PCT Recordation of Search History

Case/PCT Application Number; PCT/US15/38913
CLIN Number/Technical Field of PCT Application: 5

Date(s) During Which the Search was Conducted: 4 September 2015 (04.09.2015) - 8
September 2015 (08.09.2015)

Date of Completion of Recordation of Search History Form: 8 September 2015
(08.09.2015)

Research Analyst Initials: DMB
Search Approval Official (SAQ) Initials: CEH

Field of Search/Classification information:
IPC(8) Classification(s): G10L 19/008: G10L 25/03; HO4N 21/23868 {(2015.01)
CPC Classification(s): G10L 18/008; G10L 2021/02166; HO4R 1/02

Database(s) Searched (Patent and Non-Patent Literature (NPL), Including Sub-
Databases and Filus Searched) and Search Terms Used:

PatSeer (US, EP, WO, JP, DE, 3B, CN, FR, KR, ES, AU, IN, CA, INPADOC Data);
Google/ GooglePatents: IEEE: EBSCO: Espacenet.

Keywords: camera: spherical video; audio; channel; tetrahedron; cube: perpendicular;
direction.

Database Search Siring Recaordation, Including Dates of Searches):
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Patent Database Scarch Strategy/Results:

ID | Search Strmo | Records Created
Date

125 TACD:{(audié w2 channel*} and direction and {(perpendicutar w4 | O 8-Sep-15

tetrahedron))

(d§rection wi perpendicular w4 tetrahedron)) 8-Sep-15
.... &” and server* and (audio w5 channel®) and 2 8-Sep-15
frame™ and (weight* w4 channel”)) NOT (medical or brain or
health) AND ¢ (G10L19/008 or G10L25/03 or HO4N21/2368)
L20 | TACD:(camera® and server* and (audio wb channel*) and 10 8-Sep-15
frame™ and {weight* w4 channel”)) NOT (medical or brain or
health) AND CPC: (G10L.19/008 or G10L2021/02166 or
HO4R1/02)
TACD: (audic ar )
L18 | TACD:({ (audic and {direction w4 perpendicular w4 cube)) ))
e ANDDNC(V?\/OI"«%O"”)_“ \
L17 | TACD:{( (audic w2 charnel”) and (direction w4 perpendicular 0 4-Sep-15
....... wa cube) )) AND PNC:(wW02014000277)

L16 | PNG:(W020

L15 | TACD:(camera® and server* and (audio w5 channel*) and
frame™ and (weight* wa channel”) and (overlap* w4 spatial wd
... {region” or ar CDINOT (medical or brain or health) o
L14 | TACD:(camers” and servar and (audio w5 channel) and 0 4-Sep-15
frame* and (woight™ w4 channel) and (amount w4 overlap™)

and (spatial w+ (ragion® or area™})) NOT {(medical or brain or
health)

<

L24
L21

4-Sep-1 5
4-Sep-15 |

G

o
<
PO
~J
~
S
e

4-Sep-1 5
4-Sep-15

!

"'i?!‘:?"TAC‘{j':“('"c‘éh%é'""*"é}{é"éé%&;é?*"’é}{é"'('é&&?&'R)&PS’E‘HéHﬁé]‘;)"é&%&’&“ 0 4-Sep-15 |
frame™ and (woight® wa channel*) and (amount wd overlap™ w4

spatial »W{}_»(r'ef-"\*'z"‘j__pf\g{g}_g}aj)‘)")_“jf}@}' {medical or brain or health)

L12 | TACD:(camesa* and server® and (audio wb channel*yand |95 T 4-Sep-15
frame® and (waoight' wd channel”)) NOT (medical or brain or
bealty o .
L11 | TACD:(camer=” and {spharical wb Vid(%O*) and server® and 0 4-Sep-15
(audio w5 channel®) and frame* and {weight* w4 channal™))
NOT (medical or brain or health) N
L10 | TACD:(camers® and (spherical wh video*) and server* and 12 4-Sep-15
{audio w5 channel*y and irame™) NOT (medical or brain or
healh) o R
L8 | TACD:{camera® and {(spherical w5 video) and server and 0 4-Sep-15
(audio w5 channel”) and (subframe* or sub-frame*)) NOT
{medical or brain or health)

L8 | TACD:(camera” and (spherical w5 video™) and semver and ™ 12 | 4-Sep-15 |
(audio w5 channel)) NOT (medical or brain or health) 5 o

R U ik b S AR e s e e RS
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L7 | TACD:(camera* and {spherical w5 video™) and servef*) NOT
(medical or brain or health)

4-Sep-15

L8 | TACD:(( camera® and (spherical w5 video* ) and sewer )3

4-Sep-15

L5 | TACD:{( camera® and (spherical w5 video*) ))

4-Sep-15

L4 | TACD:({spherical w4 viden) and audio and (sub-frame* or
subframe®))

4-Sep-15

L3 TAC ((sphencal wd video) and audio and sub-frame* ) .

4-Sep-15

L2 | TAC:((spherical wé video) and audio)

4-Sep-15

L1 TA; ((gpherigai \Aff»_}g(jgg)_gnd aud;o)

4-Sep-1 ‘3

Non-Patent Literature {NPL} Search Strategy/Results:
Google/ GooglePatents
8 September 2015 (08.09.2015)

« Camera and spherical video
» Audio and channels and direction
s Audio and channels and tetrahedron

IEEE
8 September 2015 (08.09.201 3)

s Camera and spherical video
* Audio and channels anag direction
»  Audic and channels and tetrahedron

EBSCO
8 September 2015 (08.09.201 5)

¢ (Camera and spherical video
¢ Audio and channels and di rection
¢ Audio and channels and tetrahedron

Exhibit 1002
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

Tor Jason E. Amsel ?CT

Fenwick & West LLP
Silicon Valley Center
801 California Strowst

ATION QF TRANSMITTAL OF
Mountain View, CA 84041 THE INTERNATIONAL SEARCH REPORT AND
United States of Amsrica THE WRITTEN QPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE LARATION

{(PCT Rule 44:3)

Dmc (‘fmm'l' NS

Applicant’s o5 apent’s file referenve

gy g1 FOR FURTHER ACTION  See paragraphs | and ¢ below
29679/PCT prRerE

Intemationad appitcation No.

PCT/US15/38913

’}'I July 20156 (01.07.2015)

Applicart

GOPRQO, INC.

i. K The applicant is herehy notifl

Authority have bach estab

ratwaiah search report and the written opinion of the International Secarching
sided herewith.

and v
!*'iling()fﬂmcmlmt uts aud statenient widée Article 19+

The applicant §5 entitled, 18 D¢ 5o wishes, to amend the chiims of the interiational application {see
When?  Thetim

Rute 46)
dmentsis nosmally two months from the daie of transmittal of the internatioral

Ht for fiimg such an
i

How?  Bivectly v+ the hternational Burean of W ‘PU p.

3 ePCTor an paper to, 34 chervin des Colombettes
1231 Geneva 20, Switzertand, Faosimite No.: +41 2736
For mere-deiaifed imstructions. see %7

2. i ! The applicant s Herehy notified that no fsernational
Artectie TTay to that offet aud the wotten opinsen of

pplicant’s Chude, Tnternational Phase, paragraphs 004 - 9011,

warch report will be established and that the declaration under
3 i sthovity are transmitted herewith.

3. El With regard to any profest o

the protest tegether with the devwien thereon has been wansmitted fo the In

request to lorward the ety of both the protest and the decision (heteon 1o-the des

[J ne decision bas bearcmade vet on e

st pavansal OU{an additional foets) under Rule 46:2, the applicant is notified that;
tional Bireaw fopother with any
siatedt Offices,

rotest: the apphicant wit! bepotifisd as soon as a deddsion is made,

£

. Reminders

4

The apphicant auy suhwmit conuneats pa s i
to the Tntemations) Buvemw:  These cesmme
tntermational Buve: bsend g eopy of
CXEHNAEON FEPoTT e O i 1 be establi
Shortly af ot J"L of T8 months from
iernational Bure f applivant wis
lipphw . or o e pronity claim “'w=‘! Feag
mternational publication (Rules WA 1 and
Within 19 mouths i
CXAIBATON fi
dute (in :~:mnc
PrEse

sapal basis en the written opinion of the Yaternatinnat Sez arehing Authority
will b made available to the public after international publication. The
cammenss o all designated Offices unless an international preliminary

the priovigy date, the interpational apphcation wifl be published by the
avind ar postpone publicatio notice of withdrawal of the intemational
he International Bureau befine the complation of the technical preparations for

nw“\putm some desigiated Offices, a Soamand for infornutional pnhminan
stpote the entry-tato ihe national ph ASE mmlj(} mnnt}h from the prievity
ﬂm app mam mmt mthm 20 months hum m v date, perform the
fices. Tnoves §ip fices, the
mand is .hn_.d w.lhm 9 monibs. For details dhom the appiicable tioe
) e Tits itmt and the PCT Appitcant’s Guide, Nationn) © “hapters.
Within 19 wonths dority date, ihe sgplicant may request that uuppu\mcnuw internpational search he carricd
out by g i i i S SR D) The provedure for re que\ ung
suppiementars mium‘rhu‘al Ph waragraphs 8.006-3.032,

3 'mm o 3‘) mom.u o :m 3 \\XH A; v] )
Hendts, Otfice by Cifiee, see wavwy mpu int

st search G desut iy the PO Applicant's Caids,

Sa8 Authorized officer

Shane Thomas

%acsnm}c {\10_ 57427

Tetephone No.

Farm POTASA
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PATENT COOPERATION TREATY

TIONAL SEARCHING AUTHORITY

D. BENJAMIN ESPLIN ‘
/0 ESPLIN & ASSOGCIATES, PC NOTIFICATION OF TRANSMITTAL Q8 THE

, INTERNATIONAL SRARCH REPORT ANBTHE
5411 AVENIDA ENCINAS. WRITTEN OPINION OF THE INTERNATIONAL

STE, 180 & ¢

. o SEARCHING AUTHORITY YECLA
CARLSBAD, CALIFORNIA 920 SEARCHING AUTHORITY, DR THE DBOL _RAITCN
UNITED STATER OF AMERICA (POT Bue 44 1)

?qmncam 5 of agent’s flereference

4'{?‘9:}0*-&7 sezs Heeparagraphs 1and $hefow - T
Inteerietions applicatin No, ' ;ﬁte;m—«onai Girg date
P TfrUSﬁﬁigl BI1501 (dayiiosthisar I8 M ey 2019 (0505289
Applicas GOPRO, INC.

<

. Thea spplisantis hewsby notifted that the i \.\19%1 search yopert and the wriren opinton-of the. Infernational Searthing
Asshoriny lave b establishied and are transnited heréwith,
Fifing of smundments and statoment gudsr Articy 19;
The applicant is enttled; it Be sorwishes, T amend the slaitny of the inferativeal #palication {se Rule ey

When? The time Mt for filing sush smendments i normsliy tye months From the dav of unsmital of theAnternationa]

search repoit,

Faw? 'T.'}"

tothe Itarnational Burpau of »VIPO prefurably through aPOT o 6a
21 E (Feneva 20, wwtzerkm:.\ Facsimile »MI 223388270
Fur snore deaaﬂeﬁ fnstruriions, see PC CF Apntioant & Gu 2, Internationa }"hase paragraphe 2004~ G011

e e, 34 chemiin dey Coltmbetiey

AL

o “The- gg:(ph"&“ﬂ' 15 hevoby netified thatae internatiowal searshis reportwill be estabiisimdand that the declaration Tmdsr daticle

T2y to th offpet add the wittter spinidn ol the litsinations]l & Bgarching Atthority are Gaasmilted herewith.

! i With regard fo any protest sgainst pavmeqt, of () wdditienal foos) under Rule 48.%; theapplicantis notified ‘:ﬁa's:

the proest opatherwith the
o forwd the tests of both ﬂ}r pm~e$

..,ha‘ bedn randniited fo the Intgrdteintial Buecay wogether with ani reguedt
he decision thersor fo thedesiguated Difices,

i } nerdecision hus besn made yet on the protest thie applicsnt will b noiified 45 Soon o8 s decision i5 made:

4 Peminders
“Theapplicant ray subnidt comaents on #n'informal bagie o the written ppinion of the International Sedrching
Autharity o (he Intematiog ual B  somments willbe made av «m y the public afer inemationsd publicaion, The
Irstematnm] Buraau wsh sena a co‘a ui stch uurr-géz;rx 10.all desighated O Un{zes ay Tateraad

ginbprelmitary SNNGHEEN

1 3 : will be: pliblished Sy i
Trternatintial Biirca.u. Ié‘ e .-'agpfn At wishes 1o aveid orpostpons pubSoation, 4 notice bf withdrawal of the inteing 'fmai
apphbation, o of e priority ol muust reachthe tntertational Burems befors the sompletian 5f the fechnical preparatins for
nternationsl rubh Catin {Rum B ﬂJts 1 and $0bis 2

“Within % mouths ffof the pr vzspact ofsome désig gr‘ate:*’ Offices, & demand-for iiteniume
examvinatiot mus be filed i th Srew to posipone the entey Wi ] phase uutih 30 srontls Trom the priori;
datz-(insome Dm*e: even laterd; emcmﬁsc\ the _fs;mhs. Nt Tomgl, SeiEhin 30 months Fromthe rm"mt‘, date, porrerm e pregerd

At Jor entry ints the natisnal phasekeforshos devignated Offices, To reppict of other designated Offioes; the thms fund
S{-months \or laler) withapudy everiif ne demand’is filed within 1% months. For detuils shont Mz dgpiicabls time limits, Office

B Offics, soemimiino. ntpoandeitime inls bl and the POT Applicent’s Guide: National Chapters.

Within 19 months f rom thi' priority date, the spplicat may reguest that wsnnplémentary internatonal searchi'be

carrsed st by a difforent Ietemationgl b#azchmg Anthority that offers this service (Rule 45bis. 1) 1 The nmcm.x..ra for rc,gu SRENg.

he

U uiﬁnemary intervarona’ search s deCS':t a8 n ms POT Applicart wngiicnal Phasd, paragraphs §,006-8 032,

By iiova r\sd siaiting ﬁﬂQIF’QS of m» ﬁ \*'U 8 Authcﬁ‘se'd officer
COMMISSIONER FOR PATENTS MAIL STOP ¥CT, v
STTNISAUS Pl BOX 1450 ALEXANDRIA, VA. HARRY €. KIM
,;.3 13-1450, UNTTED STATES OF AMERICA
Frosimile No, (37132738300 Trlephone No STH2T2:43008

Fora PUTASA/2Z0 (uly 2053)
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PATENT COOPERATION TREATY

Feom e INTERNATIONAL SEARCHING AUTHORITY

To: : PC?

B. BENIAMIN ESPLIN |
/0 ESPLIN & ASSOCIATES, PC | NOTIFICATION OF TRANSMITTAL OF THE
A ———— INTERNATIONAL SEARCH REPORT AND THE
gt WRITTEN OFPION OF THE INTERNAT! DAL
- . Jlét‘.l.'\ I RTEY i3 =3 R ot B I A,A\
CARYSBAD, CAEIFORNIA $2068 SEARCHING AUTHORITY, QRTHE SECLARAT

TMNITED STATES OF AMERICA » PO Ry gMi)
1Tats or Tading T i ar e
I v ] {denihanihiyveary ?g_j i? ?\é 2{}? i
Applicant's of agenty file refererice FOR FURTHER v
46DG-026028 ACTION Bes paragraphs. | and 4 below
e mﬁtmnw :mphcatmf I\aa ‘ wiernationnl fling dats
PO 5'83919«4331391 fapinniiveis) 49 May 2019 (29432815

Appiicast v
ppifcas GOPRG, INC.

[‘ i The applicant s 1‘!8"(“}} notified that'the terational search 12 repart-and the wrilten ‘J{,Jiiml af thie Trtpenstionad Searching
Apthorisy Have Bedy sqtablished and fre dansmitied hordwiy

Fﬂmg of uimendments and statement nnder Arficle T%:
The applivant iy engitied i ht. $o-wishes, todmend the sinims of the Intematicial dpplication (Ses Rule 48y

When? The firme lim
stk pepoty

For filing sueh armen drnents 15 novmally twondonths from the dite v trausrnd the Trteshaticnsl

Haw? Diveedly b the Tnieroations] Burkaw sFWIPQ preferabiy thaneh sPCT o iis naper 1o, 34 hemin Sés Colombattes
I27T Geneva 20, S»ummwfid L‘a\‘,sm‘uib Mo, rnd] T2 338 2 R0
For more detitied Sasir uctmns, see POT fi.« =ficanl's '{?mds,- Titernational ‘.«’-‘hase,-paragraph& 9&_’3{@--—- G011

} i The applitant is heeeby noiificd tt vt infervasional search report will be-established and fhat the dectauration: under Axtisie
F72)(5) 1o that pffoct and the-wiitst npigfon o the Itsmational Sistehing Authority are frinsiitted Terdwith:

3 [ E With vepard fo auy protesi against payment of (an}additional fee{syunder Rule 412, the apphicant is notified that:

!'"' the protest together with the docision therean hes Been transaitied 1o the Intetnstionat Rurean todsther With 86y reguisst
io forward the texts of both the protest and the demumm srears foothe desswn ed & moeq )
[:! ek ey
4, Remindors:
Thaapplisant
Awthorityto the }m ibn ql mm’u ""hcse m%nen‘ts will be maffe w«llﬁbie to fhe: pxmh;, mm i mau;m:x pwh sien, The
Intgrvationsl Bursad will nd 8 eopy of Sk comments-to 2l Gesigmatsd Offices tnlees:an ternstondt préliminary examination.
report has been or is to b od: g
Skustly afer the sxpivetion of 18 mﬁnthﬁ from the priority date, the internstional app}xc%tmn will Bt pu‘bi’i&ﬁed by the
Iswrnational Bursat, 1¥ the applicant wishes to #vodior pastpons publitaton; & notideiol ¥ Yildrawaliof the Tnternatinnal
application, or of the:prigstty claiin, must reachthe Irgermational Burgaa beforethe completion of the-technizal proparations for
intesnationel publication (Rules 905 L mmd 90bis'D), ' '
Within 19 nionths from the pritrity date, bit suly in rusptetod some designated Oifices, o Sermand Tor interfiationd! protininery
examiination meust be fled if the applicant wishes fo posthone the entry into the national phase anell 3menthis o the prodty
i (i sotme Officesieven Tater) Otherwiss, the: applivatit must, within 20 menths Yomihe pronty dats, parfon the praseribed
acts e enfry’into fhe natonsl phase b@fnm s ae«;(gmnd Giffyees, 1o resprctofother desipvated: Oﬁ‘ces the tivie mit of
30 months (of leter) will appdy evin i ne demand fefiled within 5 months, For datails about the appliicable time lmits, (ffice
by ¥ice; see wiwwwipeantpolienextsiine Hinits. htnl and thie POT Kuplisant’s Guide, Netional Chapters,
Within 1% mouths. fmm ih“ urim‘ai} ﬁ.zta, the ap;ail\.ani :mv requez,t i:h«z 8 wpp}emem‘m y imex natinnal searek bé
carried onthy o differ B T e
supplerientary inwmal vuha‘ raarch Iz-aeier ﬁedmﬁ‘e p(“.. Anﬁbcaw 5 \m,

ikion has been made yet o the protess; tie applizant wiil be 0iified a8 soon 2sa denidion 15 mads,

iamegnd triatling address of the ISAMIS Anthaorized officer
COMMISSIONER FOR PATENTS MATL §TOP POCT,
ATTH: ISAMUS P.O. BOX 1450 ALEXANDRIA VA HARBY G KIM
223333450, UNITER STATES OF AR
: (57132738300 Telephtms Mo, 571-372-4380

Ay
Form PO TASALIRD (Ju}\’ 2
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VTENT COOPERATION TREATY

PCT

INTEERATIONAL SEARCH HEPOET
(PCT Article 1% snd Rules 43 and 44)

Apm, ant'sior agent’s fild reference 2 FOR FURTK‘E‘R
46DG-026028 ACTION

International applicationg, Ne, ) Hiteriational filing date (@rwh _ o }Prorsty Date (egaimianiids i)
(‘TﬁUSZ@lG’{BESgK : BY Mav 2019 t:&f?.ﬁhmﬁiﬁf) : §3 hi'&" 201818, 'ﬂ‘ 22018}
Appiicent .
i GOPRG, INC.

This iternutional search reporthas besn prepared by this International Searat fing Antherity snid i§ ransaitted ro woc‘apzsfscmmmmdingi

b Asticle 18 A copyiis heing tansiiitedito the fnteraationsd Ruresn

This internationial search report consists of a taial of 2 . sheets,

i E Itisalss dbtompinied by & copy of each priopart dovument oited m this report,

1. Eiasis: of the TEpETE
A With repard o the tangunge, the mtermitional searel wis tarried outen the Banis 1
D e intertational apphicition n (he Tenzuage in which irwas's filed,
E} & ranslation of the fntemational application inia. which s the legiege of &
franslaton Krnished for the purpeses of witgsmsiional search (Bules 12,30 vand 73,1 B
b, D This international sexch) report Has been established taking 2 sooount thy mci‘iﬁcatian of s phviows mistake’
anthorized by or netiied to ti“ Aasthowity under Ruls ¢ (Riale 4365500
L. D With tegard t6 any nudleotide sndise amine aoid seguence disclosed futhe intemationgd asplication, §ée
s r— Certain claims were found unsesrchahle (see Box No. 3}
A, D Unity of invention Is lagking [see Fox No. 1),

4 Witl regard o the title,
EQ/' i the 1ext 3 approved gs submittsd 5y the spplicant;
E Hie foxt has Baon Selublished by it Avsthiority o read a5 follpwes:

& With ogard to'the sbstriet;
D the texs is spprov ed ag suboaisted by this epplicant.

T B S A e T s )
! the texthids beer: established; according so Ruje 382, by thiv Avtority as it spvears i Bex NooiV. Theapplisarnd may,;
withinone ok foim the date of mafing of thig mre"r‘ahami search report, sybenit somments jo Gils A wiliority,

5, With regasd 10 the drawings,

are of the drawings to e pablished wiv

A fhg i
!v*’ [ a5 suggested by theapplicant:
i ; sy seletiod by this Authority, because the applican: failed t suggesta fipure.

w whstract is Figyre Ne. 1

El a5 seloted by tds Axithority, because this figiire betfer chatactarizes the invention,

k=3 { [ tione of the figures iy io Be published i ihgabstract

P T'TSA‘“U’J it sheet} (E:muar‘* 15
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INTERNATIONAL SEARCH REPORT Fnw—

nal epplisation N,

P{ TUSIBIS535591

8 CLASSIFICATION OF SUBJBCT MATIER
IBC; Hoaw 5232
LR HOMN 525258
Acear dmg tior Imm,ammw Faient Clarsification T1RCY or so botl national slssification snd TR
{ B FIELDS s;s:,mus}:n
Miniian dosumentaticn searched {classitication sysiers followed by classiBestion syibols
CPC: HOAN 5/13238, 5723067, 572283

Dinimentation:searched eher fHan wrm i docutiediation to fhe sktent that such documents are nchuded irr the 35 s searched

Eisetrome u;sia base m‘ silted dmmv the internations] s sarchfnanie o dasa haSe an-i whese practicable, search torrng tised)

T: USPGPUB: Ush, AT, FPRSCEPO: IRO; IBML T Searchk Terme fuur$d, ahead®s, look.ahead, capfue$d rraisciony;
sﬁﬂk observatid, pesiton; route precedid. shead, Subsegushr, Himing, fme, moment, konging, enclosurs, Budy, ratad,
meatatmn,.motmﬁ?m movement, frtgrs; preveding, unimended, #riar, logation, stedte, cmdmmx imag 4, shootdd, stabili gm.
Sirinothd, corrects, rﬂmnemat:-ﬁl look g4, '

s BOCUMENTS CO?\SIQE,RED T .BE RELEVANT

& £

{,'a'ts:gj;x:y’?" Citation of docttent, With Silication, where appropriase, OF the relevens Bagy SEZEY 1 Relev antto claim N

OUBAIS24358 4 (YAMAD;

T AL Y08 Novermber 2018 (0811, 018y,
& eptice cowm“m 1356

3
1{BAT I‘*—Rsmm 95 Cotober 2017 (6510, 2017 ‘
A 28
FUST0060291 84} =\1 ’UL‘ JJ\qO’"O ET :’J ) 28 Devember "Da}ﬁ {28 I2 40’)6} "
& entire docwment:
FPurther dovuments are listed in'the sontimuation of BRI D See patent fawly sfiex,
* Special patspiries e oiterd documsats: . e ublizherd afier fhe § ternationsd Hline dam oF prianty

1 nv comh ot with the. api

iz pringipleer Hiegsy :

SX doeimnent of partis vanve; the clalingd inventis
considersd Sov g ;mm}\.a _,,s'-d e B mvei\':s_.v 53
Sl e Gonwmknt is 1 eid

‘cmar retevarce; Bie olalined Tventits sanuaf be

avolve an fventive S when. tha. doc
' such ﬂommerts Soh ¢

el p@‘m shilled W the art
“&r dooumentn 'm‘tiax of the surns pateas family

ation. bub $Had -t 3
vig rh= Inveniion

 norousidered

A docurment c::wﬁnmg T ERRerA Sate of e BB Wi
o b of perticnlar relevarnce

FEN valier aoplisdtion tr Battnd by publisled o or afier the Wiernatipnal

Tilstig diigs '

"L docement wivich ey threoe Soubiy on T priority ol
vifeif to establisk the ligation dats of murither it
‘spretal feasni {assheeing

néite seferring: to an-oeal dizclosure, ves; exhibition ox vther

A v, :

S devumant maklisheg prar:\f; thyed
e prionity date: ~Ia;ma.

2E

ke
Y

uQé)

&

rmatiniel fliag date but later dhan.

Diate of the actual complation of the Herational sesreh | Daté of mailing of the infematona] searsl report
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Application Number

16/713,798

INFORMATION DISCLOSURE Filing Date | 12/13/2019
STATEMENT BY APPLICANT First Named Inventor | César Douady
Art Unit | 0000
Page 1 of 3 Matter Number | 46DG-026085
U.S. PATENT/PUBLICATION DOCUMENTS
Initials Cite Document Issue/Publication First Named Inventor Relevant Pages, Columns,
No. Number Date etc.
1 6654019 11/25/2003 Gilbert
2 8022948 09/20/2011 Garbow
3 8237787 08/07/2012 HOLLINGER STEVEN J
4 9144714 09/29/2015 HOLLINGER STEVEN J
5 9279983 03/08/2016 DAVIS BENJAMIN
6 9363569 06/07/2016 Arthur Van Hoff
7 9374532 06/21/2016 GRUNDMANN MATTHIAS
8 9426430 08/23/2016 AGUILAR FRANCISCO
9 9787902 10/10/2017 BEYSSERIE SEBASTIEN X
10 10262691 04/16/2019 GILMOUR NICHOLAS
RYAN
11 10284794 05/07/2019 FRANCOIS BRUNO
12 10341564 07/02/2019 DERBANNE THOMAS
13 10432864 10/01/2019 DOUADY CESAR
14 20030160862 08/28/2003 Michael Charlier
15 20030210327 11/13/2003 Mory
16 20040010804 01/15/2004 John Hendricks
17 20040125133 07/01/2004 Pea
18 20060291841 12/28/2006 FUKUMOTO SHINPEI
19 20090278917 11/12/2009 Dobbins
20 20100277617 11/04/2010 HOLLINGER STEVEN J
21 20100281375 11/04/2010 Colleen Pendergast
22 20100299630 11/25/2010 David McCutchen
23 20110013778 01/20/2011 Susumu Takumai
24 20110242352 10/06/2011 HIKOSAKA KENTARO
25 20120206565 08/16/2012 Jason Villmer
26 20130002813 01/03/2013 VAUGHT BENJAMIN |
27 20130058535 03/07/2013 Gabriel Othmezouri
28 20130177168 07/11/2013 Kai Inha
29 20130210563 08/15/2013 Steven J. Hollinger

Examiner Signature

Date Considered

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.
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Application Number | 16/713,798
INFORMATION DISCLOSURE Filing Date | 12/13/2019
STATEMENT BY APPLICANT First Named Inventor | César Douady
Art Unit | 0000
Page 2 of 3 Matter Number | 46DG-026085
U.S. PATENT/PUBLICATION DOCUMENTS
Initials Cite Document Issue/Publication First Named Inventor Relevant Pages, Columns,
No. Number Date etc.
30 20130250047 09/26/2013 HOLLINGER STEVEN J
31 20130329132 12/12/2013 TICO MARIUS
32 20140028876 01/30/2014 MILLS CHRISTOPHER L
33 20140039884 02/06/2014 VWei-ge Chen
34 20140266773 09/18/2014 AGUILAR FRANCISCO
35 20140267586 09/18/2014 AGUILAR FRANCISCO
36 20140267590 09/18/2014 MCCLATCHIE IAIN
RICHARD TYRONE
37 20150146014 05/28/2015 BLACK ROBERT A
38 20150159846 06/11/2015 HOLLINGER STEVEN J
39 20150350548 12/03/2015 BEYSSERIE SEBASTIEN X
40 20160006935 01/07/2016 ZHOU JIANPING
41 20160360109 12/08/2016 LAROIA RAJIV
42 20170041545 02/09/2017 MURGIA CARLO
43 201700706389 03/09/2017 SILVERSTEIN D AMNON
44 20170084086 03/23/2017 David Young Joon Pio
45 20170085964 03/23/2017 Yan Chen
46 20170094169 03/30/2017 YOSHIKAWA HIROMI
47 20170142337 05/18/2017 KOKARAM ANIL
CHRISTOPHER
48 20170289454 10/05/2017 PETTERSSON GUSTAF
49 20170359534 12/14/2017 LI XIAOXING
50 20180041705 02/08/2018 WAKAMATSU NOBUSHIGE
51 20180048821 02/15/2018 SEGAPELLI LOIC
52 20180199025 07/12/2018 HOLZER STEFAN
JOHANNES JOSEF
53 20180220073 08/02/2018 KEAL WILLIAM KERRY
54 20180324358 11/08/2018 YAMADA HIDESHI
55 20190124267 04/25/2019 HARUNA KOHTA

Examiner Signature

Date Considered

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.
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Application Number | 16/713,798

INFORMATION DISCLOSURE Filing Date | 12/13/2019

STATEMENT BY APPLICANT First Named Inventor | César Douady

Art Unit | 0000

Page 3 of 3 Matter Number | 46DG-026085

FOREIGN PATENT DOCUMENTS

Initials Cite Document Publication Country Relevant Pages, Columns, T
No. Number Date etc.
56 2009047572A1 04/16/2009 WO
57 2014042104A1 03/20/2014 WO
58 2014090277A1 06/19/2014 WO

OTHER DOCUMENTS

Initials Cite | Author, Title, Date, Pages, etc. T
No.
59 "Spatial Audio Lecture Series," Regents of the University of California at Berkeley, Center for New

Music and Audio Technologies, 2015, 1 Page, [online] [retrieved on August 20, 2015] Retrieved from
the internet <URL:http:l/cnmat.berkelev.edu/spatialaudiolectures>.

60 International Search Report and Written Opinion for Application No. PCT/US2019/020241, date of
mailing June 3, 2019, 12 pages.

61 International Search Report and Written Opinion for Application No. PCT/US2019/031591, date of
mailing June 18, 2019, 7 pages.

62 International Search Report and Wiritten Opinion for Application No. PCT/US2019/048292, dated
September 27, 2019, 7 pages.

63 International Search Report for Application No. PCT/US19/48368, date of mailing November 7, 2019,
10 pages.

64 Kamali et al., "Stabilizing Omnidirectional Videos Using 3D Structure and Spherical Image Warping",
MVAZ2011 IAPR Conference on Machine Vision Applications, June 13-15, 2011, Nara, JAPAN, pp.
177-180. (Year: 2011)

65 KOPF et al., "First-person Hyper-Lapse Videos" ACM Transactions on Graphics (Proceedings of
SIGGRAPH 2014), 33(4), Article No. 78, 2014 (10 pages).

66 O'DONOVAN, A, et al., "Audio-Visual Panoramas and Spherical Audio Analysis using the Audio
Camera," C1 Proceedings of the 16th International Conference on Auditory Display, June 9-15, 2010,
Pages ICAD-167-168, can be retrieved at <URL.:
https://smartech.gatech.edu/bitstream/handle/1853/49858/0%27DonovanDuraiswami201 O.pdf?
sequence=1 >

67 O'DONOVAN, A, et al., "Real Time Capture of Audio Images and their Use with Video," 2007 IEEE
Workshop on Applications of Signal Processing to Audio and Acoustics, October 21-24, 2007, Pages
10-13.

68 PCT International Search Report and Written Opinion for PCT/US15/38913, September 29, 2015, 15
Pages

69 United States Office Action, U.S. Application No. 14/789,706, June 7, 2016, 10 pages.

Examiner Signature Date Considered

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.
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SPATIAL AUDIO APPARATUS

Flald

The prasent spolication reisies © apparatus for spatial gudio signal processing. The
nvantion further relsfes o, b i not milad o, apparatus for spalial audio signat

proceasing within mobile devices,

Spatia!l sudic signals are beaing used In gresty frequengy fo produce a8 mors
rarnarsive audio sxpeariencs. A glarso or mutt-channst recording can be passead fram
the reconing or osplive apparaius o 3 Hstening apparatus and replaved usihy a
suftable multbchane! cutpad such as & multhbchamnnst bwlispeaker arangement and
with virtua! surround processing 8 palr of storso headphones or headset

# woudd e understood that in the near fdure i will be possitds for mobile spparatus
such s mobile phone 10 have morg than bwo dorophones, This offars the possibility
W orecord resl mullichams! audio, With advanosd signal processing # s furthsy
possible {o beamform or directionally amplify or provess the audio signal from the
sriicrophones e @ spacific ar destred divection.

Furthsrmors cartain video file formats such as MP4 sltow for the MPY conlainer fo
oomprise muitipls sudio signal tracks and video snonded signals. Thus | is possible
o racord multiple surround sound tracks with differen! baams (o mudtiple slsrao

%

tracks} and with different saliings or oaplurs sbject-bhased audio signals,

Sunmary
Aspants of this appiination thus provide 8 spatisl audio caplive and processing
whareby Usteniy orisntation or video and audio caplre orontalion differences pan

ba compensatad for,
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According v 8 first sspact there 8 provided an apparatus comprising: an input
condigurad o reosive from gt lsast i mitrophones st jeast bwo audio signals, &t
fsast wo processor nstances sonfigurad fo ganemi@ separate oulput sudio signel
tracks from the ot laast o audic signals rom the at least two microphonsy; a file
proceRsor configied {0 ink the al sast twd cuipid audio signal racks within a file
struelum,

The al lsast one of the &0 lsast o processdr Nstaneas may compriss! a surround
sound proosssor instance oconfigurad {o sulput & muidtichanne! oulput audio signsd
frack; o starss soungd processor ingtancs configured o oulpu! & steres cutput sudin
gignal frack; & mong sound procassoyr stance configured o output 8 mone aulp@t
audio signal rack; and sn audio obisal procassar inslance configurssd o oulput an
audio sbisct oudput audio track,

The apparatin may fuather comprise at least one mixer configursd 1 receive st lsast
twa aulpat audio signal racks and genarate a3t kast one combined oulput audio
signal track, wherely the e procsssor is configunsd fo link the least one combined

¥

ouinut audio signal rack with af lsast oneg other frack

The spparatus may further comprise & kast ong encoder configumnd o recale at
Inast one outpul awdin signal reck and ganerste at lgast ome aneodsd oulpd audio
signal ack, whersln the file procsssor s further configuned v nk the lsast one
sncoded oulput audio signal rack with atl isast ons gther frack,

The spparatus may fwthar compring 2 pra-proceseor sonfigured o recsive the at
feast o swgdin ssiggmsi&, and generale al loas! two audio signals o be passad o the

at ioast one processor nstancs.

The pre-processor may compriss at least ons ofl an squaliser configursd 1 sgualise
sach of the al least bwo sudis signals from the ot least bvoe mitrophonas, s
sompensals for any manuiaoluning differgnces in s & least b microphonss: a
witid notss reduce’ configured 1o reduce the wind noiss of the al least o sudin

sighals from the al lsast two migrophones) & harnsliing nolss reducer configured o
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raduce the handling noiss of the &t least fvo sudio signals from the a2l lkast bwo
minrophongs; fmamic rangs compressor configured Yo dynamically range comprass
the at least o audio signals fom the ot bast two nigrophones; sampls rate
converier configured © cunverd the sampling mate of the &l isast v audio signals
fromy the st least v microphones: & word length resolddion modifler configured
change the word langth resodution of the ol least v audio signals from the ot least
o microphones; and g blockags processor configred o delarming and
compansale for a faull or blockage i al least one of the at lsast bwoa microphonss.

Al loast ong of the at losst bwo processor inalanoss configurad o genarsie saparsin
sulpad audio signal racks from the at lsast bag audic aignals from the gt leas! dwvo
micrephonss may comprlse ! loast ong ofl & upmiker configred o generate an

audio signal rack with more channels than the mumber of input sudin signals; &

dovwnmixey configurad 1o generats an audio signal track with fawsr channels than the
number of input sudio signals) & signal source analyser configured o delarmins tha
orianiation of af least one sigael source elative o the spparatus from the ot least two
sudic signals fHom ths & least two mickophones! & signal sours  provessay
corfigurad fo modify the odentation of st lsast ons signal souce relative v the
apparatus; a spalisl processor configurad o genersle a spatial procsssing of the &t

feasn! bvo audio signals from the af least o microphioness; and 8 mapper configunsd
{0 map the at sast two audio signals rom the at least bvo microphonas o 8 osulpw

muttichanns swdio signal track,

Thy spatial processor may comprizs al bast ane of an sudio foocuser sonfigesd fo
gunarsie & spalislly focussaed sudio signal fram the gt least hwo audio signals from
the gt lsagt two mivrophonss; an sudio zoomer configured i genarale 8 spatially
gxpandad audio signal om the al lsast o audio signals from the at lsast two
miorophones; a directional defined sudio amplfier configured o amplify within a2
defined divectional range the at isast two swin signals from the &l lsast b
microphonss; g dirsctional defined sudio sttenuator configursd 1o sltanusiy within g
dafined direcliong!l rangs ths ol leasl wo audio signais om the &t lsasl two
micmphonesg; an awdiy de-emphasiser configured o spply 8 reverberalion within a
definad directional rangs the ot least o swdio signals from the at lsast o
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microphonss; an audio souwros displacer confiured o modify 8 relative odentation of
an audio sourcs by a8 dofined displacament angle; and a dirsctionally defined audio
filtar configured o spatially fitor within g definad directional rangs the at jeast two
audio signals from the at leas! two micraphoneas,

The spparatus may fsthar comrising 8 camara configured o generste a video
format signal, whersin the fHe processor sonfigurad {o link the al lsast two oudput
audio signal tracks within a s structwre may be mm‘@umeﬁ o geneate 8 data
struchure finking the a! lsaxt two cuiput audio signal racks with the vidso format

signsi,

The file processoy may be configurnd o ganerats 8 mpd fornmat file structure
comprising the gt lsest two sudio signal acks 8% separate trsoks inked in 8 mpd

format file structure dasoription.

The apparatus may fwther compriss al laast bwo microphonas configurad o generate

the st lsast two audio signals.

The apparatus may further comprise a user interface input ponfigurad o configurs at

foast one of tha & leasl two procaessor inslancas.

The user nterdace inpul may comprise &t lnast ong of g radicchution salaction
configured 1o select ong processer ingtance tlomplate fom a plurality of processor
natancs smplales © be appliad © 8t least one of the wo processor instances; |
selection-biox  selection configuwred o select one or muwe processor  instancs
emplaten o & phurality of processor hstance lomplates o he spplisd to the bw
processor nslannes) 8 track sslection-box selsction sonfigurad o select ong or wmore
processor inslancs femplates rom a plurslity of processor inslance templates for
sach of ong or more procasser instances; a8 channsl selection configured to sslsat
the numbar of channels culpt by & least one of the two processte inslanoes] an
audio ragion salsotion oconfigired o determing & spalial reglion within whinh at least
ong of the hwi procsssor instances applies spatial processing @ swrnnund chamnst

sefaction sonfigurad o solegt & sumounid sound nslance tompists o be applisd o &t
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isast ong of the bwo proosssor slancss; a sumound channe! option sslsotkn
configurerd o salact one surawd sound processor instancs tamplate from e pluralily
of survowryd sound provassoyr wtancs tomplates o e appliad to al lsast ong of the
fag procsssor insfances; an t:}bi}aa::t frack ssfsolion configured o selewd an ohjest
instance fempiats o be applied 1o at least ane of the v processor inslanoss and an
objest numbesr selection configurad o seladt an ohipet inglancs tomplates comprising
& filter configured o saiadt a number of objedts 10 be appliad 0 at lsast one of the

PO DIDOSESOT Inalances.

Sconrding 1o g ssoond aspact there s providad an apparaius comprising at least one
processor and at least one memary ncluding computer oode for ane o more
programs, the st least one mamorny and the computer oode configured o with the st
feast ane procsssor couss the apparstus o at least meehe from al lsast two
miorophones 3t isast e audio signals) generate separats cutpul sudio sighal fracks
fromt the ot lesst hwo audio signals from the st least two microphones; and ik the at
faast bwo oulpul audio signal racks within & e structure.

Ganerging separsts aulpd audin signe! tracks from the & lsast two sudio signals
fromm the at least bvo microphones may cause the apparatus o perform ong of output
a multichanns! output sudio signal skl oulpld 8 starso oudput sudie signal frack;
autpul & mono oulpwl audio signal track; argd sl an audio obleat culad sudio
frack,

The apbaraius may be further causad 0 recsive & least two ouipul audio signat
racks and generale gt least one combined oculput audio signal rack.

The spparatus may be further caused o roceive st least ong oulpil audio signal
frack and generals g lsast ons gncoded oulput audio signal track.

The apparstus may be firthey causad o recelve the al lsast o audio signals, and
grocess the al lsast v audio signals o be pasaed v the 5 loast one OCessor
rstanos.
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Tha processing of the at least two audio signals may cause the spparnius to perform
al lvast one of) squalise sach of the 3t least b sl signals from the sl least v
mionaphones, s o compensate for any manufacturing diffensnnes it the at least o
micmphones; reducs thes wind noise of the at least two gudio signals from the at least
e microphones; reducs the handling noiss of the al lsast bwo audio signals from the
at loast two microphones; dynamicaly range compress the at least v sudio signals
from the at loast two microphones; convert the sampling rate of the at loast twe audio
sionals from the 8t lsast o microphones; change the word length resclution of the
st lsast two sudio sipnals from the at least two microphones; and delennine and
sompansate for & faul or blockags in at lnast one of the at least wo microphonss,

Geansraling separate oulpwl audio signal tracks from the gt least wo sudio signals
from the at lsast dwo microphones may cause the apparaius o perform &t least om
of: generate an sudic signal frack with more channels than the number of nput audio
signaly] gensrate an audio signal track with fower channels than the numbsr of inpg
sudio signaly; determine the orlenistion of at least one gignal source relative o the
apparatus fom the al least two audio signals from the st least two miorophonas;
monify the orlantation of o least one signal sowres relative o the spparatus; generats
a apatial procsssing of the at lsasl wo sudio signals from the al lesst two

7]

méc;mg:»ham&: angd map the at kest b sudio signeds from the at sast

microphones o g ouipul multichanne! sudio slgns! back,

Generaing & spatis! processing of the al lsas! v audio sic}nais from the ot least hwo
microphones may cause the spparstus o perform sl least one of generats 28
spratially focussed audio signal from the gt least o sudio signals from the at lsast
fwS microphones) genaerste a spalially expanded audio signa! from the st least two
awlo signais from the st least twe minrophones; ampdify within g defined dirgctional
range he al least wo audio signals from the st logst two micraphones; allsnuals
within 8 defined dirgcliona! rangs the &t lsast o audio signals from the al least two
mmicrophones; apply 8 reverboration within a defined directional rangs the at lsast tan
audio signals from e at keast e milorophonss; modify 8 relathe orlentation of an
sudic source by a defined displacement angle; and spatisfly filler within 2 defined
shrsclional rangs the st loast twd audio signals from the ol least bwo microphones
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The apparatus may be fwther caused o gonemale 3 video format signal, wherein
finking the ol loast two oulpd swdin signal racks within a file structure causas the
apparaius fo generals & data struclure Enking the at lsast tan oulpul sudic signat
tracks with the video format signal,

Linking the aof lnast two oulpud sudio signg! tracks within g flle struciure may causs
the apparaius v generate & mipd format file sinecdure comprising the at loast two
awdiv signsl tracks as separate acks loked in & mpd format fle stucturs

description.

The apparsius may compriss at least b microphanes configurad o gensrats the at
lsast bwo audio signals.

The apparatus may fwther be caused v conligure at lpast ong of the & bast two
provceszor Mshnces based on g uaer blerface nput.

Configuring af lsast ane of the st lsast byvoe provessor inslances based on & usey
interface npul may cswse e apparatus o perform &t least ong of select one
procassar nstgnce fomplate from a plurality of grocessor instanos templates {o be
applisd o at loast one of the bwo processor inslancss; ssledt one OF MO PrOTESSAr
instance templstes from a pluralily of processor nstance omplatas o he appliad o
the two processar instances; salect one or more processoer instancs emplates from a
pluralty of processor instance tompistes for each of ong or miore pIOCessor
natances; ssisal the number of channals oculput by af Bast oneg of the wo processor
instances; datermine a spatial rsgion within which 2t loas! ong of the two  processar
ingtanoes appliss spelisl rocessing saladt g surround sound instancs tlemplste o be
applisd o at lsas! ong of the wo processor nstances; selegt ong surrcund sound
ocessor alance tempials from g plurslity of surmound sowd rogsssor stanos
tompiates {0 b appliad o &l least one of the RO procassor inslancas; ssisat an
obiscl nstance ey mai@ 1 be appliisd o st least ong o the tw procsssor Disianoss;
and ssleo! an obisat inslance femplate comprising a filler configured o selkal a
numbier of objacts {o be applisd o af loast one of e o proceseor stances.
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Acoording 1o g third aspeot there 18 provided an apparaius comprising: measns for
recelving from st least two mirophones gt least two audio signels] means for
goeneraling sepangte owdmy audio signal racks rom the al least o gudio signals
from the st least twn microphones; and meang for finking the at least two oulpat
audin signal racks within a fils structure,

The maans for ganerating separsie oulput audie signal tracks fromy the ot least two
sudio signals from the at loast o microphongs may comprise at lsast one of: meansg
for eutputling a mutdtichanne! culpul audio signatl track; means for ouipudling & staren

outped audin signat rack; means Yor outpulting & mono cutput audio signal rack; and

msans for culputiing an audio objsd outpist sudio track.

The apparatus may iwther comprise means for combining st least two suiput audic

aignal iracks o genorale st least one combinad oulpid sudio signal track,

Tha apparatus may further compriss means for sncading &t least one culput audio

signal rack o ganarate ot baat one enondad pudput sudio signal rsck,

The apparatus nmy fwther comprise msans for wocessing the st loast wo sudio

signals 1o be passsd {0 the &t least one processar instanos,

Tha means for procassing the at least two audio signals may comprise 8t loast ang
of) msansg for equalising sach of the al leas! wo sl signals from the &l least twe

micraphonss, 80 ko compensats for any manufacturing differences in the at least two

%

microphonss; means for reducing the wind nuise of the at leagd two sudin signal

e

fram the at least bye microphones; means iy redusing the handling noise of tha g
lomsl two audin signals from the & least fwo microphones: means for dynamdoslly
FRAGS comprassing the of lsast two audin signals from the st lsast o mitrophones;
maans for converting the sampling rate of the st leas! bwo sudio signals fromt the st
teast two microphones; means for changing the word length resolution of the & least
e audio signals from the ot least twn microphones; and means for delermining and

comparmating for a faull or blockages in st lesst ane of the at lsast bvo microphones,
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The means for gensrating separate oulpul saudhn signal racks from the ot least twa
audio signals fram the 8t leas! two microphones mgy comyprise at least ane of, means
for generating an sudio sigral track with mors channels than the numbsr of g
sl signaly;) means for goenersting an audio signad rack with Tawer channels than
e by of inpud audio signals; means for dedenmindng the orlantstion of af least
ane signal sowrce relalive o the apparsis rom the at leas! bvn audio signals om
fha al lsast hwo microphones; meang for modifing ths orlentation of &t lsast ang

nal soures reladive U the apparatis; msans for generaling 8 spatial procassing of
the gt lsast bwo sudic signals from the at least two microphones; and mesns &y
mapping the ot isast two awlio signals Tom the sl eas? hew milorophones 8 oulput
mutlichames! audio signal track.

The means for generaling & spatial processing of the st loast two asudio signals from
Hin at ieast o microphonas may compriss at lbast ong ot means for generating a
spatially focussed sudio signst from the al least o audio signals from the at isast
tweo miioraphones; means for gensrating & spatially expandad swdin signal from the &
weast bwo audio sipnals fom e of least bwo mitrephones, means for amplifving
within & defined dirgctional rangs the at leas! two audio aignals from the at least v
mdorophones; means R atlenuating within a defined dirsctionsl rangs the at least
o gudio signals fmm the of soed han miprophonas) means for appiving &
raverberation within s defined divrectional rangs the at lsast bvo audio signals fram
the gt less! o miorophones; and maans for swodifving g relative onentation of an
audio sowrce by a defingd displacemant angley and spatislly Slier within a defingd

directional range the st loast two audin signals from the st least two mitrophonas.

The spparatus may hethsr compriss meaans for generating 8 video format signal,
wharain ths means for inking the of loast bwe output audio signal tracks within a e
struciurg comprisss maans for gensrating & data strusturs inking the & least two
oufpul audio signal tracks with the viden format signatl,

The means for lnking the at loas! dwo aulpit sudio signal racks within a s structure
may comprive means Ry generating 2 mpd format e strushre comprising the at
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wast wo audio sighal racks a8 ssparate acks Hnked in & mpd rmat fe strosiure
desonipion.

The spparatus may comprise a8t isast hwvo microphonss configured fo generale the at
foast two sudio signals.

The apparstus may frthay compriss means for configuring at least ong of the at leagt
WO pIocssaor iInstanceas basad on a user intsrfaos input,

The means for configuring of least one of the of least two processar instances based
o & user interface inpul may compriss al loas! ons off msans for ssiscling one
processor inslance template rom a phualily of procsssor inslance tomplates o bs
applied o 2l least one of the two processor instances; means for selacting one or
ms progessor instanos tamplates from o plurality of procssesor instesnce lemplstes
W be appliiad o the o processar nslanoss) means o seledling one o nuwe
procassor inslanoe {emplates from a phurality of processor instanca lemplates for
gach of one or more procsssoy nstances; meang Tor selecling the numbsy of
ghanhiaiz oulpil by &t losst ong of the fwo processor inslances, means R
delermining & spatial region within which at izast ong of the two  procassor instances
applies spatigl processing; means for selacling & surmpund sound inslanes template
o b applied o of loast ong of the two proocsssor ntancss; msang for selecting one
sirround sound proosssor alanes mplate from g pluvsity of swrmound sound
procassyy nslance lemplates © be applied o st loast one of the two processor
matances: means e s@i&ami.ﬁg} an objeot instancs tempiate 1o be appliad {0 at isast
ang of the two processer instances, and mesns for selegting an object histans
{empiate comprising & Hlter condigured o selaat & numbsy of obiscts to be a;&;ﬁiﬁﬁ i
at least one of the two prodessor instenoes.

Aosarding 1o a fourth aspect thers is provided a mathod comprisging: receiving from at
lnast b microphonas & least two sudin signais; gonarsting separate sutput suediv
signat tracks from the at hast o audin signals from the at least faa mivrophoanes;
gnd Enking the af lsast bvs outpud audio signal racks within & fle struclurs.
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Ganerating separsie pulput audio signal taoks from the 3t east o audic signsts
from the gt loast two microphonss may comprise ol least one of oulpulling a
mudtichanne! oulput sudio signal frack] sulputing 2 sterso oulit audio signal trenk;
means for oulpuling & mono autpud swdio signal track; and oulpulting an audio objeat

411

cuatpet audin sk,

The method may further compriss combining &l least two culput audio signal tracks
to peneraln al lpast ong combinad oulput sudio signat rack,

1 The mathod may further compriss enoading at lsast one nutpd awdin signal track o
gonwraie af least one encoded oudped awddio signal track.

Tha methed may fwthsy comprise proosssing the at lesst two sudie signals o be
passed {0 the &l loast one processor Instance

Frovessing the al loast two s signals may comprise at least ane of egualising
gach of the al least two swdic signals from the at least two microphones, so o
compeansats Ry any manufacting differsncss Bt the al isast two microghones;
raeducing the wind nolss of the st loast o audio signals fom the st least two
& micnsphones; reducing the handng nolse of the at leas? o sudin &§g§m§is from the af
tleawl lwo mikkrophones; dynamically range compressing the at least bvo audio signals
from tha af least two microphonss; comvarting the sampling rate of the at lsast two
audio signals rom the st sast o microphones; changing the word length resolution
af the atl lsas! wo audio signals from the at bast bwo microphonss; and detarmining

N
5

and compansaling for @ faull or blockage I &t lcast one of the at lsast two

rrdorophones.

Gonersting separate cutpat awdic signa! tracks rom the af least two swdio a%igﬁaiﬁ

froun the at least o microphones may comptise 8t lsast ons of generaling an sudin
3¢ wignal track with more channals than the number of input swdio signals; gonerating

arn audio signal track with fower channads than the number of Input audio signaly;
datermining the orentation of &l leasgl ong signal sourca relathe b the appamstus

from the al least two audie signals fram the at least v microphones; modifving the
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griantation of al lsast ong signal sourcs relative 1o the apparatus; generating a spalial
processing of the af least two audio signals from the &t least two microphones; and

mapping the at least two audio signals from the at least o microphongs {0 g cutput
mulichannel sudio signst track,

Gensrating @ spatial processing of the & least two sudin signals from the at least two
microphones may comprise o lcast ong oft ganerating 8 &gmtiai%’y focussad audio
signal from the at least two sudic signals from the st lsast fevn microphones;
gensrating a spatially sxpanded sudlo signa! from the ot lesst wr audio signals from
the &t {east two microghones; ampiifving within g defined dirsctional rangs ths at
feast o audio signalz front the gl kast wo microphones; attsnualing within g
dafined directional rangs the ot least two audio signals o the st least two
micraphonas; apphving 8 reverberation within g definad directiona! rangs the at least
two autlio signals from the al aast twoe milcrophones; and modifing 2 slative
griendation of an sudio source by 8 definad displacsment angle; angd spatially Hiter
within & defined dirscliona! range the st lsast o audio signals from the at lsast two
rrinrophanes.

The mathod may further comprise generaling a vides format signal, wharein linking
the at least o oulput audio signal racks within g Bl ghucture comprisas gensraling
& datg structure linking the sl lsast twn cutpul sudio signal tracks with the video
format signal.

Linking ths af lsast bwo outpul audo signg! tracks within a e struclire may comprise
gensrating & mpd format file sructure comprising the al wast two audio signal ttacks

a8 separate racks inkad B & mipd format Sle structure desoription,

The method may fnther compriss configuting &t isast ons of the st least

procassar nstances basad on & user inferisce hpd

Configuring st ast ong of the &t lsast fwo procses netanoss based on 8 user
niwface npul may compriss & loast one of ssdecling ons pocsssor instancs
famplate from a plurality of proosssor instance lamplates to be appdied to at lsast one
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of the o provessor nstances, selecling ong or mars processay instancs {emplales
from a pluraity of processar instancs lomplates ¢ e applied o the fwo procassor
nglances] salacling ong oF MOre pocesser nstance templates fom & plaralty of
DrOOSSROYT %ﬁ&im‘iﬁ& tamplates for sach of ong or more procsssor instances: ssiscling
the number of channels oupy by ot least one of the o processoy inslence s
detarmining 8 spalia! reglon within whikch at least one of the deo procassor Pslannes
applias gpatial processing: selecting s swrround sound instance templats ©© be
appliad o of lsast ong of the two procsessor nstanoesy; selecting ons swvound sound
pracessor instancs lempiate rom 3 plursity of surround sound processor instancs
templaias fo be applied o ot nast one of the two processor instances; salacting an
shisol inelanes tampista o be applisd © af ftasl one of the two provessor Nslances,
and ssiscling an obiec! hstance femplale comprising a e configured i sslect a

number of nhijests i b applied o at least ane of the w prooessor slanoss,

A computer program product storad on & median msy csuse an apparatus o

N

perform thy mathod as degoribad herain.
An slectronic device may comprise apparatus as describad hereln.

A ghipsel may comprise apparatus as dasoribad heareiin

Embodimants of the prasent application aim o address probloms associated with the
state of the st

Summarny of the Flowres

For betlsr undsrstanding of the presant application, refsrencs will now be mads by
way of exampds o the ascompanying drawings inwhichy

Figre 1 shows schematically an appsratus sulishle for belng emploved i
some ambodiments;
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Figure @ oshows schamatioally an sxample spaiis! audio signgl processing
apparatus accordiwg v some smbadimenty;

Figure § shows schamatically a flow diagram of tha operation of the gpatial

audic signal processing  apparatus shown I Figurg & according ©  sume

Figure 4 shows schematinally an example swroundisterso/obipe, provassor
stancs apparatus according o soms smbodimants;

Figlwe § shows schematically 8 How diggram of the opsegtion of the
surround/siereniabiact pracessor instance apparatus shown in Figure 4 aonording o
some ambodiments;

Figurs & shows schematioally & first configuration of the sxample spatial awdic
signal processing apparatus according o soms smbodiments;

Figure 7 shows schematinally o sscond configuration of the example spatigl
audio signal procassing apparatus sooonding o soms embodiments;

Figure 8 shows schemaiically o ind configuration of the sxampls spalial
audio signad processing apparsius scoording o some samboiments;

Figure | shows schematically a fowth oonfiguration of the sxample spatial
stchio signal processing spparalus aceording o some smbodinwnds;

Figurs 10 shows schamatioally s fiith configuration of the sxample spatial
sudio signal processing apparsiug ancording o some sinbodimanty;

Figurs 11 shows schamatically a first user interfacs display configuration iy
controfing the sxample spatis! swdio signal procaessing spparstus according to soms
smbadiments;

Figurg 14 shows schamatioslly 8 second user iderfscs display configuration
for controlling the example spatial awdio signal processing apparatus scourding o
same armbodiments;

Flgurs 13 shows schematioslly 8 thind user intarfaes dispigy configuration for
conbrolling the exampls spatial audio signal processing spparatus according o sume
ambodiments;

Figurs 14 shows schametically s fourth user intorface display cordipuration Ry
controlling the sxample spatis! sudio signal procsssing apparatus ascarding o soms
ambodimsnts,;
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Figure 15 shows schematically a 8t wer interface odisplay configurstion for
controling the sxample spatial sudio signal processing spparatus socording (o som
smbadimeants;

Figurs 18 shows schematioally a st ssample spatial sudio signal processing
beamdorm pallern asconding o some smbotimants;

Figure 17 shows schometicslly o ssoond sxampls spatial awdie signal
processing beamform patiem aosording o soms ambodiments;

Figure 18 shows schamatiostly a third example spalis! sudie signal procassing
beammform patltern sooording o some embodiments;

Figurg 19 ghows schamstically g fourdth cxampls  spatial audlo  signad
provessing besmionm patlamn ageanding to some embodiments;

Figurs 20 shows schematically o Hith sxample spatial sudic signal procsssing
beamform patier according i some ambodiments;

Figure 21 shows schematically a sixth example spatial audio signal processing
bearnform pattern acoonding {0 stome ambodiments;

Fiure 28 shows schematically o saventh sxample spatial swdic signad
processing baamform patlam acourding o goms embadimants; and

Figure 33 shows schematically an sighth syample spalial swdic signal
proceswsing beamform pattem acconding o somes embodimants,

Embodimeanis

The following desonbes iy further delall sultable spparstus and possible machaniams
far the provizion of sffentive orientation or dirsctional progessing of sudio recording
for axampla within audio-videt caplure apparatus, In the following sxamples audic
signals and processing is describad, Nowever § would be sporeciated that in soms
ambodiments the sudio signalfaudic caplurg and grocassing s a part of an audio-

vidao system,

&s desmibagd bharein moblle devicss of apparstus are mors commondy being
squippad with mudlipls mistophons sonfigurations or microphone arrays suilable for
recording or capturing the swilio emvronment o sudio spene suraunding the mobile

devics o apparstus. This mitrephone configuration thus enaldes the possible
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recariing of sterso or surmund sound signals, Furtharmore the known loostion and
atientalion of tha microphonas further anables the apparatus 1 process the captured
or renordad audin signals Trom the microphones to perform spalial procsssing ko
smphasize or fotus on the audic signals from o defined divection relathve I nthay
dirsotions.

Howeaver it patforming rest ime procsssing of the audio signal thers are groblems in
the owrrert implementationg of audio procesaing. For axample fypically the sudio
signal reconded by the apparatus is dafined with rospect 1o 3 fixad forwsard beam or

a0 beam at all

Where thers 8 no beam at all, evervihing armured the spperatus s recorded and the
gsar s unabis o restrict what s haing recordad. Mowsver this can result in the most
dominant sudiv sourses swamping othay sudio sources, angd sometines the most
dominant swdin soung s not the most interesting for the user o racord. For axample
a8 musaiyn oxhibi may be baing shown next o o lowder oxhibil snd the buder axhibit

pravanis the guilatar axhibit being recondsd,

Where the beam v fiked forward then only the sudio sources approdmataly i fins
with the spparsiug ars recordsd, which can bs problematic where ussr wishes o
redivect the suwdic at 8 er date Jor sxample it any post procsssing operation).
Furthermore fiked beam processing has Hmilations i that svendhing from that
direction such as the fromt is recordad and then the user iz unable o resingt or
choose whal is recordsd, Al i some cases what happens dirgctly in the front is not
ahvays the most interssting sudic. For sxampls the museum axhibit iself may not be
the intorasting audio soures bt rather a guide standing fo one side of the exhibit or
moving argungd the axhibit. A fxed or fixed forvard processing would pravent the
recording of the viden of the axhi$l and the recording of the audio of the guide
sxpiaining s axhibil,

The concept of smbadiments s therefore to fexibly capture or recond multiple audic
fracks with differant channe! configurations. For example the channel sonfigurations

oan be monpdstersofsurmund scundiohbisat processed audio signals and can have
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varous sellings. For exampls ong parl of the concept covars forming multiple
nstancas {or slemeants} of processad audio signals fJor sxample bagms) for swround
sound in roal time recording or ambeadding these within g video,

fn the embodimants as desaibed hareln an apparatus or device sompyising two or
mors Mcrophonas oan gananais these procassing olameants or instances and encods
the outpt of the procassing elements or instances separsiely.

Furthenmore as desaibed horgaflar i some ambodiments complax provassing
nstianees can in some ambodiments be genemsted by combining the oulp of the
processing slemanis or instances and snooding the combination oulpul,

in some smbodimants the olaments or hslancss can be multichannad {or surraund
sound} provessed owlpuds, or can b sterso procssssd oulpuls oF Mono processed

ouipuls or sudic obiso! processed oulpuls

i this regard reforence i first made o Figurs 1 which shows & schamatio bloek
tagram of an exemplary apparatus or elentronic device 1, which may be used 0

raoond {or oparats 83 8 capturs apparatush

The siecironic device 10 may R sxample be a mobile rminal or user eguipment of
a wireless communication systam whan functioning as the eoording spparatus o
Hgtoning apparatus. In soms embodinanis tHhe spparatus oo be an audio plaver or
audio recordsr, such as an MBI plaver, 2 madia restrdaeriplaver (also known ag an
MPE plaver), or any sullsble porable spparstus sullsble for recording audic o
audichddeo camoordaermeamaory audio or viden recarder,

The apparatus 10 can it soms embodimeants comprise an audiowiden subsystam
The sudidwideo subsystem for sxample can comprise it soms ambodiments &
microphong or amsy of microphonss 11 for audio signal capture. I some
gmbodimants  the mitrophong o asray of migrophones can be 8 solid sisle
mirophane, in oty words capable of caplwring audio signals and oulpulting =

suitable dightal format signall In soms othar embodimants the microphons of srvay of
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miorophones 11 can comprise sy sultabla microphoneg o sudio caplure means, Ky
gxample a condensar mikoroghone, capsciior minraphong, slechostatio mitraphons,
Elacirat condenser miceophons, dwnamic mitrophone, ribbon micrephans, oarbon
microphong,  plazesiectic  microphone, or micvrn  eleciricabmechanioal system
MEMS) orophong. I some embadiments the microphong 11 & 8 dighsd
micrephons array, in olher words configured o ganerste a dighsl signal g and
thus not requiring an anabbgue-toadigitsl converter) The miorophons 11 or aray of
micraphiones can i soms shbodiments cutpit the audio caplived signal o an

anaslogus-o-dhigital comvarter (AT 14,

it some embodiments the apparstug can further oomprise an anslhgue-tedigitel
comverter (ADC) 14 configured o recsive the analogus caplured audio signal from
the micrmphones angd sutputling the audio caplured signsl In g suilable digital fomm,
The anaboguen-digitsl conveday 14 can be any suflable anslogusdo-digiiat
sotwvarglon of processing means.  In some ambodiments tha microphones am
Intagraied’ migrophonas condsining both audio signa! generaling snd analogue-to-
digitel convarsion capabiiity.

%

some smbodiments the agparstus 10 sudicwddss subsystem futthar comprivss 8

»

e

L

rny

tabic-ansiogus converder 32 for converling digital audio signats from & procsssor

;

-
i

11 0 g suitabls analogus formst

%

ha digitabto-analogue convarter (DAD) or signad
processing means 32 can i semg embadiments be any sullable RAC tschnslogy.

Furthemaore the sudiowiden subsystem can comprise In some ambodiments a
speaker 33, The spesker 32 can it some smbodiments reoaive the oulpud from the
digitabio-analogue converler 38 and presant the analogue audio signal o the usen

In some embodinuds the spesker 33 can be represantathe of mudibspaaker

arrangemantd, a headeet, for axample & sat of headphonss, or condless headphones,

i some smbodiments the spparstus sudic-videso subsystem oomprisas g camars &

Py

oF nags caplring means configurad o supply 1 the prooessor 21 image data. In
some ambodiments the camers can be configired o supply multiple imagss over
e o panvide & video siream.
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It mome embodimends the apparaius audiowiden subsyatem comprises & display 82,
The display or image display means can be configuren to oulput visual images which
oan bhe viewsd by the uger of the apparatus. In some ambodiments the display can
b 8 fouch sorsen display sullable iy suppiving inpedt dats o the appsratus. the
display can be any sullable display leohnclogy, for sxample the display can be
implemented by a fat panel comprising calls of LCD, LED, QLER, or plasma’ display
Implamaniations.,

Although the apparatus 10 »shown having both suwdinfiden capturs and audindvides
pragontation componantg, #§ would e understond that in someg smbodiments the
apparatus 10 oan comgrise one or the other of the swlln caplure and swdlin
oresentalion parts of the audio subsysiem such thal in some ambodimeants of the

apparatus e microphons Jor sudio captursd or the spaakar {Jor audio presantation)
arg prasent. Similarly In soms smbodiments the apparatus 10 oan comprise ane or
the other of the video capture and video presentation pads of the video subsystem
sush that in some embodiments the camera 81 for video caplre) or the digplay 83

{for video prasentation) is pressent.

i sonm aombodiments the apparatus 1D compeises @ procassar 21, The provessoy
27 s ooupled {o the sudiowideo subsystem and spacifically in soms examples the

wingue-lo-dighal convarter 14 for ressihdng digisl signals reprssenting audio
Signaia from the microphong 11, the digiaMoanaiogus comarter (DAGY 18
gorfigured 1o culpyt procassad digital audio signals, the pamera 51 for rensiving
dightadl slunalz represeating video signals, and the display 82 configwred fo oudpd
processed digiial video signads from the processor 21.

The processor 21 oan be configursd o seoits varous program obdes. The
implementad program codes can compisy o sxample swilinwvideg mma‘dis‘:g arwd
audiowides grasentation routines, it some embodiments the program codes can ba

gortfiguren o parfon sudio signal modsliing or spatial audio gignel processing,
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i soms smbodiments the spparastus further comprisas 8 memary 22, I some
smbodiments the processor & coupled o memary 22, The memory can be any
suttabls storags maansg, I some smbadimants e mamary &2 somprises a program
sode section 23 for storng program coddes implemeniable upon the processor 84
Furthenmore i some embodimants the memory 82 can Ruther comprise & storsg
data section 34 for stordhg daty, Tor sxample data the! has begn sncoded i
accordance with the application o date {0 bs encoded via the application
ambodirnents s describad later. The implemantad program code storad within the
grogram code section 23, and the data stored within the slorsd data section 24 gan
e refrieved by the proosssor 21 whonovst nasded via e mamons-procsssoy
oouping.

it soms further ambodiments the apparatus 10 can comprize 8 user blsfacs 18
The user interface 18 can be couplad iy some ambodiments {o the prooassor 2%, In
some smbodiments the prooessay can contral the operation of the user ntarfacs and
reneive Inpuls rom the user Interface 18 In some smbodiments the user interfacs
18 can anabls g user o pul commands o the electronio device o apparatus 140, for
gxample via a keyvead, andior  oblgln nformation from the spparstus 10, for
example vis a display which is part of the ussy intarface 18 The user interface 18
can in soms smbodiments as desoribed herain comprise & ueh soresn o fouch
darface capabis of both snabling information o b enferad o the spparatus 1D and

further displaying hformation o the user of the apparatus 10,

N some smbodiments the apparatus fwrther comprises g banscslver 13, the
fransceiver in such embodiments can be coupled to the processor and configured o
artable & communication with other apparatus or sleotronic davioes, for exampla via a
wiraloss communications nebeork,. The bansosiver 13 oF any sullable ransceiver or
ranemifter andfor recslver means can in some embodiments be configurad

eofrimunicats with other sleclronio dendees oF spparatius Vi & wite o wirsd coupling.

The transcaiver 13 can communicals with further spparatus by any sutiabls known

pommunications prodangd, for axample It sone embodiments the ranscalver 13 or

7

Fansceher Means o8n use 8 sullable universal mobile islscommunicationg syaiem

{,
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{UMTR) protood), a wirsless looa! area nebyvark (WLAN protoco! such as for examipia
IEEE 802 X, a sullable shorbrange radic fmquenoy cormmunication protocol such as

Bluatooth, or infrared dats communication pathway (IRDAYL

In some smibodimants the apparatus comprises 2 position sensor 18 configurad o
astimaln the pasition of the apparatus 100 The posion sensor 18 can by soms
ambodimants be g sateliile positioning sanaor swch as a GPE (Global Positioning
Systam), GLONASE or Galilso recsivar.

1 some embodimants the positioning sensor 080 be 8 osliudar 1D sysiem or an

sasisied GPR systam,

I some embodiments the spparatus 10 furdher comprises a dirsction oy arentation
ssngor. Ths odentationfdivection sanmor 030 Iy some embodiments be an slschonic
COMpass, acvwlsrometarn, and & giroscope o be delormined by the motion of the
apparstis using the positioning estimats.

i is fo be undersivod again that the struchure of the sisclronic device 10 ooudd be
suppiemenied and varded i many ways.

With respecl {o Fgure 3, an cxample spslial awdio signal procsssing spparatus
sceording B some embodiments s shown, Furthermore with respect o Figus 2 a

fiow disgram of the oporation of the spelis! audie signal processig apparatus as

~

shown in Figure 2 is shown,

Inn some embodiments the apparatus comprisey the microphong or geray of
microphongs 11 which are configursd o oaphire o record the acoustic waves sngd
genarate an audio signal for sach microphane which s passad o the spatial sudio
signal processing  apparatus. As desorthed hersin in soms embodiments  the
microphones 11 are configured o output ab analogue signal wiish is convarted inlo
& digitsl format by the analogue o digital convarter (AREY 14, Howsver I soms
embadimants the microphones gre infegrated microphones configured o nulpwt 8

digital format slignal Futharmorg 0 some ambodiments the microphone avay 8
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phasically separste from the gpparatug, for sxample e microphons gy oan b
focatsd on & headsst {whars the headast algo has an assoulated video camers
capturiyg the viden images which can slse be passad o the spparstus and
processed in @ manner o generate an ansoded viden signal which can hoorporals
the procsssed audin signals as desoribed horsind wiioh wirslassly or othensiss

passes the audio signals o the apparstus for processing.

Tha operation of recaiing the sudio signals from the milorophons array s shown in
Figurs 3 %33:‘ st d01,

In some embodimants the spatisl sudin signal pmocessing spparsius somprises g
pra-pronsssoer 104, The presprocessat is configured o recetve the sudio signals from
the microphonss and process these o generale audio signals o be used In the
prapassing instances. For example in some ambodimands the pre-processor can be
configured 0 squalise the sudio signals, Howaver any suitabls processing of the
audio signals 1o enable tham 1 be comparad can be pearforamed sush as microphone
damags of blockage processing. Examples of pre-processing that oan in some
smbodimnants be applied g g wind nolse reducsy corfigured o reduce the wind
naigs of the audio signals rom the microphongs; a handiing nolke reducear configured
{0 reducs the handiing nolse of the swdin signals from the micmphones; {iyﬁamia
range compressor configursd {o dynamically rangs compress e sudin signals from
tha mivrophonssg; a sample rale comnvertar configursd 1o convart the sampling rate of
the audic signals from the microphonss, and & word eagth resolution modifier
confignred o changs the word length rosolution of the sudic signasis from the
microphones,

The opemstion of pre-processing the microphons array audic signals for exampls
squalisation) s shown in Figure 2 by stap 303,

In soms embodiments the pas-processesd audio signals from sach of the microphones
arg than passed o an instance pooassor 103G,
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i some smbadiments the spalis! swdis signe! processing apparstus tomprises ai
netance provessor NG, The instance processoy 108 comprises st least ons
procassing histanos, for axsmpls at lsast ong instanos of surround sound procassing,
SISreT RITCHSSNG, MOono provassing or ebjedd processing.

Tha instance provessor WIS s configurad o utilizs the multiple miorophong input and
from the sudio signals from the mu%ﬁsg}i& prorophong npul analyse the dirsctions of
separaie audio or sound sowoes. Futhenmore the Inslence procsssor 133 can than
be conflgured o process thass sudin or sound sources, for axampls o map o
syrithasise the sounds auoording o thalr direction of arival infermation inde & torgst
mutichanns! audio reproduction configuration,

For skampls i some ambodimants the targst multichanne! audio reproduciion
corfiguraiion can be a surround sound 8.1 speaker systam. In some embodimanis
the suwround sound or oudlichannst audio repoduction configuration oan be any
sultabla channe! number or arangamaent configuration,

Furthermore as desoribed herein the bstance pmcessor 103 can be configured &

cutpd & mong, steren, or sifach-basad parameter processed ocutput

For sxample in some embodimants as desaribed harsin the mapoing is performed by
apphing 8 sullable head relpted transfer funcltion (HRTF) o the dentified audin or
SeLnd SnUres.

n some smbodimants & minimum number of mivrophones ans required {o parfonm
propar divsction recognition. For sxample it some ambodiments @ minimum of thras
microphones i a angle configuration owards the recurding direction sve reguired
o gut an aocurate sstimation of the dirsclion,

I soms ambodiments audio sounds of signals which have no olesr dirsclion tan be
mapad o an ambisnos location, for axampls mapped o any st or combination of
front, subwooter and surmundg channais. iy some embodiments the mapping ks to the
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siround channsly Bt alyo 8 mapping o alf channels can be mplemantad in some
ambadimnants,

I some ambadimants the instence procsssor 103 con be configursd o furthsy
parfornm suround  procsssing of general progessing with respest v 8 desirsd
gdirecton or section or range of divections. In other wonds the instanog processor 103
can be configwred o reosive & user nput indicating @ Jdesired divection or rangs of
dirgsctions and then process the sudio signals from the microphonas 1o provide &
pracessed sudic signal having an sudio focus or xoom in the desired dirsction or
range of dirgcions. The sudic foous o zZoom processing it some embodimants can
e ampiification {for axample of signals from the desied divection), stlenustion {for
axampls of signals from dirgctions other than the desirsd direction, sudio zooming.
desmphasising, sudic sowrge moving, o ftering. For example i soms embodiments
the instance processer is confipured fo genersts a focussed audio signal Wy
amplifving audio signsls from within a dafingd direction or raglon, and altenuating
audio signals from Suiside the definad divection or region. This sppmach & aiso
known as baamforming. The gmpiification and altenustion of the sl signsls in
some ambodiments can ba defined 88 g dirsctionally defined audio filter {or spatisl
audio e configurad o spatially filler within a defined divestional rangs the audio
signals, in some embodimants the spatial flter can be configured o be freguancy as
well sz spatially specifie, In other words be configured to filler It both spatial and
fraguansy domains,

n soms embodiments the nsiance processar can be configured i ganaratsy a
divaction or rogion defined audio signa! amplification configurad o ampiify within a
definad dissglionsl rangs the audio signals for sxample from the al lsast o
mivrophanes, iy other wonds o amplly sudio signals o 8 defined direction or
region but not affedt the ather sudio sourcesisignals oulside of the definad dirsation
OF region.

*

In zome embondimanis the instanes procsssor can be configured o ganerats a8
diragtion of region defined audio signst atlanuation configured o atlenuale within 8

defined dirgcional rangs the sudio signals, Ty sxample fom the a8t least two

Insta360
Exhibit 1002 Page 259



5

0

20

WG TRLeRRTY POTEPIGIZOTNSS

miorophunas, iy other words 1 stisnuate or nudlily audio signals from 3 defined
divection or regim bul not affect the other awdin scuwrceg/signale putside of the
dafined direction or ragion,

in some snbodiments the instance procaessar is configured o generaly » focussed
sudio signal by genarstig & spatiafly sxpamied gudio signal fom the at lsast o
audio signals fom the ot least two milorophones, it othee words audio sourcas fram
wilthin & defined region oan be artificlally separaind from each other and audio
sowross outside of the defined reglon we arfifivially moved closer togsther. This
approach can producs the affect of producing noticeabls audio separation balwsen
close audio sources within the defined ragion while ‘merging’ the sudic sources
outsids of the dafinad region.

in soms ambodiments the instance processor can be configured o oparale as an
‘sudhio de-smphasiser’ configurad o apply & reverberatiom within g defined dirsctionagl
range o any sudio sourcs or signaly within the ragion or divection, The reverberation
can b axperiencad by the inlansr a5 the sound source oF audio signals beduming
‘Brackground’ & mufiisd,

In soms ambodimants the instancs procsssor can ba configursd o digplace of move
any detominad sudic souross. For sxample i some smbodiments the instancs
pRecesen oan be configured o modify a relative orentation of an audio sourns by a
dadined displacemend angls.

N some smbodimenis the nstanes processor 108 may be configured v genersis

4]
P
&
b
o]
%
o

mttipls bhslances, whare sach insk s cantigured to perfonm differsnd propassing.

Adthaugh in the following sxampies sach instignes i shown with a separals analysis,
processing and mapding stags § woudd be understosd that in some smbodiments
differant istances can ulliive common sloments, For sxample in some ambodiments
& common analvsis part can be ulilised by ssveral parslie! synthesis patls that
groducs the differsrd progassing oulputs, Thus whars there arg bwo processing
natances belng genersted by the nstance processor 143, & firgt instanne producing

a first diveclional amplified culpul and & second instance providing an widsy
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ambiance cwtpudd, both of the nslances could use the Inltal audio scens analysis
which ideniifies o delermines audio or sound sowees rathsr than perdforming

redundant analysis i sach nstanos,

N soane embodiments the actual audio sowee or saund sourse analysis can be &
sub-bands analysis or determination.
instancss of  surtound

The oparation of gensraling sourdisisras/monaiobjant

instances is shown in Figure 3 by sltap 308,

e osome embodiments the oulput of the nslanes processor 103 is passed o an
nstance mixsr 108,

in some ambodiments the spparalus comprises an stanas mixer 108 configurad t©
recaive at jeast 8 palr of twlance processor 103 instance aulpts and mix the
rstanog oulpuls o generale 8 complex processeast suioud

The opsration of miking Distances o ganerale complax instanves v shown in Figurs
3 by siep 208,

The instance mikar 108 can oulput the combined Instancs oulpud o the ancoder 1G5
Furthermors In soms embadiments the instancs procsssor 103 can be configurad o

autput the processad nstances o the enocder dirsctly whare no mixing is required.

in soms smbodiments the apparafus comprisas an encodse 107, The snooder 107

can repsdve the ouipul processed or mixed sudio signals from the mixer 103, and the

His

ancs processor 103 and generate ot least 2 single instance of encoder inslance In

arder o ancade the ouipad sudio signel The encodsr 107 can thus generate atl leas

P22

ol

muitipls encoding influsnces snd perform the encoding in real me. The enooder 187

can he oonfigursd o ouiput the ancoding o a file rdtiplaxer 108

The oparation of enooding the inglanes i shown i Figura 3 by step 307,
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in soms embodiments the spparnstys comprises g Ble mudtiplexer 108, The fils
multiplexer 100 s configured 1o racaive the encodad sudio signal from the gncodery
and mutiplex these acks of nlancss il 2 single e For axampls in soms
gmbodiments the Sle can be g mpd fils conlaining vides that has been reconded on

the apparsius &t the same ime.

The opsration of storing the encodsd instanosss s shown i Flgure 3 by stap 308,
With respent o Flgure 4 an axample instance on the instence processer 103, is
deacribad in further delalll Fusthemmore with respedt Figure § the opsration of the

nstance processor 103 shown in Figurs 4 {5 shown,

in

o2

o ambodiments the hnlancs procassor 1038 comprisgs an instancs anglyser
331, The inslanos snalvser 301 & configurad o receive the pra-processed muttipnde
micnaphong nputs.

The operation of rscsiving the pre-processsd audio signal is shown In Figure & by
sten 441,

The rstancs pracsssor 103 furthermors gan it somea smbodiments b configursd o
analyss the direction of the separate sound or audio sourcas {or objects} within the
audio scane being recondad. in some embodiments the helance analyser 301 &
configursd to output the detedted sowreas or ohiatly 1o an nsance sewresinbiact

An exanrgle spalisl analvals, delonminstion of sounes and parametorization of the
audio signal i desuribed as follows. Howsvar | owould be undarstood that any
sullabls sudin signal spalisl or dirgctional analysis I sither the Hme or other
reprasanistions! domaln frequency domain sio ) can be used.

in some embodimanis the instance analyser 307 comprizes a framar. The framer or
suitable framsy means nan be configured o recgive the sudin signals from the

mictophonss and divide the digilad format signals inlo frames of groups of sudis
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sample dats. I

i

oma embodimants the framer can furthennors be configured to
window the dola using sny sullable windowing function, The famer ogn bs
configured (o gonerate frames of sudic signal data for sach microphoneg input
wharein the lsngth of each frame and 8 degres of weerlap of sach frame can be any
suitable value,  For sxample it some smbiodiments sach sudic frame 8 20
milissconds ong and has an ovevlap of 10 millissconds betwesn frames. The ramer
can by configurad o oulpid the frame sudio dals v a Time-doe-Fraguency Domaln
Transformer.

N soma ambodimsnis the nslancs analyger 301 comprisss a Time-lo-Frequency
Duomaln Transformsr, The Tims-to-Fraguansy Domaln Transformer o suitabls
fransformey mesns can ba configursd o perfwm any suilables Smedo-freguanoy
domain rangformation o the frams sudio data, In some embodiments the Time-io-
Fragquaeney Romain Transfonmar can be g Disorste Fowder Transiormer {DFTY
Howewsr the Tansformer can e any sullable Transtormer such as 8 Discrels
Cosine Transfonner {DOCT), a Modiind Disvrate Cosing Transformer (MDCOTY, a Fast
Fourler Transformer {(FFT or & quadhalire mirvor filler (GMF) The Timedo-
Freguenyy Domsin Transformer can be configured o output & frequengy domain

signal for each micgrophone npul o e subcband BHear

in soms smbodiments s instance anabser 301 comprisss 8 sub-band Sar, The
sutrband filler or sultebls means can be configured {o reeaive the frequenoy domsin
signals from the Time-to-Freguangy Domain Transformsy for sach microphons ang

divide sach mivraphons swdie signal freguency domain signa! inte 8 numbey of sl
bands.

The sub-band division can ba any sullabls sub-hand divislon, For example in soms
ambodiments the sub-band Mer can be configured o oparals using peychoacoustio
filtering bardds. The subrband filler can then be configured Yo output sach domain
rangs sub-band 1 8 divslion analysern

in soms ambodiments the Palance gnalyser 341 can comprise g dirgotion analyssr.

The direction anabyser or suitable means ¢an in some ambodiments be configursd o
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selest 5 sub-band and the associsted freguenoy domsain signals for sach microphons
of the subv-band.

The direction analyser can then be configursd 1o perform directional ¢ '3%35}* s on the
signals in the subband, The dirsctional analyser can be confipured I soms
ambodimenty o parform a oross corrslation belwean the mivrophonsidecndsr sulbe

band freguenoy domain signals within a sultable processing msans,

%2
s
%

inn the divection analvser the delay value of the oross correlation is foumxd which
maximiseg the orogs corrsiation of the fequenoy domain subqband signals, This
delay can in some smbodimants be ussd {0 sstimate the angle or reprssent the angls
from the dominant audio signal saurce for the subband. This angle can ba delined
as u. Hwould be understond that whist 2 palr or two microphonas can provids a first
angls, an improved directional sstimste oan be produced by using mors than two
microphones and preferably i some ambodimants mors than wo miorophones on
B0 OF mMIOns 8xes

The directional analyser can than be configursd 1o determing whsther or not all of the
sub-bands have boen selecied. Where all of the sube-bands have besn sslected in
some avbodimanis than the direotion analyssr can be condigursd to output the
adirgciional analysis resudis, Whars not gl of the sub-bardds have basn solectsd then

the cperation can be passed back o selecting s Awrther sub-band procsssing step.

The above describes a divection analyser parforming an analysiz using frequeancy
domaln corsiation values, However § would e wndssiood that the dirsction

nalysar can pavfonn diractional analysis using any suitabls mathod. For sxampls in
some ambodiments the object datactor and separatnr can ba configunsd fo outpt
specific azpnuth-slevation values rather than maxinum oorrslation delay values
Furthermomn I some embodinents the spatial anslysis can be performed in the time
aomain,

i soms smbodiments s dirsction anslpsis can tharefre be defined as moeeiving
tha audio sub-band datls
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where =, is the first index of &th subband, It some embodimants for every subband

the directions! analysis as describad herein as follows, First the direction is astimatsd

with two channgls, The direction analyser findse defay 5, that madmizes the

corralation hobvesn tha two channels for subband b DFY domain representation of

in

2 S8 san be shifled r me domain samples using

where Ne indioatas the real pant of the resull and © denutes complex conjugste. s,

n
B

and xf are considersd wectors with langth of ay . ~», samples.  The dirsolion
analysar can in some embodiments impleamead 2 resclution of one ims domain

g sampls O the search of the delay.

i some ambodimants the direction analyser can b condigursd o generate a sum
signal. Tha s signsl oan be mathamstivally defined as.

o~

)

in other words the divection analyser & configured to genarate a8 sum signal whee

(511
%
£3
o3
w2
b
@
=
P
2,

the channal In which an event occurs firgd s addsd with
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modification, wharsas the channs! in whinh the svard accurs ater it ahifted o oidain
bast mafoh © the first channel

#owould be undarstond that the defay or shift ¢, indicsias how much oldssy the sound

SOURGS 8 1o one migrophons {or channsl) than another microphong {or channel), The
divection analyssyr can by configurad i dedermine asclusl differsnve in distance as

whare &g is the sampiing rate of the slgnal and v is the spead of the signal in alr i in

watar i we are making undenvater recordings)

The angle of the arrbving sound s determinad by the dirention snxlyser as,

{ Q:;ﬁ Yo% «é&‘é:-‘vg ~ &
fy W epsg™ =
%\ dedd /

whars o s the distance belwean the pair of micraphonas/ichamea! separtion and b is
the astimated distanon bodween sound sourcas and nograst mirophang, In soms
amthodiments the dibection snabyser can be configured 1 getl the value of b a fixed
valia, For sxampls & = 2 mistsrs has bagn found {0 provide slable resulis,

Howould be undarsiood thatl the delormination desoribad hergin provides tao
aftematives for the diregtion of the serhing sound a8 the sxaat divsction cannot be
determinad with ondy twa microphonesichannsis,

in some ambodiments the divection analyser can be configursd 1 use audio signals
from @ third channs! or the thind micmphons {o defing which of the signs in the
detonnination i correct. The distancas bebwean the thicd channe! or reiorophons angd

the bwg-sstimatad sound sources srey
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whers £ 8 the haight of an squilaterg! tangle {where the channels or misrophonss
daetermine s Hangis), Le,

LR
-
P oA he :i'.

The distances in the above delerminstion can be sonsiklered o e agust o delays {n

&  samples)of;
E
i of these two delavs the dbvection analyser i soms ambodiments & configwred W
saluct the ons which ;:mmde 3 Betlsyr consiation with the sum signal. The correlations
o for example be reprssenied as
10
/ gy g L b
s o He i E {}‘Y::,w zgi?l} “}‘? {’1}.} }
A Nl
The diraction analyssy can then in soms ambodiments then delenmine the dirsclion of

the dominant sound sourse for subband b ax
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In some smbodimantis the instancs analyser 301 comprisss 3 midiside signal

>

genantor. The main contant in the mid signal s the dominant sound source ound

Z3

from the diveclional analysis.  Simdletly the side signal contains the other paris or
ambiant sudio fromn the generated awdin signals, I some embodimants the midiside
signal genarator can determing the mid M and side B signsls for the subvband
soosunding o the following squsiions

5 aady
- é’{’&* - $EFNE et
A w0 - N
SR CEE N T S

B ois noted thal the mid signal M 18 the same signal that was alresdy deternmined

o

previoushy and in some smbadiments the mid signal can be oblained a5 pan of the
dirpction analyais, The mid and side signals can be construstad 1 8 parceptually
safe manner such that the signal in which an svent soours first is not shified b the
daday glignment, The mid and side signals can be detenminad I suah 2 manner n
some ambodiments is sultable where the microphones are relatively olose o sach
gther, Where the distance bebwgan the microphones is significant o relation o the
distance & the sound sources than the midiside signal ganerstor can he configuwred v
perform a modified mid and side signal delermination where the channel is shvays

modified o pavide a bast mateh with the main channel.

The mid (M} side {8} and direction {u) companents of the caplured sudio signals o8

<

ba output o an inslance souwrssiobied! procsssar 303

The analysis of the sudio signel to delarnmine audio or sound sowres o obijents is

shown In Figure & by slap 403,
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The instanos progessor I In soms smbodiments comprises  an instance
spposioblect propassoar 303, The instance sourne/obiest progessor 303 s
configumd o receive the detarmingd sowreses oF ohisot valuse and proosss thass
ascording © any desived requiremsnt, the proosssing operation bassd on o
dapandant on the inslancs. I soms embodiments the instonce can be generated
Dasad on 8 usarinpul,

The nstance sourse/olisct processor 303 can thus be configured to emphoasise or

deamphasise the source or direction. In some smbodiments the emphasizs can be

based on g zooming or foousing snd It some embodiments be based on an

attenuating or removing of unwanisd sounds or ohistls or in some smbodiments &

foousing/defocusing by applying 8 revaerberation filter. The instance source/ohiadt
=

pracesser 3038 can be configured o oulpw the procsssed  sources fo a chammst
mappar 308,

For sowammple using the above paramstrization of the dotermined sourgesin *3; oiR ong
Nstancs can be 10 pass the mid signs! assovisiad with 8 source which s within ¢
defined region and 0 ramove the mid signal (M) associaled with 8 source which s
outsids of the region. i other words

where g s dafined as

and
=0 otherwiss
whera $y<asf; defines the pass band reglon {the defined regiony.

The oparation of processing the sourcs/oblscts is shown In Figure B by slep 405,
in soane embodimants the instanes processor 143 can comprise a channal mapper

305, The channal mappsr 308 is configired o recalve the procsssed sourosdablsct
and gensals a2 oulpu! mullichanne!, st o mono swiput
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in aoms embodiments the chamngl mapper 305 can ke example be cordigursd to
apply @ muitabls mapping such as & head relsted trengfer funclion (HRTF) o the
identifind sournd sowrces ncating tham within @ suftable stereo headsat region.

I soms ambodimenis he channe! mapper 308 can oculpwt 8 singls cutput {imonal,
fwa outpuls {steren), o any configuration multichanne! cutput fsurmurnd soundh

The operation of mapping e procssesd abjsctisources for the instancs is shown in
Figura 5§ by step 407,

Furtharmors the chamne! mapper 308 osn be configurad 1o oulput the mappsd suwdio
signal 1o an enocoder insfanos of {0 an instance mix

The putpul of he mapped sudio signal s shown in Figurs & by step 408,

With respeot fo Flgurs 8 a first condiguration of the example spalial sudin signs!
procassing spparatus sccording o some ambodimants is shown,  The apparastus
raceivas the sudio signale from the micrpphones, which are shown a8 mars than b

rioraphonas,

Furthermore the apparsius comprises the pre-provessor 101 which cartias out the
pra-procsssing as desoribed hersin, For ssample poviding genens  miorephorns

related processing suah as microphone equsiisstion. D would e undersiond that in
gommn embodiments although only ane pre-pmcessing blogk s shown for each
instance of track that In some ambodimenis the pre-procsssor 107 is Hsell divided
inle instances of pre-procsssor or pra-procsssing instances which perform pres
processing for oach of the hstances or acks,

in the exampls shown it Figure § the nslance processor 103 comprises N surrgung
sound instances, a firs! suwround sound processoy inslance suround  progessor
5014, 8 socond surroungd sound procassor inslgnce surtouwid processor @ Bty and &

S stevound sound processor nstance surtoung procassar N 8.
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Each surrownd sound processing block performs surround sound prosassing so tha
i cary up iy o down mix if needed, For exampls from a three mkrophone inpuat o a
81 wr 7.1 or sleres cudput. Furthermors sach of the surround sound progessar
nstannes can perdfonm 8 defined  nstance procsseing  shmdating & posaible
beamforming patlemn or othey proceasing as desoribed harein,

Each of the swround scund pmosssor ingignoes 804, fo 804y ouiputs the
multichanmet oulput to the encodsr and in partioular an encader instance matching
the sumround sound procsssor inslance. Thus the first surmowrd sound processar
mistance 301 oulputls o w first enooder instancse 848 and the N'th surrsund sound
processar nstancs oculpuis fo the Nth sncoder instancs 803,

by othee words for each swrround sougrd processor there B @ saparats multichannsd

sneodar,

Tha encoder inslances SO v 803y then oulput the encoded signal o the file
muitiplexar 108 {o be mudtiplexed i{)gﬂﬁthm b1 soma smbodimants the file mudtiplexer
148 can be conligured to further oulput the differend racks v separals filss which are
ngically inked Wogether, for ssample by msans of file naming.

With rospact o Figure ¥ a8 seoond corfiguration of the exampls spatial saedio signal
processing apparstus according o some embodimants v shown, The apparstus
receives the audio signals Trom the microphones, which, similar to the configuration
shown in Figure 8, comprises moreg than two microphones,

Furthermaors, simiiar 1o the sxampls shown in Flgure §, the apparatus comiyises the

prz-processor 101 which carries out e wa-processiing as desoribed herain,

iy the example shown in Figiee ¥ the Inslance processor 108 comprises X surround
sound Fwtances, & first surround sound procassor nstancs surround processor
501y, 8 socond surraund sound procassor instgnee sumround processor 2 801 snd &

K surround sound provessor instances swround prosessor X Sy
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Each surround sound processing block performs surrcund sound procsssing so tha
i can up mix or down ik i neaded and can perform s dafined instance processing

for axampla simulating a possible beamforming pattern,

iy the configuration shown in Flare 7, the spparatus comprises & mixer 108
corfigured o recsive the oulput of the first and secoryd Instencas or fracks. The mixer
106 8 configurad v mix the sulpuls of the first and sscond nstances or tanks o
produce 8 combinad ingtance gulpul. For exampls in some ambodimants the firgt
nstanse or rack defines & Srst beardorming patlem angd tha ssoond instance ortrack
defines & second heamforming patlem then the combined instance or frack defines
the combinstion of the two beamforming patlesrns. would be undarstond that I
some embodiments the miker can be oonfigured fo genarste & combination otheyr
than an addithe or simple additive combination, such g3 a differsnce belwean the
racks o instances or & weighted additive combination. Futhermore athough o
racks ars show being mibhed or combined Bwould b understood that the number of
tracks or instances being miked of combined can bs mora than twa,

The combinsd or mixed instancs or rack can as shown in Figure 7 can then sutput io
the snooder 107, where the instanoe or rack i ancoded by an snooding instanos, for
sxampis anocder instence 503y, Furthommore the sngader 1OF comprises & Xk
ancodar wtanos S03x configursd 1o recelve the X'th swround sound Droosssor
instanos 501y In other words for each suwrround sound progessor oulpul or combinsd

output there s 2 separats multichanne! sncoder,

The encoder inslances 803 and 843y then oulpul the encoded signals o the s
rmuitipisxer 108 o be multiplexed together. In some ambodiments the fils mulliplexer
108 can be configurad o further mulliplex the sudie tracks o Insfances o a viden
track of instance

With respect to Figure 8§ & thind configuration of the sxample spatial audio signad

Urocesting apparaius scoording v some ambodiments is shown, The spparatus
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receives the audic signals from the miorophones, which, siniflar to the configuration

shown i Figure 8, oomprings mora than o misrophonss,

Furtharmaons, simidlar o the example shown i Figure 8, the apparstus comprises the
pre-procassor 101 which carries out the pre-processing as dasoribad harain,

in the axample shown in Figurs § the inslancs procassar 103 oomprises N surmud
zound nstances, a Urst suround sound processor instance surround procsssor 1
54, 2 second swround sowd procssecr nstance swroaund procasser & 801 and a

MNth strround sound procassor inslanse surround proosesor N 804w,

Each surmournd sound prcessing block performs suround sound proosssing so that
iocan up mix or down mik ¥ nesded angd can parform 3 defined Inglancs procsssing
for sxample simuisting & possibls baamforming patiem.

Furthenmore the inslance grocassor 103 comprisas M slerso instancas, g first stemso
processor slancs slered procsssor 1 My, 3 sscond stereo proosssor shance
sharso provessar 2 701 and & Nih slerso processor slanne storso prooassor N
?f}?:\g,

The zierso procsssor nstances i some embodiments differ from the surrousud

pracessar instances in that no spatisl processing s performad. Howaver in such

embodimeants the processing performed on the audio signals can be pracsassing such

Foes

3% sample rals conversion and range sompression,

Each of the suround sound procassor instances 8501 o 801 oulpuls the
mullicharmst oulput 16 the encodsy and i partioular an ancoder inslance matehing
the syrround sound processor instance. Thus the Srs! sumund sound processor
stancs 50y cutpuds o 8 St multichanne! encoder instance 503y and the Nih
surround sowid provassar instance outputs o the Nith mulichannel encoder inglance
S03n. Shmilaly each of the slored processor inslances Ty o ¥y pulpuls the
sterso oufpul o the sncoder and in padicuddar an encodey inslancs matching the

sterso prosssor ingtancs, Thus the st sloreo processor inglanos 701 oulputs o g
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firel stergo anoodsr instanes 7053 and the Nih slerso processor instanos 708
outputs to the Nth stereg encodey ingtancs T0%

The enondsy instances 503y & 808, angd 7O, o 703, can then be cuipat the

enooded signal o the fle multiplexer 108 {0 be multiplexed ogether, In some
ambodimants the e mudiiplexer 108 can be configured to further multipdex the sudio
racks ar inslances o & video track o instancs.

Yith respedt v Figure 8 a fouwrth cordigurstion of the exampds spalisl audio signsd
processing appamaius asccording o soms ombodiments i shown, The apparatus
moehas the awdio signals from the microphones, which, simllar fo the configuration
shown in Figure 8§, somprises mors than bwe micropghones,

Furthermors, similar to the sxample shoan n Figus 8, the a;&g aratus comprises the
pra-procsesor 101 whinh carries out the pra-processing s desoribad herein,

iy the example shown in Figurs 8 the hslence processer 103 comprises a swvound

sound instancs, surrourd grocessor 01

The swrround sound processing block as deswribed herein is configeged to parform
siground soud processing 5o thal § can up mix o down mix I nocded sad can
parform @ defined  instance  processing Tor ssample  simulating 8 possible
beamforming pattem.

Furtharmorne  the instanee processor 103 comprisas & sleres instanes, sieras
procaessar T The slerso procsssor instances configursd to perform procassing
such s sampls rale conversion and range compression.

The instance processor 103 fwrthenmore comprizes an obisct nstance, oblext
processor 801, The obledt procsssor 801 s configured fo find or deferming e audic
objects or sourcss and oulput the obfect or sours iformation. For axamplis In soms
ambadimants the obisal procsssor 801 v configirad 1o delerming an audio soures or
oldect and oulput this ihommation or & proossssd version of s information. For
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example using the sxampls object determingr shown it Figwe 3, the object
procassoy & configured {0 output only the audio signal from & singls object, in ather

wards the mapper is configursd o operale on 2 sihgls mid signal and "m{ﬁe of mroval
in ganenating the output rather than afl of the mid signalk and the side signal.

Each of the giiputs from the surround sound instance -~ swround processar 50,
slarso nstancg ~ slares processor 7OV, and obisct instance ~ obleat processor 844
any outpul o the encoday and I partiodlsr an gsncoder instance matching the
mnatancs. Thus i ths sxample shown it Figurs 8, the surround processor 801 oulpuls
{0 a mullichanns! sncader instanos 5403, the stareg processor T4 outpuls ko starag
snouder inslance 703 and the object processor 83 oulpuls o an sudio obisat
gncader gwlance 803,

:

The sncoder inslanoss 503, 7O and 803 then oufped the encoded signal to the file
sradtiplaxer 108 o be mu‘é%ip‘im{ez\: together, In some smbodiments the Sle multiplexer
108 can be configured fo further multiplex the audio tracks or slances & a videg

frack or nstance,

With regpeot to Figwre 10 a fifth configuration of the axampls spatial suwdin signad
PronStsing spparats socording v some embodiments s shoan The apparstus

regaives the sudio signals from the microphones, which comprises twoe micrphonas,

Tha apparatus further comprises the pra-processor 107 which carvies out the pree
PrOCessing sy dasonibed herain.

i the axampls shown iy Figure 10 the instanee procassar 103 comprises N sumound
gound Instances, s st surmoung sound processor inddance surrasxd propsssor 4
504, & second surmound sound processar instance summpund procassor & 801 and &

MTh surround sound processor instance surround processor N 501k,

Each suround sound precsssing block performs surround sawnd progessing so that
the procesaing block wan up mix or down mix § nesdsd however the laok of
Fdormation fom the lmitad number of misrophonss parmilts vivlual surmound
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provessing but does nol anable the sowes location, spatial propsssing,  and
beamforming pattarn simulation operations as no audie sources or ohiscls can be
determined sufficianily accowstely, Furthermors similar o the sieres Drogessor
Fislanoss procsssing such as sampls rale oonversion, rangs comprassion or other
processing, such as sleres widening, can be pedormed i the surrurid! pRDCRSSOTS.

Furthermore the wtanos processor 103 comprisas N stere instances, & first starsa
provassor elance slerso procsssor 1 701, 8 second slerso procassor hstancs
sterec provaessar 2 T01: and @ Nih sterso processor nslancs sterso procassor N

TG N

The steren procewsor instances furthermore de not perfrm spalial processing,

Howevar in sweh smbadiments the processing performad on the sudio signals can be

processing such as sample rale conversion and range sompression.

Each of the suwround sound pmooessor insignees S04 o 301w oulpuls the
multichannal output © the encodsr and In pariculsr st sncoder instance matohing

the surround zound processor insfanos. Thus the firs! surmund sound processor

wn

nstancs 501 culpuls o @ frst multichamne! encoder instancs 503 and the NYh
swrround sound procossor Nistance culpuis o the Nih mulichannea! sneoder instanes

S03y. Shmilady aach of the slered processar insltances 701 iy oulputs the
starge otdpid B the srooder and in partioular an encoder slance malching the
stareo grocessor inalance. Thus the first sloren procassoy slanos 7O culpuls o g
firal sterso encoder instance 703; angd the N'th sterso procsssor instance Tty

sulpuls o the Nith slerso encoder instanes T3

The encodar nstances 503y 1o 503y and 708, o 700y can than be oulput the
sncodsd signal o the s mudliplsxer 108 {0 be mulliplexed together. In some
smbodiments the fle multiplexer 108 can be configunsd to further mudtiplox the audic
tracks or inslaness o 8 video track oy instanes.

With respect o Figures 18 {0 28 8 seriles of sxample beamfonn patiems whinh can

be peneraled by suround sound processor instances ars shown., | owould be
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wndarstond that the Figures shown hersin arg oxamples of possitde boamform
pattems only and tha width of the leardrop patterns (in other words the directionality
of the beams) implemeantad i embodiments can diffeyr from those shown.

With respect o Figurs 18 an sxample ‘unbiased’ or il pattern s shownn The
apparatus 1801 & shown with 3 front dirsction 1500 and s configured o record or
saplures audio signals with a dirclional gain dafined by the beamform patlam
distance at an sngle of sl relative to the apparatus. I the unblasaed pattem the
racording is pedormead withowt gy speciic drectional gain or directional foous, This
8 shown in Figuge 18 by the ciroular beam pattern 1881 surounding the apparatus
1501,

YWith resped {o Figurs 17 80 example Tront zoom’ beamformm pattem is shown, The
Tront zoom’ beanonm paltem can be ong where the apparatus 1507 fwath g
diracton amrow 1500 is shown with & Tieal beandorn patiem 23211 (8 teandrop shape)
direttad centrally and o the front and thus indicating 8 gain or fogus directly forward
aof the apparsfus and 8 second bsamfonn pallam 15813 (alse & {eardrop shaps)
directed dirently behind and centrally, { would bs understood that the ssoong
bagmiorm pattam 1813 s an example of audio signal processing used to ganerats
{he feat boamiorm paltern 2311 In othey words the sacond beamform patlem 1513
can be considered & ba 8 side-affnct of the procassig of the audio signal requdrad to
genaraiad the firel bearmform 2311 pallern The second beamBom patlem 1813 &

configired with & lower madmum gain than the first beamform pattsm 2311, This
yps of bearmform petiem configuration can for aample e used o follow a8 video
Foom and atlempl 1o record or capture audio signals in front of the apparstus distent
from the apparstus,

With sespent to Figurs 18 & thind examply, the narator reconding’, beamiorm patlarmn
I oshown,  Ths ‘narrator recording” bosamform pattemn can e ong wharg thea
apparsius 1501 {with font diraction arrow 1S00) & shown with a first beamform
pattern 2001 {a tcardrop shape) divected cantrally and o the front and thus indicating
# gain or fosus directly forward of the spparalus and a second beamform patiern
2003 {alsu 8 isardrop shape} direckad directly behind snd centrally. The ssoond
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baarnforrn patiern 2003 is configursd with o larger maximum galn than the first
bearnfornm patlers 200, | would be undsrstood that the first beamfarm pattern 2001
B oan sxample of sudic signal proosesing used o generate the second beamform
pattem 2003, In otber words the second beamform paflern 2001 i the desied
beamform which also resulls in the side-offect of generating the first bearpform
pallam 001, This tvpe of beamform pattam condiguration san for exampls e used
0 record audio sourmas dirsolly in frant of the spparatus but foousses on the user of
ths apparstus,

With respeat to Figure 18 2 fowrth example, the dominant swlio seuree msoording’,

beamiorm patiem is shown. The ‘dominant sudio scwes recording’ beamform paltem

p

san bhaone where the spparatus 1507 (with ot direction arrow 15003 Ik shown with
& Tirst beamfom patlerny 2111 {8 teardrod shape) divectad vwiands the audic souron
1808 and v the front and thus indicaling s maximum gain or focus divsnily towards
the audio source and 8 sscorxd beamfornm pattery 1813 {2 side sffect teardrop shape
similar to that shown in Figurs 17 directed divectly behind and centrally (similar to the
resy beamiorm paftam shown I Figurs 17} The second beandorm pattemn 1813 is
sonfigurad with g bwer maximum gain than the firel beamform paftern 2111, This
type of baamform pattern configurstion can for sxample be used o record an audio
soures, for exampls he budest sudio sourse, which is off centre from the cantra
forwerd divection of the apparatus, in other words in soms embodiments away from

the cenire of the imags being recordad by the camsma,

With respect o Figurs 20 o fith sxampls, the ‘sscondary sudio source recarding
beamform palttern s shown, The ‘secondary sudie sourcs mecording” beamfomm
paftam can for sxample be produced by an proosssing  netange  delenmining a
dominant o primary sudie sourse, & secondary or mings audic sowme and the
directions of the sudio sources and then generating = first beamdorm patterm 1811 {&
fsardrop shape} dirscled fowards 3 minor o secondany sudio soumme 1803, sway
froen the dominant sudic sowree 1808 and {o the ont and thus indicating a maximum
gain or focus dingctly lowards the seocondary of minor audio sowee and & sscond

beamform pallam 1513 (s side effect isardvop shaps similar fo that shown in Figures
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17 and 18) direciad dirsclly behind and canirally, The ssoond beamfonm patlem 1813
& configursd with 8 lower masimum gain than ths frst beamform pattern 21911, This
type of beamform pattern configuration oan for sxample be used o record an audic
saures which 8 not the oudest audic soures and which can be off cantre from the
oentra-fonwand dirgction of the aspparatug. This dirscled beamform pattern thus
suppressess the loudest sourts with raspect {o the minoy sourte.

With raspect o Figure 21, a sixth example, the ‘tracking sudio sourcs recasding’,

beamfarm patiem is shown. The fracking sudio source recording can for sxample be
groduced by an processing instancs datermining an audio scwres and the direction of
the sudin sowres and then ganerating 8 beamfom pallam having a first beaamfornm
pattem 1911 (& tsardvop shape) directad fowards the sudio sourge 1807 and o the
front and thug ndicaling & maxinum gain or focus dirsclly towards the swdio sounas,
amd furthermons f@iiawsm tha divection of the awdio snume. Furthermore the fracking

audio sounns socording’ can in some ambodimenis comprise & second besardorm

g;;}

pattarn 1813 {(alse @ sandrop shape) divectad dirsclly behind and cenirally {a side
affert teardrop shaps similar to that shown i Figusss 17, 18 and 20). The sacond
bagmform pattem 15813 i configured with a lover madimum gain than the fest
begmiomm pattem 181

el
s

. Thiz typs of beamform pattern configuration san for exampls
be usad o record an awdin spurce which moves in font of the apparatus without the
anead for the apparsius o move 1o track the soures

With reapect fo Figure 82 & filth sxample, the ‘svold dominent sudic sosos
recanding, bsamform patiemn is shown The ‘avold dominard audin soures recording'
baamiorm paltam can for oxamples be performed by an processing  inslance
detsmmining an sudio souros and the digction of the swdic source and then

genarating a beamfonn pattem with o first boamform pattem 1711 {a teardrop shaps)
dirsciad away from the audio sourcs 1808 and o the font and thus indicsting &
MERITHED O8I o Toous away from the audio sourss and a sacornd beamiform pattern

(9]

1813 {alsc a {eardrop shape) diected divectly bebind and cenirally {(a side sffagt
teavdrop shape similay o that shown i Figurss 17, 18 {0 21) The seeond beamfonm
pattern 1813 is condigured with a lower mudirasm gain than the first beamiorm

pathern 17914, This bype of beamform patlam configuraiion can for sxample be usaed

Insta360
Exhibit 1002 Page 279



o]

10

i
i

%
7
L

WG TRLeRRTY POTEPIGIZOTNSS
48

o reoord an sudio snviconmant bul altempt! o suporess an dominant souros, for
gxampils the udsst audio sowres.

With respeot o Figure 28 an sxample of & oomplsst or combined beamform paltern is
shown, The bsamform patlem shown i Plgure 23 8 8 combination of the baamiorm
pattern shown it Figurs 18, an ‘unbiasad’ beamform and the beamform patiem
shoswn i Figues 18, a 'dominand audio sourme recording’ pattemn, The combination
which oan be producsd by & fissd processing instance genersting the ‘unblased’
beamiorm patlem and & second processing nstance gensrating the ‘dominant audio
souree reconding pattermn can be passed o the miker which is configured fo subiract
the ‘dominant sudio sowree reeording” output rom the ‘unblased” sudput o genarale
the paitern oulpul shown in Figwre 33, In other words an amblence recording or
capturs track.

Vith respact o Figurss 11 1 18 8 zenes of sxample user Interface displays are

shiowr which can be wsed v control tha procossing instances and mixing opavations,

Wit respedt o Figure 11 a first or ‘basic’ user inleface s shown. The basic uss
intarface 10T is configured o snabls & single culput fo be ganerated by selscting
ane simgds o somplex {ombined) track or Instance. For sxample as shown in Figues
11 & radio button sl or selection sl in shown from which ong of the selections s

5

yzed o anshis g procsssing instance 1o be generatad.

The exampls sl as shown in Figure 11 comprizes a fivst radio boltony 1011 labsdled
orrmidirectional swround . sound and corfigursd § selecled o gendrats an
amnidirectional surround sound oy unbiased paltemn such as shown in Figwre 18,
The sxample st further comprises & sscond radio button 1013 sbelled audic zoom
front and configured F selectsd o generals a beamdorm patiern simtlar to that showrnt
i Figurs 17, The sxample list also somywises g third radic buton 1015 iabellad
narrator speach confipurad ¥ solected o ganerate & beagmiony patten similar o that
shiown in Figurs 18, and 2 fourth radio butlon 1017 labellsd loud svvants configursd §if
saleciad o generate & dominant audin source recording beamform pattam such as
shown in Figuwre 18,
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i this user hierface sxample there are fowr oplions however there can be any

]

nurnber of options within ths selection gl

With respect o Figurs 12 8 ssoond o ‘sdvanced” usar intefacs 1100 s shown, The
advancad user infeface 1100 s configussd 10 snable multiple tracks or nslances
ba generated and possibly multiplexed onto an culput sipnal. For sxample as shown
i Figure 12 2 selection list of ok boxes are provided from which notie, ong or more

rroks or instances can ba ssisctad,

The exampls st as shown in Flgure 18 comprisas a first fick bax 1101 labalisd zoom
front and configursed i ssisciad {0 genersie a processing and encoding inslanse
which implements a beamform patiern almilar o that shown i Pliguns 17. The list also
comprises 3 second Hok box TI0R jabelled namaior speach configunsd # sclontad
generate a processing and encoding nstance which implamants a beamform pattem
similar {0 that shown in Figure 18, a third ok box 1148 labslisd loud svends
corfigured ¥ selecied v generalp & provessing angd ancaling nstancs which
imphananis g dominant audio sowres recording beamfony pallem such as shown in
Figiara 18, and a fowth ok box 1107 labelled ambisnce and configurad if selected W
ganeraie 8 procassing, ming snd sncoding nstance which implamants 3 beamfonn
patiemn similar {o that shown in Figure 33,

i ihds user interfsos oxample thers gre fouwr oplion ok boxes howsver tham can be
any number of options within the selaction list

With raspact o Figire 13 & thitd or ‘professional user inferfaos 1300 is shown. The
profaessional user interface 1300 is configurad o enabls mulliple acks or instances
0 be generated and possibly multiplaxed onto an oulput signal, For sxampls as
shown i Figure 13 8 two selection list of radio huttons are provided from which each
aof the more fracks or nsdances an ba selected,

»

Tha first gudio frack, sudio track 1, ssisction st as shown In Figure 13 comprises @
firgd radio bulion 1201 absilad 2oom frand and ocondigursd if selecied {o ganergle a
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proacessing and eneoding instance which implements a baamform patlsen similar fo
that shown In Flgure 17, 2 secorgd radio button 12303 labellad amblence and
candigurad if sslecied o gensrals 8 procsssing, miking and sncoding instence which
implemants & beamform pattern similar o that shown i Flgure 2%, and a third radic
button 12308 laballed narmator speach configured 1 selected {0 generate & procsasing
angd enooding alance which implaments 8 beamform patlern similar o that shown In
Figure 18,

The usar can thus generale or contiol the genarglion of the st swdio track or
nstance by sslscling ons of the thres opdions.

The senond audin rack, audiy back 2, solection list a8 shown in Figums 13 comprisss
a fowrth {for the user interface) radio bullon 1207 kbeled zoom front and configured
i selectad fo genoeats 8 processing and encoding inslanng which implements a
bemnfonn palterns similar (o thet shown In Figure 17, a ffth radio button 1208 abelisd
ambiangg and configlred ¥ seleclsd o generate & processing, miking snd sncoding
instance which implemenis & beamforn patterm similar o that shown in ?’-‘&qmm 23,
and a sidh radio button 1211 isbelind narrator speech cordipursd § selactsd o
genarats @ provessing and sncoding instancs which implamants a beamform paltem
simiar o that shown n Figure 18,

The user can thus gengraty or controd the ganeration of the secand audio fmck o

instanos by selscling one of the three oplions.

iy other words the user inderface can be corfigursd for a defingd number of tracks o
display 8 selection of possible instances for sach tack, It the exampls shown hereln
aach {tack is provided with the same sl of oplions, howewsy | would be understood
hat in some embodiments the options provided for difference tracks may differ. For
exgmpie a first selaction it o first frack may proavant the same oplicey o be made for g
secong or further frack. This can for ssample ba shown i the user interface by the
graving owl of the radio button seleclion oplion which has slready baen selscted In
ancther track
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Furthermors in ihe example shown hersin there are wo tracks however | would be
undaerstood that there may be mors than beo fracks from which the sedections can be

chissan,

¥With respact to Figurs 14 & fowrth or ‘supsr ussr inferface 1300 s shown. The supsy
uaer intedace 1300 & configuned o ensble complex tracks or instances to be
genaratad and possibly multiplexed onlo sn cuipat signal by selecting both sddifionat
{or additive) snd sublracted {or difference} instances i be combined, For sxample as
shown in Figure 14 twe selaction lists of fiok boxes are provvided from each nong, ong

G mors aoks or nslaneas can be salected.

The first ‘adaithe’ Hst 1381 as shown in Figure 14 comprives o st Hok box 1301
imballad soom ot and configired i salacted o generals a procassing and encoding

nstancs which mplements a besmform paltern similar I that shown i Flgus 17

B

3

The ‘addifve’ Bst 1381 slso comprisss & second fick box 1303 sbaled nareator
spasch confipunsd if solocied to genorsie 8 processing and ancading inatancs which

mplements a8 baamform pattarn simiar (o that shown in Flgure 18 and a thivd Hok box

Fiqure 33,

The second "differsnce’ list 1381 as shown in Flgure 14 comprises 8 fourth {on the
usar interface) Hok box 1307 ishelled zoom front and configursd § selecled W
gansrate & processing ad sneoding instance whish implements & beamfonm paliern
shmifar W that shown i Figure 17, The ‘differency” st 1381 slso comprisas o fifth tick

box 1308 ishelled narrator speach nanfigurad § salocted o gensrale 8 prossssing

Figure 18 and a sixih tick box 1311 nballed smbiencs and configured if selected v
genenste 8 proosssing, miking and encading slanee which implamants a beamform
pattern simifar to that shown in Figurs 83,

The selfings can then be applied to the mixer such thal e instancas selacted by the

difference sl sclanions am subtractad from the additive list selections, | would bs
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undersinod  that in some embodimants the miker thus comprises & frst midag
nstancea v gensrals a complex beamiorm patlern, for exampls when the ambdencs
option & selecied and 8 further mibing Instance configren {o combing the culput of
the first mixing instance with another instance {either another miking instance or 8
processing nstanee} for sxampls wharg one nstancs or track Is subltracied fom a
rurther rsck. In soms embodiments the complex bhoamfrm pallern nstance s
ganarated a8 part of the general mining, for exampile where an amblence option is
selected o an addithve rack or instanos option the mixer rassbvas the ‘unblased
beamform nstanes as an sdditive track or instance and the 'dominant sudin source
reoowiing’ beamform patlem a8 a difference track or inslance o be sombined with

3

the other selected tracks {in other words anly a single miking stage is required 1o mix

both simple ard complex beamfonm pattems).

I some smbodiments these listy can e ooplad fo enable firther tracks o be
ganerated from combinad racks. I other words more there can be embodiments
wharg {hars s mors than one culpid fragk from the selecisd additive and differance
frack options, Furthermore i woudd be understood that the selection lisls can be any
st arangement argd configuration. For sxample the additive and differsncs lists can

aomprise different sl of options,

With respeat o Figwre 18 8 flih or rack’ user intarfsos 1400 v shown, The tack
user iterface 1400 s configurad o enable mudlipls types of tracks or instances o be
gensrated and control the typs of racks that can be possibly mdtiplesxed onlo an
sutput signal, For exampls s shown In Figure 18 g sharsn instancs and option, 8
surmnd sound frack and options, sod objedt sudio frack and oplions are enables
b selsciad fram,

The user iderfaon 1400 comprise 8 frel tok bax 1401 ahelled steren frack which is
gonfigired ¥ solsciad 2 sleres procassing nstance {0 be gensrated, Furthsmore the
saffings compnss an swdic zoom strength slidey 1403 which controds the zoom or
gain of the boam pattem applisd. I would be understoad that in soms embodiments
frther sliders can be implamantad o contrpd the selsctivity of the ‘sooant or othear
beam. In othse wonds conrolling the widih of the besm. Simdlady # would bs
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undarsiood that in some ambodiments sliders can be assogiated with other spatialiv
processad beam o Tocussing oparations controfiing the effect of the bhaam or the
facusaing.

The usar interface 1400 furthsr comprises @ second ok box 1408 laballed swrmaund
sourid track which s configurad § sslscied o enabls 3 surround sound processing
atanos 1o be genersted, Furthamons in some smbadiments the user interface 1400
comprises 3 serfes of radio bulton selection options associated with the secand ek
by which select the type or option of swround sound trsck processing. For example
i Figurs 18 therg comprisse a first radic bullon 1407 abelled omnidirectional
surround sound and configured ¥ sslected and the seoond ok box s also salactad o
generate an omnidiectional sursund sound of unbiasad pallem such as shown in
Fligure 18, The list furthsy comprises 3 seocond radio button 1308 Ishelled Sont zoom
and configursd § selacled amnd the seoond fick Dox is also selected to generate a
beamrform pattemn similar o that shown In Figure 7.

Tha ussr interface 1400 frther comprisses g third tck bax 1411 labsiled oblest audio
frack which is configired I solectad {o snable an objec! provessing instanoe © be
ganersied. Furthaomors iy soms smbodimants the user interface 1400 comprises 8
data entry box or valus sslsclion 1413 assosiatad with the third tick box which salect
the number of obijects o be delermined within the oblent audie track processing

natanes.

it woidd be understood that the number of instances, ypes of instance and salection
of aptions for the inslances ars all possible ussr inferface choloes and the sxamples
shown hargin are axam;}ia usar interfacs implamentations only.

i shall be spprecialed that the term ussr agquipmant i intendad 1o cover any sullable
ype of wirnless ussr squipmant, sush as noble elephones, portabls date
procassing devices or porlable web browsers, as well as wearable devicas,

in generl, the varkbus embodimants of the hwention may be implemented In

handwars OF spacial paposs crouits, softwars, logle or any combination thersof, For
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gxampls, soma aspenis may be implemaniad in hardware, while other aspsuls may
ba implementsd i frmware of soffwars which may be executed by a controlier
microprocessor or ofher compuling device, although the mention s nod ﬁmiieas:i
thareto. While varous asspecis of the invention may be lustrated and described as
block diagramss, fow charls, or using some other pictorial reprasentation, # s well
undsrstood that these blocks, apparatus, syslems, technigues or mathods desoribad
herein may be implemantad in, as nondimiting examples, hardwars, software,
firmware, spocial purpose circulls or logle, ganeral purpose hardwars o contmollar o

othar compuling devicss, oF some combination thereod,

The embodiments of this hwention may b implementesd by computer software
axenuiable by & data processor of the mobils devite, such as in the processor andity,
ar by hacdwars, of by 8 combination of softwars and hardweare, Further in this regard
it should be noled that any biocks of the ogic flow as in the Figurss may repressnt

program  steps, or erconnecied  ogic oiraills, blogks and funclions, of B
combination of program steps and kogio crcuits, blocks and fundlions. The sofhuars
may be slored on such physicsl media ax memory chips, or mamory blocks
plemented within the processor, magnatic media such as hard disk or Soppy disks
arnd optical media such as for sxample DVD and the data varlants thergof, G

The mamory may be of any type suliable o the besl techninal environmeant and may
be implemented using  any sullable  dats stovags  lechrwlegy,  suweh ss
ssmiconductonbased mesmory devices, magnsdls memory devicas and  syshams,
optical mamory devices and systems, fikad memary and rmovebls mamory. Ths
data processors may be of any tvpe sultable o e local tschnical amvirarensny, and
may nolude one or mors of general purpass computers, special purposs computers,
ricroprocessers, digital signal processors (I8Ps), application specific integrated
crouits (ASIC) gals lovel cliroults and procossors based on multhoors prosessar
srobitsciurg, as non-dimiting examplas.

Embodiments of the invandlons may e practiced in varlous componsats such as
tagrated ciroull modules. The design of inlegrsted olrouils s by and large » highly
autormatad provess. Complex and powerful softweare tools ars avallable for converting
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a2 logic level design inlo o sopiconducior oreult design ready 1o be siched and
formed on 8 sondoonductor substrats,

Frograms, such as those provided by Synopsys, e, of Mountain View, Californda

&

and Caderpe Design, of San Jose, Calffornia asutomatically rouls condductors and
focats componanis on & semiconductor ohip using weall established rulss of Jesign as
wiall ag hbraries of pra-stored design madudes. Onos the design for & samiconducior
clroult has been completed, the resulland dasign, In @ standardizad sigatroni format

{e.4., Gpug, GDEH, or the kel may be ransinitied o 2 semiconductor fabricstion

3

faciily or Tab” for fabirication.

The foragoing desoriplion has provided by way of sxamplary and  nordlimiting
axamplag a Ul and formative desoription of the examplary embodimsnt of this
vention. MHowever, various modiicstions and adapiations may become apparant 0
those skilled in the relovant arls in view of the fvegoing dasoripfion, when read in
goniunction with the accompanying drawings and the appended olaims, Mowever, al
such and similar modifications of the {eachings of this invention will sl fall within the
scope of this hvention as defined it the appendad olaims.

Insta360
Exhibit 1002 Page 287



[¥1]

10

20

28

WG TRLeRRTY POTEPIGIZOTNSS

54
L5%

CLAIMSE:
1. An apparalus comprising:

an input configurad 1o recaie from al least o micrsphones at least wo audio
signals;

at least two procdssor nsiances canfigursd o ganarate saparate oudpud s

sigrat fracks fro the st bast by sudio signals from the a8t nest b n‘s‘icm;&h@m;.s;
a file processor configursd {0 Hnk the af least two oulputl sudio signal racks
within a file siructurs,

S Tha apparatus as claimed In claim 1, wharsih at least ong of the st loast b
DrecSsse nslancss comprisss ons of

g surraungd sowred processor instance configurad fo oulput & multichanne!
wiput audio signs! track;

& stergo sound processor natancs configurad fo oulput & glerso oulput audio
signad track;

& mong seund pracessor nstance configured {o oudput a8 monn output sudio
signal track] and

an sudic objeot processor nalanse configured 10 oulput an audio object pulpuwl
audio track,

X The apparstus as olaimed in olaims 1 o &, Rurther comprising ot least one
gy configured & recebee &1 jleas! o oudmd audio signa! tracks angd generals at

least ong combingd autput awdio signatl irack, wharel the file pronsssor is confinurad

o Hnk ths lgast ons combined oulpul audio signa rack with at isast one other track,
&, The apparstus as claimed In claims 1 In 3§, further comprising st feast ans

ancadsr configursd to reteive al bast one aulpw sudio signal track and genamste at
wast wne sncoded oulput audio signal track, whenmsin e Sle processor s Ywther
configured o ink the loast ong encoded aulpul sudic signal rack with at lcast o
othat rack.
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&, The apporalus as olgimed i olaims 1 o 4, frther comprising & pra-processar

condigurad o roceive the ot igast bvo audio signals, and generate at least two audio

signais 1o be passad {o the al lsast one progessor inslancs,

&, The apparsius as olgimed in olaim &, whersin the pre-processor comprisas at
feast onaof

s agqualizer configured o agualise each of the at least two audio gignals from
the at least bwa microphones, s0 1 compensate Tor any manufactusing diffsrences i
the at least hvo micmphones;

& wirgd nolse radier configurad o reducs the wingd nolge of the &t lsast two
audio signals rom the st lsast fwo mitrophanes;

& handibygy nodse meducer configured o reducs the handiing noise of the at
gt two sudio signair Hom the a8l leas! wo mitrophones;

dynamio range compressor configured 1o dynamioally angs sompress the al
feast two audio signals from the at lesst o minraphones;

sampls rate convarter configured 1o convert the sampling rale of the at lsast
o audio signals from the st least wo midrophones;

a word lsngth resclution modiier configursd o change the word length
resoiution of e ot loast fwo audio signals fom the at least bwn microphones; and

a blockags procassor configurad o delerming and compsnsals for 8 fault o

blockage in at lsast one of the al lzast bve microphones.

g
o
e 4
173
By
A
b
&
»
v
Lo
i
3]
7%
3,
4]
e
%
i3
4

ad i olainke 1 o 8, whergln a8t laast o procsssor
wislances sonfigured o generate sepansie csuwipud audio signal racks Tom the st least
fwn audio signals from the at past wo microphones comprises at past one off
& upmxer conflipurad o gonerats on audio signal ack with more channels
than the number of inpd sudio signsiyg
a downmber configured o generate an audic signal rack with fewer channeds
than the number of input audio signaly;
a slipnal sourcs analyser configurad 1o delermine the orlentation of at least one
signal souwres relative {0 the spparatus rom the al least two audio signals Trom the &t

foast dvd mivophones;
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a signal sowme processor configured to mndily the qrientation of at lsast one
signal sourcs relative {0 the apparatus;

8 spalial provessyy configursd B generate a spatial procassing of the at least
i audio signals o the at lsast wo microphones; and

& mapper configured o map the @ ast two sudio signals from the al least

o mioraphones o8 slput mulichanns! gudio signal rgak

8. The apparatus as claimed in olaim 7, whareln the spatial processor comprises
at least ong oft

an audio focuser canfigurad (o gensrate a spatially foocussed sudio signal from
the at least dwo sudin signals fram the of least bvo microphonas;

an sudin zoomst configrad {0 gensrals 8 spotially axpandad sudio signal
from the st loas! fwn audio signals from the at least b mitrophones;

a dirsctional defined sudi smpifier configursd o amplify within 8 defined
directional range the af isast two awdio signals fram the gt least two micmaphoneas;

a directional defined swdic attenuator configured o sltenuate within & defined
dirsctional rangs the af lsast bwa audio signals from the at past fwo microphanes,

an audio de-amphasiker configured o apply a reverberstion within a dafined
dirgotions rangs the ot least b audio signals from the st least tvo microphones;

an audio source dispiacsr configured o miodiy 8 relalive orerdation of an
audin soures by a defined displacement angle; and

& dirsotionally defined audio filter confinured to spatially filter within a delined
directions! range the at least hyvo sudic signals from the at leastbwo microphonss,

&, The spparatus ag olalmed iIn claims 1 o 8, fudbhear comprising & camens
sordigursd o generate a video format signal, wherain the file procassar sonfigursd {o
fink the of least two ot audio signal racks within g file strusture is configured to
gaenersis a data striclure inking the af bast two a:mt;:mi audin signs! fracks with the

video format signal

10, The apparstus ag claimed in dalms 1 o 8, wherelny the fle proosssoy is
gonfigurad {0 generste a mpd Hrmat e stnuchrs comprising the s lsast o audie
siognal tracks s ssparsts racks inked in & mpd format e siruciurs desoription,
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11, The apparatus as clalmed in olaims 1 o 10, fwrther comprising ot least o
raisraphones configured {o genersts the ot least o sl signals.

12, The gppargius ag claimed in olaims 1o 11, further comprising & wsey inderface

input configured o configrere at leasl one of the at lsast o procassar instanceas,

13, The apparsius as claimad in olaim 13, whoergin the user interfacs inpad
coitiprises atl lsast ong of;

a radic-budion selection configured o sslsct one processar instancs lemplale
from @ plurality of rocessor nstencs lemplates ¢ e applied fo &t lsast one of the
HWO processor inslanses;

8 seleolion-box ssleclion configirad {0 seledt one oF MUrs prosesser Nstance
fempliatas from a pluralily of processor ingstanes tamplales & ba appliad o the e
DTOCERsor Iwiances,

a Wrack selection-box ssisglion configured 1o selacl ohs OF MOrS Prossssoy
nstance lsmplates from 8 plurality of processor nslanoes for sach of ane or mom
pracassar inslancs arplates;

& channe! selaction configured o saledt the number of channels culput by &t

loaat one of the two processor instanoes:

]

an audio region salaction ponfigurad o daterming 8 spatial region within which
al least ong of the two procsssor instances applies spatial procassing;

a surrsung ohanne! sslsction configurad © ssisc! & surmpund stund nslanos
template i be spplied o ot loast one of the fwo processoy insiances;

g surmund chame! oplion selection configund to selent ong surtound sound

ocessor hstance femplate from g plursiity of surround sound procsssoy inslance

ES

Empiates {o be applied to at least one of the T procsssor inslances;

an oldsol rack selsction configured 10 select an objedt Ingtancs templats o b
appliad o al least ong of the o processor inslances; and

s obiedt number selegtion configuwred by seledd an obiect Inslancs mplate

comypwising & fMler configured o sslecl 8 numbsr of obiects o be applied o af loast

ot of the two processor nstances.
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14, An apparsius comprising & loast ons processar and of laast ang memaory
etudinng computer codde for ong or Mors programs, the g lvast ong memeey and the
compiiter code configursd {0 with the al lossl ong Procassar sause the appamius o
at laast
recafes from a8t loast two mikroghones at least two gudio signals;
panarata separate oupd awdio signal acks from the at E@a@: two audio
signals from the al sast two migrophones; angd

link the at lsast o pulput sudio signal racks within 2 file struchiva,

18 The apparatus as olaimsd iy olaim 14, furthesr osused o receive ot least
output audio signal racks and generats at loas! one combined mudput awdio signal
frack.

18, The apparstus s olaimed o clalims 14 1o 18, further caused (o reonhve at loast
e widput sudio signal rack end generate af least gne ancoden output audin signad
track.

17, The apporstus as claimad i olaima 14 o 18, further osusad o genemds 8
video format slgas! whereln Enking the ot logst two cudput audio signal fracks within
a filg sfruclurg csuses the apparalus o genemnte g dals structurs inking the &l least
o sutput suddio signe! racks with the video format signsh

18, An spparatus comprining:

rrsans R recelving from at least two mitrophumeas at least o sudio signaly;

means for generating separaie cutput audio signal tracks from tha &t lbast twe
sudio signads from the o lsast heo microphones) and

means for inking the al sast v oulp audio signal fracks within & e
structung

18, The apparatus as olaimed in oleim 18, rthar comprising means for cambining
at lsast two ouipit audio signal acks o generale & least one combined outmd
awdio signal track.
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3. The appamstus 3 olaimed In olalms 18 fo 18, further compeising means for
ancoding ot least one oulpud audio sipnal track o generate &t least ong encodsd
gutput audio signatirack,

2%, The apparatus as caimed in daims 18 o 20, fwther comprisihig means for
gereraling & video format signgl, wherein the meansg for lnking the o lsast dso
sldput sudio signal racks within 8 e structure comprises meaeans for gensraling 8
data struchure inking the st lsast bvo sutput sudio signal racks with the videso format
signal,

22, A msthod comprising:

recaiving frorm al least hwo microphones at lsast woe sudio signals;

ganerating separate oulput audio signal tracks from the al east fwo audio
sighais from the & laast two misrophones; ang

finking the at least twoe ouiput audio signal racks within s file strunture.

23, The method gs claimed i olalm 22, further comprising combining st inast b
ot sudic signal tracks to generate & least one combined ouipul sudio signsd
frack.

4. The method as caimead i olaims &1 I 28, huther comperising snocoding at
past one oulput sudie signal track o generale &t least one ancoded culput audin
sfgnat nack

45 The method as clamed in claims 32 o 24, furthey comprising ganarating 8
video format signsl, whareln finldng the st least two oulput audio signad tracks within
a file slructurs comprises genersling & data structurs Bnking the al isast o ouwdput
audio signal fracks with the vidso format signal
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Interrrtional sppdisation Ne.

PCT/EPZBIR/B74958

INTERNATIONAL BEARCH REPORY

Bor o B Dbssrvations wharg carisin claimy wars found unsearchable {Continuation of #fem 2 of Hrst shaal}

This infomational seaveh repot has oot boen establiched in respect of certain olaims under Adicle 1 7K} forthe folluaving ressons.

Clabvs Mos.]
becaise they relite fo subjestmatier not regoired to be searchid by His Auttiily, namely:

=
L
2t parte of e internationst application tiat do ol moniphy with tha prescribed ssquirements o sush
t\mmg\ A ptevnational searchyows be narrisd Sut speatfiosily:

3 E E Caimg fne.
3

because they ans dependent sisime and ave wob dradied in secordanod with e sscond any thind sesntences of Bula 8.4{s).

BoxNe. il Obsorvations whars unity of invention is lscking (Sondinualion of et 3 of first shest)

Thas Intersnations) Searohing Satbovily found mutiphs inventiona by this inferpation st applioation, as follows:

i

see additiongl shesi

Az ol reguived sadifions! dearly tess were Himedy paid by fhe applican, thiz hterrational ssarch réport covers all Resrohabis
claims,

i e esarched withowd effon juatifving s sdditions! tess; this Awtbority didh notinvide peayment of
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B ticarnad i
e el Specifically vigims Mos.
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internatiorat Apphioaiion Mg, POTY Ep2a1y G74958

PURTHER INFORMATION CONTIRUER FROM  POTASRS 218

This International Searching Authority found multiple {groups of}
tnventions in this internationsl application, as follows:

1. ola¥mey 1-6, %11, 14«28

Device conprising mudtiple processor instances whersin each
of the processor instances may be one of ar surrvound sound
Processor, steres sound Drocessor, Tone sound processor,
ohiijecy sound processar. Sse Fig. §-18,

Ohject: Allows the user to record various multichannel /
single~channels Tormats and fo further combine/mix them.

2. claims: 7, 8

Pevice parforming spatial procgssing any directional
sooming: directional atienuwation, de-emphasisgr, sourge
dispiacer, etc, See {laim 8, Fig.18-23,

Ohject: Allows the user to modify the sound image, in
special to control the microphong directivity.

sk
%
mmnd
527
sy
P
(721
L]
fmnd
S
k-2
oo,
S

Pevice comprising a User ianlerface for making various audin
processing settings. See Fig. 11-18.

Ohiject: &tlows the user to configure an audio device with
processing settings.

Insta360
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:
Basile, Jr. Andrew R.

GoPro Inc.

C/o Young Basile

3001 W. Big Beaver, Suite 624
Troy Ml 48084

ETATS-UNIS D'’AMERIQUE

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)
Date of mailing
{day/month/year)
3 June 2019 (03-06-2019)
Applicant’s or agent's file reference
GPRO2132APCT FOR FURTHER ACTION See paragraphs 1 and 4 below

International application No.
PCT/US2019/020241

International filing date
{day/month/year)

1 March 2019 (01-03-2019)

Applicant
GOPRO, INC.

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herowith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Apgplication (see Rule 46):

" [X]

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
International Search Report.

Directly to the International Bureau of WIPO, 34 chemin des Colombeltes
1211 Geneva 20, Switzarland, Fascimile No.: (41-22) 338.82.70
For more detalled instructions, see PCT Applicant’s Guide, Intemational Phase, paragraphs 9.004 -9.011.

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herawith.

How?

20
3. D With regard to any protest against payment of {(an) additicnal fee(s) under Rule 40.2, the applicant is nolified that:

I:I the protest together with the decision thereon has been transmittad to the International Bureau together with any
applicant’s request to forward the texts of both the protest and the dacision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as scon as a decision is made.

4, Reminders

The applicant may submit comments on an informal basis on the written opinlon of the International Searching Authority
to the International Bureau. These comments will be made available to the public after intemnational publication. The
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary

oxamination report has been oris to be established.

Shortly after the expiration of 18 months from the pricrity date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the internaticnal
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for
international publication (Rules S0bis.1 and S0b/s.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international prefiminary
examination must be filed if the applicant wishes to postpone the entry into the national phase untl] 30 months from the priarity
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time
limits, Office by Office, see www.wipo.int/pct/enttextsAime_limits.html and the PCT Applicant’s Guide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried
out by a different Internaticnal Searching Authonty that offers this service (Rule 45b/s.1). The procedure for requesting
supplementary interational search is describedin the PCT Applicants Gulde, International Phase, paragraphs 8.006-8.032,

Authorized officer

STEIN, Patricia
Tel: +49 (0)89 2399-1201

Name and mailing address of the International Searching Authority

T N\ Eurcpean Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk

O] Tel. (+31-70) 340-2040
—“# _ Fax: (+31-70) 340-3016

Form PCTASA/220 (July 2017)

SN Reed JuN 0 4 2019
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER se6 Form PCTAS 0
GPRO2132APCT ACTION as well as, where applicable, item 5 below.
Intemational application No. Intemational filing date {day/month/iyear) (Earliast) Priority Date (day/month/year)
PCT/AS2019/020241 1 March 2019 (01-03-2019) 21 May 2018 (21-05-2018)
Applicant
GOPRO, INC.

This intemational search report has been prepared by this International Searching Authority and is tranamitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.
E Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried cut on the basis of:

El the international application in the language in which it was filed

D atranslation of the international application into , which is the language
of a translation furnished for the purposes of intemational search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an cbvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nuclectide and/or amino acid sequence disclosed in the international application, see Box No. .
2 D Ceortaln claims were found unsearchable (See Box No. Il)
3. D Unity of inventien is lacking (see Box No IlI)

4. With regard to the titte,

[X] thetextis approved as submitted by the applicant
|:| the text has been astablished by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

|:| the text has been aestablished, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this interational search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 10
D as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
as selected by this Authority, bacause this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/AISA/210 (first sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT

International appllcation No

PCT/US2019/020241

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6T5/00 GO6T5/50
ADD.

According to International Patent Classification ({PC) or to bath national classification and IPC

8. FIELDS SEARCHED

Minimum dooumentation searched (classification system followed by classifisation aymbols)

GO6T
Dx tation hed other than minimum dooumentation to the extent that such documents are included in the fields searched
Elactronio data base Htod during the intemational search {(name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catogory® | Citation of dooument, with indication, where appropriate, of the relevant passages Relovant to claim No.
X US 20137329132 Al (TICO MARIUS [US] ET AL) 1-7
12 December 2013 (2013-12-12)
A paragraphs [0024] - [0042]; claim 9; 8-15
figure 7
A US 2017/359534 Al (LI XIAOXING [US] ET AL) 1-15
14 December 2017 (2017-12-14)
the whole document
A US 2015/146014 Al (BLACK ROBERT A [US] ET 1-15
AL) 28 May 2015 (2015-05-28)
the whole document
A WO 20147042104 Al (RICOH CO LTD [JP]; 1-15
SHOHARA MAKOTO [JP] ET AL.)
20 March 2014 (2014-03-20)
the whole document
- / -

Further documants are liated in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

to be of partioular relevance

*E" earlier application or patent but published on or after the international
filing date

‘L” doocumsent which may throw doubts on priority claim{s) or which is
cited to establish the publication date of ancther citation or other
special reason (as apecified)

*O® dooument referring to an ora! disolosure, use, exhibition or other
maane

*P* dooument publishaed prior to the intamational filing date but later than
tho priority date claimod

*A* dooument defining the general state of the art which ia not considered

"T* tater document published after the intemational filing date or priority
date and not in confliot with the application but cited to understand
the principle or theory underlying the invention

*X* dooument of particular relevance; the glaimed invention cannot bo
oonsidered novel or cannot be considared to involve an inventive
step when the document is taken alone

°¥* document of particular relevance; the olaimed inventicn cannot be
considered to involve an inventive step when the deocument is
ocombined with one or more other such documents, sush combination
being chvious to a person gkiltsd in the art

*&" deoument membar of the samo patent family

Date of the actual completion of the intemational search

21 May 2019

Date of mailing of the international search report

03/06/2019

Name and mailing addroas of the ISA/

Eurcpean Patent Office, P.B. 5818 Patentinan 2
NL - 2280 HV Rijowijk

Tol. {+31-70) 340-2040,

Fax: {(+31-70) 340-30168

Authorized cfficer

Tillier, Christophe

Fom PCT/ISA/210 (second cheet) (April 2005)

page 1 of 2
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/020241
C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Catogory® | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2017/094169 Al (YOSHIKAWA HIROMI [JP] 1-15
ET AL) 30 March 2017 (2017-03-30)
the whole document
A US 2017/070689 Al (SILVERSTEIN D AMNON 1-15
[US] ET AL) 9 March 2017 (2017-03-09)
the whole document
A US 20117242352 Al (HIKOSAKA KENTARO [JP]) 1-15
6 October 2011 (2011-10-06)
the whole document
Fom PCTNSA/210 {continualion of second sheat) {April 2005)
page 2 of 2
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INTERNATIONAL SEARCH REPORT

Infermation on patent family members

fnternaticnal application No

PCT/US2019/020241
Patent document Publication Patent family Publication
cited in search report date member{s) date
US 2013329132 Al 12-12-2013 US 2013329132 Al 12-12-2013
US 2016227137 Al 04-08-2016
US 2017171466 Al 15-06-2017
US 2017359534 Al 14-12-2017 US 2017359534 Al 14-12-2017
WO 2017214523 Al 14-12-2017
US 2015146014 Al 28-05-2015 NONE
WO 2014042104 Al 20-03-2014 CN 104620569 A 13-05-2015
EP 2896201 Al 22-07-2015
JP 6065474 B2 25-01-2017
JP 2014057156 A 27-03-2014
US 2015222816 Al 06-08-2015
WO 2014042104 Al 20-03-2014
US 2017094169 Al 30-03-2017 CA 2949473 Al 03-12-2015
CN 106416226 A 15-02-2017
EP 3149931 Al 05-04-2017
JP 6467787 B2 13-02-2019
JP 2015226144 A 14-12-2015
KR 20160148635 A 26-12-2016
PH 12016502339 Al 13-02-2017
US 2017094169 Al 30-03-2017
WO 2015182626 Al 03-12-2015
US 2017070689 Al 09-03-2017 US 2017070689 Al 09-03-2017
WO 2017044292 Al 16-03-2017
US 2011242352 Al 06-10-2011 CN 102236896 A 09-11-2011
US 2011242352 Al 06-10-2011
Form PCTASAZR10 (patent family annex) (April 2005)
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Information on Search Strategy - Pilot phase (see 0J 2015, AgS) Applicaticn Number

The type of information containad in this sheet may shange during the pilot for impreving

the usefulnaess of this new service. PCT/U52019/02024 1

EPO FORM POSAG2

TITLE: IMAGE SIGNAL PROCESSING FOR REDUCING LENS FLARE
APPLICANT: GOPRO, INC.

IPC CLASSIFICATION: GO6T5/00, GO6T5/50

EXAMINER: Tillier, Christophe

CONSULTED DATABASES: WPI, EPODOC, INET

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC: GO6T5/006, GO6T5/50, GO6T2207/10012, GO6T2207/20221
FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:

lens flare

multi-camera

overlap
flare model
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

I PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASA2220

Date of mailing
(dayimonth¥ear) see form PCTASA210 (second sheet)

Applicant’s or agent's file reference o FOR FURTHEﬁ ' ACTION

see form PCTASA/220 See paragraph 2 below
International application No. Intemational filing date (daylnonlh/j/ea}) Prianity date (day/fnoh!h/year)
PCTAUS2019/020241 01.03.2019 21.05.2018

International Patent Classification (IPC) or both national classification and IPC

INV. GO6T500 GO6T550

Applicant
GOPRO, INC.

1.  This opinion contains indications relating to the following items:

Box No. | Basis of the cpinion
Box No. Il Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV  Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1{a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl  Gertain defects in the international application
Box No. VIlI Certain cbservations on the international application

00 ROOO®X

[X]

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written cpinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA:

Date of completicn of Autharized Officer

-_— this opinion f‘w"" “‘».ﬁ
Q) European Patent Office soe form . o ) %
060298 Muniah 10 Tillier, Christophe L\ 0 7
;el. ‘ﬁ'?c,%gg 2235,?9 - % 165 Telephone No. +49 89 2399-0 "»«b,...,,.;--“'“
ax: - -

Form PCTASA237 (Cover Sheet) (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2019020241

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

&
O

4. 0O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

‘This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. O forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.
O on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. O furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).
O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section

713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015)

Insta360
Exhibit 1002 Page 326



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2019/020241

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 8-15
No: Claims 1-7
Inventive step (IS) Yes: Claims 8-15
No: Claims 17
Industrial applicability (IA) Yes: Claims 1-15

No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/020241

BeltemV

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 2013/329132 A1 (TICO MARIUS [US] ET AL) 12 December 2013
(2013-12-12)

D2 US 2017/359534 A1 (LI XIAOXING [US] ET AL) 14 December 2017
(2017-12-14)

D3 US 2015/146014 A1 (BLACK ROBERT A [US] ET AL) 28 May 2015
(2015-05-28)

D4 WO 2014/042104 A1 (RICOH CO LTD [JP]; SHOHARA MAKOTO [JP]
ET AL.) 20 March 2014 (2014-03-20)

D5 US 2017/094169 A1 (YOSHIKAWA HIROMI [JP] ET AL) 30 March 2017
(2017-03-30)

Dé US 2017/070689 A1 (SILVERSTEIN D AMNON [US] ET AL) 9 March
2017 (2017-03-09)

D7 US 2011/242352 A1 (HIKOSAKA KENTARO [JP]) 6 October 2011
(2011-10-06)

D1 (the whole document) discloses a non-transitory computer-readable
storage medium (see claim 9), comprising executable instructions that, when
executed by a processor, facilitate performance of operations, comprising:

obtaining a first input frame captured by a first image capture device of
an image capture apparatus, the first image capture device having a first
field-of-view, and the first input frame including lens flare corresponding
to a primary light source (see par. [0025]);

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/020241

obtaining a second input frame captured by a second image capture
device of the image capture apparatus, the second image capture
device having a second field-of-view partially overlapping the first field-
of-view (see par. [0025] and [0030));

obtaining primary light source information corresponding to the primary
light source based on the first input frame and the second input frame
(block 720 on fig. 7 and par. [0041]);

obtaining a processed frame by modifying the first input frame based on
the primary light source information to minimize the lens flare (block 730
on fig. 7 and par. [0041]); and

outputting the processed frame (included in block 730 on fig. 7 and par.
[0041]).

The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of claim 1 is not new.

Dependent claims 2-7 do not contain any features which, in combination with
the features of any claim to which they refer, meet the requirements of the
PCT in respect of novelty and/or inventive step, at least for the following
reasons:

- claims 2-6, see D1 par. [0024]-[0042], but especially par. [0041], the
predicted alignment of claim 6 corresponding to the term "corresponding
pixels" in par. [0041]; and

- claim 7 : the model in D1 is that the image areas affected by flare tend
to have a specific color, see D1 par. [0031].

As below-mentioned (Re Item VIII) the subject-matter of claims 8-15 is highly
not clear, and therefore it is not possible to give a full opinion concerning
novelty and inventive step of these claims. However, and as far as it can be
understood from the application as a whole (and especially from fig. 10 and
associated text, par. [0182]-[0204]), it seems that a clarified wording of these
claims could lead to a novel and inventive set of claims. The applicants
should as well take documents D1-D7 into account for further amendments.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2008)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/020241

Be ltem Viil

Certain observations in the international application

The application does not meet the requirements of Article 6 PCT, because
claims are not clear, at least for the following reasons:

- it is not clear to what refer the terms "minimize" and "omits” in claims 2,
4 and 3;

- in claims 8 and 11 it is not clear to what refer the first image circle and
the second image circle based on respectively the first field-of-view and
the second field-of-view;

- in claim 8 and 12 it is not clear to what refers the dark corner profile;

- the subject-matter of claim 8 seems to correspond to fig. 10 and
associated text (par. [0182]-[0204]), but neither fig. 10 nor its associated
text seems to disclose the step of obtaining primary light source
information corresponding to the primary light source based on the first
input frame and second input frame. The same remark holds for the step
of obtaining an intensity difference between the primary light source
information and the dark corner profile;

- in claims 8 and resp. 11, it is not clear how the step of obtaining a flare
model is obtained. Especially, this step is not linked to the other steps of
claim 8. Moreover, in claim 8 the flare model is obtained after having
obtained primary light source information, contrary to claim 11 in which
the flare model is used for obtaining the primary light source information.
Again, both claims seem to fig. 10 and associated text (par. [0182]-
[0204]) and therefore should claim basically the same subject-matter;

- in claim 11, the passage "to modify the first input frame, the image
signal processor is configured to apply the flare model to the first input
frame based on the primary light source information" seems useless
since only the processed frame is output by the apparatus and the
processed frame has already been obtained beforehand in the claim;
and

- since claims 8 and 11 are not clear, their dependent claims (9, 10 and
12-15) are as well not clear.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3} (EPO-April 2005)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE TUNIT FIL. FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
16/713,798 12/13/2019 1920 46DG-026085 22 2
CONFIRMATION NO. 2783
137002 FILING RECEIPT
Esplin & A iat GoP
ot Acans e A S0PT0) L O M
Suite 100

Carlsbad, CA 92008
Date Mailed: 01/09/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Cesar Douady, Les Molieres, FRANCE;
Thomas Derbanne, Paris, FRANCE;
Maxim Karpushin, Paris, FRANCE;
Applicant(s)
GoPro, Inc., San Mateo, CA;

Power of Attorney: The patent practitioners associated with Customer Number 137002

Domestic Priority data as claimed by applicant
This application is a CON of 16/587,811 09/30/2019
which is a CON of 16/548,549 08/22/2019 PAT 10536643
which is a CON of 16/392,501 04/23/2019 PAT 10432864
which claims benefit of 62/733,237 09/19/2018

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 01/07/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/713,798

Projected Publication Date: 04/16/2020

Non-Publication Request: No

Early Publication Request: No

Title

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/713,798
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 300
SEARCH FEE
o o o N/A N/A N/A N/A 660
EXAMINATION FEE
N FEE N/A N/A N/A N/A 760
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 22 minus 20= 2 OR |x 100 = 200
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1920
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total . i “ =
s (37 CF% ?.16(i)) Minus = OR |« =
= Independent * Minus | *** =
E (37 oiR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
w (37 CFR 1.16(h)) = -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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DocuSign Envelope ID: D897F95C-8079-484E-8BA3-E86F16341F10

ATTORNEY DOCKET NUMBER: 46DG-288211
GP2018025US2

DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN
APPLICATION DATA SHEET (37 C.F.R. 1.76) AND ASSIGNMENT

Title of Invention: SYSTEMS AND METHODS FOR STABILIZING VIDEOS
As a below named inventor, I hereby declare that:
This declaration is directed to the attached application, or (if following box is checked):

[ ] United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

I believe that I am the original inventor or an original joint inventor of a claimed invention in the
application.

I have reviewed and understand the contents of the application, including the claims.

I am aware of the duty to disclose to the United States Patent and Trademark Office all
information known to me to be material to patentability as defined in 37 CFR Section 1.56.

I hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both.

WHEREAS, the undersigned inventor(s) (hereinafter “Assignor”), has/have made an invention
entitled “

SYSTEMS AND METHODS FOR STABILIZING VIDEOS” disclosed in the above-
identified patent application and further identified by the Attorney Docket Number provided in
the header of this document, and

WHEREAS, GOPRO, INC., (hereinafter “Assignee”), a corporation of Delaware, having a
place of business at 3000 Clearview Way, San Mateo, California 94402 USA, is desirous of
acquiring the entire right, title and interest in and to the aforesaid invention, application and all
Letters Patent of the United States or any foreign country, including continuations,
continuations-in-part, reissues, reexaminations, extensions, substitutes, and divisions which may
be granted therefor;

NOW THEREFORE, in consideration of the sum of One Dollar ($1.00) and other good and
valuable consideration, the receipt of which is hereby acknowledged, I, the said Assignor, by
these presents do sell, assign and transfer unto Assignee, its successors, legal representatives and
assigns, the full and exclusive right in and to the said invention as described in the said
application, and in and to any Letters Patent of the United States or any foreign country,
including continuations, continuations-in-part, reissues, reexaminations, extensions, substitutes,
and divisions which may be granted therefor and all rights to claim priority on the basis of said
application; and I further grant to Assignee the sole right to sue and collect damages for past
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ATTORNEY DOCKET NUMBER: 46DG-288211
GP2018025US2

infringement;

AND I HEREBY authorize and request the Commissioner of Patents and Trademarks or any
other proper officer or agency of any country to issue all said Letters Patent to said Assignee;

AND I HEREBY warrant and covenant that I have the full right to convey the entire interest
herein assigned and that I have not executed and will not execute any instrument or assignment
in conflict herewith;

AND I HEREBY agree to communicate to said Assignee or its representatives any facts known
to me respecting said invention, to execute all divisional, continuation, reissue, reexamination,
extension, substitute, and foreign applications, sign all lawful documents and make all rightful
oaths and declarations relating to said invention, execute and deliver any and all papers that may
be necessary or desirable to perfect the title to this invention in said Assignee, its successors,
legal representatives or assigns, and to testify in any judicial or administrative proceeding and
generally do everything possible to aid the said Assignee to obtain and enforce said Letters
Patent in the United States or any foreign country when requested so to do by said Assignee.

(D) Legal Name of Inventor: César Douady

~~—~DocuSigned by:

Signature: i Céw OOWM&?

N DBF20CD97938400...

4/16/2019

Date:

(2)  Legal Name of Inventor: Thomas Derbanne

~~~DocuSigned by:

Signature: Thomas Derbanine

- E789FFC70E624AE ...

4/10/2019

Date:

(3)  Legal Name of Inventor: Maxim Karpushin

~~~==DocuSigned by:
Signature: [ Ma m WMS(AJM,

=== 0AG61811BBB554D0...

4/10/2019

Date:
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ASSIGNEE hereby agrees to the foregoing terms of this assignment.

GOPRO, INC.

~~~DocuSigned by:

il

Date; _ 4/16/2019 Signature: &

QFB2304D7AB04EL—

By: Tyler J. Gee

Its: Associate General Counsel, Head of IP
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GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

FIELD

(01) This disclosure relates to stabilizing videos using positions of an image capture

device during a capture duration.
BACKGROUND

(02) A video may have been captured by an image capture device in motion. The
motion of the image capture device during the capture of the video may cause the video

to appear jerky/shaky.
SUMMARY

(03) This disclosure relates to stabilizing videos. Visual content having a field of view
may be captured by an image capture device during a capture duration. Visual
information defining the visual content, position information characterizing rotational
positions of the image capture device at different moments within the capture duration,
and/or other information may be obtained. A trajectory of the image capture device
during the capture duration may be determined based on the position information and/or
other information. The trajectory may reflect the rotational positions of the image
capture device at different moments within the capture duration. The trajectory may
include a first portion corresponding to a first moment within the capture duration and a
second portion corresponding to a second moment subsequent to the first moment
within the capture duration. A smoothed trajectory of the image capture device may be
determined based on a subsequent portion of the trajectory and/or other information

1
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GP2018025US2C3 PATENT APPLICATION
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such that a portion of the smoothed trajectory corresponding to the first portion of the
trajectory may be determined based on the second portion of the trajectory. The
smoothed trajectory may have smoother changes in the rotational positions of the
image capture device than the trajectory. A viewing window for the visual content may
be determined based on the smoothed trajectory of the housing and/or other
information. The viewing window may define one or more extents of the visual content.
Stabilized visual content of a video may be generated based on the viewing window
and/or other information. The stabilized visual content may include a punchout of the

extent(s) of the visual content within the viewing window.

(04) A system that stabilizes videos may include one or more electronic storages, one
or more processors, and/or other components. An electronic storage may store visual
information defining visual content, information relating to visual content, position
information characterizing rotational positions of an image capture device, information
relating to rotational positions of an image capture device, information relating to a
trajectory of an image capture device, information relating to a smoothed trajectory of an
image capture device, information relating to a field of view of an optical element,
information relating to a viewing window, information relating to stabilized visual content,
information relating to a punchout of visual content, and/or other information. In some
implementations, the system may include one or more optical elements, one or more

image sensors, one or more position sensors, and/or other components.

(05) One or more components of the system may be carried by a housing, such as a
housing of an image capture device. For example, the optical element(s), the image

sensor(s), and/or the position sensor(s) of the system may be carried by the housing of
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an image capture device. The housing may carry other components, such as the

processor(s) and/or the electronic storage.

(06) An optical element may be configured to guide light within a field of view to an
image sensor. The field of view may be larger than a size of the punchout/viewing
window used to generate stabilized visual content. An image sensor may be configured
to generate a visual output signal based on light that becomes incident thereon during a
capture duration. The visual output signal may convey visual information that defines

visual content having the field of view.

(07) A position sensor may be configured to generate a position output signal based
on positions of the housing during the capture duration. The position output signal may
convey position information that characterizes rotational positions of the housing at
different moments within the capture duration. In some implementations, the position
information may further characterize translational positions of the housing at different
moments within the capture duration. In some implementations, the position sensor
may include one or more of a gyroscope, an accelerometer, and/or an inertial
measurement unit. The position information may be determined independent of the

visual information.

(08) The processor(s) may be configured by machine-readable instructions.
Executing the machine-readable instructions may cause the processor(s) to facilitate
stabilizing videos. The machine-readable instructions may include one or more
computer program components. The computer program components may include one
or more of a trajectory component, a smoothed trajectory component, a viewing window

component, a generation component, and/or other computer program components.
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(09) The trajectory component may be configured to determine a trajectory of the
housing during the capture duration based on the position information and/or other
information. The trajectory may reflect rotational positions of the housing at different
moments within the capture duration. In some implementations, the trajectory may
further reflect translational positions of the housing at different moments within the
capture duration. The trajectory may include a first portion corresponding to a first
moment within the capture duration and a second portion corresponding to a second

moment subsequent to the first moment within the capture duration.

(10) The smoothed trajectory component may be configured to determine a smoothed
trajectory of the housing based on a subsequent portion of the trajectory and/or other
information. The smoothed trajectory may be determined such that a portion of the
smoothed trajectory corresponding to the first portion of the trajectory is determined
based on the second portion of the trajectory. The smoothed trajectory may have
smoother changes in the rotational positions of the housing than the trajectory. In some
implementations, the smoothed trajectory may have smoother changes in the

translational positions of the housing than the trajectory.

(11) In some implementations, the smoothed trajectory having smoother changes in
the rotational positions of the housing than the trajectory may be characterized by the
smoothed trajectory having less jitters in the rotational positions of the housing than the
trajectory. In some implementations, the smoothed trajectory having smoother changes
in the translational positions of the housing than the trajectory may be characterized by
the smoothed trajectory having less jitters in the translational positions of the housing

than the trajectory.
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(12) In some implementations, the smoothed trajectory having smoother changes in
the rotational positions of the housing than the trajectory may include high frequency
changes in the rotational positions of the housing in the trajectory being removed from
the smoothed trajectory. In some implementations, the smoothed trajectory having
smoother changes in the translational positions of the housing than the trajectory may
include high frequency changes in the translational positions of the housing in the

trajectory being removed from the smoothed trajectory.

(13) In some implementations, an extent to which the smoothed trajectory of the
housing deviates from the trajectory of the housing may depend on an amount of
rotational motion and/or translational motion experienced by the housing during the
capture duration, an exposure time with which the visual content is captured, and/or

other information.

(14) In some implementations, the determination of the smoothed trajectory of the
housing based on the subsequent portion of the trajectory may include: (1) obtaining a
rotational position of the housing at the first moment within the capture duration, the first
moment being a point in time and corresponding to a video frame of the visual content
captured at the point in time within the capture duration; (2) obtaining rotational
positions of the housing at the second moment within the capture duration, the second
moment being a duration of time subsequent to the point in time within the capture
duration; and (3) determining a corresponding rotational position of the housing within
the smoothed trajectory at the first moment based on the rotational position of the
housing at the point in time, the rotational positions of the housing during the duration of

time subsequent to the point in time, and/or other information. Placement of the viewing
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window for the visual content with respect to the field of view of the visual content
captured at the first moment may be determined based on the corresponding rotational
position of the housing within the smoothed trajectory at the first moment and/or other

information.

(15) In some implementations, the determination of the smoothed trajectory of the
housing based on the subsequent portion of the trajectory may further include: (1)
determining whether the placement of the viewing window for the visual content at the
first moment results in one or more portions of the viewing window exceeding the field
of view of the visual content; and (2) responsive to a determination that the portion(s) of
the viewing window for the visual content at the first moment exceeds the field of view of
the visual content, adjusting the corresponding rotational position of the housing within
the smoothed trajectory at the first moment such that the viewing window for the visual

content at the first moment does not exceed the field of view of the visual content.

(16) In some implementations, the corresponding rotational position of the housing
within the smoothed trajectory at the first moment may be initially determined based on
a combination of the rotational position of the housing at the first moment and an
estimate of the corresponding rotational position of the housing, and/or other
information. The estimate of the corresponding rotational position of the housing may
be determined based on minimization of a combination of a rotational velocity of the

housing and a rotational acceleration of the housing, and/or other information.

(17)  The viewing window component may be configured to determine a viewing

window for the visual content based on the smoothed trajectory of the housing and/or
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other information. The viewing window may define one or more extents of the visual

content.

(18) The generation component may be configured to generate stabilized visual
content of a video based on the viewing window and/or other information. The
stabilized visual content may include a punchout of the extent(s) of the visual content

within the viewing window.

(19) In some implementations, at least one of the processor(s) may be a remote
processor located remotely from the housing of the image capture device. Generation
of the stabilized visual content may be performed by the remote processor post capture

of the visual content.

(20) These and other objects, features, and characteristics of the system and/or
method disclosed herein, as well as the methods of operation and functions of the
related elements of structure and the combination of parts and economies of
manufacture, will become more apparent upon consideration of the following description
and the appended claims with reference to the accompanying drawings, all of which
form a part of this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be expressly understood, however,
that the drawings are for the purpose of illustration and description only and are not
intended as a definition of the limits of the invention. As used in the specification and in

” o

the claims, the singular form of “a,” “an,” and “the” include plural referents unless the

context clearly dictates otherwise.
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BRIEF DESCRIPTION OF THE DRAWINGS

(21) FIG. 1 illustrates an example system that stabilizes videos.
(22) FIG. 2 illustrates an example method for stabilizing videos.
(23) FIG. 3 illustrates an example image capture device.

(24) FIG. 4 illustrates an example trajectory of rotational positions of an image capture

device within a capture duration.

(25) FIG. 5A illustrates example predicted trajectories.

(26) FIG. 5B illustrates an example filtered trajectory.

(27) FIG. 5C illustrates an example smoothed trajectory.

(28) FIG. 6A illustrates an example orientation of a viewing window with respect to an
image.

(29) FIG. 6B illustrates example orientations of a viewing window with respect to an
image.

(30) FIG. 7 illustrates an example plot of smoothing values.

DETAILED DESCRIPTION

(31) FIG. 1 illustrates a system 10 for stabilizing videos. The system 10 may include
one or more of a processor 11, an interface 12 (e.g., bus, wireless interface), an
electronic storage 13, and/or other components. In some implementations, the system
10 may include one or more image sensors, one or more position sensors, and/or other
components. Visual content having a field of view may be captured by an image
capture device during a capture duration. Visual information defining the visual content,

8
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position information characterizing rotational positions of the image capture device at
different moments within the capture duration, and/or other information may be
obtained. Visual information, position information, and/or other information may be
obtained by the processor 11. A trajectory of the image capture device during the
capture duration may be determined based on the position information and/or other
information. The trajectory may reflect the rotational positions of the image capture
device at different moments within the capture duration. The trajectory may include a
first portion corresponding to a first moment within the capture duration and a second
portion corresponding to a second moment subsequent to the first moment within the
capture duration. A smoothed trajectory of the image capture device may be
determined based on a subsequent portion of the trajectory and/or other information
such that a portion of the smoothed trajectory corresponding to the first portion of the
trajectory may be determined based on the second portion of the trajectory. The
smoothed trajectory may have smoother changes in the rotational positions of the
image capture device than the trajectory. A viewing window for the visual content may
be determined based on the smoothed trajectory of the housing and/or other
information. The viewing window may define one or more extents of the visual content.
Stabilized visual content of a video may be generated based on the viewing window
and/or other information. The stabilized visual content may include a punchout of the

extent(s) of the visual content within the viewing window.

(32) The electronic storage 13 may be configured to include electronic storage
medium that electronically stores information. The electronic storage 13 may store

software algorithms, information determined by the processor 11, information received
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remotely, and/or other information that enables the system 10 to function properly. For
example, the electronic storage 13 may store information relating to visual content,
visual content information defining visual content, information relating to image capture
device, information relating to optical element, information relating to image sensor,
information relating to position sensor, position information characterizing rotational
positions of the image capture device, information relating to rotational positions of the
image capture device, information relating to trajectory of the image capture device,
information relating to smoothed trajectory of the image capture device, information
relating to field of view of an optical element, information relating to a viewing window,
information relating to stabilized visual content, information relating to a punchout of

visual content, and/or other information.

(833) The processor 11 may be configured to provide information processing
capabilities in the system 10. As such, the processor 11 may comprise one or more of
a digital processor, an analog processor, a digital circuit designed to process
information, a central processing unit, a graphics processing unit, a microcontroller, an
analog circuit designed to process information, a state machine, and/or other
mechanisms for electronically processing information. The processor 11 may be
configured to execute one or more machine-readable instructions 100 to facilitate
stabilizing videos. The machine-readable instructions 100 may include one or more
computer program components. The machine-readable instructions 100 may include
one or more of a trajectory component 102, a smoothed trajectory component 104, a
viewing window component 106, a generation component 108, and/or other computer

program components.

10
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(34) Visual content (of image(s), of video frame(s), of video(s)) with a field of view
may be captured by an image capture device during a capture duration. A field of view
of visual content may define a field of view of a scene captured within the visual content.
A capture duration may be measured/defined in terms of time durations and/or frame
numbers. For example, visual content may be captured during a capture duration of 60
seconds, and/or from one point in time to another point in time. As another example,
1800 images may be captured during a capture duration. If the images are captured at
30 images/second, then the capture duration may correspond to 60 seconds. Other

capture durations are contemplated.

(35) The system 10 may be remote from the image capture device or local to the
image capture device. One or more portions of the image capture device may be
remote from or a part of the system 10. One or more portions of the system 10 may be
remote from or a part of the image capture device. For example, one or more
components of the system 10 may be carried by a housing, such as a housing of an
image capture device. For instance, image sensor(s) and position sensor(s) of the
system 10 may be carried by the housing of the image capture device. The housing
may carry other components, such as the processor 11, the electronic storage 13,
and/or one or more optical elements. References to a housing of an image capture
device may refer to the image capture device, and vice versa. For example, references
to position/motion of a housing of an image capture device may refer to position/motion

of the image capture device, and vice versa.

(36) Animage capture device may refer to a device for recording visual information in

the form of images, videos, and/or other media. An image capture device may be a
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standalone device (e.g., camera) or may be part of another device (e.g., part of a
smartphone). FIG. 3 illustrates an example image capture device 302. The image
capture device 302 may include a housing 312, and the housing 312 may carry (be
attached to, support, hold, and/or otherwise carry) an optical element 304, an image
sensor 306, a position sensor 308, a processor 310, and/or other components. Other

configurations of image capture devices are contemplated.

(37) The optical element 304 may include instrument(s), tool(s), and/or medium that
acts upon light passing through the instrument(s)/tool(s)/medium. For example, the
optical element 304 may include one or more of lens, mirror, prism, and/or other optical
elements. The optical element 304 may affect direction, deviation, and/or path of the
light passing through the optical element 304. The optical element 304 may have a field
of view 305. The optical element 304 may be configured to guide light within the field of
view 305 to the image sensor 306. The field of view 305 may include the field of view of
a scene that is within the field of view of the optical element 304 and/or the field of view
of the scene that is delivered to the image sensor 306. For example, the optical
element 304 may guide light within its field of view to the image sensor 306 or may
guide light within a portion of its field of view to the image sensor 306. The field of view
305 of the optical element 304 may refer to the extent of the observable world that is
seen through the optical element 304. The field of view 305 of the optical element 304
may include one or more angles (e.g., vertical angle, horizontal angle, diagonal angle)
at which light is received and passed on by the optical element 304 to the image sensor

306. In some implementations, the field of view 305 may be greater than or equal to
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180-degrees. In some implementations, the field of view 305 may be smaller than or

equal to 180-degrees.

(38) The field of view 305 may be larger than a size of the punchout/viewing window
used to generate stabilized visual content. Portions of the visual content captured from
light within the field of view 305 may be presented on a display and/or used to generate
a video. The portions of the visual content presented on the display/used to generate a
video may include those portions of the visual content within a viewing window. A
viewing window may define extents of the visual content (e.g., of image(s)/video
frame(s)) to be included within a punchout. The viewing window may be determined so
that the visual content within the presentation/generated video does not appear
shaky/jerky or appears less shaky/jerky. For example, the shape, size, and/or the
location of the viewing window within the visual content may be determined to
compensate for motion of the image capture device 302 during capture such that the
video appears to have been captured from an image capture device 302 with less
motion. That is, the visual content captured by the image capture device 302 may be

cropped to generate stabilized visual content.

(39) The image sensor 306 may include sensor(s) that converts received light into
output signals. The output signals may include electrical signals. For example, the
image sensor 306 may include one or more of a charge-coupled device sensor, an
active pixel sensor, a complementary metal-oxide semiconductor sensor, an N-type
metal-oxide-semiconductor sensor, and/or other image sensors. The image sensor 306
may generate output signals conveying information that defines visual content of one or

more images and/or one or more video frames of a video. For example, the image
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sensor 306 may be configured to generate a visual output signal based on light that
becomes incident thereon during a capture duration. The visual output signal may

convey visual information that defines visual content having the field of view.

(40) The position sensor 308 may include sensor(s) that measures experienced
positions and/or motions. The position sensor 308 may convert experienced positions
and/or motions into output signals. The output signals may include electrical signals.
For example, the position sensor 308 may refer to a set of position sensors, which may
include one or more inertial measurement units, one or more accelerometers, one or
more gyroscopes, and/or other position sensors. The position sensor 308 may
generate output signals conveying information that characterizes positions and/or
motions of the position sensor 308 and/or device(s) carrying the position sensor 308,

such as the image capture device 302 and/or the housing 312.

(41) For example, the position sensor 308 may be configured to generate a position
output signal based on positions of the housing/image capture device during the capture
duration. The position output signal may convey position information that characterizes
positions of the housing 312 at different moments (points in time, time durations) within
the capture duration. The position information may characterize positions of the
housing 312 based on specific translational and/or rotational positions of the housing
312 and/or based on changes in translational and/or rotational positions of the housing
312 as a function of progress through the capture duration. That is, the position
information may characterize translational and/or rotational positions of the housing 312
and/or changes in translational and/or rotational positions (motion) of the housing 312

(e.g., direction, amount, velocity, acceleration) during the capture duration.
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(42) The position information may be determined based on signals generated by the
position sensor 308 and independent of the information/signals generated by the image
sensor 306. That is, position information may be determined without using visual
content/images/videos generated by the image sensor 306. Use of visual
content/images/videos to determine positions/motions of the housing 312/image capture
device 302 may be computationally expensive in terms of processing power, processing
time, and/or battery consumption. Using the information/signals from the position
sensor 308 to determine positions/motions of the housing 312/image capture device
302 may be computationally cheaper. That is, less processing power, processing time,
and/or battery consumption may be required when positions/motions of the housing
312/image capture device 302 are determined from the information/signals from the
position sensor 308 than the information/signals from the image sensor 306. The
position information determined independent of the image information may be used to
determine the trajectory of the housing 312/image capture device 302 during the

capture duration.

(43) The processor 310 may include one or more processors (logic circuitry) that
provide information processing capabilities in the image capture device 302. The
processor 310 may provide one or more computing functions for the image capture
device 302. The processor 310 may operate/send command signals to one or more
components of the image capture device 302 to operate the image capture device 302.
For example, the processor 310 may facilitate operation of the image capture device
302 in capturing image(s) and/or video(s), facilitate operation of the optical element 304

(e.g., change how light is guided by the optical element 304), and/or facilitate operation
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of the image sensor 306 (e.g., change how the received light is converted into
information that defines images/videos and/or how the images/videos are post-

processed after capture).

(44) The processor 310 may obtain information from the image sensor 306 and/or the
position sensor 308, and/or facilitate transfer of information from the image sensor 306
and/or the position sensor 308 to another device/component. The processor 310 may
be remote from the processor 11 or local to the processor 11. One or more portions of
the processor 310 may be part of the processor 11 and/or one or more portions of the
processor 10 may be part of the processor 310. The processor 310 may include and/or

perform one or more functionalities of the processor 11 shown in FIG. 1.

(45) For example, the processor 310 may use the position information to stabilize
visual content captured through the optical element 304 and/or the image sensor 306.
Visual content may be captured by the image capture device 302 during a capture
duration. The trajectory (path, progression) of rotational and/or translational positions
experienced by the image capture device 302 during the capture duration may be
determined based on the position information and/or other information. A smoothed
trajectory of the image capture device 302 may be determined based on a look-ahead
of the trajectory and/or other information. A look-ahead of the trajectory may include
use of a subsequent portion of the trajectory to determine a preceding portion of the
smoothed trajectory. For example, a portion of the smoothed trajectory corresponding
to a point or a duration within the capture duration may be determined based on a
portion of the trajectory corresponding to a future point/duration ahead of the

point/duration within the capture duration. For instance, a portion of the smoothed
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trajectory corresponding to a point (a video frame) within the capture duration may be
determined based on a portion of the trajectory corresponding to a one-second duration

subsequent to/ahead of the point within the capture duration.

(46) The smoothed trajectory may be used to determine a viewing window for
stabilization of the visual content. The viewing window may define the extent(s) of the
visual content that is to be punched-out to stabilize the visual content. The stabilized
visual content may include cropped extents of the visual content, with the viewing
window defining the extents of the visual content that is cropped out. The extent to
which the viewing window may be moved within the visual content may be referred to as
stabilization margin. The stabilization margin may specify how much the crop may

move while remaining wholly within the field of view of the visual content.

(47) Such stabilization of visual content may preserve intentional motion experienced
by the image capture device 302 during the capture duration. Intentional motion may
refer to the motion that was intended by the user of the image capture device 302.
Intentional motion may include meaningful phenomenon related to video semantics,
which may express what the user actually wanted to capture. For example, intentional
motion may include a forward motion to follow an object of interest, a panning motion to
shoot a wide view of a scenery, and/or other motion. Unintentional may refer to motion
that was not intended by the user of the image capture device 304. Unintentional
motion may result in noise within the captured visual content, such as motion of the
visual content due unintended motion of the image capture device 304 (e.g., caused by

shaking hands, vibrations, bumps).
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(48) Intentional motion may be characterized by lower frequency motion than
unintentional motion. Unintentional motion may be characterized by higher frequency
motion (e.g., jitter, shake) than intentional motion. To identify intentional motion, which
is characterized by low frequencies, a sufficiently long temporal horizon of experienced
motion may need to be used. Thus, to stabilize visual content, a subsequent portion of
the trajectory is used to determine the smoothed trajectory. Longer intervals of the
temporal horizon may enable better approximation of the intentional motion while

causing longer delays (longer wait to determine smoothed trajectory).

(49) The smoothed trajectory (crop trajectory) may be determined based on
minimization of a value, a score, and/or a metric that expresses the amount of high
frequencies. The value/score/metric may be determined based on an objective function
that consists of groups of terms. For example, the objective function may include two
groups of terms, where one term expresses the L2-norm of interframe angular velocity
and the other term expresses the angular acceleration. One or more of the terms may
be weighted by one or more constant. The constants may determine the amount of
contribution of individual terms to the objective function. From signal processing

perspective, the two terms may correspond to output power of two high-pass filters.

(50) The values of the smoothed trajectory over the capture duration may include
values that minimize the value/score/metric expressing the amount of high frequencies
while respecting a crop constraint. The crop constraint may require the viewing window
for punchout of the visual content to remain within the field of view of the visual content.
The viewing window (determined based on the smoothed trajectory) may not extend

beyond the captured extents of the visual content.
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(51) In some implementations, iterative minimization may be used to determine the
smoothed trajectory. The iterative minimization may include iterations of two steps that
alters the latest estimate: (1) an update step that updates the current estimate
regardless of any constraint(s) in a way that the value of the objective function
decreases; and (2) a projection step that applies the constraint(s)—the current estimate
is tested on whether the constraint(s) are satisfied (e.g., whether the viewing window for
punchout of the visual content remains within the field of view of the visual content), and
the current estimate is re-projected if the constraint(s) are not satisfied (e.g., the viewing

window extends beyond the field of view of the visual content).

(52) The stabilization of the visual content may include use of a trajectory retrieval
algorithm and a stabilization algorithm. The input to the trajectory retrieval algorithm
may include the trajectory experienced by the image capture device 302 (e.g., rotational
positions when capturing video frames), a bootstrap trajectory, a fixed past, number(s)
of iterations to be performed, and/or other information. The output of the trajectory
retrieval algorithm may include the smoothed trajectory (e.g., virtual/actual rotational
positions to be used to determine punchouts of the video frames) and/or other

information.

(63) The trajectory retrieval algorithm may include one or more of the following steps.
The projection may be prepared by copying the input trajectory into a projection buffer.
Bootstrap may be obtained and padded if it is shorter than a given length. The
bootstrap may be used as the current/initial guess of the smoothed trajectory. If there is
no fixed past, the bootstrap may be extrapolated on the left using the first sample.

Otherwise, the bootstrap may be extrapolated on the right using the last sample. The
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trajectory may be smoothed using an iterative approach. The trajectory may be
smoothed using a fine scale approach and a coarse approach. For example, the
trajectory may be smoothed using a fine scale approach to smooth the trajectory on a
small scale, and then the smoothed trajectory may be checked to determine whether
the crop constraint is satisfied. If the crop constraint is not satisfied, projection may be
performed, and the smoothing of the trajectory may be changed so that the crop
constraint is satisfied. The fine scale smoothing may be iterated a number of times, and
after the iterations of the fine scale smoothing, the current guess as to the smoothed
trajectory may be subsampled. Then the trajectory may be smoothed using a coarse
scale approach to smooth the trajectory on a larger scale. The coarse scale smoothing
may be iterated a number of times, and after the iterations of the coarse scale
smoothing, the subsampled current guess as to the smoothed trajectory may be
upsampled. Then the trajectory may be smoothed again using a fine scale approach.
The iterative smoothing of the trajectory may result in convergence of the smoothed
trajectory. After a number of iterations, subsequent iterations may have smaller impact
on smoothing of the trajectory. Once the iterations of the fine scale and coarse scale

smoothing has been completed, the current guess may be outputted.

(54) The input to the stabilization algorithm may include visual content (video stream,
video frames and their timestamps (e.g., moment when center scanline is captured))
captured by the image capture device 302, position information (e.g., gyroscope stream,
packets of gyroscope samples), and/or other information. The output of the stabilization
algorithm may include stabilized visual content, viewing window for the punchout of the

visual content (e.g., stabilized crop orientation in time), and/or other information.
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(65) The stabilization algorithm may include one or more of the following steps for
individual video frames to be stabilized. Gyroscope samples may be integrated to reach
the frame timestamp. The frame may be inserted into a circular buffer. When a
sufficient number of frames are in the buffer (e.g., a number of frames in the buffer
being same as and/or larger than a threshold number), the input trajectory may be
unwrapped. The fixed past may be prepared by obtaining the crop orientation history
and unwrapping it backwards with respect to the first ample of the input trajectory. If
there is not history, the fixed past may be considered to be empty. The bootstrap may
be prepared by taking the crop orientation history and filling the rest with input samples
according to their timestamps. If there is no history, the bootstrap may be considered
equal to the input trajectory. The trajectory retrieval algorithm may be
invoked/performed. The smoothed trajectory outputted by the trajectory retrieval
algorithm may be stored in the orientation history. The frames in the head of the buffer
may be warped based on the smoothed trajectory by computing the rotation
corresponding to pass from the source orientation to the stabilized orientation. The crop
field of view may be sampled to take a grid of points, and the grid may be rotated. The
grid may be projected onto the source camera image plane and warped. The warped

image may be encoded.

(56) Referring back to FIG. 1, the processor 11 (or one or more components of the
processor 11) may be configured to obtain information to facilitate stabilizing videos.
Obtaining information may include one or more of accessing, acquiring, analyzing,
determining, examining, identifying, loading, locating, opening, receiving, retrieving,

reviewing, storing, and/or otherwise obtaining the information. The processor 11 may
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obtain information from one or more locations. For example, the processor 11 may
obtain information from a storage location, such as the electronic storage 13, electronic
storage of information and/or signals generated by one or more sensors, electronic
storage of a device accessible via a network, and/or other locations. The processor 11
may obtain information from one or more hardware components (e.g., an image sensor,
a position sensor) and/or one or more software components (e.g., software running on a

computing device).

(57) For example, the processor 11 (or one or more components of the processor 11)
may obtain visual information defining visual content having a field of view, position
information characterizing positions of an image capture device at different moments
within a capture duration, and/or other information. One or more information may be
obtained during acquisition of the visual content and/or after acquisition of the visual
content by an image capture device. For example, visual information, position
information, and/or other information may be obtained while the visual content are being
captured by an image capture device and/or after the visual content have been captured

and stored in memory (e.g., the electronic storage 13).

(58) The trajectory component 102 may be configured to determine a trajectory of the
image capture device/housing of the image capture device during the capture duration
based on the position information and/or other information. The determination of the
trajectory may be referred to as trajectory generation. The trajectory generated by the
trajectory component 102 may include the trajectory of the image capture
device/housing of the image capture observed by one or more positions sensors. The

(observed) trajectory may refer to one or more paths and/or progression of positions
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followed/experienced by the image capture device/housing during the capture duration.
The (observed) trajectory may reflect positions of the image capture device/housing of
the image capture device at different moments within the capture duration. The
positions of the image capture device/housing of the image capture device may include
rotational positions (e.g., rotations about one or more axis of the image capture device)
and/or translational positions of the image capture device/housing of the image capture
device. For example, the trajectory component 102 may determine a trajectory of the
image capture device/housing of the image capture device during the capture duration
based on the position information characterizing specific translational and/or rotational
positions of the image capture device/housing and/or changes in translational and/or
rotational positions of the image capture device/housing as a function of progress

through the capture duration.

(59) The (observed) trajectory may include different portions corresponding to

different moments within the capture duration. For example, the (observed) trajectory
may include a first portion corresponding to a first moment within the capture duration
and a second portion corresponding to a second moment within the capture duration.

The second moment may be subsequent to the first moment within the capture duration.

(60) FIG. 4 illustrates an example trajectory of an image capture device observed by
position sensor(s). The trajectory may include an observed yaw trajectory 400 of the
image capture device. The observed yaw trajectory 400 may reflect yaw angle
positions (e.g., rotational positions defined with respect to a yaw axis, rotation to the left
or right) of the image capture device/housing of the image capture device at different

moments within the capture duration. The observed yaw trajectory 400 may show that
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the image capture device was rotated in a negative yaw direction, rotated in a positive
yaw direction, rotated back in the forward configuration, then rotated in the negative yaw
direction. For example, the image capture device, during capture of images, may have
been rotated to the right, then to the left, to the front, then to the right. Other types of

trajectory (e.g., pitch trajectory, roll trajectory, translational trajectory) are contemplated.

(61) Generating a video including visual content (e.g., of image(s), of video frame(s),
of video(s)) captured along the observed yaw trajectory 400 may be undesirable. For
example, generating a video by outputting the images captured along the observed yaw
trajectory 400 may result in a video with footage that is shaky and/or that appears to
include unintended camera motion. For instance, sharp/quick changes in the yaw angle
positions of the image capture device may result in abrupt changes in the direction of
visuals within the video (e.g., quick left or right camera motion). Multiple changes in the
yaw angle positions of the image capture device may result in a footage that is changing

the direction of view (e.g., to the right, to the left, to the front, to the right).

(62) Stabilized visual content may be generated to provide a smoother view of the
captured visual content. Stabilization may include using smaller portions/extents of the
visual content to provide a punchout view of the visual content that creates a more
stable view than when viewing the entirety of the visual content. Generation of stabilized
visual content may include using smaller visual portions of the captured visual content
(e.g., smaller visual portions of images/video frames) to provide a punchout view of the
captured visual content. The stabilized visual content may provide a more stable view
of the captured visual content than when the entirety of the captured visual content is

presented. For example, such stabilization may be provided by creating a stabilized
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(smoothed) trajectory over the capture duration and determining the punchouts from the
visual content based on the stabilized trajectory. A punchout of visual content may refer
to using one or more portions of the visual content for presentation, such as a cut-out of
the image or a cropped portion of the image. A punchout of visual content may include
one or more portions of the visual content presented on a display and/or one or more
portions of the visual content used to generate video frames of video content. However,
some stabilization techniques may not preserve the intent of the user that captured the

images.

(63) For example, videos may be stabilized by predicting positions/motions of the
camera based on past positions/motions. For example, when attempting to determine
the location and/or shape of the punchout for an image captured at a given moment
within the capture duration, the positions/motions of the image capture device preceding
that moment may be used to determine how to position/shape the punchout to create a
stabilized view. Such use of “past’ position/motion information may conflict with the

motion intended by the user of the image capture device.

(64) For example, in the observed yaw trajectory 400, the rotation of the image
capture device to the right, then to the left, and then to the front may be the result of the
image capture device being unintentionally rotated to the right, the user overcorrecting
the rotation to the left, and then rotating the image capture device to the right to a front-
facing direction. Determining punchout of the images using “past” position/motion

information may result in a predicted trajectory as shown in FIG. 5A.

(65) For example, based on the rotation of the image capture device to the right

during duration A 502, a predicted yaw trajectory A 512, which continues the rotation to
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the right, may be predicted for duration B 504. Based on smaller rotation of the image
capture device to the right during duration D 506, a predicted yaw trajectory B 514,
which continues the smaller rotation to the right, may be predicted for duration D 508.
The predicted yaw trajectory A 512 may be in opposite direction of the actual motion of
the image capture device during duration B 504, and the predicted yaw trajectory B 514
may be off from the observed yaw trajectory by a large margin. Such discrepancy
between the observed yaw trajectory and the predicted yaw trajectory may result in the
images not including enough visual information (e.g., pixels) to account for the

attempted stabilized and/or the punchout location/shape.

(66) As another example, videos may be stabilized by filtering the observed changes
in positions/motions of the image capture device. For instance, a low-pass filter may be
applied to the (observed) trajectory to remove abrupt rotational and/or translational

changes in the positions/motions of the image capture device.

(67) For example, as shown in FIG. 5B, by applying a low-pass filter to the observed
yaw trajectory 400, a filtered yaw trajectory 516 may be determined. The filtered yaw
trajectory 516 may have smoother changes in the positions/motions of the image
capture device than the observed yaw trajectory. However, such filtering may not take
into account how the positions/motions changes during the capture duration and may
not preserve the intent of the user that captured the images. For example, even though
a video generated from the filtered yaw trajectory 516 may not include abrupt changes
in the direction of visuals within the video, the video may still include footage that is
changing the direction of view to the right, then to left, to the front, and then to the right

in a non-continuous motion (e.g., rotating to the right to a certain angle, holding that
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position for a time, then rotating to the right, then back a little to the left, and then to the

right again).

(68) The smoothed trajectory component 104 may be configured to determine a
smoothed trajectory of the image capture device/housing of the image capture device
based on one or more subsequent portions of the trajectory and/or other information.
The determination of the smoothed trajectory may be referred to as smoothed trajectory
generation. The smoothed trajectory may refer to one or more paths and/or progression
of positions (e.g., rotational positions, translational position) to be used in determining
which portions of the visual content (punchouts) may be used to generate a video. The
smoothed trajectory may be used to determine the viewing window from which
punchouts of the visual content are generated. The placement of the viewing window
within the visual content (e.g., the orientation of the viewing window with respect to the
field of view of the visual content, the shape of the viewing window, the size of the

viewing window) may be determined based on the smoothed trajectory.

(69) The smoothed trajectory may reflect actual and/or virtual positions of the image
capture device/housing of the image capture device at different moments within the
capture duration. An actual position may refer to a position that was taken by the image
capture device/housing of the image capture. A virtual position may refer to a position
that was not taken by the image capture device/housing of the image capture. A virtual
position may be offset (rotationally and/or translationally) from the actual position of the

image capture device/housing of the image capture device.

(70) The smoothed trajectory may have smoother changes in the positions (rotational

positions, translational positions) of the image capture device/housing of the image
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capture device than the (observed) trajectory of the image capture device/housing of the
image capture device. That is, the smoothed trajectory may have less jitters (slight
irregular movement/variation), less abrupt changes, and/or less discontinuous changes
in the positions (rotational positions, translational positions) of the image capture
device/housing of the image capture device than the (observed) trajectory image
capture device/housing of the image capture device. The smoothed trajectory having
smoother changes in positions of the image capture device/housing of the image
capture device than the trajectory may include high frequency changes in the positions
(rotational positions, translational positions) of the image capture device/housing of the
image capture device in the trajectory being removed from the smoothed trajectory.
That is, the smoothed trajectory may not include and/or may have fewer high
frequencies changes in rotational and/or translational positions of the housing than the

(observed) trajectory.

(71) Determining a smoothed trajectory (smoothed trajectory generation) based on a
subsequent portion of an (observed trajectory) may include determining a portion of the
smoothed trajectory corresponding to a given moment within the capture duration based
on one or more portions of the (observed) trajectory corresponding to one or more
subsequent moments (future moment(s) of the given moment) within the capture
duration. That is, the smoothed trajectory component 104 may “look ahead” in time
(look ahead of the given moment) to determine a portion of the capture trajectory. A
look ahead may include use of one or more subsequent portions of an (observed)
trajectory to determine a preceding portion of the smoothed trajectory. Such generation

of smoothed trajectory may be referred to as a look head trajectory generation. A
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subsequent moment within the duration may be adjacent to the given moment or not
adjacent to the given moment. Using the subsequent portion(s) of the (observed)
trajectory may enable the smoothed trajectory component 104 to determine a smoothed
trajectory that preserves a user’s intended motion for the image capture device. The
user’s intended motion may refer to the motion of the image capture device that the

user planned/meant to carry out.

(72) To determine the smoothed trajectory based on a look ahead of the (observed)
trajectory, a subsequent portion of the (observed) trajectory may be used to determine a
preceding portion of the smoothed trajectory such that a portion of the smoothed
trajectory corresponding to a portion of the (observed) trajectory, which corresponds to
a moment within the capture duration, is determined based on a later portion of the

(observed) trajectory, which corresponds to a later moment within the capture duration.

(73) The positions/motions of the image capture device in the “future” may be
analyzed (look ahead) to determine whether particular position(s)/motion(s) of the
image capture device at a moment is an intended motion or an unintended motion (e.g.,
shaking due to vibration, rotation due to bumping/mishandling the image capture
device). For example, when determining the smoothed trajectory for a moment (e.g.,
corresponding to the 1000th video frame) within the capture duration, the
position(s)/motion(s) of the image capture device for a duration subsequent to the
moment (e.g., corresponding to the next 30 video frames, corresponding to next second
of capture) may be analyzed to determine whether the position/motion of the image

capture device at the moment was intended or not.
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(74) For example, to determine the smoothed trajectory based on the subsequent
portion of the (observed) trajectory, a rotational position of the image capture
device/housing at a given moment within the capture duration may be obtained. The
given moment may be a point in time within the capture duration and may correspond to
a video frame of the visual content captured at the point in time within the capture
duration. Rotational positions of the image capture device/housing at a later moment
within the capture duration may be obtained. The later moment may be a duration of
time subsequent to the point in time within the capture duration. A corresponding
rotational position of the image capture device/housing within the smoothed trajectory at
the given moment may be determined based on the rotational position of the image
capture device/housing at the point in time, the rotational positions of the image capture
device/housing during the duration of time subsequent to the point in time, and/or other
information. Placement of the viewing window for the visual content with respect to the
field of view of the visual content captured at the given moment may be determined
based on the corresponding rotational position of the image capture device/housing

within the smoothed trajectory at the given moment and/or other information.

(75) In some implementations, the determination of the smoothed trajectory of based
on the subsequent portion of the (observed) trajectory may further include a check on
whether the determined smoothed trajectory results in the corresponding viewing
window for the punchout of the visual content remaining within the field of view of the
visual content or extending beyond the field of view of the visual content (whether the
placement of the viewing window satisfies or violates a margin constraint). For

example, it may be determined whether the placement of the viewing window for the
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visual content at the given moment results in one or more portions of the viewing
window exceeding the field of view of the visual content. Responsive to a determination
that the portion(s) of the viewing window for the visual content at the given moment
exceeds the field of view of the visual content, the corresponding rotational position of
the image capture device/housing within the smoothed trajectory at the given moment
may be adjusted. That is, the smoothed trajectory may be adjusted so that the viewing
window for the visual content at the given moment does not exceed the field of view of

the visual content (the placement of the viewing window satisfies the margin constraint).

(76) In some implementations, the corresponding position (e.g., rotational position,
translational position) of the image capture device/housing within the smoothed
trajectory at the given moment may be initially determined based on a combination of
the position of the image capture device/housing at the given moment and an estimate
of the corresponding position of the image capture device/housing, and/or other
information. Such initial determination of the positions within the smoothed trajectory

may be referred to as bootstrapping.

(77) For example, an optimal estimate of the rotational position of the image capture
device/housing within the smoothed trajectory at the given moment may be determined
based on minimization of a combination of a rotational velocity of the image capture
device/housing and a rotational acceleration of the image capture device/housing,
and/or other information. The optimal estimate of the rotational position that minimizes
motion (combination of velocity and acceleration) may result in placement of the viewing
window for the punchout of the visual content that does not satisfy the margin

constraint. Thus, the initial rotational position at the given moment within the smoothed
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trajectory may be determined by combining the rotational position of the image capture
device/housing at the given moment and the optimal estimate of the rotational position
within the smoothed trajectory. Combination of the rotational position with the optical
estimate of the rotational position may include an average of the two rotational
positions. The average of the two rotational positions may weigh the two rotational

positions equally or differently.

(78) In some implementations, the smoothed trajectory component 104 may
determine a smoothed trajectory of the image capture device/housing of the image
capture device further based on one or more prior portions of the (observed) trajectory.
The past position/motion information of the image capture device may supply context for
the intended motion. The past position/motion of the image capture may be weighted
less than the future position/motion of the image capture device in determining the
smoothed trajectory. The prior portion(s) of the (observed) trajectory may have less
impact on the determination of the smoothed trajectory than the future portion(s) of the
(observed) trajectory. The amount of the prior portions of the (observed) trajectory used
to determine the smoothed trajectory may be smaller than the amount of the future
portion(s) of the (observed) trajectory. For example, when determining the smoothed
trajectory for a moment (e.g., corresponding to the 1000th video frame) within the
capture duration, the amount of the duration subsequent to the moment (e.qg.,
corresponding to the next 30 video frames, corresponding to next second of capture)
used may be larger than the amount of the duration preceding the moment (e.g.,
corresponding to the previous 15 video frames, corresponding to previous 0.5 second of

capture).
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(79) FIG. 5C illustrates an example smoothed trajectory determined by the smoothed
trajectory component 104. The smoothed trajectory may include a smoothed yaw
trajectory 532. The smoothed yaw trajectory 532 may reflect yaw angle positions (e.g.,
rotational positions defined with respect to a yaw axis, rotation to the left or right) of the
image capture device/housing of the image capture device to be used in determining
which portions of the visual content (punchouts) may be used to generate a video. For
example, the smoothed yaw trajectory 532 may include a zero-rotation about the yaw
axis (front-direction) for durations 522, 524, 526 and then a smooth rotation to the right
for durations 528, 530. Other types of smoothed trajectory (e.g., smoothed pitch

trajectory, smoothed roll trajectory, smoothed translational trajectory) are contemplated.

(80) The smoothed yaw trajectory 532 may be determined such that a portion of the
smoothed yaw trajectory 532 corresponding to the portion of the observed yaw
trajectory 400 is determined based on a subsequent portion of the observed yaw
trajectory 400. For example, the portion of the smoothed yaw trajectory 532 for one or
more portions of the duration A 522 may be determined based on the portion(s) of the
observed yaw trajectory 400 within the duration B 524 and/or the duration C 526 (look
ahead to the duration B 524 and/or the duration C 526). The portion(s) of the observed
yaw trajectory 400 for the duration B 524 and/or the duration C 526 may be used to
determine in what direction and/or by what amount the smoothed yaw trajectory 532 for
portion(s) of the duration A 522 may differ from the observed yaw trajectory 400. The
smoothed yaw trajectory 532 may be determined based on subsequent portion(s) of the
observed yaw trajectory 400 such that the smoothed yaw trajectory 532 preserves a

user’s intended motion for the image capture device. For example, based on the

33

Insta360
Exhibit 1002 Page 370



GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

subsequent portion(s) (look ahead) of the observed yaw trajectory 400, the smoothed
trajectory component 104 may determine that the rotation of the image capture device
to the right and left during durations 522, 524 were unintended motions (e.g., the image
capture device being unintentionally rotated to the right and the user overcorrecting the
rotation to the left), and may determine the smoothed yaw trajectory 532 to be directed
to the front during durations 522, 524. Based on the subsequent portion(s) (look ahead)
of the observed yaw trajectory 400, the smoothed trajectory component 104 may
determine that the staggered rotation of the image capture device to the right during
durations 528, 530 included unintended motions (non-continuous rotation to the right),
and may determine the smoothed yaw trajectory 532 to include continuous rotation to
the right during durations 528, 530. Other determinations of smoothed trajectory are

contemplated.

(81) In some implementations, the smoothed trajectory may be determined based on
minimization of a rotational velocity of the image capture device/housing of the image
capture device and a rotational acceleration of the image capture device/housing of the
image capture device while respecting a set of constraints. For example, the smoothed
trajectory may be determined by generating a smooth path that respects the set of
constraints, rather than by modifying the (observed) trajectory. For instance, a smooth
path defining yaw angle position, pitch angle position, and/or roll angle position may be
generated by finding a path of the image capture device/housing of the image capture
device that minimizes a combination of a time derivative, a second time derivative,
and/or other time derivative(s) of the yaw angle position, pitch angle position, and/or roll

angle position while respecting the set of constraints:
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(83) In some implementations, one or more of the portions of the minimization
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(82)

calculation may be changed. For example, one or more portions of the minimization
calculation (e.g., the first time derivative) may be changed to have a greater affect or a
lesser affect than other portion(s) of the minimization calculation (e.g., the second time

derivative), and/or other factors may be introduced into the calculation.

(84) In some implementations, information on high frequencies (jitters) of image
capture may be used to improve visual characteristics of generated video
content/stabilized visual content. Certain portion of high frequencies in the input may be
kept based on the image capture configuration, such as exposure start time and
exposure duration time, the position information (e.g., position sensor readings), and/or
other information. For example, motion of the image capture device/image sensor
during a frame exposure may be analyzed and used to generate/modify a capture
trajectory that minimizes inter-frame motion (e.g., smooths inter-frame motion) while
preserving the intra-frame motion, which may contain the high frequencies. This may
provide for improved visual characteristics of the generated video content, such as by

compensating for motion blur and/or lowlight image capture conditions.

(85) For example, image capture may not happen instantaneously. Rather, it may
take a certain amount of time for image sensor pixel sites to gather light. This may lead
to splitting of the image sensor motion in time in two phases: inter-frame motion which

may not be captured and may be suppressed, and intra-frame motion which may be
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‘encrusted” in the image and may not be removed. Better visual characteristics (e.g.,
impression) may be provided when the intra-frame motion is taken into account so that
the smoothed trajectory is smooth for inter-frame phases while corresponding to the
original motion for intra-frame phases. That is, the smoothed trajectory may move/follow
in the same direction and with the same speed as during the frame exposure phase, so

that its motion is aligned with the motion blur in the image.

(86) In some implementations, an extent to which the smoothed trajectory of the
image capture device/housing deviates from the (observed) trajectory of the image
capture device/housing may depend on an amount of rotational motion and/or
translational motion experienced by the image capture device/housing during the
capture duration, an exposure time with which the visual content is captured, and/or
other information. That is, the amount of smoothing performed may take into account
the amount of rotational and/or translational motion experienced by the image capture
device during capture of the visual content and/or the exposure time used by the image
capture device to capture the visual content. For example, visual content captured
during larger amount of image capture device emotion may result in motion blur within
the visual content, and smoothing the trajectory may result in the motion blur becoming
more evident (e.g., motion blur becoming bigger, longer) within the stabilized visual

content.

(87) The amount of smoothing/stabilization performed/allowed may depend on motion
of the image capture device, the exposure time of the image capture device, and/or
other information. FIG. 7 illustrates a plot 700 showing different values of smoothing as

a function of motion of the image capture device (e.g., values characterizing frequency
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of motion) and the exposure time with which the image capture device captures visual
content. Smoothing values (S1, S2, S3, S4) may refer to the amount of smoothing
performed to generate the smoothed trajectory. Smoothing values may impact,
characterize, and/or set the power/strength of smoothing/stabilization performed. For
example, the smoothing values may range between 0 and 1, with the value of 0
corresponding to no smoothing (deactivating smoothing) and the value of 1
corresponding to regular smoothing (smoothing as described herein). Values between
0 and 1 may correspond to reduced smoothing. For example, a value of 0.5 may
correspond to decreasing the smoothing impact by half (e.g., smoothing operating at

50%).

(88) Use of different smoothing values may enable use of different smoothing powers
(stabilization strengths) for different capture situations. For example, the smoothing
value of S1 may correspond to the amount of smoothing to be used when the exposure
time is short (shorter than T1, short exposure time threshold) and image capture device
motion is high (e.g., higher than and/or same as high motion threshold). The smoothing
value of S2 may correspond to the amount of smoothing to be used when the exposure
time is long (longer than T2, long exposure time threshold) and image capture device
motion is high. The smoothing value of S3 may correspond to the amount of smoothing
to be used when the exposure time is short (shorter than T1) and image capture device
motion is low (e.g., lower than and/or same as low motion threshold). The smoothing
value of S4 may correspond to the amount of smoothing to be used when the exposure
time is long (longer than T2) and image capture device motion is low. Thus, exposure

time and image capture device motion may determine the extent of stabilization to be
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performed on the visual content captured by the image capture device. In some
implementations, the exposure time of the image capture device may be automatically
adjusted based on light conditions, motion of the image capture device, and/or other
information. For example, longer exposure time may be used with low light conditions
and shorter exposure time may be used with high light conditions. For instance,
referring to FIG. 7, exposure time of less than T1 may be used in high light conditions,
exposure time between T1 and T2 may be used in mid light conditions, and exposure
time greater than T2 may be used in low light conditions. Higher exposure time may

result in greater amount of motion blur within the captured visual content.

(89) One or more of the smoothing values (S1, S2, S3, S4) may be tunable. For
example, the values of the smoothing values may be set as follows: S1 =1,S2 =1, S3
=1, and S4 = 1. Such setting of smoothing values may result in full stabilization of the
captured visual content regardless of the image capture device motion and/or exposure
time. As another example, the values of the smoothing values may be set as follows:
S1=1,52=0,S3=1,and S4 = 0. Such setting of smoothing values may result in full
stabilization of the captured visual content when the exposure time is shorter than T1
and deactivation of the stabilization of the captured visual content when the exposure
time is longer than T2. The smoothing value may change linearly between 0 and 1 as
the exposure time increases from T1 to T2. As yet another example, the values of the
smoothing values may be set as follows: S1 =0.6, S2 =0, S3 =1, and S4 = 0.5. Such
setting of smoothing values may result in full stabilization of the captured visual content
when the exposure time is shorter than T1 and the image capture device motion is low,

and deactivation of the stabilization of the captured visual content when the exposure
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time is longer than T2 and the image capture device motion is high. The stabilization
may operate at 60% when the exposure time is shorter than T1 and the image capture
device motion is high, and the stabilization may operate at 50% when the exposure time
is longer than T2 and the image capture device motion is low. Other values of
smoothing values are contemplated. The smoothing values when image capture device
motion is between the high motion threshold and the low motion threshold, and the
smoothing values when exposure time is between the short exposure time threshold
and the long exposure time threshold may be determined as an interpolation of S1, S2,

S3, and/or S4.

(90) In some implementations, a set of constraints (including one or more constraints)
may be applied in generating the smoothed trajectory. The set of constraints for
generating the smoothed trajectory may include one or more constraints that provide
limitations/restrictions/rules on how the smooth path/smoothed trajectory is generated.
For example, the set of constraints may include a margin constraint that provide
limitation(s)/restriction(s)/rule(s) on how far from the (observed) trajectory the smooth
path/smoothed trajectory may be generated. The margin constraint may be determined
based on a difference between the size of the viewing window for generating a
punchout of the visual content and the field of view of the visual content, and/or other
information. The field of view of the visual content may refer to the field of view of a
scene captured within the visual content. That is, the field of view of the visual content
may refer to the spatial extent/angle of the scene captured within the visual content.
The size of the viewing window may refer to the field of view of the punchout for

generating a video based on visual content. That is, a video may be generated based
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on visual content of the images within the viewing window. The viewing window may be

defined in terms of shape and/or size.

(91) For example, FIG. 6A illustrates an example orientation of a viewing window 604
with respect to an image A 600. The image A 600 may have a field of view 602. The
viewing window 604 may have a punchout field of view 606. The image A 600 may
include capture of a scene within an angle defined by the field of view 602. The viewing
window 604 may provide a punchout of the image A 600 to be used for video
generation. The punchout field of view 606 of the viewing window 604 604 may be
smaller than the field of view 602. The amount and/or direction from which the smooth
path/smoothed trajectory may deviate from the (observed) trajectory may depend on the
difference between the field of view 602 and the punchout field of view 606. The
difference between the field of view 602 and the punchout field of view 606 (e.g., 10%)
may define a margin 608 within which the viewing window 604 may move with respect
to the image A 600/field of view 602. The margin 608 may be a stabilization margin,
which specifies how much the viewing window may move while remaining inside the

field of view of the visual content)

(92) For example, referring to FIG. 6B, a viewing window 614 may be rotated with
respect to a field of view 612 of an image B 610 while not going beyond the pixels
captured within the image B 610. A viewing window 624 may be laterally moved with
respect to a field of view 622 of an image C 620 while not going beyond the pixels

captured within the image C 620.

(93) Referring back to FIG. 6A, larger difference between the field of view 602 and the

viewing window 604/punchout field of view 606 may enable larger movement of the
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viewing window 604 with respect to the field of view 602 of the image A 600 while
smaller difference between the field of view 602 and the viewing window 604/punchout
field of view 606 may enable smaller movement of the viewing window 604 with respect
to the field of view 602 of the image A 600. However, larger margin 608 may result in
waste of pixel space and computing resources (e.g., processor power and/or battery
consumption to capture images with larger optical field of view than needed to generate

a video).

(94) In some implementations, the set of constraints may include a trajectory
constraint that provide limitation(s)/restriction(s)/rule(s) on how the smooth
path/smoothed trajectory may be generated based on subsequent portions of the
(observed) trajectory. The trajectory constraint may be determined based on a
subsequent portion of the (observed) trajectory and/or other information. That is, the
trajectory constraint may include one or more constraints relating to shape of the
(observed) trajectory in the “future.” The trajectory constraint may preserve the

intended motion for the image capture device in the generated path.

(95) In some implementations, the set of constraints may include a target constraint
that provide limitation(s)/restriction(s)/rule(s) on how the smooth path/smoothed
trajectory may be generated based on a target within the images. A target may refer to
a person, an object, and/or a thing that may be selected for inclusion in a video. For
example, the images captured by the image capture device may include one or more
view of a person (e.g., a person of interest) and a user may wish to create a video that
includes the person. The target constraint may include one or more constraints relating

to the location of the target within the images such that the images are stabilized around
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the location of the target within the images. That is, the target constraint may affect the
generation of the smooth path/smoothed trajectory so that the target is within one or

more of the punchouts of the visual content. Other constraints are contemplated.

(96) In some implementations, a set of parameters (including one or more
parameters) may control the generation of the smoothed trajectory. The set of
parameters for generating the smoothed trajectory may include one or more parameters
that influence and/or direct how the smooth path/smoothed trajectory is generated. For
example, the set of parameters may include a weight-balance parameter, a low-light

high-pass parameter, a stickiness parameter, and/or other parameters.

(97) A weight-balance parameter may refer to a parameter that controls the types of
motion that are minimized in generation of the smoothed trajectory. For example, types
of motion that may be minimized to generate the smoothed trajectory/smooth path may
include rotational velocity, rotational acceleration, translational velocity, translational
acceleration and/or other motions. For instance, a weight-balance parameter (value of
the weight-balance parameter) may control to what extent a combination of rotational
velocity and rotational acceleration is minimized when determining the smoothed
trajectory. The weight-balance parameter may range between 0 and 1, with 0
corresponding to minimization of angular velocity and 1 corresponding to minimization
of angular acceleration. A value between 0 and 1 may correspond to minimization of
both angular velocity and angular acceleration, with minimization of different types of
motion weighed according to the value. Other values of the weight-balance parameter

are contemplated.
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(98) Sole minimization of angular velocity may result in a smoothed trajectory that
prefers to keep a steady position when possible and may result in piecewise-linear
sharp-corners in the smoothed trajectory. Sole minimization of angular velocity may
minimize apparent motion between video frames, but the resulting motion may appear
unnatural. Sole minimization of angular acceleration may result in a smoothed
trajectory with no/reduced number of corner points. Sole minimization of angular
acceleration may result a constant velocity and may produce more motion than Sole
minimization of angular velocity. Minimization of a combination of angular velocity and
angular acceleration may provide for an in-between generation of smoothed trajectory
(with different minimization weighted according to the value of the weight-balance

parameter).

(99) A low-light high-pass parameter may refer to a parameter that controls the
amount/strength of smoothing performed to generate the smoothed trajectory. For
trajectory smoothing/visual content stabilization, motion of the image capture device
may be categorized into (1) inter-frame motion, and (2) intra-frame motion. Inter-frame
motion may refer to motion between frame exposure periods. Inter-frame motion may
be attenuated based on the margin constraint. Intra-frame motion may refer to motion
of the image capture device during an exposure period of individual video frames. The
motion may be encrusted in the video frames through the motion blur, and attenuation
of the intra-frame motion may result in motion blur pulsations that create poor visual
impression. Such visual defect may be reduced by having the smoothed trajectory

follow the (observed) trajectory during the exposure periods.
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(100) A low-light high-pass parameter may range between 0 and 1, with 0
corresponding to no motion blur compensation and 1 corresponding to full motion blur
compensation. The low-light high-pass parameter of 0 may result in the observed
motion being fully attenuated and no image capture device motion during the exposure
periods being taken into account. The low-light high-pass parameter of 1 may result in
the smoothed trajectory being same as the (observed) trajectory during the exposure
periods. That is, the output motion may include high frequencies that mask motion blur
within the visual content. A value between 0 and 1 may change the amount/strength of
the smoothing performed to generate the smoothed trajectory. Other values of the low-

light high-pass parameter are contemplated.

(101) A stickiness parameter may refer to a parameter that control the extent by which
preceding portion(s) of the (observed) trajectory impacts determination of the smoothed
trajectory. A stickiness parameter may range between 0 and 1. The stickiness
parameter of 1 may result in a “lazy” stabilizer that maximizes the impact of the
preceding motion/position, unless the future motion/position indicate that the lazily
determined smoothed trajectory will result in the violation of the margin constraint. The
stickiness parameter of 0 may result in the smoothed trajectory being generated without
taking the preceding portion(s) of the (observed) trajectory into account. A value
between 0 and 1 may change the extent by which preceding portion(s) of the (observed)
trajectory impacts determination of the smoothed trajectory. The value of the stickiness
parameter may impact bootstrapping—the value of the stickiness parameter may

determine how the positions of an image capture device/housing and the optimal

44

Insta360
Exhibit 1002 Page 381



GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

estimates of the positions are weighed to form initial estimates of the smoothed

trajectory. Other values of the stickiness parameter are contemplated.

(102) The viewing window component 106 may be configured to determine one or
more viewing windows for the visual content based on the smoothed trajectory of the
image capture device/housing and/or other information. Placement of a viewing window
for the visual content with respect to the field of view of the visual content captured at a
moment may be determined based on the corresponding position (rotational position,
translational position) of the image capture device/housing within the smoothed

trajectory at the moment and/or other information.

(103) A viewing window may define one or more extents of the visual content. A
viewing window may define extent(s) of the visual content to be included within a
punchout of the visual content as the function of progress through the progress length of
the visual content. The progress length of the visual content may be the same as or
determined based on the capture duration of the visual content. A viewing window may
define extent(s) of the visual content included within a video generated from the visual
content. For example, a viewing window may define which spatial portions of the visual
content captured by the image capture device during the capture duration is presented

on display(s) and/or included within stabilized visual content.

(104) A viewing window may be characterized by viewing directions, viewing sizes
(e.g., viewing zoom, viewing magnification), viewing rotations, and/or other information.
A viewing direction may define a direction of view for visual content. A viewing direction
may define the angle/visual portion of the visual content at which the viewing window

may be directed. A viewing direction may be defined based on rotation about an axis
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that defines lateral movement of the viewing window (e.g., yaw). A viewing direction
may be defined based on rotation about an axis that defines vertical movement of the
viewing window (e.g., pitch). The yaw and pitch values of the viewing direction may

determine the location of the viewing window within captured images/video frames.

(105) A viewing size may define a size of the viewing window. A viewing size may
define a size (e.g., size, magnification, viewing angle) of viewable extents of visual
content. A viewing size may define the dimensions of the viewing window. In some
implementations, a viewing size may define different shapes of the viewing
window/viewable extents. For example, a viewing window may be shaped as a
rectangle, a triangle, a circle, and/or other shapes. A viewing rotation may define a
rotation of the viewing window. A viewing rotation may define one or more rotations of
the viewing window about one or more axis. For example, a viewing rotation may be

defined based on rotation about an axis corresponding to a viewing direction (e.g., roll).

(106) The viewing window(s) may be determined as the function of progress through
the capture duration. That is, one or more of viewing direction, viewing rotation, and/or
viewing size may be determined for different parts of the capture duration. For
example, different placement (determined based on viewing direction, viewing rotation,
and/or viewing size) of the viewing window may be determined for different parts of the
capture duration. The viewing window(s) may be determined for different time points
and/or different time durations within the capture duration. The viewing window(s) may
be determined for different images/video frames and/or different groups of images/video

frames captured during the capture duration.
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(107) A viewing window may be used to provide a punchout of the visual content. A
punchout of the visual content may refer to an output of one or more portions of the
visual content for presentation (e.g., current presentation, future presentation based on
video generated using the punchout). A punchout of the visual content may refer to
extents of the visual content that is obtained for viewing and/or extraction. The extents
of the visual content viewable/extracted within the viewing window may be used to

provide views of different spatial portions of the visual content.

(108) For example, the visual content may include a field of view, and the punchout of
the visual content may include the entire extent of the visual content (the visual content
within the entire field of view) or one or more extents of the visual content (the visual
content within one or more portions of the field of view). A viewing window may define
extents of the visual content to be included within a punchout of the visual content as
the function of progress through the progress length/capture duration of the visual
content. A viewing window may correspond to the entire duration of the progress
length/capture duration or for one or more portions (e.g., portions including moments of
interest) of the progress length/capture duration. The punchout of the visual content
may be presented on one or more displays, included in one or more videos, and/or

otherwise used for presenting the visual content.

(109) Determining a viewing window for visual content based on the smoothed
trajectory may include determining one or more of viewing direction, viewing rotation,
and/or viewing size of the viewing window based on the smoothed trajectory. That is,
determining a viewing window for visual content may include determining orientations of

the viewing window with respect to the field of view of the visual content based on the
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smoothed trajectory. Placement (viewing direction, viewing rotation, and/or viewing
size) of the viewing window at different moments may be determined based on
corresponding positions/values of the smoothed trajectory. The orientations of the
viewing window with respect to the field of view of the visual content may determine
which portions of the visual content (punchouts) may be used to generate a video. That
is, the viewing window component 106 may determine how the punchouts for the visual

content may be oriented with respect to the field of view of the visual content.

(110) The viewing window component 106 may be configured to determine how the
viewing window should be oriented with respect to the field of view of the visual content
(images, video frames) based on the smoothed trajectory. The viewing window
component 106 may determine how the punchouts for the visual content may be
laterally and/or vertically positioned with respect to the field of view of the visual content
based on the smoothed trajectory. The viewing window component 106 may determine
how the punchouts for the visual content may be rotated with respect to the field of view

of the visual content based on the smoothed trajectory.

(111) The viewing window may be oriented with respect to the field of view of the visual
content to provide a punchout of the visual content that is stable with respect to prior
and/or next punchout of the visual content. For example, the viewing window may be
oriented with respect to the field of view of images/video frames captured by the image
capture device to provide a punchout of the images/video frames such that the
presented content appears to have been captured with a stable/more stable image
capture device (e.g., a punchout of a video frame being stable/more stable with a

punchout of the preceding video frame and/or a subsequent video frame).
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(112) For example, referring to FIG. 6B, the viewing window component 106 may
determine the orientation of the viewing window 614 with respect to the field of view 612
of the image B 610 based on the smoothed trajectory at a moment corresponding to the
image B 610. The viewing window 614 may be oriented with respect to the field of view
612 to provide a punchout of the image B 610 that is stable with respect to a prior
and/or next punchout of the images (e.g., stable with the punchout of the image A 600
using the viewing window 604 for the image A 600, shown in FIG. 6A). The viewing
window component 106 may determine the orientation of the viewing window 624 with
respect to the field of view 622 of the image C 620 based on the smoothed trajectory at
a moment corresponding to the image C 620. The viewing window 624 may be oriented
with respect to the field of view 622 to provide a punchout of the image C 620 that is
stable with respect to a prior and/or next punchout of the images (e.g., stable with the

punchout of the image B 610 using the viewing window 614 for the image B 610).

(113) The generation component 108 may be configured to generate stabilize visual
content of one or more videos based on the viewing window(s) and/or other information.
The stabilized visual content may include a punchout of the extent(s) of the visual
content within the viewing window(s). Stabilized visual content may be generated as
video frames including extent(s) of the visual content within the viewing window(s).
Stabilized visual content may be generated as outputs of portions of the visual captured
by the image capture device, with the outputted portions including extent(s) of the visual
content within the viewing window(s). Inclusion of the extent(s) of the visual content
within the viewing windows in video may effectuate stabilization of the visual content via

selective cropping. The portions of the visual content that is cropped for stabilization
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may depend on the smoothed trajectory and/or other information. The portions of the
visual content that is cropped for stabilization may depend on one or more of the
weight-balance parameter, the low-light high-pass parameter, the stickiness parameter,

and/or other parameters.

(114) Video content may refer media content that may be consumed as one or more
videos/video clips. Video content may include one or more videos/video clips stored in
one or more formats/containers, and/or other video content. A format may refer to one
or more ways in which the information defining video content is arranged/laid out (e.g.,
file format). A container may refer to one or more ways in which information defining
video content is arranged/laid out in association with other information (e.g., wrapper
format). Video content may define visual content viewable as a function of progress
through a progress length of the video content. Video content may include video frames
that define visual content. That is, visual content of the video content may be included

within video frames of the video content.

(115) The video frames of the video content may be determined based on visual
content of the visual content within the viewing window and/or other information. The
video frames of the video content may be determined based on a punchout of the visual
content in accordance with the smoothed trajectory, the viewing window, and/or other
information. For example, referring to FIGS. 6A-6B, the video frames of the video
content may be determined based on the visual content of the image A 600 within the
viewing window 604, the visual content of the image B 610 within the viewing window

614, the visual content of the image C 620 within the viewing window 624, and/or other
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information. Such determination of extents of visual content for inclusion in video

content may effectuate stabilization of the video content.

(116) In some implementations, the video frames of the video content may be
determined based on warping of images (e.g., one or more portions of the visual
content of the images). The warping of the images may provide for different
perspectives of content captured within the images, with the different perspectives
corresponding to how the content would have look had the images been captured from

the image capture device on the capture trajectory.

(117) In some implementations, visual content (e.g., images, video frames) and/or one
or more of the portions of visual content used to generate video content may be stored
in one or more buffers (e.g., 1s buffer, circular buffer). The buffer(s) may be used to
store visual content/portions of visual content that may be used (e.g., included in a
punchout, warped) to generate stabilized visual content. The buffer(s) may be used to
store other information, such as visual information, position information, and/or other
information for look ahead and/or trajectory generation. For example, the buffer(s) may
be used to store images/video frames for which trajectory generation is being performed
using look ahead. After corresponding portion of the smoothed trajectory is generated,
the relevant portions of the images (visual content of the images within the viewing

window) in the buffer(s) may be used to generate the video content.

(118) The video content generated by the generation component 108 may be defined
by video information. Video information defining video content may define an encoded
version/copy of the video content and/or instructions for rendering the video content.

For example, the video information may define an encoded version/copy of the video

51

Insta360
Exhibit 1002 Page 388



GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

content/video frames, and the video information (e.g., video file) may be opened in a
video player for presentation of the video content. The video information may define
instructions to render the video content for presentation. For example, the video
information may define a director track that includes information as to which visual
portions of the visual content (images, video frames) should be included within the
presentation of the video content. The director track may include information on the
location, size, shape, and/or rotation of the punchout of images/video frames to be used
to as a function progress through the video content to provide a stabilized view of the
images/video frames. A video player may use the director track to retrieve the relevant
visual portions of the images/video frames when the video content is opened and/or is

to be presented.

(119) The generation component 108 may be configured effectuate storage of the
video information and/or other information in one or more storage media. For example,
the video information may be stored in the electronic storage 13, remote storage
locations (storage media located at/accessible through a server), and/or other locations.
In some implementations, the generation component 108 may effectuate storage of the
video information through one or more intermediary devices. For example, the
processor 11 may be located within a computing device without a connection to the
storage device (e.g., the computing device lacks WiFi/cellular connection to the storage
device). The generation component 108 may effectuate storage of the video
information through another device that has the necessary connection (e.g., the

computing device using a WiFi/cellular connection of a paired mobile device, such as a
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smartphone, tablet, laptop, to store information in one or more storage media). Other

storage locations for and storage of the video information are contemplated.

(120) In some implementations, the processor 11 may represent multiple processors,
and at least one of the processors may be a remote processor located remotely from
the housing of the image capture device (e.g., the image capture device 302). One or
more of the functionalities of the components 102, 104, 106, 108 may be performed by
the image capture device 302 (e.g., by the processor 310) and/or by a remote
processor. For example, one or more of trajectory determination (functionalities of the
trajectory component 102), smoothed trajectory determination (functionalities of the
smoothed trajectory component 104), viewing window determination (functionalities of
the viewing window component 106), and/or stabilized visual content generation
(functionality of the generation component 108) may be performed by the remote

processor post capture of the visual content by the image capture device.

(121) The image capture device may capture the position information and the visual
content but may not stabilize the visual content in real time. For example, the image
capture device may not have sufficient resource to apply the stabilization technique
described herein in real-time and/or may be devoting its resources to other tasks. The
stabilization of the visual content may be performed by the image capture device once
sufficient resource becomes available. The stabilization of the visual content may be
performed by the remote processor. For example, the remote processor may be one or
more processors of a remote computing device (e.g., mobile device, desktop, server),
and the remote processor may receive visual information and the position information

captured/generated by the image capture device. The remote computing device
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(software running on the remote computing device) may apply the stabilization
technique described herein post capture of the visual content by the image capture
device. The post-capture stabilization of the visual content may be performed by the
remote processor responsive to reception of the visual information and position
information, responsive to user/system command to stabilize the visual content,
responsive to the visual content being opened for playback, and/or responsive to other

conditions.

(122) While the description herein may be directed to images and videos, one or more
other implementations of the system/method described herein may be configured for
other types media content. Other types of media content may include one or more of
audio content (e.g., music, podcasts, audiobooks, and/or other audio content),
multimedia presentations, images, slideshows, visual content (e.g., one or more images

and/or videos), and/or other media content.

(123) Implementations of the disclosure may be made in hardware, firmware, software,
or any suitable combination thereof. Aspects of the disclosure may be implemented as
instructions stored on a machine-readable medium, which may be read and executed
by one or more processors. A machine-readable medium may include any mechanism
for storing or transmitting information in a form readable by a machine (e.g., a
computing device). For example, a tangible (non-transitory) machine-readable storage
medium may include read-only memory, random access memory, magnetic disk
storage media, optical storage media, flash memory devices, and others, and a
machine-readable transmission media may include forms of propagated signals, such

as carrier waves, infrared signals, digital signals, and others. Firmware, software,
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routines, or instructions may be described herein in terms of specific exemplary aspects

and implementations of the disclosure, and performing certain actions.

(124) In some implementations, some or all of the functionalities attributed herein to the
system 10 may be provided by external resources not included in the system 10.
External resources may include hosts/sources of information, computing, and/or
processing and/or other providers of information, computing, and/or processing outside

of the system 10.

(125) Although the processor 11 and the electronic storage 13 are shown to be
connected to the interface 12 in FIG. 1, any communication medium may be used to
facilitate interaction between any components of the system 10. One or more
components of the system 10 may communicate with each other through hard-wired
communication, wireless communication, or both. For example, one or more
components of the system 10 may communicate with each other through a network.
For example, the processor 11 may wirelessly communicate with the electronic storage
13. By way of non-limiting example, wireless communication may include one or more
of radio communication, Bluetooth communication, Wi-Fi communication, cellular
communication, infrared communication, Li-Fi communication, or other wireless
communication. Other types of communications are contemplated by the present

disclosure.

(126) Although the processor 11 is shown in FIG. 1 as a single entity, this is for
illustrative purposes only. In some implementations, the processor 11 may comprise a
plurality of processing units. These processing units may be physically located within

the same device, or the processor 11 may represent processing functionality of a
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plurality of devices operating in coordination. The processor 11 may be configured to
execute one or more components by software; hardware; firmware; some combination
of software, hardware, and/or firmware; and/or other mechanisms for configuring

processing capabilities on the processor 11.

(127) It should be appreciated that although computer components are illustrated in
FIG. 1 as being co-located within a single processing unit, in implementations in which
processor 11 comprises multiple processing units, one or more of computer program
components may be located remotely from the other computer program components.
While computer program components are described as performing or being configured
to perform operations, computer program components may comprise instructions which

may program processor 11 and/or system 10 to perform the operation.

(128) While computer program components are described herein as being
implemented via processor 11 through machine-readable instructions 100, this is merely
for ease of reference and is not meant to be limiting. In some implementations, one or
more functions of computer program components described herein may be
implemented via hardware (e.g., dedicated chip, field-programmable gate array) rather
than software. One or more functions of computer program components described
herein may be software-implemented, hardware-implemented, or software and

hardware-implemented

(129) The description of the functionality provided by the different computer program
components described herein is for illustrative purposes, and is not intended to be
limiting, as any of computer program components may provide more or less functionality

than is described. For example, one or more of computer program components may be
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eliminated, and some or all of its functionality may be provided by other computer
program components. As another example, processor 11 may be configured to execute
one or more additional computer program components that may perform some or all of
the functionality attributed to one or more of computer program components described

herein.

(130) The electronic storage media of the electronic storage 13 may be provided
integrally (i.e., substantially non-removable) with one or more components of the system
10 and/or removable storage that is connectable to one or more components of the
system 10 via, for example, a port (e.g., a USB port, a Firewire port, etc.) or a drive
(e.g., a disk drive, etc.). The electronic storage 13 may include one or more of optically
readable storage media (e.g., optical disks, etc.), magnetically readable storage media
(e.g., magnetic tape, magnetic hard drive, floppy drive, etc.), electrical charge-based
storage media (e.g., EPROM, EEPROM, RAM, etc.), solid-state storage media (e.g.,
flash drive, etc.), and/or other electronically readable storage media. The electronic
storage 13 may be a separate component within the system 10, or the electronic
storage 13 may be provided integrally with one or more other components of the system
10 (e.g., the processor 11). Although the electronic storage 13 is shown in FIG. 1 as a
single entity, this is for illustrative purposes only. In some implementations, the
electronic storage 13 may comprise a plurality of storage units. These storage units
may be physically located within the same device, or the electronic storage 13 may

represent storage functionality of a plurality of devices operating in coordination.

(131) FIG. 2 illustrates method 200 for stabilizing videos. The operations of method

200 presented below are intended to be illustrative. In some implementations, method
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200 may be accomplished with one or more additional operations not described, and/or
without one or more of the operations discussed. In some implementations, two or

more of the operations may occur substantially simultaneously.

(132) In some implementations, method 200 may be implemented in one or more
processing devices (e.g., a digital processor, an analog processor, a digital circuit
designed to process information, a central processing unit, a graphics processing unit, a
microcontroller, an analog circuit designed to process information, a state machine,
and/or other mechanisms for electronically processing information). The one or more
processing devices may include one or more devices executing some or all of the
operation of method 200 in response to instructions stored electronically on one or more
electronic storage mediums. The one or more processing devices may include one or
more devices configured through hardware, firmware, and/or software to be specifically

designed for execution of one or more of the operations of method 200.

(133) Referring to FIG. 2 and method 200, at operation 201, a visual output signal may
be generated. The visual output signal may convey visual information that defines
visual content having a field of view. In some implementation, operation 201 may be
performed by a component the same as or similar to the image sensor 306 (Shown in

FIG. 3 and described herein).

(134) At operation 202, a position output signal may be generated. The position output
signal may convey position information that characterizes rotational positions of an
image capture device at different moments within a capture duration. In some
implementation, operation 202 may be performed by a component the same as or

similar to the position sensor 308 (Shown in FIG. 3 and described herein).
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(135) At operation 203, a trajectory of the image capture device during the capture
duration may be determined based on the position information. In some
implementation, operation 203 may be performed by a processor component the same

as or similar to the trajectory component 102 (Shown in FIG. 1 and described herein).

(136) At operation 204, a smoothed trajectory of the image capture device may be
determined based on a subsequent portion of the trajectory. In some implementation,
operation 204 may be performed by a processor component the same as or similar to

the smoothed trajectory component 104 (Shown in FIG. 1 and described herein).

(137) At operation 205, a viewing window for the visual content may be determined
based on the smoothed trajectory. The viewing window may define one or more extents
of the visual content. In some implementation, operation 205 may be performed by a
processor component the same as or similar to the viewing window component 106

(Shown in FIG. 1 and described herein).

(138) At operation 206, stabilized visual content may be generated based on the
viewing window. The stabilized visual content may include a punchout of the extent(s)
of the visual content within the viewing window. In some implementation, operation 206
may be performed by a processor component the same as or similar to the generation

component 108 (Shown in FIG. 1 and described herein).

(139) Although the system(s) and/or method(s) of this disclosure have been described
in detail for the purpose of illustration based on what is currently considered to be the
most practical and preferred implementations, it is to be understood that such detail is

solely for that purpose and that the disclosure is not limited to the disclosed
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implementations, but, on the contrary, is intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the appended claims. For example,
it is to be understood that the present disclosure contemplates that, to the extent
possible, one or more features of any implementation can be combined with one or

more features of any other implementation.

60

Insta360
Exhibit 1002 Page 397



GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

ABSTRACT
Visual content is captured by an image capture device during a capture duration.
The image capture devices experiences change in position during the capture duration.
The trajectory of the image capture device is smoothed based on a look ahead of the
trajectory. A punchout of the visual content is determined based on the smoothed
trajectory. The punchout of the visual content is used to generate stabilized visual

content.
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What is claimed is:

1. An image capture system that stabilizes videos, the image capture system
comprising:

a housing of an image capture device;

an optical element carried by the housing and configured to guide light within a
field of view to an image sensor;

the image sensor carried by the housing and configured to generate a visual
output signal conveying visual information based on light that becomes incident thereon
during a capture duration, the visual information defining visual content having the field
of view, the field of view being larger than a size of a viewing window for generating
stabilized visual content;

a position sensor carried by the housing and configured to generate a position
output signal based on positions of the housing during the capture duration, the position
output signal conveying position information that characterizes rotational positions of the
housing at different moments within the capture duration; and

one or more physical processors configured by machine-readable instructions to:

determine a trajectory of the housing during the capture duration based on
the position information, the trajectory reflecting the rotational positions of the
housing at the different moments within the capture duration, the trajectory
including a first portion corresponding to a first moment within the capture
duration and a second portion corresponding to a second moment subsequent to

the first moment within the capture duration;
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determine a smoothed trajectory of the housing based on a look-ahead of
the trajectory and one or more of a weight-balance parameter, a low-light high-
pass parameter, and/or a stickiness parameter, the look-ahead of the trajectory
including use of a subsequent portion of the trajectory to determine a preceding
portion of the smoothed trajectory such that a portion of the smoothed trajectory
corresponding to the first portion of the trajectory is determined based on the
second portion of the trajectory, the smoothed trajectory having smoother
changes in the rotational positions of the housing than the trajectory;

determine placement of the viewing window for the visual content with
respect to the field of view of the visual content based on the smoothed trajectory
of the housing, the viewing window defining one or more extents of the visual
content to be included within a punchout of the visual content; and

generate the stabilized visual content of a video based on the viewing
window, the stabilized visual content including the punchout of the one or more
extents of the visual content within the viewing window, wherein inclusion in the
stabilized visual content of the one or more extents of the visual content within

the viewing window effectuates stabilization of the visual content via selective

cropping.

2. The image capture system of claim 1, wherein the position information further

characterizes translational positions of the housing at the different moments within the

capture duration, the trajectory further reflects the translational positions of the housing

62

Insta360
Exhibit 1002 Page 400



GP2018025US2C3 PATENT APPLICATION
Attorney Docket No. 46DG-026085

at the different moments within the capture duration, and the smoothed trajectory has

smoother changes in the translational positions of the housing than the trajectory.

3. The image capture system of claim 1, wherein the smoothed trajectory is
determined further based on a trajectory retrieval algorithm, input to the trajectory
retrieval algorithm including the trajectory of the housing and a bootstrap trajectory, the

bootstrap trajectory including a current or an initial guess of the smoothed trajectory.

4. The image capture system of claim 3, wherein the smoothed trajectory is
determined further based on iterations of smoothing including a fine scale approach to
smooth on a small scale and a coarse approach to smooth on a large scale, the

iterations of smoothing resulting in convergence of the smoothed trajectory.

5. The image capture system of claim 1, wherein the determination of the smoothed
trajectory based on the look-ahead of the trajectory includes use of a temporal horizon
of motion experienced by the image capture device, the temporal horizon enabling
approximation of intentional motion of the image capture device while causing a delay in

the determination of the smoothed trajectory.

6. The image capture system of claim 5, wherein a longer interval of the temporal

horizon enables better approximation of the intentional motion of the image capture

device while causing a longer delay in the determination of the smoothed trajectory.
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7. The image capture system of claim 5, wherein the smoothed trajectory is
determined further based on minimization of a value, a score, or a metric that expresses

an amount of high frequencies while respecting a crop constraint.

8. The image capture system of claim 7, wherein the smoothed trajectory is
determined further based on iterative minimization, the iterative minimization including
iterations of steps that alter latest estimate, the steps including an update step that
updates a current estimate to decrease a value of an objective function and a projection
step that applies one or more constraints, the current estimate being re-projected based

on the one or more constraints not being satisfied.

9. The image capture system of claim 1, wherein the determination of the smoothed
trajectory based on the look-ahead of the trajectory includes weighing past positions of

the housing less than future positions of the housing.

10.  The image capture system of claim 1, wherein the determination of the smoothed
trajectory based on the look-ahead of the trajectory includes a prior portion of the
trajectory having less impact on the determination of the smoothed trajectory than a

future portion of the trajectory.

11.  The image capture system of claim 1, wherein the determination of the smoothed

trajectory based on the look-ahead of the trajectory includes using a first amount of a
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prior portion of the trajectory and a second amount of a future portion of the trajectory,

the first amount being smaller than the second amount.

12.  The image capture system of claim 1, wherein the visual content are stored in a
buffer during smoothed trajectory generation such that the visual content corresponding
to the portion of the smoothed trajectory are stored in the buffer during the
determination of the portion of the smoothed trajectory using the lookahead of the
trajectory, and the visual content stored in the buffer are used after the determination of

the portion of the capture trajectory to generate the stabilized visual content.

13.  The image capture system of claim 12, wherein the buffer includes a circular
buffer, and the visual content are stored in the circular buffer as video frames to be

stabilized.

14.  The image capture system of claim 1, wherein the weight-balance parameter
controls types of motion that are minimized in smoothed trajectory generation, the types

of motion including rotational velocity and rotational acceleration.

15.  The image capture system of claim 1, wherein the low-light high-pass parameter
controls amount or strength of smoothing performed in smoothed trajectory generation
and an extent of motion blur compensation applied in determination of the smoothed

trajectory.
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16.  The image capture system of claim 1, wherein the stickiness parameter controls
an extent by which a preceding portion of the trajectory impacts determination of the

smoothed trajectory.

17. A method for stabling videos, the method performed by an image capture system
including one or more processors, an optical element, an image sensor, and a position
sensor, the optical element carried by an image capture device and configured to guide
light within a field of view to the image sensor, the method comprising:

generating, by the image sensor, a visual output signal conveying visual
information based on light that becomes incident thereon during a capture duration, the
visual information defining visual content having the field of view, the field of view being
larger than a size of a viewing window for generating stabilized visual content;

generating, by the position sensor, a position output signal based on positions of
the image capture device during the capture duration, the position output signal
conveying position information that characterizes rotational positions of the image
capture device at different moments within the capture duration;

determining, by the one or more processors, a trajectory of the image capture
device during the capture duration based on the position information, the trajectory
reflecting the rotational positions of the image capture device at the different moments
within the capture duration, the trajectory including a first portion corresponding to a first
moment within the capture duration and a second portion corresponding to a second

moment subsequent to the first moment within the capture duration;
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determining, by the one or more processors, a smoothed trajectory of the image
capture device based on a look-ahead of the trajectory and one or more of a weight-
balance parameter, a low-light high-pass parameter, and/or a stickiness parameter, the
look-ahead of the trajectory including use of a subsequent portion of the trajectory to
determine a preceding portion of the smoothed trajectory such that a portion of the
smoothed trajectory corresponding to the first portion of the trajectory is determined
based on the second portion of the trajectory, the smoothed trajectory having smoother
changes in the rotational positions of the image capture device than the trajectory;

determining, by the one or more processors, placement of the viewing window for
the visual content with respect to the field of view of the visual content based on the
smoothed trajectory of the image capture device, the viewing window defining one or
more extents of the visual content to be included within a punchout of the visual content;
and

generating, by the one or more processors, the stabilized visual content of a
video based on the viewing window, the stabilized visual content including the punchout
of the one or more extents of the visual content within the viewing window, wherein
inclusion in the stabilized visual content of the one or more extents of the visual content

within the viewing window effectuates stabilization of the visual content via selective

cropping.

18. The method of claim 17, wherein:
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the weight-balance parameter controls types of motion that are minimized in
smoothed trajectory generation, the types of motion including rotational velocity and
rotational acceleration;

the low-light high-pass parameter controls amount or strength of smoothing
performed in smoothed trajectory generation and an extent of motion blur compensation
applied in determination of the smoothed trajectory; and

the stickiness parameter controls an extent by which a preceding portion of the

trajectory impacts determination of the smoothed trajectory.

19.  The method of claim 17, wherein the smoothed trajectory is determined further
based on a trajectory retrieval algorithm, input to the trajectory retrieval algorithm
including the trajectory of the image capture device and a bootstrap trajectory, the

bootstrap trajectory including a current or an initial guess of the smoothed trajectory.

20. The method of claim 17, wherein the determination of the smoothed trajectory
based on the look-ahead of the trajectory includes:

weighing past positions of the image capture device less than future positions of
the image capture device;

a prior portion of the trajectory having less impact on the determination of the
smoothed trajectory than a future portion of the trajectory; or

using a first amount of the prior portion of the trajectory and a second amount of
the future portion of the trajectory, the first amount being smaller than the second

amount.
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21.  The method of claim 17, wherein the smoothed trajectory is determined further
based on iterations of smoothing including a fine scale approach to smooth on a small
scale and a coarse approach to smooth on a large scale, the iterations of smoothing

resulting in convergence of the smoothed trajectory.

22.  The method of claim 17, wherein the smoothed trajectory is determined further
based on iterative minimization, the iterative minimization including iterations of steps
that alter latest estimate, the steps including an update step that updates a current
estimate to decrease a value of an objective function and a projection step that applies
one or more constraints, the current estimate being re-projected based on the one or

more constraints not being satisfied.
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stract a9c¢c8-0e3f2f29f0d8.docx ac65614240e 1fd462ab49b7c7d9f822ddo2]
c5871d0b5ad45d78e1528c237b864a7c608]
f76aa97c4a74d9355b64adcedec69b9ccc 1|
a006f0523f4232257ee2d
Warnings:
Information:
5529
a195c¢06a-
10 Abstract a052-432e-9736-8daf093e6d83 no 1
.pdf 026000bd271353b5 1ae61fal576d07702f4d
022eb
Warnings:
Information:
23172
7dfebab3-
11 Claims f34d-4265-9d31-10992a153eca no 9
86a33a39ff177e394f3c2a95878432359cf40)]
docx a08b6856172ca9f369d97821035be657563
85ca95c807e966472660f61a316c004c9ff17]
bec02b96322beazabfe
Warnings:
Information:
118117
12 Claims 2071ae7d-f665-41a6-a2aa- o 9
d71301a6507c.pdf
178cccad7dcal%e9cf94c8e87acd13b22a7y
Sce6
Warnings:
Information:
Total Files Size (in bytes): 1571794
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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PTO/AIA/4
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Attorney Docket Number 46DG-026085

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
] CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Cesar Douady

Residence Information (Select One) () US Residency (® Non US Residency (O Active US Military Service

City Les Molieres Country of Residence i FR

Mailing Address of Inventor:

Address 1 3000 Clearview Way

Address 2

City | San Mateo | State/Province | CA

Postal Code | 94402 | Country i | us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Thomas Derbanne

Residence Information (Select One) () US Residency (® Non US Residency (O Active US Military Service

City Paris Country of Residence i FR

Mailing Address of Inventor:

Address 1 3000 Clearview Way

Address 2

City | San Mateo | State/Province | CA
Postal Code 94402 Country i us

Inventor 3
Legal Name

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Prefix| Given Name Middle Name Family Name Suffix

Maxim Karpushin

Residence Information (Select One) (O US Residency (® Non US Residency (O Active US Military Service

City Paris Country of Residence i FR

Mailing Address of Inventor:

Address 1 3000 Clearview Way

Address 2

City San Mateo | State/Province | CA
Postal Code | 94402 | Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated

within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 137002

Email Address docketing@esplin.legal | Add Email | | Remove Email

Application Information:

Title of the Invention SYSTEMS AND METHODS FOR STABILIZING VIDEQS

Attorney Docket Number | 46DG-026085 Small Entity Status Claimed []
Application Type

Subject Matter

Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication {if any}

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority informaticn must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information®).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Publication Information:
[ ] Request Early Publication {Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35US.C

] 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
months after filing.

Representative Information:

Representative informaticn should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number
will be used for the Representative Information during processing.

Please Select One: (® Customer Number () US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 137002
Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e}, 120, 121, 365(c), or 386(c) or indicate National
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific
reference required by 35 U.5.C. 119(e} or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 16/587,811 2019-09-30
WEB ADS 1.0
Insta360
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Application Data Sheet37 CFR 1.76

Attorney Docket Number

46DG-026085

Application Number

Title of Invention

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16/587,811 Continuation of 16/548,549 2019-08-22
Prior Application Status | Patented
Application N Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16548549 Continuation of 16392501 2019-04-23 10432864 2019-10-01
Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16392501

Claims benefit of provisional

62733237

2018-09-19

selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form by

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for pricrity as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible
for retrieval under the priority document exchange program {PDX) the information will be used by the Office to automatically attempt retrieval

pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign

Application Number

CountryI

Filing Date (YYYY-MM-DD)

application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority
application is filed, within the time period specified in 37 CFR 1.55{g){1)}.

Access Codel(if applicable)

button.

Additional Foreign Priority Data may be generated within this form by selecting the Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16,2013,

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

.. Attorney Docket Number 46DG-026085
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed {see paragraph A in
subsection 1 below) and the European Patent Office (EPO} access to any search results from the instant application (see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application.
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange {PDX)} - Unless box A in subsection 2 {opt-out of authoerization) is checked, the undersigned
hereby grants the USPTO authority to provide the European Patent Office {EPQO}, the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of China (SIPO), the World
Intellectual Property Organization (WIPQ), and any other foreign intellectual property office participating with the USPTQ in a
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1} the instant patent application-as-filed and its related bibliographic data, (2) any foreign
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and
(3) the date of filing of this Authorization. See 37 CFR 1.14(h}(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 1A above.

u B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have
an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed. The
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 {assignee,
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section.

(®) Assignee (O Legal Representative under 35 US.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name GoPro, Inc.

Mailing Address Information For Applicant:

Address 1 3000 Clearview Way

Address 2

City San Mateo State/Province CA
CountryI us Postal Code 94402
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

WEB ADS 1.0
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

.. Attorney Docket Number 46DG-026085
Application Data Sheet37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Complete this section if assignee informaticn, including non-applicant assignee infermation, is desired to be included on the patent application
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent applicaticn publication as an

applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application
publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number
Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

WEB ADS 1.0
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.qg.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/D.Benjamin Esplin/ Date (YYYY-MM-DD)

First Name D. Benjamin Last Name Esplin Registration Number 58297

Additional Signature may be generated within this form by selecting the Add button.

WEB ADS 1.0
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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
, the Power of Attorney will not be recognized in the application.

directed

Application Number

Filing Date Herewith

First Named Inventor

Cesar Douady

Title

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Art Unit

Examiner Name

Attorney Docket Number |46DG-026085

SIGNATURE of Applicant or Patent Practitioner

Signature /D Benjam”’] ESlen/

Date (Optional)

Name

D. Benjamin Esplin

Registration
Number

58297

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Do Code: PAL PTOAIAB2E (G7-15)
o " . j Y
Document Description: Power of Altomey Approved for use through 13072014, OME G651-0051

4.5, Patent and Trademark Offios; .8, DERPARTMENT OF COMRERDE
Uinder the Paperwork Reduction Act of 1868, no persons e requined 1o respond fo 2 collention of information uniess it displays 2 valid QBB conirof numbsr

POWER OF ATTORNEY BY APPLICANT

i hereby revoke aill previous powers of aticrey given in the application identified in gither the atlached trarnsmittal leiter or
ihe boxes below,

Application Numbsr Filing Bats

{MNote: The boxes above may be left blank if information is provided on form FTO/AIABZA)

{ heraby appoint the Patent Practiioner(s} associsted with the following Customer Numvher as rayiour attormey(s) or ageni{s}, and
o transact all business in the Uniled States Patent and Trademark Office connacted therewith for the application referencad in
the attached ansmittal letler forvn PTO/AIAG2A) or identified above: 137002

OR

D | hereby appoint Praclitioner(s) named in the altached list form PTOAIABZC) as myfour altorney(s) or agent(s), and o ransact
all business in the United Siates Patent and Trademark Office connected therewith for the patent application referenced in the
sttachsed transmittal letter (form PTO/AIABE2A) or identified above. (Note: Complete form PTO/AIAREC)

Plsase recognize or change the correspondence address for the applicstion identifisd in the attached transmitial
fatter or the boxes above to:

D The address associated with the above-mentionsd Customer Number
OR
D The address associated with Customer Number:

OR

Firmor
ingdividual Name

Address

City | State | Zip |
Courdry

Telephone | Email |

| & the Applicant (f the Applicant is a juristic entity, list the Applicant name in the bo:

Invantor or Joint inventor (litle not required below)
Lagal Representative of s Decesssd or Legally Incapacitated Inventor (itle not required balow)
Assignee or Parson 1o Yhom the Inventor is Under an Oiligation to Assign {provide signer's title if applicant is a juristic entity)

Ferson Who Otherwise Shows Sufficient Propristary Interest {e.g., 8 petition under 37 CFR 1.46(0){2) was granted in ths
spplication or is concurrently being filed with this document) (provide signer’s title if applicant is 3 juristic entiny

SIGHATURE of Applicant for Patent

The undsrsigned fwhoss tifle Wm&@ be!aw) as ﬁﬁnrszed o act on behall of the applicant {s.q.. where the applicant is & juristic enfity),
Signature = | Date (Optional) |

Name

Title Ganeral Counseat of GoPro;ine.

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. Ses 37 CFR 1.4 for signature requirements
and coartifications. i more than one spplicant, dse multipls forms.

m’i"siai of forms are subms‘cted

This colfection of information is required by 37 (:FR 1.181, 1.32, angd 1.33. The information i required 1o obbain o retain & beneft by the public which is to file {and by the
USPTO to process) an application. Confidentiality Is gwemed by 35 U.8.0. 122 and 37 GFR 1.11 snd 1.14. This oplleclion is estimated to take 3 minutes io compiste,
including gathering, preparing, and submitting the completed application form {5 the USRTO. Time will vary depending upon the individual case. Any cormments on the armount
of time you require 10 complels ihis form andfor suggestions for reducing this burden, should be sent i the Chied Information Offfcer, US. Patent and Trademark Office, U.S.
Deparimernt of Commeroe, P.O. Box 1450, Mlexanddia, VA 222131480, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SERD TO: Commissioner
for Patenis, P.O. Box 1480, Alexandria, VA& 238131480,

f you need assistance in compieting the fm, calf 1-800-FT0O-8188 and selecf opfion 2.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16713798 Document Date: 12/13/2019

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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