1 8 DEC 28113 WD 00179797 PCT/ US00/ 16157 SYSTEMS AND METHODS FOR ENHANHEDN?
VI SUAL PRESENTATI ON  USI NG | NTERACTI VE VI DEO STREAMS Background of the

I nvention {Kekurees Field of the Invention: The present invepihRgeh&lsat es
to systens and nethods for creation of and interaction with video signal

streans which, for exanple, may be used for visually presenting subjects
for Internet comerce. Background Art: Internet conmerce (E-Conmerce) has
opened up eSHITEMS ABD MEEHDODS FOFSENANCEDOVESEAL PRESRNEATIGN h

busi nesses. Custoners c heir _own_conveni ence in the confort
of their own hone. FurtEggﬁ@¥g§?gﬁéa}gpéﬁHGPEI?§§3ﬁ¥@ﬁ§d to visiting loca
busi nesses on-line, but can shop virtually anywhere in the world.

Li kewi se, busi nesses have gai ned a gol den opportunity of exploring new
territories to a vast custoneBadlggeuideyiieduventiyal y dream of before. Sone

el | known successful_E-Comrerce businesses include on-line bookstores
(e.g., Amazon. dsgpnicak Figldaf thedanention: (ThegreseM inyention relatps @oypemstandn’ s

Expedi a) f .vendor.s. wever, .ot her tential bi | ayers such
as cl ot hi %‘E]th(j?&e)sv\% rf,gt“}([h?ﬁﬂduur“éfatgﬁ'&Wt_éé’ll&é)ssf%’f‘g&eﬁﬁéiw%‘_éqg's_t‘% e%&'@%fe_t’o have
| agged belkndythe vsed €85 @BudlYprésdheng §dFectsFot NReth@¥8nRfcedi fficulty in
presenting these products on line using current techniques. For exanple,
books or conplﬁﬁ&mmmi:elnmtbemm@-@methésmm@yunmcﬁtir(gand
perhaps a stili .'hrm%e of the cover), bu bst.i 11 i es and text can hardly
of fer enoligh Rf&t'd SOCUSIOBEEs Grinte \ Wtb YrnEses -8 OmsFS RS RIPAL a
potenti al thuiy&m cHRVdnidHRe iPMERbAIQ0bS ]R8I LT HAR. Takthsmikd, @heyitt Yo Single
.image for viewing each item Current attenpts in object/scene presentation

‘rely on testtictedtd visitingdoe! businavsgenbiase tiur@ndesd vigudllyBRywheathinitqgies such
as i mge. pa[gio(rjlfga..T ese techni ques suffer fromthe | ack of visual
real i sm V- JFRpYitsEr Bistnesses Yave gppedra §9ldan pRovimitYAf sXPICHREREYoN, and/ or

are restrighedidsQo Qiatt c%lgﬁlder séségg?goggp%@gggeg@f% fore. ?&X@&eﬁ%‘é%s) .t

is possible to build graphics no n advantage 1s that
gr aphi cs nodeksunByCofimersce bosipdsedscintiadd on-lthe basisiovest(y.g., Hon@sRIComgyr I ent
graphics rendering and mdel i %q algorithns are still sone di stance away
from repl iU@Yelaggnaies (e.g., Microsoft® Corporation’s Expedia) and software vendors.
However, other potential big players such as clothing, jewelry, furniture, and real estate
businesses seem to have lagged behind. A reason for this lies in the level of difficulty
in presenting these products on line using current techniques. For example, books or
computer software can be adequately described by text (and perhaps a still image of the
cover), but still images and text can hardly offer enough detail of a piece of jewelry ora -
dress or a house for a potential buyer. Most up-to-date online fashion malls offer only a
single image for viewing each item. Current attempts in object/scene presentation rely
on text, still image or image-based rendering (IBR) techniques such as image
panorama. These techniques suffer from the lack of visual realism, lack of interactivity,
offer limited visual information, and/or are restricted to only small class of objects (e.g.,
convex objects).

[t is possible to build graphics models of products. An advantage is that

graphics models may offer complete user interactivity. However, current graphics

rendering and modeling algorithms are still some distance away from replicating




WO 00/ 79797 18 DEC 2003 PCT/ US00/ 16157 reality. Furthernore, the cosk8BEC 73
creating woamesmodel s is relatively high and scal es dranmatpcpllsyo/vdish t he
conplexity of geonetry, material and dynam c property as well as lighting
conditions. Even creating a 3D nodel of a crystal vase for interactive

view ng is a ddity.cBldthdrawke, tiecasef @tatingehesembdets isntletiesdy higisanf sdaleght

with the vase. To provide better representation of commercial products on
the I nternet, despaticalyWithethe eamplesity 0B 2RI e Sardenyl 4u¢ Hypanic property as well

htt p: // ww. apart.nent . com.. have. enpl oyed i I.BR t echni ques.. al so

cormont - knoad® igrees EREHR" M PisRioEe AR AR of Bibisi R PR e e | n
sinpl e 3D grapiuvasg fPL8IfcAt B5i08ech@se dRhd coRplek SiMeABons JHIRPHRGkINAhE Vasel NE
basic idea is to stitch nmultiple images (taken while rotating the canera

in 360 degrees) togetpreridedeftarmpmasgemonaifgombinrsiappnednetsman e nhemet, pameed"
onto an invisible cylinder for user manipu]ation. The user cast
i nt er act i vel y opliagrdahestats businesses (5chs (W W-pasmERG o) Bavesrari¥sd er of

the cylinder) Prg(?ll;Srﬁkri@&{}@%uegg%%@%g@ggmmastcg%%%wnxéﬁ%e&;nﬁzgmscs

wi ndow. Intere?c Ve Vi éW N Surro is nbre rnfornative

and interesti Rented WigiRAFHHAMS iV EiRWIOIDQraphiclrhbdelt RGRs forlbauaskdiibinCind
panoramas are easily built with only a few i mages. Commercial software for
doi ng thi s hadntatacudy. Bhebasiuidds sdowlitch medtiplgiimadesitakgn vdulegotasingitbowever

A I R e s e
or spheres (l&zs, %Pmlct:?lrindem'cﬁ'rﬁ&tﬂ'ﬁ(rﬁpuliaﬂérﬂe?ﬁé Qi cINBUGhABRYy LRNIMAL
whi ch the original 1mages were taken (corresponding to |arger curvature of
the cylinder ourrephding scent ligs ifforadisgwethe ceiter of thevicplgndtr)shyotspironng™ fbr eover ,
the "stitching" i.a!ﬁgo‘gththg_? reli es@%n fih%iq?i%@g‘gd Iga%g&qr;gﬁ;éﬂe&at r6eq 1ietrgf':'
(often regul &¥iipesr USRS GRIEEHH s . . g

sconcs. (2 Litireurteer el ATV ARl st Al Ak OO e,
rather [limteg aﬁﬂitfon}/#:aﬁl\&ﬂﬂasra@@%ﬂ?%ﬁm&itﬁ@M@rzﬁfedi iotaQes.i OBMIREE! softirdrs

restricts the anount o visual information available to the user. (3)
Looki ng out vdpsdsingokhagaliaady hedn bundlederidi edrtaimiigpaeamentss Hewgver, there
are several drawbacks:

. (1) Distortion: IBR panoramas are generated by “stitching” planar images
together then “pasting “ them onto cylinders or spheres (less common) for interactive
inspection. The closer range at which the original images were taken (corresponding to
larger curvature of the cylinder or sphere), the more severe the viewing distortion.
Moreover, the “stitching” algorithm relies on finding and matching “feature sets” (often
regular patterns) in neighboring images. This means that the algorithm may fail or at
least perform poorly with highly irregular scenes.

(2) Limited tilt (up down) viewing range: current panoramas provide rather
limited tilt viewing range before severe distortions occur. This restricts the amount of
visual information available to the user.

(3) Looking out versus looking in (at): commercial IBR panoramas only
provide views corresponding to the user looking out and around (such as when standing

in the middle of a room and look around). [t is much harder to construct panoramic

2



provi de views corresponding to the user |ooking out and around (suchi{@lEC 200
when st angidgysobgy the mddle of a roomand | ook around). |tpdsusmelsidrar der
to construct panoramic 2 WO 00! 79797 1 8 BE C 2003 PCT/ US00/ 16157 vi ews
corresponding to the user looking in and at an object. Toward this end.,

resear chers haugh@eRsponBstth @i hsed IdPRIAY BeRAIS LA sEjt&d ToRRratgoesd hms, such
as light fields. These algorithns try to construct a crude or partial 3D

nmodel of the oispacherk havn beenanpestigaingmerte sdplifesatadt IBR @gorithnzn ghabsasilightr der
to create in-hefween views,.for interaction. However,  current techni ques
have many e _Sigf S%ZE%CP?LE@SPé’dBiCPF%‘Cté{iﬁ\?‘é)ﬂrPW‘S’fﬂf’ﬁ%ocg’SPE@F§,ble§ﬁ om
perf orm poor | Y. ui LN, O £6eferh (OB o0 id SHEAY|RuSR veiARERLREhES O

s ap ue to l'ack of, or

severe distorti pear ‘Tn certaln views m smat ch  of

i mage data). Rakla@Géd VEBo@ERSScUnSnORcRN Qg Rivenady GiediRitiens Shjhesrequidgk of
image data can be avoided by using nore inmages densely taken around the
obj ect, howevepntexity of gremipeoss, end peréoranpeatlwithlobierts pficomplax as afregriat 3 n

al gorithns (cost i ontent creatj.on and still does,not .solve the

G SCortion or SEARSHINGIES IRt IR OTSAPRT] loceuei vER e R dinp ity
ineffective %%a& g | ] ' | okpl Lt L

their usage :‘Mr&g%n nyét%athggétpee?%?%%‘ré%%%%lg,gkgg%ﬁgg%g %’? h}?%déeo(?ltlg{gg% Iail/tawe
woul d | i ke tocagbe Aovided Sy essg moeksnages demebjethkenmbinidye ohgect, howayer thst ead
of laying flat. on a table), or animted toys, . pets, nmechanical parts, etc.

Summary of t hemowpksripiinsieassd sumiic¥bBdhrERikrat eTRIZPHYBIRIFN 11 FRASFY Ecagion)
nmet hod of stori g%ﬁgg%so‘i‘{ \flélgl‘?% igt%p&‘fﬁ‘g@ﬁ i deo streams. The net hod

i ncl udes stori®f s of a su rom different viewpoints,

‘wherein different qapNNd¥orlthévidg O5ecS! IBTRBEscANEHnuds hle@heciist athes dealing
including different ones of the viewpoints. The nethod al so incl udes

r espondi ng t o wittedyrestis (fhoving )y chieds. ofhis estrdtsithgirsisagealivemimatyoategoes of

back d, d stat h i . di , i i di t f , if
ovai |'abl . " Therpqieie sy behiph Sorduam srastd W PeeE bR Sr ARG PRe!
Internet. In %dggg{ng%&qmms&ad%@?afi@ RO kabRY, ¥ YREnRedRyE Gt Oechanical

controlling vi
parts, etc.

Summary of the Ynvention

In some embodiments, the invention involves a method of storing and providing
frames of video streams. The method includes storing video streams of a subject from
different viewpoints, wherein different ones of the video streams are in different states
including different ones of the viewpoints. The method also includes responding to
requests for frames of the video streams in forward, backward, and state changing
directions, by providing the frames, if available.

The frames may be provided to a remote computer through the Internet.

In other embodiments, the invention involves a method of controlling video
streams. The method includes displaying frames of the video streams, whetein the
video streams are of a subject from different viewpoints and different ones of the video
streams are in different states including different ones of the viewpoints, In response to

activation of a user input device, displaying at least one additional frame, if available,

3



18 0DEC 2003

streans. The nethod includes displaying franes of the video streans,
wher ei n t\Re goMbE@0 streans are of a subject fromdifferent piguaRhBiss and
different ones of the video streans are in different states including
different ones of the viewpoints. In response to activation of a user

i nput devi ce, R fHAEn I B
D E C 2003 V\D%%?lQ?Q%’Q%&%V ﬁggg/ﬁ%f%g@ﬁ%ﬂ%kgg&g\%'&% bacclg\k/vg)rﬂé/ﬂclnag {a éa%’e;h

changi ng di r eohée ofithal frémee dpproididgpoathe uctieniohy di spl ayed one of the
frames, depending on the activation. . O her enbodi ments are descri bed and
claimed. Brief Desd&thst *Frah%fneﬂﬁ@rm%ﬁﬁphg%mﬁrémmdenu on will be understood
nmore fully fromthe detailed description given below and fromthe
acconpanyi ng drawi ngs of enbodi ments of the invention which, however,
shoul d not be taken to Iimt the invention to the specific enbodi nents
descri bed, but are for explanation and understanding only. FIG 1 is a
schematic bl ock diagramrepresentation of a content providing system a

link:, and two renote receivVving co%uers according to some enbodi nents of
the invention. FIG 2 is a scherﬁaﬂl @éﬁ?@%’éﬂfﬁﬁ%"ﬁ“ﬂ?""a system for

creating video str eﬁ{? Ol nefon WD dc}stf'c?c:td rh?re ﬁﬁffﬁgﬂ thé %%J{._e?é?ﬂ%) n.given

ref erences, accordi ng O sone e | nven 1 on

schematic repheRpeniat fromh @k a@co?ﬂﬁén@fﬁgfd?ﬁwﬁlfg?af ¢ABodingR9 of tHeGAVENtiIOh which,
subject fromdifferent references wherein a canera nmay be rotated,

according to domeverghodi mehbsstakén tohlemit theeinverdion (L@ spacifis embadimentst i ¢
representatio for eatl ng vi.deo Irea of a subject from

different ref gFW&Q %ﬁ‘ %Céa R E’SF’B Y-according to sone
enbodi ment s of the gy qngaeamnfdt@bnécma é;%?&%%hlo@ace&c{l RFRgh thr ee

vi deo streans create from difference r ces. FIG trat®
di fferent fraspseml atinkhieerwd ﬁeﬁm{@nEelWr(ﬁeﬁn@MreeﬁZEoﬁlm@, toisbhg gtrtbatiesents of
changing frames within a video streamand to another video stream

the invention.

FIG. 2 is a schematic representation of a system for creating video streams of a
subject that is rotated from different references, according to some embodiments of the
invention.

FIG. 3 is a schematic representation of a system for creating video streams of a
subject from different references wherein a camera may be rotated, according to some
embodiments of the invention.

FIG. 4 is a schematic representation of a system for creating video streams of a
subject from different references wherein cameras may be rotated, according to some
embodiments of the invention.

FIG. 5 is a representation of frames in three video streams created from
difference references,

FIG. 6 illustrates different frames from three different video streams and
illustrates changing frames within a video stream and to another video stream,
according to some embodiments of the invention.

FIG. 7 illustrates state diagrams corresponding to different video streams and

transitions between them.



according to sone enbodi nents of the invention. FIG 7 illustrates Jt%@@:m:ﬂ

di agrams oo p@rRending to different video streams and trangtt490a6pet ween
them 4 1 B DEC 2003 WO 00/ 79797 PCT/ US00/ 16157 FIG 8 illustrates
different panoram c video streans. FIG 9 illustrates different panoramc

video streanms and tfid, wldg@a@;a@ﬁ%tpﬁio%mé@uaéd%%m@t es different
panoram c video streans and tilt video streanms and changi ng franes between

them according to EEn® ilntwakseiffessno patdremicrwdnot steams EdGilt Yideoistrbass r at es

three frames in a video stream and. ma nlflcatlo of sone ortions of them
according to sonme eflssdo H%%a%sfdlgfﬁé‘m?ﬂwrﬁmlsm |Sémiszaqutqavw%é%eaaﬁw4 ow

di-agram repr es"‘fﬁgat' %Eg?e%eb%r&é ﬂé%p%cﬁé?/ﬁef@s‘é%r ﬁdb%ﬁf?x‘{c%?s éf*{ﬁé v f?é(d ng

vi deo streans SCI’I 1 on resent I nven

i nvol ves creation OI-“I@tl1|1ﬁa§&atmébms'glmwvct@@ sEbarf and Ahg@ficitd (ﬂ{‘donVH'“ l e
there is relative notion between the subject and the canera. Exanples of

t he subj ect i nsirtides afithabj awofdhg tcasq:mllcatrequsrucms abthg itnsoBen.or apart nent),

and a scene (such nat in The di |taI vi deo streans
Fhen avar 1abl o for FRE-0R0e eiRerk R b eemm et of “PEHoBRE STFem Bhuce

panoram c vi ews,the. s SeWRBRo gL amas but with substantially |ess
di stortion. I\/breove]r fsﬂﬁ%fiegare essentially no restrictions on the kinds

of views (I ooking out or | ooki ng at, tilt, pan, etc.) that can be provided
or the conplexity of the targeted scenes and objects. By contrast,

| BR-based techniques work well in orffepailedPessipgiopcunst ances (e.g., with
convex objects). In,sone.enbodi ments, nultiple video streans are created

fromdifferent ref@Tean&gPQQﬁ., di f f er ent vi ewpoi nts). A data structure

'based on a finite stgt §re§&9hh0§moh$nm@é§ cPéang@Bf&lrI@asHﬂﬁ:di%%ltﬁtviidéﬂssﬁie% FNg
the different video streans. Video streans fromdifferent references are

treated as diffubjentwisicabas iniddive mdi@ndetraen techibiest and ths eamersakximplasadt
with the video streans through user uts such as nouse to get fhe
experience of H6tsHbicApineiNge §Ul9]blé’8'c(s)cP Bgﬁﬁfsg%h &2 A0HSF O&?Wge&(“é‘? 58t at i ng
t h‘? camera (such as a natural setting). The digital video streams are then available for interactive
viewing. A video camera can easily produce panoramic views the same as IBR
panoramas but with substantially less distortion. Moreover, there are essentially no
restrictions on the kinds of views (looking out or looking at, tilt, pan, etc.) that can be .
provided or the complexity of the targeted scenes and objects. By contrast, IBR-based
techniques work well in only limited circumstances (¢.g., with convex objects).

In some embodiments, multiple video streams are created from different
references (e.g., different viewpoints). A data structure based on a finite state machine
is used to capture the relationships among the different video streams. Video streams
from different references are treated as different states within the state machine. A user
can interact with the video streams through user inputs such as mouse to get the
cxperiehce of rotating the subject clockwise or anti-clockwise (or rotating the camera
with respect to the subject) within a state, zooming in to the portions of the subject or

switching to a different video stream {which for example, may be created from a

reference at different elevation).



with respect to the subject) within a state, zooming in to the portibA§E6#003
t he subj eedo gor797swi tching to a different video stream (whi chcfekogicaep! e,
may be created froma reference at different elevation). 5 WD 00/79797 1 8
DEC 2003 PCT/ USO0/ 16157 The invention is suitable for Internet Commerce

based mer chandi si NqheWaidiBionti N bV Ir@Ret @&n&%}&%s@@&emami%gﬁ%w th
high quality and great realism In addition, flexible interactivity Is

of fered. |n vdhisouwsnbohadiabeert san bhpresamesintitlo highpnualitydesi grae realldoawinng
advant ages. Tgﬁ .r.ermr{le'_{)epr esentation_of, the viewed video signals is
visual Iy aut héffitienexdple dptepctivity 15 affegds Jn varippy eipbedimenishthefavasitigao
signals (e.g., i St uitiyve and copvenikent). The .renote
representatio r?r‘g@ésggg f@L%‘@?%#‘?@gg%%rmﬁ li?l}-dr?\ée %cl?f%fﬂ&tlagﬂ? Oﬁgqteavi)"f"ge‘g\“dﬁe

subj ect. The wuiguBlis #isgalp) suthéicr(Bdadibtiicy eliks cdsYQU RRBSICY Kithh&evigas Sighd (£ @,
access on the Internet. As an exanple, referring to FIG 1, a content
provi di ng systmestiondf@gneuse ia intpigivs enditonyemput).e T he rémate werssentatien say Bans i n

menory 14, vide rocessing circuitry .18, and software, 20. .Vi deo i
processing ci HE@FFW%BY% DE gRitigteat é%ﬂf%t%S%?ﬁmﬁe_Vl%l@l Sggr}a?%argﬁa!aﬂvelg
card) and a prig&ﬁg?sg%c tov&%cgg%%e&;:&q R¥hPrnt te receiving conputer 30 or

32, content provi system 12 provides video signals fromone or nore of

the video streans Asarcexapmpl€re@aimy 10F26. Gangoatedt pRfvidiny syqauast(e @l faf er ent
signals than .conputer 32 and content providing system 12 nay provi de them

di fferent vi desrsengjisamputdry inclydesaagdrorstreamsisomemohy bh videcoprgeesaingicirieuiRny,

whi ch may be the Internet.,.Because of . the size_of the wvidea streans, in
nost situati or@: WC{ISO%VW%%O})S@& rpa{B?eés'P%c'ﬁ?%ng ‘?We‘mlr“‘gﬁgf‘gc?tﬁ‘égf"\?i‘ ¢
~conputers onl yea §meddniRQatd)URd@iprbdiesot] 4ARnTERAME thla RnldidRce®hg computer
mentioned, link 22 may represent the Internet. In such a case, content
provi di ng syst3mr32, canentipcdudmgaystasatl2pgoddeswaded sighdie froat @renatmone dfithk 22
may include a hosting server usged béccontent rovi di ng 1;}{stem 12.

Al ternati vel y,vifeopkreals tygorprutsr 3Gpq e (Camminect] way svavesiditfercapHaras thage or

be tr ans er r oG Tivit o 2B GhhicR! dEvidBle Bk 12 ol p e Bt el e, el

conput er 30 i nghugesnimR@des Bshion through a link 22, which may be the Internet. Because of
the size of the video streams, in most situations, it may be preferable to provide the
remote receiving computers only a small portion of the video streams at a time.

As mentioned, link 22 may represent the Internet. In such a case, content
providing system 12 may include a hosting server to the Intemet or link 22 may include
a hosting server used by content providing system 12. Alternatively, link 22 may be a
direct connection over a telephone line or some other connection. Still alternatively,
the entire video signals may be transferred through a disc.

In some embodiments, remote receiving computer 30 includes memory 34,
video processing circuitry 36, software 40, a user interface 42, and a display 44 on
which to display frames of the video signals. Video processing circuitry 36 may
include dedicated hardware (e.g., a graphics card) and a processor. Memory 34
includes general purpose memory as well as memory for encoded MPEG video and

decoded video frames. Memory 34 represents a variety of memory including, for

example, a hard drive, main memory, video memory (e.g., video static random access
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vi deo pr oigsm ng circuitry 36, software 40, a user interface 42, and1 QDEE 1003
di splay 4 ich to display frames of the video signal SPCV/USaR16157
processing circuitry 36 may include dedlcated hardware (e.g., a graphics

card) and a process 4 incl eneral purpose nenory as vveII
as nenory for W&%ﬂsﬁg@@#ﬁcwﬂ é%’gb ?%Qéwmg@%ﬁxmb$ grtigles
represents a naln
TenOry Vi deo” utary * ERTBE e il CRh e AR Gy g6 A v B

E C 2003 PCTbhSoDmbed sthenmepinput dSRAMIgCluding f ROMPRCA mbusE jbffick, | f used

(Which are exanples articles including a conputer readabl e rredl un). User
I nterface 42 Hayhalekeihoas, kebirsar @uehpad, mt@héﬁremrwsmtmpomeon imebanism,

devi ces incl ugj.n stl C track boar d,
Iight pen, tog{(’::hq}oga) te? [c‘r'ﬁdgscorr%pegquéglgiév? IPEIHQW?‘?‘BW é’l‘\doﬁ‘?l %’yﬁfess‘égc
Rendt e recei Viligui&9 TOUSTIwa3® b, A8k ferfR6 s A8 JBEMEY 548, Vi deo processing
circuitry 50, software 52, a user interface 54, and a display 56. Content

provi ding system 1 Zoatedt pm syt Wzagimnmeltﬁesnr@compht&g 30and 32aapde
any of a vari etidOf coogput ers including, for exanple, main frane, desktop,
portabl e, and'¥e{e3a8y Gﬂaﬁfé%’é’é °€’6‘Rﬁﬁ§f5éP§l“drFBequﬁ%@HP[Fdﬁai“sﬁm@ deslppi ct ed

to any particylarnidi Giqtsdl-toh®k sone enbodi nents of the
i nvention wl P @5 d’escrl e %log%%%eﬁl%c IngeF]sWi th MPEG (Moving Picture

Experts Group): for mt:SnveGLiﬁm ot as3eHdMdOPRASS PavREr Hcgit@ﬁfo%ﬂaﬂchad@vé\@%e
(" Codi ng of Mving, Pictures and Associated Audio for Digital Storage Mdia

at up to abo@mbedimnaus; efdheinventary wiibadrscribedin connectay ¥ihIIBEL) (MMAHES 2

Ge Co t d As t | SO | I
o0 13615 (16041 Mk Hp b BAY sttt QAR AR SBRSSEAES Birars R RMPES-
Status: |SQ IEGCIdihe bf %vu%%lmﬁm%:hnd%s;&?ﬁ}:d ALBR B B4 éﬁmﬁsiérﬁé@med}ﬁ%%gons
of MPEG 1 and MPEG 2. Various formats other than be  used

vi deo si gnal s tovahoun dbseMBatsisy"II8QNIES BIC | RENIS- htb’/hj(é%mai NIPE@BE("G’&mne may be
encodi ng and odi of, t e video, signals in. Ltion_to the encodln to
create the vi g:é?g %ﬁ\é{f’“e% bct‘,“eﬂ?"hdd?%%%'a@ggf’“ﬁéo ?g‘ﬁé?gr%q hCLVbER)B (129

-exanpl e, an MEEWESQ EVERaloWBRHE ARRSOVREaI @i RATESISBY 1EC JTC 1/5C

29/WG 11, 3/1999). There are different versions of MPEG-1 and MPEG-2. Various
formats other than MPEG may be used. The video signals may have interleaved or
non-interleaved frames. There may be encoding and decoding of the video signals in
addition to the encoding to create the video signal (e.g., discrete cosine transform in
MPEG). For example, an MPEG video signal may be encoded for purposes of
transmission through link 22.

B. Video Stream Creation

There are various ways in which video signals of the subject may be made. The
subject may move, while a camera is stationary. This is particularly useful for objects
that may be rotated on a turntable. Alternatively, the subject may remain stationary,
while the camera moves. A single camera may be used and moved to different
positions to create different video streams. Multiple cameras may be used

simultaneously from different positions to create different video streams.




transm ssion through link 22. B. Video Stream Creation There are varl%DEC lk
ways i n waadrdeo signals of the subject may be nmade. TherPCrulSpEBUSTAY
nove, while a canera is stationary. This is particularly useful for objects
that may be rotated on a turntable. Alternatively, the subject nmay remain
stationary, whil eThhdcmalreeapontesferficsihngbetionndt agayf HheansedOard noved
to different £_05|t|ons to create dj ffe ent video streans. I\/UItB%Fe camer as

may be used B WFE%%%WVOP%WPH op ge ideonsignals abiaingde fléheent
0"t a4 ORI AT I B oA PTG e g

"Vvi ewpoi nt" on and angl e of
such as zoom {myrp@hﬁﬁs cmmagﬁngh:@Mﬂ@tﬁﬁ:@hﬁ@ﬁh&»@.ﬁh@m@ﬂmcvmgnpatrmcters

canmera is stationary during creation of the video Signals for a vid
stream the wighysbange asthe yidsosignathart nrpatedp We@:esctamaarmémst, ttmngmpduat

zoom or ot her ararret LS ht ch e as the video s re cre

When the camef S h%eo\ﬁ%é@ﬁo ‘ﬁtqgasé ASRG&LY PPLf'ﬁé“U%BgﬁeéfrFéaﬁkie &%fefe@ést
sonme vi ew poi Ofd%o‘éhleém?e”f%xul?f 68 ar &féclﬁ%e?rhésgxgﬁ the di#E2n & iR &AL points is.
Typically, for an effective preésentation, e erence rn view glrrllts IS
wel | chosen andlichoterodddebntrbiied Nbetthatit issnodedquired)that £dided atresan ‘ha'ﬁbelﬁhcn

stream have been created contl nuously in tinme. An exanple of a systemin
whi ch t he subf®aedf9pEBugus] bsdemeu n FIG 2. Referring to FIG 2, a system

60 includes a turn, ta bj ect, .6 osition vi deo
60 incl udes a tur n JabL5 54 oPRhlq IRAIMEEIO0 ihes RABbLABNELD. £,V 90
tabl e 66 rot aRefmif@MEFRG.7) aG ae&le@n McREes § haR bk msn @th%%bﬁécf e&m of

~object 66. In sonme enbodi nen there is only a single canmera 70 that
creates the vpoebomdidy n‘alvschfqamtraj'v’@ fseacetntd ut wpeipning Aah adzerd-t@ek sisnd 72.

Vi dao" St r cam e QRPVABIRAR TS, SHHEA 18 St 46 BT PbRMGP SUELT A oBecy
a video stream {40 emf-x\ﬁ'b‘ékm%&t tifere Bldn QEi"EBe usedﬂ?&‘% Qzﬁﬁ"ﬂk@‘@? o&g%é"nts

E, but in practic ewer Vi ewpol nts er e
there is oneﬁammrérurwaqﬁimmbém@@cmﬁ andrefed) BarRAMApIS; iftHeka amisbiye

| creates video streans

o . camera, it might first make a video stream from viewpoint A, then a video stream from
viewpoint B, then a video stream from viewpoint C, etc. (FIG. 2 illustrates viewpoints
A ... E, but in practice fewer viewpoints might be used.) In other embodiments, there
is one camera for each viewpoint and each camera simultaneously creates video streamns
from different viewpoints of object 66 as it rotates. An advantage of using multiple
cameras 1s that the frames of the video signals from the different viewpoints are lined
up. Also, it may also take less time to complete the video signal creation. Motion
between viewpoints may be through a camera track motor 76 or manually, or through
other means. A mechanism to control the direction of the camera(s) is included.

Turn table 64 may be motorized. A motorized turn table may be useful in
kccping'a constant relative motion between subject and camera. An advantage of a
constant relative motion is it is easier for a remote viewing user to gauge how quickly
to advance or backup frames of the video signals. Further, where there is only one
camera, using a motorized turn table helps line up frames from different viewpoints and

helps create more accurate indexing into the corresponding frame when switching to a
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fromdifferent viewpoints of object 66 as it rotates. An advantage o usi
mul tiple waeerdd®?’ is that the franes of the video signals fromusiwacéis?
different viewpoints are lined up. Also, it may also take less tine to
conplete the video signal creation. Mdtion between viewoints my be
through a camdifferentagtieanateem (FBtotranmtmml Hpweper, gdudoeglits mayhierobieians. A
mechanismto control the dir ctl c{]%ﬂc& the canera(s) is included. Turn table

64 may be mot GEPEERYUSIAZ PrﬂfRiFff of ZppRalycopEolipddrmtablyy  keepi ng a
constant relative %te'v(i)@e H&ﬁ?rﬂm%ﬁ%‘i% ?Gﬁr%@ﬂ?&% epﬁbn%fico%%ﬁ us?ro(’)w&“‘dhuge

constant relative I1on 1S IS easler VI ew

how qui ckly ffrledbsaniisplsy shackeypodrdBERmdAimbRe 8Y] slephet idavidk SThE b8 may
where there is only one canera, using a notori zed turn table hel ps Iinée up

frames from dirddoed ava d\g‘ltek/\iwinnt@" a@t’?dla?dgefbpsatdhaéa& letemryeacdmadglmh*ddm ng
into the correspondi f arregé]\lggens tChlgﬁ{éa a 8 D E C 2003 WO

00/ 79797 PC | 1 808 7150 SteRAS THaX, PHRRY é%ﬁ?‘{‘%‘i‘%’t throush; for g¥amplEAver |
good results W?&gupé}gamzegm& a)uata [ StahddRl SRforighl RALhARd/ Hosftver,

manual |y contro nt eV| 0|s transmtted to a conp such

as a personal icaapué asef8lo pabittehvidéndpndem @focthaphays &ﬁcrﬁod@bﬁb@%;ﬂll&ﬁ and
a nouse 88, or other device. The canera may_record in a digital format or
an anal og f or Aptermehhrowsst susheas oae A Eetlatemed Explaregi™t hno“wraégld bwdvlrﬁ;@soﬁ@\e

vi deo signals rovid t u r

Vi deo Qut (serﬁg @‘6‘2%‘5‘? “Kf&ﬁg‘g‘gt. cuﬁtsé:rapﬁé d%?‘:f g[?‘ H%qua.gs i
required. HOWe¥@lned ih Ehc@(‘fe&&n\b?@ﬁh‘ﬂxl th@c&ﬁgleh&?oﬁ/drgeﬁﬁl Siﬂlcgz'%aé@]alsrbc%rﬁor mat
that is understood by a popular Internet browser suc as one of the

‘Internet Expl coemitadingoowsgueer$6) o thy vieommydfetdornloadet pefoat doorplarorone  of
the well known Nets (. br owser s he vi,.deo nal.s.can be retain in
the video camera untigt 3t ﬁéﬂt@&m%ﬂ%w dflcleii@aﬁ.t’ff@%wd@é 'S PYpRarS B .
downl oadi ng t f

Conpl et o’ FRAESIRY | roifles 6 a LD, YO ShCTRMA P SEMMMAPAARIIE, Ahpiopa)

support a canghétod 0¥4 mablcahtrltablylfate platford 106, arﬁéb?hfaﬁwti:olaémwmtrﬁamebe
adj ustable in height. An optional notor 114 may controllably rotate

pI atform 106. anglvefirdatform 1066 nay control the angle of platform106. FIG
ITustrates a st aﬂ((ij %Zﬂilstratcs tzlmsd ISiOmwlluacrh 15 s:rml%:s {oesrpst%ronoliﬁf( e?c?&-}t thlarg?tt A

supports an additional camera 122 on a platform 124 that tilts through a mechanism
128. The tilt provided by mechanism 128 may be different than that provided through
mechanism 116.

As an alternative to the stands in FIGS. 2-4, a hand held video camera may be
used or a camera and a simple tripod may be used.

FIG. 5 illustrates frames F1, F2, ... of three different video streams VS 1, VS 2,
and VS 3.

Although we can generate as much video content as we want with a digital
video camera, there are reasons to be selective. Since processing time scales with the
amount of video content, ideally we may use only as much conteat as necessary for the
purposes at hand. This leads to the following question: what kind of viewing sequence
conveys the most visual information most effectively? Panoramic view seems a natural

choice especially because we are mostly dealing with 3D objects. It should also be
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supports an additional canera 122 on a platform 124 that tilts throudH BEC 2003
mechani smwda8797he tilt provided by mechani sm 128 may be dipifai®bhsishan
t hat provided through  nechanism 116. As an alternative to the stands in
FIGS. 2-4, a hand held video canera may be used or a canera and a sinple

tripod may be aRelithafbie briink btetabiiit 05 cdustiBmgizbod Ftental mod¥ls dFYtEE:ts with
different video streans VS 1, Vsz, and VS 3. g,J&)Ithod]ghn\:l/\?e csan gtgnesr‘g%eogts

much vi deo corrosmaletas Duasyd nnfomnatiora Milljipteganonainde sequanetsaakenhue déffaest
reasons to be S glctive. Si nce r(s)c ssing tine scales.with the anount of

|
vi deo content,® ?e‘ff 81% §PREET I0eP LSy evesdenmeripegriea segdapanorania he
t h ' | s oM ' : t, Ki
et g sequonnaeo SabencedRfifual sl endigh LB N AUE AR ap 0T e Bl

Panor am ¢ Vi evieqearss sansd intkhlded shalditorabyiesi! aldsy because we are nostly
dealing with 3D objects. It should also be 9 WO 00179797 1 8 D E C 2003 P
Tf US00/ | 6t 57 rfet ed Ysgitnigactibnai ns are capabl e of constructing good nental

nodel s of objects wthout ete 3 i syal .informatjopn. Miltiple

panor ani ¢ sequence\é\kfém tgtﬁg}r):l’f‘ésﬁéwg%é‘? g‘_@aﬁﬁa}?& Hhps ?W%ﬁtiﬁ TRay be
sufficient vi 5&&@3t&Hﬁ?caEcOMﬁ’&H%E)rt%@%lfﬁm(ﬁde%'sr%ﬂaftopﬁwr ?\nﬁﬁ m‘ﬁ?rdalggvaigquence
is usually not enough due to limted camera angle). M tlpfe It

sequences can displayiog ofledeass tiedstigirinimpirand sindtecsigtals 6F a tdfeendditlarsagikei on
Referring to FIG 1, user interface 42 of renote receiving conputer 30 may
be used to i rfdnkoshimenisi xpsepen febied thstbeginaingirefstenss aprhin atbersiteare ism dafanlt ray

activate disp | (rg) | eas: e ge i nni Lgrame of - videog,.signals of a
reference: In ljgg#ar{}g'_e n(‘):gfar?en s'fs SFé! s ep lé’@ﬁy gg1 g 5T Bgﬂ]gﬁr‘iji'rﬁ@[g?rb?ér ence
and in others glagAng (4.8., Bofefotihid to HBEIGIRNGRAd sONER viled 5888NE FrSIWLLPinput
di splay 44, the user can change direction of playing (e.g., fromforward
to backward) adetieveigclr mowepobtscemmstachAdugh a user input device (e.g., a
nouse) of user int ef face 42. In song ?rﬁ)odi nents, the fo IFovvi ng conv?nt i.on
is used. Frames ar efdi© iments, the following convention is used. Frames are displayed
in the forward direction in response to a primarily rightward motion (activation) of the
mouse and in the backward direction in response to a primarily leftward motion of the
mouse. The rate of change of the frames may be related to the speed of the mouse
motion and the duration during which frames are changed in response to mouse motion
may be related to the distance of motion. When the fram.s move backward to the
beginning or forward to the end of a video stream, they may either stop or wrap ar~und
to the end or beginning of the video stream, respectively. For example, if the mouse is
moved primarily éway from the user (or upwards in the display window), the video
stream changes in an upward direction (if there is one) and if the mouse is moved
toward the user, the video stream changes in a downward direction (if there is one). By
upward, it Is meant to a view point at a high elevation and by downward it is meant at a
lower elevation. Other conventions could be used.
More particularly, in some embodiments, six types of mouse motions are used:
left, nght, up, down, zoom in, zoom out. When left mouse button is pressed while the

mouse is in the display window, a mouse event is detected. The callback function of

the mouse event records the X and Y window coordinates of the mouse position as
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in the forward direction in response to a primarily rightward notion! 8 DEC 200
(activati epoopfordzhe nouse and in the backward direction i nPCEERAMERST O a
primarily leftward notion of the nouse. The rate of change of the frames
may be related to the speed of the nouse notion and the duration during
whi ch franes @ddchaldyeDdendte tesponmeudepasiishaienmtddin themyxtbendeeingicgdlets t he
di stance of notion. Wen the franes npve backward to the beginning or
forward to thelesyy \oreva. ihgstx mewseanqtionpale despiliaciasdhe &llopviag (appuping Yund
to the end or_bhegiyining of the video stream respectively. For exanple, if
the mouse is *Hd %)d prinmarily away fromthe user (or upwards in the display
w ndow), the yiglgp streamchanges in an upward direction (if there is one)
and if the nouse is noved tovvard t he user, the video streamchanges in a

‘dovmward direction (j k;ﬂer },one gyarup‘%/ag i t[)h;t)ne?nl%o\t,‘{gfceéhﬁb?%alue

point at a hl% el ev nto

el evati on. tdgbnventi ons coul d be used. Mre particularly, in sone
enbodi ments, six types of nouse notions are used: left, right, up, down,
zoomin, zoom out . ex I ef ¥ r{mpgewbut}q)blrs r xsgd>\m| e the nouse is in
t he displ ay d Vg nSuse &vent™I's détect ed. ghe cal I°back function of

t he nouse eve ecords the X and Y w ndow coordi nates of the nouse
position as 10 WD 00/ 79797 18DEC2003__ PCFI USQD/ | 6157 ( Xol d, Yol d). Denote
the new nouse positidd.det Ead et in thes DXt rferdeni ndacycl e as  (Xnew,
Ynew). The sixpgwaisge notions are classified as the following (assuming Y
axis up): Left: if (I Xnel- Xordl ~Yn.w -Yold 1} >r & (Xn~", < Xald), r is

a threshhol d val ue f S ¥ - I -y- Y td ) >r &
{new Up: if > Xold) Rtll "N‘ne\ﬁ/,\r’ﬂ'] %i“ old |D>X§?le\%‘ (Y " {3"6’1’3 >r & (Ynew > !
old ) Down: ifZoomin:if

Shift key is pressed and mouse “up” motion is detected
Zoom out: if
Shift kéy is pressed and mouse “down” motion is detected.
The invention is not limited to these details,

FIG. 6 illustrates representative frames from three different video streams.
Frames 1504, 150B, and 150C are in a video stream VS | from a viewpoint 1 (Vpnt 1};
frames 154A, 154B, and 154C are in a video stream VS 2 from a viewpoint 2 (Vpnt 2),
and frames 158A, 158B, and 158C are in a video stream VS 3 from a viewpoint 3 (Vpnt
3). Note that there are frames in the video streams that are not illustrated between the
itllustrated frames. Merely as an example, viewpoints 1, 2, ar_1d 3 might be viewpoint A,
B, and C in FIG. 2. The frames of FIG. 6 show three glass objects with reflective light
from different rotations, elevations, and angles. The time of creation for the video
segments in FIG. 6 was about 5 minutes. This could not be effectively done with IBR.
Further, if a reasonably realistic graphics model were created of the glass ornaments,
the time and effort required would have been much larger especially considering the

complex illumination effects on the omaments.
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(I Ynew - Yoldl - IXnew- XDdl) > Zoomin: if & (I new < old ) BRBEE 2003
key is pressedomid nouse "up"” notion is detected Zoom out:PCTUSMI6SKey iS
pressed and nouse "down" notion is detected. The invention is not limted
to these details. FIG 6 illustrates representative frames fromthree

di fferent video stEsdnsideo Freamesayi@Apodeh@iRs anddivE@ siate in afiaitwistheo st r eam
VS 1 froma viewpoint 1 ngnt lh’l‘ﬁ‘ frames 154A,. éﬁ4B, and 154C are in a

vi deo st r eam NS0, MRS THMER BB af“@@ﬁﬁf‘“’?)ﬂff’m QISFReFRE. T8BRamM8B  and
158C are in i iBed LiEARPLRL [V .

there are frg}ﬁgcan ﬁ%‘fﬁfe@m’ eecs)ﬁgrtnggegfr?sla#%t arggnlo%elgl} ?Eﬂéstt ?égeé be wée%?\ftthe
illustrated fyid@e®Sreae Vs Yy aesSnaneaaingidte, andiveyframed of ideostreamdv 8 3rdrghd tHae
viewpoint A, B, and Cin FIG 2. The franes of FIG 6 show three gl ass

obj ects with thoflistate.i Wathin gagh state. gy frfaxmegie inatfaryasd or badkeped digersionang
angles. The tine of creation for the yideo,segnents i.n F|G ut 5
Ut es. Thi SIoSeS P el e B PO SN AR ST Srdpifacpls s drstRped ol
reasonably re@kieshif b tARBRESERAR! WG 18 FARAEGURT o DRk FhASHLHARAMERL S,

the tinme and effort” required woul d have "been nmuch | arger especially

consi deri ng tiser carosipd ewitch taiastaatasaeseibeé ebsveo rintsbme embadimnss, oht cdD

00/ 79797 180EC2003 PCT/ USOO 16157 Each vi deo stream may be model ed as an
i ndi vi dual st atieh betwesn Her@out He! apd¢Ridand betesen ¥ 2784 M4 1.huh cannpt asp
streamare in_the. s - E I i ., almes
of video st rgl?fﬂv alr %éaﬁ{r{grf *ﬁ&%ﬁ@{@%&g Ithﬁggﬁ‘%%r?gging?r aﬁl\fﬁaégs %wg‘égrhﬁvs 2

are in a secopgeSiigithg @RAgNEFIG. dNRGstales ¢igheficast 4BaMaYyS of thisenventibA@ver
third state. Wthin each state, a user nmay nove in a forward or backward

“direction at priordetieckriqugse &t comtonigieasionsenlisnmpad sigeld yes effpetiveorser

enbodi nents, as descrijjed belo t her.e. be random access in fra by
Frane forvar dMF DRtk LI BRYEco T i aBs BRI RO P Bt ot o
as described A0ONE-sobRisSAMERS EHRAA IGIRRSandRA&F 8the Internet for others to view and

to interact. In some embodiments, only one frame 1s displayed at a time, while in other

embodiments multiple frames may be displayed and a user may be able to jump
interactively between them.

FIG. 7 illustrates the finite state machine nature of the example of FIG. 6.Each
circle represents a different state. For example, referring to FIGS. 6 and 7, in some
embodiments, a user can switch states from video stream VS 1 to VS 2 and vice versa,
and from VS 2 to VS 3 and vice versa. [n other embodiments, it is possible to switch
states directly from VS 1 to VS 3 and vice versa, without displaying a frame in VS 2.
The state machine representation for other examples may be more complex than that of
FIG. 7.

The frames of FIG. 6 include navigational aids 160 and 162 in the lower left
hand corner of the frame. Only the navigational aids of frame 150A are labeled to
avoid clutter. A purpose of the aids are to indicate to a user directions there are
additional frames to view. [n each frame, a user can move to forward or backward, so
the horizontal aid 162 points in both to the right and left. (In other examples, a user

might reach the first or last frame in a state and the arrow might point only right or left
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swi tch between viewpoint VS 1 and VS 2 and between VS 2 and VS 3, bt 8 DEC 2003
cannot | ugp eopetaveen VS 1 and VS 3 without displaying the ceeTespondshg
frame in VS 2 to'avoid large viewing changes. FIG 6 illustrates
significant advantages of this invention over prior art techniques: fast

content creat dependiedr Shivthdcthsde alse welp @b dreiCdabiiligse Thederdre baGt thews. statéese
advantages will facilitate and encourage people to capture and gflijbl I sh

sophi st i cat ed (Eedlen?), aivdRrn yhedisar sas¢wpgarframein the eprisate (Games hedA, H38Byi ew
dto int t- nbodi t ] f [ i.snl d .at

e, Cuhil o At PEFS SRR PR SoAe P T B VA s Bal B aSPAPRe and a

‘user may be abhentard W0Ren P LS iUl REMVEE thel R Jﬂét@lf:,fer'els h yé,tx]r 5002

the finite state nmachine nature of the exanple of FIG ach circle
represents a dhdfi80€)ythesomdy etateRorchengnplieupwatiend ivagichloaif 163 poftanpl Ih then
some enbodi nents, a user can switch states fromvideo streamVS | to VS 2
and vi ce ver saniddigsenty ffmagd 544 bS48 andddCyjthe stgiermaay, changepper down, so the

enbodi ments, it isS hbl e ' states directly fromVS 1l to VS 3
and vice ver sé’?ﬂ\ﬁa&ﬁgﬁt%bc?fnsnﬁg@?ﬂ\#g&a ‘rame in VS 2. The state nachi ne

representation for Qtihgile xaFPHRSHIBNBRINEPSEM e HeORlY HidBo bhédmohre Jfl G 7.
The frames of FIG 6 include navigational aids 160 and 162 in the | ower

| eft hand compaesraofic viewvsf asdnecxa@plyin Flé. SavigaVipbn¥p! ai d¥pofeidrta gefasuA

are |labeled to avoid clutter. urpose of t aids are to jindjcate to a
user directi of&NRREYG Vided STSHRS ﬁf &ﬁaﬂm@‘aﬁﬁtg ’Sth‘gp\rﬁ&ﬂ/‘ﬁ‘? MOLST 'R MRS B user

can nove to f I : . : i at al »al o: 16 | Lh both
to the right %#%Fggt?a Hﬁ%\fﬁ&p%ﬁgﬁ%f&é??ﬂ%uéﬁ“gﬁmﬂg %Jnréé'(? ‘ﬁi"?i rst or
‘last frame in tansitiaheo 3k twieray is @ropdirgdiial poine tspesdl &y whighthe aousefis dib@gddD

00179797 180EC2003 PCT/USOQ 16 t 57 depending on whether there was a wap
around capabi |Theyngusgridafe’ aaderight’ ynatinns sogespoad to plagwas thagumgat vigsofagard he

T o VL B e T R e BB O
downwar d. Wherpbibgaro tie speavdMowre @R, iThetilerdabi fivde bditerefpecareeideo
150A, 150B, and 150C), the only state to change to is upward and verti cal
aid 160 poi nt strepms tharatterized by FIG. 8 are referred to as “Line™ mode. A slightly more
complicated transition mode involves both panoramic views Vpi and tilt views Vti, as
illustrated in FIG. 9. If the current state is Vpi, then a mouse “up” or “down” motion
corresponds to transition to the “closest” tilt video stream. For example, in FIG. 10, the
panoramic video streams are divided so that different frames are in different sections of
the panoramic video streams. For example, frames of panoramic video stream Vp2 is
divided into sections Vp2-0 (in proximity to tilt video stream Vt0), Vp2-1 (in proximity
to tilt video stream Vtl1), Vp2-2 (in proximity to tilt video stream Vt2), and Vp2-i (in
proximity to tilt video stream Vti). The tilt video streams are also divided into sections.
For example, tilt video stream Vil is divided into sections Vt1-0 (in proximity to
panoramic video stream Vt0), Vt1-1 (in proximity to panoramic video stream Vpl),
Vtl-2 (in proximity to panoramic video stream Vp2), etc.
If the current state is Vp2 and the currently displayed frame falls in Vp2-1 then
a mouse “down” motion sets the current state to Vtl {(where the user’s continued mouse

“up” or “down’ motion corresponds to smooth playing of Vi1). Similarly, if the
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mddle state (frames 154A, 154B, and 154C), the state may change up o8 DEC 2003
down, so ftltegormeytical aid 160 points up and down. A sinpl ep@—ﬁ@gomﬁlghe
state machines is where the only video streans are of panoram c views, as
for exanple in FIG 8 where VpO, Vpl, ... Vpi refer to different panorarric
vi deo Streanscdréntts@cwffﬁeﬂ%nﬁtr@&@e"ﬁgM@'or “Iclﬁe'?ncytg) RS OndIR trz[Hgmo?ﬂo' S
mapped to a transition to Vpi +j, while the nouse tron is mapped to
a transitionthed 'clpes]” panbroac jvxdea speapoiThe dmedaction mbde STHSI9as refhirehtotRe
nouse is dragg_F? The ngeus_ﬁ?"left" and "right" notions correspond to

playi ng the cH¥r efiestyime isanage ipyol panoranis (Bikbursemdie epwseniedinlied
due to each Qr al to the eed of npuse .
noti on. The rﬁwglg{&%g% 1?3153 ngf(’:n?tp 8%\%3% omﬁl?)‘é{ %W%Fﬁcteri zed

by FIG 8 ar eNs@irﬁIdgaﬁaime@&neﬂallﬁlﬁotatﬁﬁgjﬁ rofighl tnhing cBRt et spamlhgAhed
transition node involves both panoramic views Vpi and tilt views Vti, as

illustrated i pamir@ni®and fit viteos wereegrnested, ét is stra!g»h\tfort-fheirtoaompuwhmb Fraore
"down" notion., correspopds to. ran5|t|ag§ to the "closest" tilt video

stream For eXaHFRI IHRERRY Vigro Stram JienBRagHQn. indiko 1dpe cande arerle.if ted
so that di FTetaple fidHs b Sof Yok 1aRlinBE P r%nsn%to%og'l% ufrelf 9e0

streans. For exanple rames of panoram c vi'deo Sstream into
sections Vp2- frafrieris pétoosi“m’ Whee t| It video stream Vt O, Vp2 I (in proximty
totilt video streamVtl), Vp2-2 (in proximty to tilt video streamVt2),
and Vp2-i (in " proxi mlfly-n‘é{lqlﬁlll:rm?‘dﬁemb@rﬂféém*/W@lframﬁh@nther@f\/pd)eo streans
are also divided into sections. For exanple, tilt video stream Vtl is
divided into sections VtI-0 (in proximty to panoramc video streamWO),

Vel -1 (in proximtyqtge Pﬁ@@fﬁa‘%‘slﬂ?m\b'dgetﬁe%Eﬁﬁ%éé?ﬁjt)emad\ﬁt&t}?c spfgl?eshéa ihy to

panoram ¢ video stream Vp2), etc. the current state 1Is

currently di spleay eBof exampld, af the cmer\lﬂﬂlté.lstd”ltellnstam, ey ge tf ad@anﬁn mtheqn tset s
the current state to Vtl (where the user's continued nmouse "up" or "down"
noti on cor r es BEHEY IRETSRRRE PANSFApICHtoRndAICS Versti | arly, if the 13 WO

00 5797 18 0, a0 ETLRER 14T BN Akl B0

panor ani ¢ Vi dé@mnftvig amhge ﬂﬂ@mlpﬁlaﬁbﬁcld Shen@Bodihedts, Gigr teSolulibR VIREs {Qg.as
640x480) could be captured and a scaled down version (for example 320x240) could be
used for normal display and interaction, while the original higher resolution videos only
might be decoded at the corresponding frames when zooming is required.

Another zooming effect is achieved by creating a virtual magnifying glass. The
virtual magnifying glass is in effect a special square display area of some pre-defined
size. The user can place (with the mouse) this magnifying glass anywhere in the
display window. Magnification is achieved by replacing the section of the displayed
image underneath the magnifying glass by the appropriate portion of a higher resolution
version of the same image. Using the virtual magnifying glass, a user can examine in
detail the object of interest from a chosen viewing area. FIG. 11 illustrates frames 170,
172, and 174, where a virtual magnifying giass 176 is used in frame 172 and a virtual
magnifying glass 178 is used in frame 174. Since only a single frame from the high-
resolution video sequence needs to be decoded each time the magnifying glass is

initially invoked, this method requires the minimum amount of computation and data
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the "Mesh" node. This node invol ves each panoramic (tilt) stream be 180EC2003
repr esent @@ aoarohby (or M sections where N (M is the nunberPOIUS#I Y6157
(panorami c) video streans. Assunming that the canera is rotating at roughly

t he sane constant speed when the panoramic and tilt videos were generated,
it is strai ghtthasferrld meltiplerigh-eesohitioh videarequehcesjanerpvdilablenwt ban arewtevi deo
stream after transition. In the "Line" node exanple, if the frane nunber

is "n" of Vpi nhetipleanagnafyyig glesses padtoaEsRonding aprenity g dearegdpr the wesrdar r ent
franme is set to "ni, where m= n*(total FrameNunberO* Vpj /

t ot al FramNunﬁE??ﬂcW') In the case of nesh node, the transition can be

made to the nearest '&&lﬁr Ad18m WikiBWind @Gt ENAIRY i€ thel TclitB8n EMEY CREprSL A ©
is atilt state, thLelrzl t gﬁfﬁr%ns[g[{li on nalgl/é:bglto the1 negrlest iﬁt%rgﬁepcrti ng

panor ami ¢ st atrewhiuth otilg €orvetr$ playbacksie abovesrbadi typindléy, omp dromthe fast foeeneddone by
simply scali n% the displayed frame via image mani pul.atiaqn.. In other
enbodi nent s, Bogambasimentsiodihs/praess inveniipn overonies 8§ LiAuLan by cERIRYIRSd

and a scal ed version (for ex e. 320 0 u f.0 r mal
di splay and i wg&f?%ﬁ??m” 'iblr%ryfe “3“%“55?%%‘?‘%%‘%%@& Arcggééﬁaﬂg ![f%ﬁ%vbly _eosgonl y
m ght be deCP@s&@&dymbﬁem HRS BN RGe bf BITREVABE. TR ThAK iable"i£6hkl Based
Anot her zoom ng effect “is achieved by creating a virtual magnifying gl ass.

The virtual waght MEEG coliimgsniosmemoredrfdedtamadepordtnaics.s tleaely aslas pramplariea of

sonme pre-defined size, The user can place (wth the nouse) thjs magnifying
gl ass anywher &omg e dimewp, WWPHGBWR CRERGHSF {Pcé]?t'ﬁaﬁwgi %ﬁ“@/ﬁgpwgssm at

repl aci ng t he4§§§gggin%@g%%hfg%oﬁgg§%gﬁgmﬂ G BS 3ol SRHYI Al Gu

gl ass by the a on I'gher resolufion version o

sane i mage. Usgioehrhdigsedi whitdlis rRenihhl sifficBhefss displayBgrvidainty pixalty epuirdd at
detail the object of interest froma chosen viewng area. FIG 11
i |lustrates frarfesnds?@c. Forthe gaphidsrenginghtepgnyirapialitragr{Opyial) gl ass 176

DS RUBAGT RSN G MU I SRR S MR ML
T e N S e M R o Frow AR
. 00/ 79797 1 8 DfenGI20RRdePANIHABOMHA Bdcslkration for OpenGL rendering is widely available;
(2) OpenGL allows low-level operations of the frame buffer which is valuable for
image manipulation; (3) an OpenGL utility library (GLUT) provides functions for
detecting mouse event in the display window; and it is straightforward to incorporate
3D graphics model into the video sequences for enhanced realism and interactivity.
D3D software of Microsoft Corporation may be used as an alternative to OpenGL.

FIG. 12 illustrates a prototype syslem in block diagram, flowchart form.
Referring to FIG. 12, encoded MPEG video sequences are stored in a buffer 180.
Content providing system 12 may provide not only the requested frames but also
proactively provides frames in close proximity to the requested frames to the requesting
remote receiving computer 30 or 32 (see FIG. 1). In some embodiments, only frames in
the same video stream are proactively provided. In other embodiments, frames in
adjacent video streams are also provided. In response to movement of the mouse

(decision box 184), contents of buffer 180 is updated and the appropriate frames are

decoded in decoding box 186. The decoding process is described in greater detail
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transfer. If nmultiple high-resolution video sequences are avail abl e 1 HAEC A
create nWItI0FP®magni fyi ng gl asses with correspondi ng magfFNYHG18EGr ee

for the user to choose from A conmon paradigmw th using digital video is
the "click and play" approach, in which only forward playback is_all owed

and typi cal | yoepwy The drradpd Trmes arerprayided toggr@eentto liramshEepbloghh d 9% wawst

i nvention overcanes this . |im: J Vd S| {brary
t echnol ogi es o 59 Zor? o%é@%%ggoﬁ%gg}%%eﬁ%gesf%ﬁsgEggkvﬁruéaq%# l(31€back
through the usgningdt diRdexcthafles. THNEGHAIRXNE PR Prdvid<d BaAnThdAaICDis iy
the MPEG coding informati on and franme dependencies. Merely as an exanpl e,
in sonme enboWimbw $94 (g displped2 onBlG.donput er (PC) having a Pentium(r) 111
Processor at 400 MHz, backward decode speed of MPEG 1 vi deo 352x240
resol utions is at ¥BORHS kngwyursehivats toals otign thap Yrentr may RgHsehrharEXampls or

di spl ayi ng vi ' : : . ics
engi ne, the ngﬁ Sgrg)ﬁ'ﬁc?é:é%cg%g?;& %@%ﬂ%’gygééﬁéﬁ%tﬁ :illvit: Ecgggéf(gghi Cs
may be used, pHO Copgh @anERK AR OOFHEcksTRd PaclwiidFrahe byt Fema Bydack at e

pl ayi ng node of the %p(gaopri ate video stream Advantages of the ?enGL
i ncl ude: (1) har dwhiR cofl MBEG @rvider aropedeup oé tges basie framaitxpesyl frames, P

avail able; ( en allo | ow- 1 eve] .operatjons of ,the fra buf f er
Which Ts. val URBPE FOE SRS SRR Saee eep g ean eh e FavFr I GUP PO  y
(GLUT) provi d&:ﬁiehlﬂ:?&td' cfm.ge P%ioug?hﬁﬁtﬂaﬁgts.n@%ﬁ\egwlsd hdvifadt SBk&Yiowhndow;
and it is straightftorwar o Incorporate 3D graphics nodel into the video
sequences f or frambannede ceddd tane dadthe pteias tintiot yext 108D fsoh¢swBoeMPEG-2

M crosoft Corporation may be used as_an alternative to Cé)_enG_. FIG 12
i | lustrates avigrotededpsingfiidaeding. i Geameamayplapdepsrdiarfatifierest frld ®Repdrs i ng

to FIG 12, en ed G. Vi ces. ar { f

Cont ent pr ovi Byl Boss S SARERET RS s 3pSY R el dcldtpadt fomes
al so  proact i y@lchededtMbdesode! BMBSel By ¢l fostesRhaxhen byB fianted €Ts aelsds Pethd B
frames to the requesting renote recelving conputer 30 or 32 (see FIG 1).

I n some enbodframns,snotum opripeasationiiyrequiresl. <aRdTamelisdypics Bamoes WppRYBYEd vel y

Dr ovi ded. 1 n FEE6HES 310 IHER LS DA HEPACL O B BReBa Ty by °°
contents of b i pdated and the appropriate frames are decoded
i n decodi ng bggeﬁg%a#gﬂ%ﬁ%ﬂgcodi ng process is described in greater detail 15

For convenience, the following exampies will be described with a2 9 frame group

of pictures (GOP) (which has 10 frame if the I frame of the next GOP is included).
However, the invention is not limited to a particular number of frames in the GOP. For
example, a GOP could typically have 15 or 30 frames, or other some other number of
frames.

The invention is not restricted to use with frames with any particular resolution
or aumber of bytes. For example, for MPEG! video (352x240 resolution), the size of
one decompressed frame may be 1/4 Megabyte (Mbyte) in RGB mode and 1/8 MByte
in YUV mode. With greater resolutions, the size can be much greater.

Consider the following pattern of the GOP is the order of displaying fram=>s: 11
(F1), B1 (F2), B2 (F3), P1 (F4), B3 (F5), B4 (F6), P2 (F7), BS (F8), B6 (F9), 12 (F10).

The frame numbers are in parenthesis and the numbers after the frame types are used to
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WO 00179797 1 8 D E C 2003 PCTIUS00116157 bel ow. The decoded franes] §d¢( 200]
provi ded wo @rv9@eenCGL Franebuffer bl ock 190, where the fraEsUsmEensy
mani pul ated for zoom The franes nay al so be mani pul ated by norphing or
ot her techni ques. The decoded franes are provided to an OpenG. Di spl ay
W ndow 194 ( edigtinguiShsqphang th2 differért Gandel wiathé eate kiddingsobé Wi @ritael ® hkher
than Qpen@ may be used. For example, D3D software of M crosoft
Cor por ati on n@i§plaeofdssdhagncade 311@ deqede prdsts ase EhBAEL BHP2 BioB4 RARA R -Access
of Frames and Back rd - hy- Frame Pl ayback MPEG | and MPEG 2 video are
made up of three basi E%%ﬁ%‘é | frames, P frames and B franes. |
frames are coded | nacpAndeaLd mw&mﬂe&mﬁem MBE REBS i3k susiehgdrbaged
on the previous | or P franes. franes are al so known as BI-directional
‘frames and arlgecaostad ﬂmmecthpenddnhms pFewinstascea tuodooessrfdx {1 heeals tébé fiastes. For
MPEG 2 video coded using field caodin B _franes may al so depend o
i fferent fielefodstsnasess B BviiphAmenthen Boand Forweinibasrbiociishicrare b, P1
across the dlff[rrafgaﬁgt frame types. | frames are cheapest to decode,
fol | owed by s and then by B franmes. To decode P and B franes,
notion conpensati odnk apprBaH WEetd bét@dédoﬂé@vdr? fladRRi 16 fhd BOPRhEXAENBENR] T O
decode than a P frane %ecause it may depend on two frames whereas a P frane
only dependsd@ndm]ﬁmhcawauldmravamwenHewc:e,r. thinebriiel fbrwiapgroexlampwaseful | A be
described with a 9 frarIle of pictures (GOP) (which has 10 frame if
the | frame obeftenaPRazq eﬂa%fﬁsaasefa)mmn%b%ro 'MAEdfaR ERTEON i s not
limted to a rtl f RS
coul d typi cal ?@ehg%gk%@g%ggg{ (r%ar}ir\lse ordigt %%]ﬁ%(%nd%:'ﬁ&cs %%Ph%oﬁ‘cgom
frames. The i fy@ed digsttlyhesddd fbeaédoﬂebpdatﬁcm df3Re Whrkdnt Fraai®e Fosithdative
particular resolution or nunber of bytes. For exanple, for MPEGL video
(352x240 resotxaripdnthe fallewing arepmmedings @@n@ﬁ@eeémsfrane may be 1/4
Megabyt e (l\/byt e) in RG node and 1/8 MByte in YUV node. Wth greater
resol utions, I8°% ze can be nuch greater. Consider the follow ng pattern
of the GOP isgihg efder of displaying frarn-2,s: | | (Fl1), Bl (F2), B2
(F3), P1 (F4), B3’ (F5), B4 (F6), P2 (F7), B5 (F8), B6 (F9), 12 (F 10).
B2:11, Pl

PI: 11
B3: P1, P2
B4: P1, P2
P2: P1
BS5: P2,12
B6: P2, 12

12: none

(The frame dependencies could be provided by a look-up table, which could be
accessed by indices or frame numbers.)

Thus, decoding B3, involves using the decoded P2 and 12 are needed for motion
compensation. In addition, decoding P2 involves using the decoded P1, which in retumn
requires the decoded I1. Decoding B5 involves using decoded I1, 12, P1 and P2.

Decoding B2 involves using the decoded I1 and P1 for motion compensation; decoding
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The frame nunbers are in parenthesis and the nunbers after the frane1@JH$§mn
are used V&UETD 00! 79797 1 88EC 7003 PCTI USOQ 16157 di stiTiUF¥¢kfong
the different franes with the sane encoding type. In contrast to the

di spl ay order, the encode and decode orders are | | P I B, B2 P2 B3 B4 12
B 1 B2 | REIGBRG SReRAsSI L c B2aherriose EAHET e eodsdbsand Phn vPEG

video is not sStraj fQr lLes.: E | nst e,
Yo access p foohipifkly Bl REBFRylts e BORSRPEIERRC R in b2 SBIES
on Pl and P2thagn Ybrht caRedeésteliffahesdatiamatddd eth if tegl a%ot?@ﬁl plbeoach
woul d be to decode every frame in the GOP so that the neede ecoded
frames woul d displayedithebsedvesHomheg will b avaibable @ degpding aibpr Dambes.i s wast ef ul .
A Dbetter approach for random ccesBs s tao mgintain a list of imediate
frane dependenci f or e8I e =R e R AE “te frame dependenci es
specify the set of _Qggﬁ | . gmﬁg ' t he
current frane. ForB%c;Te a g’s‘gérgﬁ é%a@?@f’ﬁg’ G;Fﬁdggmgﬁg&are hﬁﬁehgl&g?{a frame
dependenci esimplemdi@dttusifid ranibm RXtessBechniques PThusPis adcdssiBik atidle 1B Zrankih: P 1,
P2 P2: P1 B5. P2,12 B& P2,12 12: none (The franme dependencies could be
provi ded by daciosidupercabidausewis mndemacersh methndabore tp dagodeaamed Oothen pggre

Rgggggs]; 2)r ng.ﬁdf @%ﬁgr%dz{cggss%féthég Yoo(l‘.ievc%ae Hame9 \Eﬂ eou(iJ ?aﬁc?rggezgivapr%agaengf ti‘)g £&: That ic

S H I &

was already used for decoding frame 10, and so on. This approach, however, does not
exploit the temporal coherence of backward decoding. The following is a novel
technique to exploit the coherence.

The decoded frames are stored in a decoded frame cache. Various types of
memory may be used for the decoded frame cache. Main memory dynamic random
access memory (DRAM) is an example. Video random access memory (VRAM) may
also be used. A separate memory or section of memory could be dedicated solely to
holding the decoded frames. The decoded frame cache does not have to be all in
contiguous locations.

The decoded frames cache may be a fixed or vanable size. If it is of fixed size it
should be large enough to hold the mintmum number of decoded frames needed
considering the GOPs that may be encountered. The size could dynamically change if
the number of frames in the GOP changes. Under one approach, the decoded frames
cache is of a fixed size and a when the cache is full, a Least Recently Used (LRU}
replacement policy is used to replace the frame that has been least recently accessed. If
the cache is not of a fixed size, it could hold a fixed number of frames and a LRU

~ replacement policy could be used.

Using the previous example for a backward decode from frame 10 to 1, the
following will happen using the new algorithm on frames 10 to 7:

Frame 10 is the 12 frame. 12 is decoded and stored in the decoded frames cache.
Cache = [12].
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conpensation. In addition, decoding P2 involves using the decoded P 1,9 DEC 2003

whi ch in -9§ €quires the decoded 11. Decoding BS invol 1 4
decoded Itv?éwb% | and P2. Decoding B2 invol ves using the ggio 26('1’{@% and

P1 for notion conpensation; decoding 17 WO 00/79797 1 8 0 E C 2003 PCTJUS
JO'16157 P 1 in tus L i d t hergf gre [
decoded 11 and P 1. ng%ié{e% g%%tgh?%n%%aseg?gé’gdgd%?rg{m%gaéﬁ?ea%gg%%ld

first and stoBeds hRomecoded. INOY dlreatiai theltabl® iC&%S RotReAES Be t4-ad®aedvi | | be
stored even if they are not going to be displayed thenselves, so they wll

be avai |l abl e Daceftasdiii, ®q. b #rak B prerstered 2n thercache- ache afi2, HaPiwaZ, B ayback
Backward (reverse) pl aypac EG vi deo . can straj ghtforwardly

i mpl enent ed usi ng ?gﬂﬂ%ﬁf ﬁ’fgiss F‘E‘Ehﬁlscﬂ?égsf 61‘35’83’2 ‘c"gm eecAleady i hssaeher0
frames baCk“@%dé"Bﬁg&’Fg‘ i('rjﬁﬁe&ﬁ(ﬁe.r @ggg;glggﬁshr@?gg??gove to decode

frame 10, then use ndom access neth 6 deco nme 9 wthout

t aki ng advant age ofFrithe7fiadfe F2hfedmé.t P2 waedsa irefely isusestyf dicodet Obédage PRame
10, and so on. This approach, however, does not exploit the tenporal

coherence of #rRvlindaehee deaahg = [fhd!sBI.IFABAgBSE a novel technique to

exploit the coherence. The decoded franes e. stored in a.degoded frame
ca(F:)he. Vari ous typg)sa“S‘?m AFETS A" HEQ bﬁé“cﬂgég%‘?tﬁ?fyt?‘? oFRehRiee éﬁ@v%ache.

Mai n nenory d hed hahd : Q&Eﬁi -(Qg}ﬁ.mri XIS i

random accessu_grr%%??/ (VR%I%/}:hlﬁgy aqrsﬁgr%éed/ﬁlse . Adgza g%é(?e mse rlg/t\@ol%%?éecti on
of menory coukandeadhirl siatlethisswoialsyoring rebaitigidegpdet Erades ade th deraewsese The
decoded frane _cache_does not have to be all in contiguous |ocations, The
decoded frame&amge hithppgregeagesiedia gheopeay ftpesh Fer yistaace, the fotloyangoret of frapes

size it shoul l.ar n hgl ¢t i Qi of ode

frames needed™ %%Srfg%ﬁﬁ:ggo%ﬁgﬁéﬁg. @h%t}’@é'y%gccengggmn‘;gggé-mq‘%g%ﬁd%%dg%uI d
dynam cal | y chgngesilt, P1t B2 aRgMoell 8¢ dEdcleB and platditn YR bR sme titfieandne
approach, the decoded franes cache is of a fixed size and a when the cache

is full, a Leastd fRemeht Hgcadsd fra(rieRayhe if ¢iplyaewerentadp dhdareyin the nsetdequesttopl ace
the frame t hatdecha e gse,%.rqmlzhe g;}englse gr? BE Ia.(%d ?f,co% ys dn'eeésfto be depoded since P2 is
already in the cache.
The caching technique can be performed through hardware or software control.
The technique is descnibed in terms of software pseudo code, but can be implemented
in hardware or through software according to different pseudo code. That is, there are a
variety of ways to implement the cache technique.
Consider the example [1 (F1), B1 (F2), B2 (F3), PI(F4), B3(F5), B4(F6),
P2(F7), B5(F8), B6(F9), I2 (F10), mentioned above.
Assume there are the following two functions (1} DecodeCurrentFrame (N,
ReferenceSet) and (2) GetDependencyFramelndex (IN).
In DecodeCurrentFrame (N, ReferenceSet), frame N is decoded according to an
MPEG algorithm using frame N and the ReferenceSet. The ReferenceSet is the set of
referenced frames needed to decode frame N. For example, ReferenceSet for Pl is
{frame 1}, ReferenceSet for B4 is {frame 4, frame 7}. A decoded frame N is returned
by the function. The decoded frame may be in RGB, YUV, or another format. RGB is

used in the example.
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the cache is not of a fixed size, it could hold a fixed nunber of fran®BEC 2003
and a LRUywsephagenent policy could be used. Using the prevpepgseynpigt e for
a backward decode fromframe 10 to 1, the following will happen ‘using the
new algorithmon frames 10 to 7: Frame 10 is the 12 franme. 12 is decoded

and stored in the @ﬁ@@?&beﬁﬂéﬁ??raﬁﬁﬂﬁ&xmgaﬁﬂ?ofmklgfkrené@ﬁ&nm%ee\@d
00179797 1' CTI USO0/ 16157 'Frame 9 is the Bo frane. B6 needs 12, P2, P1 11.

P2, P1, and | to deceddenneddrameBs is sbtainsd. AdsodEthmd hides onindéeaslys tenuhbd Fache
so it does not need to be re- dgcodsd. Decoded P2, P1, 11 and B6 are stored
in the cache. SX&BRE. &8 PrtDependenpytpmelpiex (S)g /08 is the B5 frane. B5

Cache. Cache < 10105k AfifwRig R bl e EANG 0 SFRANEPRAEPHA WL | 0¢,
| which is al headyfaias OHetkxaPPpt0d8 iPzn indBtaiiUtarhd | ¢ 2R actl@Thne Thete ik P

1, P2, B6, B5]. Random access can al so be nore effectively perfornmed using -
t he above deamny béd dhtaatectoactallng MG iamaEaakseethich ihthe kdnerdtdfrapdbaadhe. The
key is to use_the _same_caching mechani smfqr storj.ng recentl coded
frames and toMBEGE gamq{‘eaggc F?Sefmg’sat?"fbufeﬁ'e@séﬁ@eﬁ AtUsPg 17 ﬂi‘%éRgE%E‘F‘GPE} e.
For instance, aﬁ!i]g irg']'_ﬂ(%gl ng set of frames may be requested to be decoded:
11, B3, B5. To d Lot , both P I and P2 are needed. As a result, Pl, P2
and 11 will be decodedopsdingliasaddbrodd@indetodedtd nEmeachar antt() usied the om
t he decoded frane cache if they were already there. In the next request to
decode B5, whicathioe phoiguonacdepliagith sne anbpodimentsieeds to be decoded since P2
is already in the cache. The cachi ng techni que can be perforned through

har dware or software control. The technique is described in terns of

- sof tware pseudo co i npl enented in hardware or through

sof tware accoﬁdi ngdft?abm%?%?gfﬁg%ﬁpseudo code. That is, there are a variety
of ways to inp ement theSqaffirperddeabyindeses GeDrepecizhciHiemebodap(¥) 11 (F1), B 1

(F2), B2 (F3), Pl(F4), B3(F5), B4(F6), P2(F7), B5(F8), B6(F9),12 (F 10),
ment i oned above. SetofDependencyFrame = {

4 /* decode frame in the dependency list if needed */
5 /* decoding also forces the frame to go to the decoded frames cache */
6 for each Framelndex in SetofDependencylndex do
7 if frame Framelndex NOT in MPEGFrameCache then
3 /* this call is recursive */
9 Insert GetFrame (Frame) to SetofDependencyFrame
10 eise _
11 Retrieve frame indicated by Framelndex from
MPEGFrameCache
12 Insert frame indicated by Framelndex to
SetofDependencyFrame
13 . Update LastTimeUsed of frame indicated by Framelndex
in
MPEGFrameCache
14 end if
15 end for
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Assune there are the following two functions (1) DecodeCurrentFrame @,@,UECZUM
Ref er encegab poranrgy (2) .Get DependencyFranel ndex (N). | n Decode@/Psevksksane

(N, ReferenceSet), frame N is decoded according to an MPEG al gorithm using
frame N and the ReferenceSet. The ReferenceSet is the set of referenced
frames needed to decode frame N. For exanple, ReferenceSet for P 1l is

(frame 1), ReferenceSet for B4 is (frane 4, frane 7%. A decgded fra Nis
returned by the functi®¥entfifamgacBerodetvaretnay (e SeielliPgasndsagyFagnelanot her
format. RGB is wused in the exanple. 19 WO 00179797 1 B DEC 2003

PCT/ US00/ 16157 I n Get DependencyFranel ndex (N), a list of the reference

frames that aje needed jshprEieeREs(Rd BFHul fHe.ame N is obtained. A list of
frame index or indices is returned. For exanple, e.g

Get Dependencyf8 anel ndex (5) Refdye é@nent fnorh MPEGF taowiCaghpwithdddesbde t here
is a distinction_between the index and the actual frane. For exanple, 10
is an index aheptFimedsedo is the actual frame. There is an array of a data
structure cal (fd I\/PEGFrg itCache, which is the decoded frane cache.

MPEGFr aneCache” has two attributes: LastTinmeUsed (for using in the LRU

techni que) apgl Fr ameR@Rserl Berrémbtow 00 PEGPaaitdackode (lines 1 - 22) to
i npl ement Get FraneO using the caching technique according to sone

enbodi ments: 2l frane GeteRrams(h)ilPar®et o f Dependencyl ndex =
Get DependencyFr anel ndex (N) 3 Set of DependencyFrane = {} 4 /* decode frane
in the depend%cy fi&t if needed */ 5 /* decodi ng also forces the frame to
go to the decoded franmes cache */ 6 for each Franel ndex in
Set of Dependencyl ndex do 7 if frame Franel ndex NOT in MPEGFraneCache then 8

~/* this call is rewisieygct (o Be branple gGehabave theAbHowingtsequence of events
Set of DependencyFr ane .
happens to decode backward from frame 10. Assume that MPEGFrameCache 1s

initially empty.

+ GetFrame (10)
GetDependencyFramelndex (10) = {}
DecodeCurrentFrame (10, {})
MPEG¥FrameCache = {frame 10}

+ GetFrame (9)
GetDependencyFramelndex (8) = {7, 10}
Since frame 7 is not in MPEGFrameCache, call GetFrame (7)
+ GetFrame (7)
GetDependencyFramelndex(7) = {4}
Since frame 4 is not in MPEGFrameCache, call GetFrame (4)
+ GetFrame (4)
GetDependencyFramelndex (4) = {1}
Since frame | is not in MPEGFrameCache, call GetFrame (1)
+ GetFrame (1)
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10 else Il MPEGFraneCache 12 Set of DependencyFrane Retrieve franme 18 DEC 2003

i ndi cat e%@}?&}/ﬁ?iﬂe' ndex fromlnsert frame indicated by Franghhackes1§e713
Updat e Last Ti neUsed of frane indicated by Franel ndex in MPEG-ranmeCache 14

end if 15 end for 20 WO 00! 79797 1 6 D E C 2003 PCTI USCO 16157 16
current Frame = DecodeCurrent Fr an@e(mpewlﬁpﬁgmﬁ&qﬁ%gé@qe) 17 i f
ra

MPEGFr aneCache is full then 18 Renove el enment from meCache with
ol dest LastTineUsed 19 endi f 20DepsieCurenttrant Er,ae t o MPEG-raneCache 21
return currentFrame 22 end Wth res lgt tg:ét he ?xarrpl e_gi ven above, the
fol l owi ng sequence of events hab@e‘gg € BaerdafamerlOhn frane 10.

Assune that MPEGFraneCache j pH L t + Cet Franme (10)

Get DependencyFr anel ndex (10?%0%6@%?3%@?%“? ane (10, { } )

MPEGFr ameCache = (franme 10) MPEGFrameCache = {frame 1, frame 10, frame 4}
DecodeCurrentFrame (7, {4})

MPEGFrameCache = {frame !, frame 10, frame 4, frame 7}

Frame 10 is already in MPEGFrameCache

DecodeCurrentFrame (9, {7, 10})
MPEGFrameCache = {frame 1, frame 10, frame 4, frame 7, frame 9}

+ GetFrame (8)
GetDependencyFramelndex (8) = {7, 10}
Both Frame 7 and 10 are in the MPEGFrameCache
DecodeCurrentFrame (8, {7, 10})
MPEGFrameCache = {frame 1, frame 10, frame 4, frame 7, frame 9, frame 8}

In the above trace, the LastTimeUsed attribute of MPEGFrameCache is not
indicated. However, the LRU technique could be used. Note that the invention is not
limited to an LRU technique.

The frames in MPEGFrameCache are not necessarily ordered.

Rather than use a recursive call, the above listed pseudo code (lines 1 - 20) could be
modified to include a loop wherein the terminating condition is that all frames on which
frame N is dependent have been decoded and are available for use in decoding frame N.

E. Additional Information And Embodiments

It is important to compactly represent the video captured for efficient
transmission and storage. Furthermore, it typically may be much more efficient during

the presentation time if most of the data is stored in the memory of the computer doing
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+ GetFrame (9) GetDependencyFranel ndex (9) = (7, 10) Since frame 7 ils8 Bt 2003
i n MPEGFrggmgashe, call CGetFrane (7) + GetFrame (7) PCT/US00/16157

Get DependencyFr anel ndex(7) = {4} Since frane 4 is not in MPEG-raneCache,
call GetFrame (4) + GetFranme (4) GetDependencyFranel ndex (4) = (1) Since

frame 1 is ngf de@o&{ﬁgg‘f'b?sn@ @ Eini ARk lex RLINE FIBrebdthe. Th SRR éxﬁg(?difnl:%.t 2&131 8
D E C 2003 WD 00179797 PCT/ US00/ 16157 Ge tDependen(g,y Franme | ndex f

DecodeCur r enirfveatien (1§c§ MPEG\REGFessmeCactineques(fbr anmpréssirfgrthedigitdllvideo
DecodeCurrent Fr agg 1)) MPEGFr ama%che = (frame 1, frame 10, frane 41
DecodeCur r enf3H% EQ£pmpvessiop g THEC= c%thPﬁerﬁcsilonF%tMOwaeﬂ vighdl 4,

frame 7) Fra che _Deco rent,Frame (9, (7
10)) NPEGFr aﬁ%&é@hh ‘5% E%qy fnbaMD e%g’%%?mé’ﬁes“ﬂn ‘PE%%“‘?,C"F%% "

Cet Frame (8) b@@k@@@@fl}j@wﬁnﬁmﬂ%ﬁmo@@ga JUn%Ql}mﬁﬁhQs b RARN( a2 10 are
in the MPEG-raneCache DecodeCurrent Frane MPEGFr aneCache =
(frame 1, fr&mei@losét@maﬂm ﬁmané‘\fﬁx,leﬁpmoemte‘rff&mm :ﬁ)ﬁnigﬁnMEEé‘:bove trace,
t he Last Ti neUs r| b te \%g I\/PEGFra Cache is not indicated. However,

the LRU techiigh it raio s e RE IgeREIH Pk FRAPMiAECHB BIPRN £ ed t o

an LRU techni que Refercnce in the specification to “some embodiments” or "other embodiments"
means that a particular feature, structure, or characteristic described in connection with
the embodiments is included in at least some embodiments, but not necessarily all
embodiments, of the invention. The various appearances of the term “some
embodiments” in the descniption are not necessarily all referring to the same
embodiments.

The term “responsive” and related terms mean that one signal or event is
influenced to some extent by another signal or event, but not necessarily completely or
directly. Ifthe specification states a component, event, or charactenistic “may”, "might"
or “could” be included, that particular component, event, or characteristic 1s not
required to be included.

Those skilled in the art having the benefit of this disclosure will appreciate that
many other variations from the foregoing description and drawings may be made within
the scope of the present invention. Accordingly, it is the following claims including

any amendments thereto that define the scope of the invention.
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The frames in MPEGFraneCache are not necessarily ordered. Rather thaAﬂRﬁ?@N3
recursive call, the above |listed pseudo code (lines 1 - 20) could be

nodi fied to include a | oop wherein the termnating condition is that al
frames on which franme N is dependent have been decoded and are avail abl e
for use in decoding franme N. E. Additional Information And Enbodi nents It
is inportant to conpactly represent the video captured for efficient
transm ssi on_and storage. Furthernore, it typically nmay be nmuch nore
efficieéﬁhgﬁggng the presentation tine if nost of the data is stored in

the nenory of the conputer doing 22 WO 00/ 79797 1 8 DEC 2003

PCT/ USOQ 16157 { he decodi n Th ], [ I3 i =tinlbe readi ng.
In some enbodi réHi‘eét,m{%ésmr%}ﬁ/aé@tﬁgﬁﬂ%ﬁékg%@@g%ﬁ%ﬁ@?’g\réﬁltpgfcsziﬁﬁi' ques for
conpr essi ngydhevidiPitkdims\dfdaabjecePbu dfereAR i sty whatinndiffereut oies of the

excel l ent conpression ratios for given visual uality. It is based on two
basi cvidendeams aooimptifersnbstates inchling difisreabenss ¢f ths vewPHNBeR1%based DCT and

Cnter-f . | oi Li i e |
toget her || TRSRRAIIE DRFRNES e BEBRT (RS P s Rt Rbe e, idER ©f 0s¢
Si gnid‘hia @Hé Eg?&mggwpmm the'angas, Fucsll@gpendenci es make random access

difficu erence Tn the specification to "sonme enbodi nents” or "ot her
enbodi mrents” neans that a particular feature, structure, or characteristic

described in conpecti.o ith the enbqodiyents is included in at | t some

enbodi mentd,  buthrEeta slaimi | phatan de o pereevidss 1 hiemils EhmplRE rhe

vari O, Qﬁ@m&ﬁ of the term"sone enbodinents” in the description are
sari Iy alT

not nece referring to the same enbodi nents. The term
"responsive" and related ternms nmean that one signal or event is influenced

or “directly. 1 Hhe MEtaRAn o Rt HEditer WonS ke EERD gpR €Y

characteristic "may", "mght" or "could" be included, that particul ar
conponent, event, or characteristic is not required to be included. Those
skilled indt he Fhe ntedvidnaf cldim béweharicomprising prayiding savieatianal aidspyspeiates: e
that with the provided frames indicating whether an additional frame may be provided in the forward

or backward direction.

5. The method of claim 1, further comprising providing navigational aids associated
with the provided frames indicating whether an additional frame may be provided in a different

state.

6. The method of claim 1, wherein the video streams are created through capturing
video signals with at least one camera as the subject rotates while the at least one camera remains
stationary, and when viewed by a viewer, the provided frames give the viewer the impression of

the subject rotating a stationary camera,

7. The method of claim 1, wherein the video streams are created through capturing
video signals with at least one camera as the at least one camera moves while the subject remains
stationary and when viewed by a viewer, the provided frames give the viewer the impression of

the at least one camera moving with respect to a stationary subject.
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many ot her variations fromthe foregoing description and draw ngs HH}BQQEZWB
made within the scope of the present invention. Accordingly, it is the
following clainms including any amendnents thereto that define the scope of
the invention. 23 1 8 DE C 2003 CLAIMS: 1. A nethod of storing and
providing frames of video streans, conprising:- storing video streans of a
subject fromdifferent viewpoints, wherein different ones of the video
streans are in different states including different ones of the viewoints;

packvar o Sana” SRESRAr e Lo b ETR e aint LEERFALERTR 1 b VO

avai lgghle. 2. The nmethod of claim1, wherein the franes are provided to a
rem)te conputer through the Internet. 3. The nethod of claim1, wherein
the video streans are in an MPEG format. 4. The nethod of claim1, further

[ cat| ng- whot HEREROAAEF BB Aar Ceei e SERe pravrabtriRbt St o

backward direction. 5. The ‘nethod of claim1, further conprising provi d| ng
navi gati onal aids associated w th the provided franes indicating whether
an additi dmal fAmemichagonyrismpvi ded in a different state. 6. The rret hod of

claim1l1, wherein the |deo stre ar.e cr ate turin

si gnal s wia$Pputeragada éﬁ@eélaﬁblpglng‘é‘gt‘ﬂ%“@ g?t ‘?khb %5%“&9%??“58?%8 east
one Ganera remains stationary, and when vi evved by a viewer, the provided
frames’ gi ve the viewer the inpression of the subject rotat| ng a stationary
canmera. 7.stdieeidedtshedmeobofa bﬂma&tfrom\/dﬂ‘femm vidwgouits) exhesdin diffrgentrones pbteed

t hrough capturing, video signals e .canera as, the at | east

| t
one c‘é?‘@r sireap ase prifferonh gy H}Cél@lm% @ﬁéf%&ggétog&?ebﬂﬁ‘f’?/‘"ﬁ t8%hen viewed by a
vi ewer rpgofnavtb ek B Racfibe ¢t ch)Piakd AMBImlih SR, 880 Odnd delte at | east

one carrera pect to a stationary subject. 24% 8 D E C 2003

S. Thﬁmﬁﬁhb@&eﬁtﬁoxﬁlblymahdm\glﬂreeﬁ'amdshéavmhlhirm nt changes duri ng at | east one
of the

11. A method of controlling video streams, comprising:
displaying frames of the video streams, wherein the video streams are of a subject from

different viewpoints and different ones of the video streams are in different states including

different ones of the viewpoints; and

in response to activation of a user input device, displaying at least one additional frame, if
available, in a forward, backward, or state changing direction with respect to a currently

displayed one of the frames, depending on the activation.

12.  The method of claim 11, wherein when the user input device is activated in

primarily a first direction, the at least one additional frame is displayed in the forward direction.

13. The method of claim 12, wherein additional frames, if available, are displayed in

the forward direction, the number of which is related to a distance of the activation.

14.  The method of claim 13, wherein the speed at which the additional frames are

displayed is related to a speed of the activation.
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states. 9. The nethod of claim1l, wherein the viewpoint renmains constLHpEE2M3
during the states. 10. An article conprising: a conputer readable nedi um

i ncluding instructions that when executed cause a conputer to. store video
streans of a subject fromdifferent viewpoints, wherein different ones of

the video streans are in different states including different ones of the

vi ewpoi nts; and respond to requests for frames of the video streans in
forward, backward, and state changing directions, by providing the franes,

i f availabl f . anige gjfeﬂﬁgl 0%133;11 GORMER %H%}]ﬁﬂeqﬁ& @aﬁt%@ﬁge iR DY

di spl ayi ng e Vvideo stiearns €0 Streans are of a
subj egh grm seforid @FRfonYthe WPRkt bhe addltighdl ffRbhRs dRPReDin thh Badkvetle@ streans
are |n dlf erent states includi ng different ones of the viewpoints; and in
r espodisestion. acti vati on of a user input device, displaying at |east one
additional frame, if available, in a forward, backward, or state changi ng
direction with respect to a currently displayed one of the franes,

dependi ng ¢ t hep Aot dfUMimlid, wﬁe&lmm&lavhaﬁhaum‘ﬂaﬁamméalsma\sve@ih the

user input device Is activated in primarily a first direction,

| east therbaclkawitd directidn, theamembe odiwhpdhay eelated ta hélsfaucmftdcdctnmnon. 13. The
nmet hod of claim 12, wherein additional franes, if avail able, are displ ayed
in the forward direction, the nunber of which is related to a distance of
the activagyon. Tﬁémeﬂ’tﬁl MJIHWGDKV%}G% fHe ced"ﬁ%ﬂﬁétﬂth&ﬁ&dﬁ@ﬁﬁdﬁﬁﬁes% ch the
additional frames are displayed is relat to a speed of the activation. 2
1 8 Od&splagabis tsatediie arspeduoaf thé activation.11, V\/nerel n when the user input device
is activated in primarily a second direction, the at |east one additional
frame is displayed in the backward direction. 16. The nethod of claim 15,

wherein adggtiongk rﬁemme@fclalfn BV ¥HleAdh YheR iR WbSRhaYERIids adthatdaagkwar d
direction, the nunber of which i's related to a di Stance of the activation.

17. Tphemasbrotdirdidisktiomtheat loast ped additienat femd indisplayasHineirstsiete changing
frarrea.mglcrueun di splayed is related to a speed of the activation.

19. The method of claim 11, wherein when the user input device is activated in
primarily a third direction, the at least one additional frame is displayed in a second state

changing direction.

20. The method of claim 11, wherein in the backward direction, the additional frames

are displayed frame by frame.

21.  The method of claim 11, wherein the video streams include only panoramic
VIEWS.

22, The method of claim 11, wherein the video streams include panoramic and tilt
views, | ‘ |
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18. The method of claim 11, wherein when the user input device is actig/t{ed)
in primarily a third direction, the at | east one additional frane is

di splayed in a first state changing direction. 19. The nethod of claim11,
wherein when the user input device is activated in primarily a third
direction, the at |east one additional frame is displayed in a second state
changing direction. 20, The nethod of claim 11, wherein in the backward

di r ect i on23t he Thaamatheshef clapahe further compaping prayidipg paviggtiqnabds 21, The

met hod of ¢l aj,m, 11 ' . Vi [ LGl 1.C:..Vi ews.
22, " SrecietRlr e bio R Gotel EickliRE BrBbr AR et flnS el RIS "o
tilt e PWeard 26 badcvarE deed@h3 23, The nmethod of claimlIt, further conprising
provi di ng navigational aids 0O associated with the provided franes

i ndi cati ng whether an additional frane may be di splayed in the forward or

backward di jon. 24 f claimi1l .furth
o7 ovi di ng i gprusiard of e Tl A afofeie brvidith bo P BB P nai cat i ng

whet fagsfoc Redae &iegﬁ'@éfidéd BB cdRYid3fnsl vheineY Sfadditiondl ﬁhﬁﬁ:%fﬁfﬂel Sblhfed @5, The

met hod of claim 11, wherein the viewoint changes during at |east” one of
t he atdiffersnt sPfe. An article conprising: a conputer readable medi um havi ng
i nstructions which when executed cause a conputer to: display franmes of

vi deo streans, wherein the video streans are of a subject fromdifferent

vi ewpoi nt %aand T h&h&0be &]@iﬁ? L Ofwiidiéin Vi ROwSlinEAMMe Y furln2 A1dabeS Y1 Rt at es

i ncluding different ones of the viewpoints; and in response to activation
of astwexr | nput device, display at |east one additional franme, if

avai lable, in a forward, backward, or state changing direction with respect
to a currently

26.  An article comprising:

a computer readable medium having instructions which when executed cause a computer
to:

display frames of video streams, wherein the video streams are of a subject from different
viewpoints and different ones of the video streams are in different states including different ones
of the viewpoints; and

in response to activation of a user input device, display at least one additional frame, if
available, in a forward, backward, or state changing direction with respect to a currently

displayed one of the frames, depending on the activation.
27.  The article of claim 26, wherein when the user input device is activated in
primarily a first direction or primarily a second direction, the at least one additional frame is

displayed in the forward direction or backward direction, respectively.

28.  The article of claim 27, wherein additional frames, if available, are displayed, the

number of which is related to a distance of the activation.

29.  The article of claim 28, wherein the speed at which the additional frames are

displayed is related to a speed of the activation.
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di spl ayed one of the frames, depending on the activation. ' 27. The al 8ilé(C&003
of claim 26, wherein when the user input device is activated in primarily

a first direction or primarily a second direction, the at | east one
additional franme is displayed in the forward direction or backward
direction, respectively. 28. The article of claim 27, wherein additional
frames, if available, are displayed, the nunber of which is related to a

di stance of the activation. 29. The article of claim 28, wherein the speed

at which the additi f Sge . displayed is related to a speed of the
activati or‘?’B' 27 g@éﬁ%ﬁ%&ﬁ“& .'C}ng%rfr?g{ﬁer system conprising: circuitry to
request vicq}ggin@itg@&i&gt widessichaly, to receive the video signals which include
a current frameé of a video streamto be viewed; and an input device to

provi de i rpetitey tgmededve the ividtosignalsawhick insluds e umgat frama af 2 vidgpsteam i ew,
whi ch ma%/ be i(rrea forward or backward direction with respect to the current
f ane OB “Heéi'é'é video streamor in a frame in a different video stream

28 an input device to provide input signals to indicate at least one additional frames to view,
which may be in a forward or backward direction with respect to the current frame in the same

video stream or in a frame in a different video stream.
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