is a graph illustrating an example of detrended fluctuation analysis. 

Figure 8 illustrates a wrapper-based search process. 

Detailed Description 

20 Figure 1 is a block schematic diagram of a system for estimating sleep states according to a first 

embodiment of the present invention. The system comprises a data acquisition apparatus 10 and 

data processing stages 12, 14 and 16. 

The data acquisition apparatus 10 is a combined Holter monitor and pulse oximeter. The Holter 

monitor is capable of recording three data channels. In this embodiment two of the channels are 

25 used to record two ECG waveforms, and the remaining channel to record the PPG waveform. 
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In particular, two channels of ECG (modified lead VS and modified lead Vl) and one channel of 

finger PPG (index finger of non-dominant hand) are recorded simultaneously. Only one channel 

of ECG (modified lead VS) out of the two channels recorded is used for this embodiment, the 

other being recorded to provide redundancy and to allow for the possibility of calculating an 

5 ECG-derived respiration signal. The data is stored in flash memocy within a portable storage 

device carried by the subject in a sling pouch or in a pocket, and is transferred offline to the data 

processing stages 12 to 16 for further analysis. The data processing stages 12 to 16 can be 

implemented by a suitably programmed computer. Alternatively, the portable device can have 

processing capability so that real-time monitoring can be performed. 

10 It will be noted that this arrangement avoids the subject having to be connected to a bulky 

recording system. This is in contrast to the current technique of monitoring sleep in a hospital 

which requires multiple cables to be attached to the subject, these cables terminating at the other 

end in a bulky recording system. In that arrangement the subject is 'tied' to the recording system 

for the entire night, as to even go to the washroom would require a technician to remove and 

15 subsequently reattach all the cables. In the present embodiment the subject is fully ambulatory. 

lo d1e pre-processing stage 12, various parameters ace derived from the ECG and PPG. In the 

feature extraction stage 14, various features suitable for classifying sleep states are extracted from 

the various parameters derived in stage 12. Finally, in the classification stage 16, a subset of 

features is fed into a classifier model to obtain estimated sleep states. 

20 Figure 2 are waveform diagrams showing parameters derived in the pre-processing stage 12 from 

the ECG (upper waveform) and PPG (lower waveform). Four parameters, namely RR interval, 

pulse amplitude, pulse arrival time and respiration are derived from the ECG and PPG signals. 

The first three are defined based on characteristic points on the waveforms, shown as small 

circles in Figure 2. RR intervals are the time differences between successive QRS peaks, which 

25 can be detected using conventional methods such as Hilbert-transformation with thresholding. 

To derive pulse amplitude, the PPG is high-pass filtered at 0.05 Hz to remove a very low 

frequency baseline and then normalised to unit median pulse amplirude as raw PPG values varies 

considerably between subjects depending on physiological factors such as body position and 

technical factors such as probe application pressure. Pulse amplitude is then calculated as the 

30 beat by beat trough to peak amplitude, and peaks and troughs can be detected using conventional 

methods such as derivative with thresholding. Pulse arrival time is calculated as the time interval 
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between the R peak on the ECG and the point with maximum gradient on the systolic edge of 

the PPG. Respiration is obtained by band-pass filtering the PPG between 0.06 and 0.5 Hz. 

In the feature extraction stage 14 the following features are calculated: 

(a) PPG spectral spread. This is the Shannon entropy of the power spectral density of the 

5 PPG signal, calculated for consecutive thirty-second epochs. Th.is feature is useful for identifying 

movement associated with wakefulness as the power spectral density of PPG waveforms when 

subjects are not moving are characterised by a concentration of spectral power around the heart 

rate and its first few higher harmonics. In contrast, spectral power is more eveoly spread out for 

waveforms contaminated by artefact. 

10 (b) PPG pulse amplitude. This is the mean of the pulse amplitude, calculated for ten-minute 

epochs sliding at thirty-second intervals. This feature is useful for identifying peripheral 

vasoconstriction associated \vith REM sleep, which causes a decrease in pulse amplitude. 

(c) Detrended Fluctuation Analysis (DFA). DFA is a technique from statistical physics 

useful for determining long-term correlation in non-stationary time series. DF A was computed 

15 on ten-minute epochs of the RR interval, pulse amplitude and pulse arrival rime, sliding at thirty­

second intervals. For each epoch, the DF A process is: 

20 

i. T he time series (oflength N) is first demeaned and integrated to get y(k]. 

ii. It is then divided into segments each of size n (Figure 7). 

iii. It is then piece-wise detrended according to the segments (Figure 7) to get y[k]-yn[k]. 

iv. Fis then computed as the root mean square of y[k]-y0 [kJ, i.e. 

F[n] = 
1 N 

N ?;(y[k]- y,,[k])2 

v. The above is repeated for different values of n to obtain F[n]. 

v1. The log transform is then taken to produce the fluctuation function G[n], i.e. G[n] = 
log10(F[nj) . 
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Another feanire that can be obtained is the scaling exponent, which is the slope of the line 

obtained by regressing G[o] on log10n. In prior art, Penzel et al suggested the scaling exponents 

obtained from RR intervals are different between sleep stages. Here we found the values G(n] to 

be a better feature for identifying deep sleep. 

(d) Respiratory rate variability. This is the difference between instantaneous respiratory 

frequency and a baseline respiratory frequency. Instantaneous respiratory frequency is calculated 

using two-minute, non-overlapping epochs of the PPG-derived respiration signal by taking the 

frequency with maximum spectral power between 0.15 - 0.4 Hz. Baseline respiracory frequency is 

calculated in the same way using ten-minute, non-overlapping epochs. Th.is feature is useful for 

10 identifying deep sleep as respiratory frequency tend to be highly regular during these periods. 

(e) Time and Frequency Analysis. This includes cime and frequency domain descriptors of 

variability in the RR interval, pulse amplitude and pulse arrival time. Examples include standard 

d eviation and spectral power in the low-frequency band. 

(f) Multi-Scale Entropy (MSE). MSE is a statistical physics technique useful for revealing 

15 changing complexity across different scale factors in complex time series. MSE was computed on 

ten-minute epochs of the RR interval, pulse amplitude and pulse arrival time, sliding at thirty­

second intervals. For each epoch, the MSE process is as follows; 

20 

25 

1. The time series (oflength N) is first lioearly detrended to get x[k]. 

u. For a particular scale factor 't, y is then computed by taking the running mean of T 

consecutive, non-overlapping values of x(k], i.e. 

1 pr 

y<r>[p] = - Lx[k ] 
T k= (p-J)r+I 

where 1 ::S p ::S N /r. 

iii. The above is repeated for different values of,: to obtain y<'>[p]. 

iv. Sample entropy is then computed for each y<')[p]. For a given time series, its sample 

entropy is given by: 
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SE= ln(AI B) 

where A is the total count of m-point matches, and Bis the coral count of m+1 point matches. A 

m-point match occurs when another set of m-points is within a range of± r of it. For example, 

m can be 1 and r can be 15 % of the standard deviation of the time series. 

5 In the classification stage 16, sleep stare estimates (wakefulness, REM, non-REM) are obtained as 

follows: 

(a) Fearure Selection. Preferably, the fearures described are calculated for the entire 

recording, with one fearure vector (made up of all the features) describing each thirty-second 

epoch. A subset of the fearures can then selected using feature selection methods in conjunction 

10 of a training data set. The feature subset that optimises a certain performance measure, such as 

classification accuracy, is selected. For example, a wrapper-based search engine as depicted in 

Figure 8 can be employed for this purpose. Briefly, this is an iterative procedure that takes in the 

entire feaLUre set and outputs a subset of it that optimises a certain performance measure, such 

as classification accuracy. The modules of this engine are: 

15 i. Feature Set Search. All possible feature subset combinations are systematically evaluated if 

technically feasible . Otherwise, a search algorithn1 such as best-first search is used to 

systematically evaluate feature subsets. 

ii. Feature Set Evaluation. This module evaluates each feature subset generated by the Feature 

Set Search module, and returns its performance estimate. Evaluation can be performed by cross-

20 validation methods such as leave one subject out cross validation, where for each subject, data 

from all other subjects are used for training, and data from that subject in question is used for 

testing. 

iii. Epoch Classification. This module uses training data to train a classification model, such as a 

linear discriminant model, and uses the trained model to classify testing data. The module then 

25 returns the classification results. 

The following table presents a list of example features that can be generated by the feature 

selection process, to be used subsequently for distinguishing sleep states. 
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No. Parameter Feature 

1 PPG PPG spectral spread 

2 RR in terval DFA G[181) 

3 PPG Pulse amplitude 

4 Pulse arrival time Percentage of successive values differing by > 50 ms 

5 Pulse arrival time Normalised low-frequency spectral power (0.04 -

0.15 cycles/ interval) 

6 Pulse amplitude DFA scaling exponent 

7 Pulse arrival time MSE (scale: 8 beats) 

8 PPG Respiratory rate variability 

(b). Linear Discriminants. The selected feature subset is extracted to form consecutive feature 

vectors, each describing a thirty-second epoch. The features are then supplied to a linear 

discriminant classifier model, which produces probabilities of each epoch being associated with 

wakefulness, REM sleep or non-REM sleep. 

(c) Post-processing. The probabilities are then smoothed to reduce epoch to epoch 

variability and then adjusted using heuristic rules based on normal sleep physiology in the 

population with suspected sleep apnoea. These adjustments include setting the probability for 

REM sleep to zero for the first 60 minutes of the recording, multiplying by a window that 

increases linearly from O to 1 from 60 to 100 minutes of the recording. Another adjustment is to 

10 set the probability for non-REM sleep to zero for the first ten minutes of the recording. 

(d) Maximum A posteriori classification. The epochs are then classified into wakefulness, 

REM sleep or non-REM sleep epochs by assigning them to the class with the maximum adjusted 

probabilities. 

(e) Heuristic correction. The classifications are then adjusted using heuristic rules, including 

15 reclassifying sections of non-REM sleep shorter than three minutes which are preceded and 

followed by REM sleep to REM sleep. Another adjustment is to reject short, isolated REM 

blocks of at most two-minute duration, and to reclassify these epochs to the class with next 

highest probability. Another adjustment is to reclassify as wake, short isolated sleep blocks of at 

most one-minute duration centred on a ten-minute block consisting entirely of wake. 



Petitioner Ex-1004, 0352Petitioner Ex-1004, 0352

WO 2009/024273 PCTlEP2008/006599 

10 

Figure 3 gives an example of the classification output by comparing it with the output obtained 

from standard in-laboratory procedures (polysomnography). (a) Top: Polysomnography-scored 

sleep stages, Bottom: Apnoea events (High = event). (b) Top: Polysomnography-scored sleep 

stages collapsed to \'{fake, REM and Sleep states, Bottom: Corresponding estimated sleep states 

5 (Dots indicate epochs that were heuristically corrected). Classification accuracy was 72.3 %, and 

corresponding Cohen's kappa, which considers accuracy after discounting agreement by chance, 

was 0.47. 

Figure 4 is a block schematic diagram of a system for estimating sleepiness according to a second 

embodiment of the present invention. The system comprises a data acquisition apparatus 10 and 

10 data processing stages 12, 14' and 16'. Apparatus 10 and stage 12 are the same as the 

corresponding components of the first embodiment. 

In the feature extraction stage 14', the following features are derived from the ECG and PPG 

signals: PPG spectral spread, respiratory rate variability, PPG pulse amplitude, time and 

frequency analysis, detrended fluctuation analysis and multi-scale entropy. The features are 

15 calculated in the same way as described in relation to Figure 1, except that in this embodiment 

these features are calculated on one-minute, non-overlapping epochs of data. 

In the classification stage 16', a subset of features associated with each epoch is first selected 

using feature selection techniques. The process is conducted in the same way as described in 

relation to Figure 1. This subset of features is then fed into a linear discriminant classification 

20 model, which is trained to distinguish between the alert and sleepy states. The classification 

model p roduces and outputs the probabilities of each epoch being associated with a sleepiness 

score. A priori information (such as time of day) may be used in calculating the discriminant 

values for the one minute epoch. Epochs of different length (e.g., from 10 seconds to hours) 

could also be used in assessing sleepiness. 

25 Figure S provides an example of how the features derived from RR interval, pulse arrival time, 

and pulse amplitude vary for an individual in an alert state (left hand column) and a sleepy state 

(right hand column). The general decrease in variability in the RR interval and pulse arrival time 

and the general increase in variability in pulse amplitude can be observed qualitatively. 

Differences in mean levels of heart rate and pulse amplitude can also be observed. 
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Figure 6 is a block schematic diagram of a system for estimating sleepiness according to a third 

embodiment of the present invention in which an objective estimate of sleepiness is obtained 

based on agreement with psychomotor vigilance test (PVT) scores. The system comprises a data 

acquisition apparatus 10 and data processing stages 12, 14" and 16". Apparatus 10 and stage 12 

5 are the same as the corresponding components of the first embodiment. 

In the feamre extraction stage 14", the following features are derived from the ECG and PPG 

signals: PPG spectral spread, respiratory rate variability, PPG pulse amplitude, ti.me and 

frequency analysis, detrended fluctuation analysis and multi-scale entropy. The features are 

calculated in the same way as described in relation to Figure 1, except that in this embodiment 

10 these features are calculated on ten-minute, non-overlapping epochs of data. 

In the sleepiness estimation stage 16", a subset of features associated with each epoch is first 

selected using feature selection techniques such as stepwise regression. Briefly, in stepwise 

regression, features are systematically evaluated in terms of a performance measure such as partial 

correlation with PVT scores, and features with statistically significant partial correlation with PVT 

15 scores arc selected. 

The following table presents a list of example features that can be generated by the feature 

selection process, to be used subsequently for estimating PVT scores. 

No Parameter Feature 

1 RR Interval Heart rate 

2 RR Interval Spectral power in low-frequency band (0.04 - 0 .15 

cycles/ interval) 

The selected feature subset is then fed into a multiple linear regression model, which is trained to 

provide estimates of PVT scores based on a linear combination of the featw:e subset. The 

20 regression model can also use a priori information (such as time of day) in calculating the 

estimated PVT score fo.r the ten minute epochs. 

Experimental Results 

Sleep state monitoring 
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48 subjects representing rhe entire range of apnoea severity (Table I) were randomly recruited 

from patients refereed to the Sleep Disorders Unit at Sc. Vincenr's University Hospital, Ireland, 

for evaluation of suspected sleep apnoea. 

Table I: Subject characteristics (mean± standard deviation, range) 

Male : Female 42: 6 

Age (years) 49 ± 10 (28 - 73) 

Body Mass Index (kg/ m2) 31 ± 6 (21 - 49) 

Apnea Hypopnea Index (hr·1) 25±32(0 - 171) 

Epworth Sleepiness Scale 11 ± 6 (0- 23) 

All subjects underwent standard overnight diagnostic testing for sleep apnoea 

5 (polysomnography). ECG and PPG measu.rements we.re simultaneously laken using the system 

described above for sleep state monitoring. Post-polysomnography, experienced sleep 

technologists performed standard Rechtschaffen and Kales sleep-staging and scoring of 

respiratory events. Table II summarises the subjects' sleep stage characteristics. 

Table II: Sleep stage characteristics obtained from polysomnography 

Sleep State Proportion of total time in bed(%) 

Wake 23 ± 14 (5 - 75) 

REM 14 ± 7 (0 - 29) 

Non-REM 62 ± 11 (21 - 79) 

The available records were sorted by the subjects' Apnoea-Hypopnea Index (obtained from 

10 polysomnography) and assigned alternately to either the training or validation set, yielding 

training and validation sets of 24 subjects each. This method for splitting the data was used to 

control for the possible influence of apnoea severity on sleep state estimation. 

The system described above was trained using the training set and tested on the validation set. 

Table III summarises the training and validation classification performance. As shown, 

15 performances on the training and validation data set were in close agreement, indicating the 

robustness of the classifier. Overall, a classification accuracy of 73.5 ± 7.7 o/o (Cohen's kappa = 
0.49 ± 0.12) was achieved. To separately quantify the performance contribution of the linear 

discriminant classifier model and the heuristic corrections, Table III also presents the results 
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without heuristic corrections. As expected, the heuristic corrections were useful, but the bulk of 

performance was contributed by the classifier model. 

Table III: Sleep state estimation performance 

Training Set Validation Set 

With Heuristics Correction 

Accuracy (%) 72.8 ± 8.2 74.1 ± 7.3 

Kappa 0.48 ± 0.13 0.50 ± 0.12 

Without Heuristics Correction 

Accuracy(%) 71.0 ± 8.7 72.4 ± 7.8 

Kappa 0.45 ± 0.13 0.47 ± 0.12 

There was also no significant correlation between classification performance and apnoea severity 

(r = -0.03, p = 0.85), indicating that the performance of the classifier was limited by factors other 

5 than apnoea severity. 

Table IV presents the overall confusion matrix combining results from the training and validation 

data set. Based on the confusion matrix, overall positive and negative predictive value pairs for 

each of the sleep states were as follows: Wake (64.1 ± 12.9 %, 88.7 ± 9.8 %), REM (50.8 ± 23.6 

%, 94.5 ± 4.5 %) and Sleep (83.2 ± 11.9 %, 67.6 ± 10.0 %). 

Table IV: Confusion matrix for sleep state estimation 

Reference (Polysomnography) 

Wake REM Sleep Total 

Wake S601 501 2813 8915 

Estimate (Proposed REM 603 3644 2666 6913 

System) Sleep 2395 1220 18710 22325 

Total 8599 5365 24189 38153 

IO Sleepiness m_onitoring 

15 young adults (5 M 10 F, aged 22 ± 3 years, BMI 20.2 ± 2.7 kg/m2) with no known medical 

conditions were recruited. All subjects reported normal circadian and sleeping habits, and 

provided informed consent. Subjects identified a period of alertness and sleepiness each with 

respect to their normal routine and carried out the same e.."<perimcnt twice on the same day. All 
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subjects chose the morning llnd afternoon, with a separation of 5.0 ± 1.6 hours in between 

experiments, and had been awake for about 2. 7 and 7. 7 hours respectively when the experiments 

"vere conducted. 

The experiment consists of two main tasks, performed consecutively in the sitting position. The 

5 first task was to watch a ten-minute video, and the second task was to perform a ten-minute 

Psychomotor Vigilance Test (PVT). Physiological measuremen ts (including ECG, PPG, EEG, 

respiration and galvanic skin response) were taken throughout the video and PVT tasks. 

The system described above for sleepiness monitoring was developed and tested on this set of 

data. Using a subset of features that are derived from the ECG and PPG, the classifier model was 

l O able to distinguish between alert and sleepy epochs recorded during both the video and PVT task 

with an accuracy of72 % ± 15 % (Cohen's kappa = 0.43 ± 0.31). Performance was only slightly 

worse for classifying epochs from the PVT task (70 % ± 21 %, Cohen's kappa = 0.40 ± 0.42) 

compared to the video task (73 % ± 15 %, Cohen's kappa = 0.47 ± 0.30), indicating that the 

classi fication algorithm is robust for classifying data recorded during different mental situations. 

15 Furthermore, using subject-specific classifiers, classification accuracies of 100 % (Cohen's kappa 

= 1) could be achieved for every subject. Certain features were consistently useful across subjects; 

however, to achieve full classification accuracy, different additional feature subsets were required 

for some subjects. 

The invention is not limited to the embodiments described herein which may be modified or 

20 varied without departing from the scope of the invencion. 
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Claims 

1. A method of monitoring sleep, comprising recording a person's electrocardiogram 

(ECG), deriving a parameter from the recorded data, and providing an output indicative of a 

sleep characteristic based upon an analysis of the parameter. 

5 2. The method claimed in claim 1, comprising recording the person's photoplethysmogram 

(PPG) simultaneously with the recording of the electrocardiogram (ECG), deriving a plurality of 

parameters from the recorded data, and providing an output indicative of a sleep characteristic 

based upon an analysis of the parameters. 

3. The method claimed in claim 2, wherein the ECG and PPG are recorded using a 

10 recording apparatus wearable in ambulatory manner. 

4. The method claimed in claim 3, wherein the recording apparatus comprises a 

combination of a Holter monitor and a pulse oximeter. 

5. The method claimed in claim 2, wherein the parameters include at least one of RR 

interval, pulse amplitude, pulse arrival time and respiratory rate. 

15 6. The method claimed in claim 5, wherein the parameters are analysed by extracting from 

the parameters a plurality of features suitable for classifying the sleep characteristic of interest, 

and feeding a subset of the features into a classifier to obtain an estimate of the characteristic. 

7. The method claimed in claim 6, wherein the features include at least one of PPG spectral 

spread, PPG pulse amplitude, respiratory rate variability, detrended fluctuation analysis, time and 

20 frequency analysis and multi-scale entropy. 

8. The method claimed in claim 2, wherein the sleep characteristic is sleepiness. 

9. The method claimed in claim 2, wherein the sleep characteristic is the state of sleep. 

10. A system for monitoring sleep, comprising an apparatus for simultaneously recording a 

subject's electrocardiogram (ECG) and photoplethysmogram (PPG), and a data processor for 

25 deriving a plurality of parameters from the recorded data and providing an output indicative of a 

sleep characteristic based upon an analysis of the parameters. 
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11. The system claimed in claim 10, wherein the recording apparatus is wearable in 

ambulatory manner. 

12. The system claimed in claim 11, wherein the recording apparatus comprises a 

combination of a Holter monitor and a pulse oximeter. 
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lnternallon~I appUcatlon No 

PCT/EP2008/006599 
A. CLASSIFICATION OF SUBJECT MATTER / 
INV. A61B5/00 A6185 0205 A61B5/0402 A61B5/08 

According to International Patent Classification (IPC) or lo bolh national ctassmcation and IPC 

8 . FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
A61B 

Documentalion searched other than minimum documentation to the extent that SUc/1 documents are Included in 1he fields searched 

Electronic date base consulted during the International search (name ol data base and, where pracllcal, search terms used) 

'EPO-Internal, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Calegory• Citation of documenl, with Indication, where appropriate, ol lhe relevant pa.ssages Relevant to claim No. 

X WO 2005/067790 A (COMPUMEDICS LTD [AU]; 1,3,4, 
$URTON DAVID [AU]) 6- 9 
28 J uly 2005 (2005-07-28) 

y abstract 11, 12 
page 5, line 23 ,- 1 i ne 27 
page 6, 1 i ne 20 - line 28 
page 10, 1 i ne 15 - 1 i ne 33 
page 34, l; ne 23 - 11 ne 25 ', 

page 36, 1 i ne 11 - 1 i ne 17 
page 44, line 5 
page 48, 1 i ne 1 - line 2 
claim 1 
figure 9 

----
-I-

[KJ Further documents ar0 listed in the continuation of Sox C. [] See pHtent ramify annex. 

• Special categories of cited documents : 
.,.. tater document pubWshod after the International rillng date 

'A' document defining the general slate of lhe ar1 which is not or priority date and not In conrlit.'I wUh lhe application but 
cited lo understand the principle or theory underlying the consldereo to be or particular relevance Invention 

' E' earlier document but published on or attar the International 
fifing dale 'X' document or particular relevance: the claimed Invention 

cannot be considered novel or cannot be considered to 
' L' dooumenl which may throw doubts on prlorily daim(s) or Involve an Inventive step wnen the document is taken alone 

which is ciled to establtsh the publlcatlon date of another •y• document of partlcular relevance; the claimed inven!ion citalion or other special reason (as specified) cannot be considered to involve an inventive step when the 
' O' document referring to an oral disclosure, use, exhibition or document Is combined Wilh one or more other such docu-

other means ments, such combination being obvious to a person skined 
•p• ,document published prior to the international Ollng dale but In the art. 

later than the priority dale claimed . • & • document member of the same patent family 

Date of the actual completion or the International search Date or malling or the lntemallonal search repor1 

13 November 2008 24/11/2008 

Name and malllng address of the ISA' Aulhorlzed officer 
European Patent Office, P.B. 5616 Petentraan 2 
NL - 2280 HV Rijswljk 

Tel. (+31-70) 340-2040, Tommaseo, Giovanni Fax: (+31-70) ?4(}-3016 

Fo:m PCT/ISA/2' 0 (S80Cl'lds~eel) (April 2005) 
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INTERNATIONAL SEARCH REPORT 

C(ConUnuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category· Citation of document, with indication, where apprppriate, of the relevant passages 

X US 2006/241708 Al (BOUT£ WILLEM [NL]) 
26 October 2006 (2006-10-26) 

Y abstract 

X 

X 

X 

X 

A 

paragraph [0032] - paragraph [0039] 
figures 1, 2 

PAGANI J ET AL: "Detection of central and 
obstructive sleep apnea in children using 
pulse transit time" 
COMPUTERS IN CARDIOLOGY 2002. MEMPHIS , TN, 
SEPT. 22 - 25, 2002; [COMPUTERS IN 
CARDIOLOGY], NEW YORK, NY IEEE, US, 
vol. VOL. 29, 
22 September 2002 (2002-09-22), pages 
529-532, XP010624206 
ISBN : 978-0-7803-7735~6 
the whole document 

. US 2005/148895 Al (MISCZYNSKI DALE J [US] 
ET AL) 7 July 2005 (2005-07-07) 
abstr act 
figure 5 
claims 1,6 

US ·2006/041201 Al (BEHBEHANI KHOSROW [US] 
ET AL) 23 February 2006 "(2006- 02-23) 
abstract 
claims 1,2 
figure 4 

US 5 769 084 A (KATZ RICHARD A [US] ET AL) 
23 June 1998 (1998-06-23) 
abstract 
claims 1,5 
figures · 1,2 

FR 2 859 094 A (UNIV JEAN MONNET [FR]) 
4 March 2005 (2005-03-04) 
abstract 
page 5, line 1 - page 6, line 19 
figure 2 

US 5 105 ~54 A (NISHIMURA TOSHIHIRO [JP]) 
14 April 1992 (1992-04~14) 
abstract 
figures 1-3 

Fonn PCT nSA121 O (continuation of seoond sneet) (Aprll 2005) 

International appllcatlon No 

PCT/EP2008/006599 

Relevant to clalm No. 

1,2,10. 

11°, 12 

1,10 

1,5 

l 

1 

1 

1-12 
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INTERNATIONAL SEARCH REPORT 
lnternatlonel application No 

lnlormatlon on patent family members 
PCT/EP2008/006599 

Patent document 
cited In search report 

WO 2005067790 A 

US 2006241708 Al 

US 2005148895 Al 

US 2006041201 Al 

us 5769084 A 

I Publication 
date I Patent family 

rnember(s) 

28-07-2005 AU 2005204433 Al 
EP 1711104 Al 
JP 2007517553 T 
US 2007032733 Al 

26-10-2006 CA 2605330 Al 
EP 1876946 A2 
JP 2008536627 T 
WO 2006115832 A2 

07-07-2095 NONE 

23-02-2006 AU 2005277038 Al 
CA 2578216 Al 
EP 1788938 A2 
WO 2006023940 ·A2 

23-06~1998 NONE 

Publication 
date 

28-07-2005 
18-10-2006 
05-07-2007 
08-02-2007 

02-11-2006 
16-01-2008 
11- 09-2008 
02-11-2006 

02-03-2006 
02-03-2006 
30-05-2007 
02-03-2006 

--------------------------- .----·--------. - -----·-----·-----·--
FR 2859094 

us 5105354 

A 

A 

Form PCT/lSA/210 (patsnt family annex) (Aprll2005) 

04-03-2005 WO 2005023106 Al 

14-04-1992 NONE 

17-03-2005 



Petitioner Ex-1004, 0370Petitioner Ex-1004, 0370

Electronic Acknowledgement Receipt 
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Application Number: 13354941 

International Application Number: 

Confirmation Number: 9133 

Title of Invention: 
PHYSIOLOGICAL PARAMETER MONITORING WITH A MOBILE 
COMMUNICATION DEVICE 

First Named Inventor/Applicant Name: KiH.Chon 

Customer Number: 26486 

Filer: Marlo Schepper Grolnic 

Filer Authorized By: 

Attorney Docket Number: 

Receipt Date: 08-JAN-2015 

Filing Date: 20-JAN-2012 
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Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

Information Disclosure Statement {IDS) 
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1 
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2012ndSuppllDSForm.pdf no 4 
roo,;,6.a.11 <ll<>l28oll9BS<J8abl 101 b441 

9f2•1 

Warnings: 

Information: 
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2 Foreign Reference W09932030A 1.pdf no 24 
b09f.t3d6fe09df56(;8(-J6bbkb6736c:7af01:13 

b708 

Warnings: 

Information: 

982581 

3 Foreign Reference W02009024273A 1.pdf no 28 
~7ai819Pl(),11c:We4841f3e-225dl) ;:u:clcd 

81"'81 

Warnings: 

Information: 

763751 

4 Non Patent Literature XP5866903A.pdf no 7 
b I 938ec.Oe 7f65(k:l ;:i 7 I 9'P..bl87 feilbe 1 c:;4b9 

1dS f6 

Warnings: 

Information: 

1300762 

5 Non Patent Literature XP1 1343300A.pdf no 10 
49f<334?.607el4do<5c IQ 19ad5c60 I db48 I 

7ie6c 

Warnings: 

Information: 

561599 

6 Non Patent Literature XP55129131 A.pdf no 6 
Jx9f0b 11'3e2dJ78cl59ea!b51fOBa87e7 11 

alcl4 

Warnings: 

Information: 

513385 

7 Non Patent Literature XP55129125A.pdf no 5 
1983aJ85950069<35050ce7<3fdeOOOJar,<; 

""349 

Warnings: 

Information: 

366475 

8 Non Patent Literature XP31250626A.pdf no 4 
it4fb7c445,ed378~10fa.5700f6d,t08all090bf 

&190 

Warnings: 

Information: 

Total Files Size (in bytes) 6109085 
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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/E0/903 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/R0/1 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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following e-mail address(es): 

dock ting@burnslev.com 
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Office Action Summary 

Application No. 
13/354,941 

Examiner 
CHU CHUAN (JJ) LIU 

Applicant(s) 
CHON ET AL. 

Art Unit 
3777 

AIA (First Inventor to File) 
status 
No 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1. 1 36(a) . In no event , however. may a reply be timely filed 
after SIX (6) MONTHS from the mail ing date of this communication. 
If NO period for reply is specified above, the maximum statutory period wil l apply and wil l expi re SIX (6) MO NTHS from the mailing date of this commun ication. 
Failure to reply within the set or extended period for rep ly wi ll , by statute, cause the appl ication to become ABANDONED (35 U.S C. § 133). 
Any reply received by the Office later than three months after the mail ing date of th is commun ication. even if t imely tiled, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )1:8] Responsive to communication(s) filed on 12/24/2014. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)l:8] This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 
__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)1:8] Claim(s) 1,3-24 and 27-53 is/are pending in the application. 

5a) Of the above claim(s) 10-17,35-38 and 45-48 is/are withdrawn from consideration . 

6)0 Claim(s) __ is/are allowed. 

7)1:8] Claim(s) 1,3-9, 18-24,27-34,39-44 and 49-53 is/are rejected . 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

• If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

httpJ/lw,1w.usoto.qovtpatents/init events/pph/index.isp or send an inquiry to PPHfeedback@)uspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some** c)O None of the : 

1.0 
2.0 

3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 

Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)) . 
*" See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) 1:8] Notice of References Cited (PT0-892) 

2) 1:8] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 01/08/2015. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-1 3) Office Action Summary 

3) 0 Interview Summary (PT0-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20150224 




