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i mage col ligedivp, anshiphlafidgk®Hsing nakl tapsmitting Téed emagsnbbtaaad firoemta
associated with this operation is typicall y mani pul ated by a large crew of
pr of essi onpdiirahieyl ofi videohoaniransnda otethod fonachawngthensangs oducers, directors,
assistants, coordinators and the like. In 25 order to performthe recording
of an ®Bvent the inage acquiring equi pnent such as video caneras nust be

2ction space. The cameras coltSChESRIREY AHERELLLED ARTGhary” position
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detailed and higher-quality images from distant locations such as images of news
15 events, sporting events, entertainment, art and the like. Typically to record an
event is to capture visually the sequences of the event. The visual sequences
contain a multitude of images, which are captured and selectively transmitted for
presentation to the consumers of the media such as TV viewers. The recording of
the event is accomplished by suitable image acquisition equipment such as a set
20 of video cameras. The selective transmission of the acquired images is
accomplished by suitable control means such as image collection .and
transmission equipment. The necessary equipment associated with this operation
is typically manipulated by a large crew of professional media technicians such as
TV cameramen, producers, directors, assistants, coordinators and the like. In
25 order to perform the recording of an event the image acquiring equipment such as
video cameras must be set up such as to optimally cover the action, which is
taking place in the action space. The cameras could be either fixed in a stationary
position or could be manipulated dynamically such as being moved or rotated
along their horizontal or vertical axis in order to achieve the “best shot” or to

30  visually capture the action through the best camera angle. Such manipulation can
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WO 03/ 003720 PCT/ 1L01/ 00599 al so include changing the focus and zoom
paraneters of the canera |enses. Typically the caneras are | ocated

accor di ngwignzmopnedefi ned design that was found by past exqaa@aivpnse to be
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finish li capture the athletes as they sl ow down and nove away from
the fini siiPan)eamdeusebelihd dhefimash lisednfotypicalencagdwing theefiesttesgldyn be
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captured by the caneras are sent to the control 25 center for processing.

The cont r Nexgeas the atlyletesathoh therfirdslinline awide tragkinf sedpeatceafividecenmagesent
desi gned to scan, select, process, and transmt selectively the incom ng

i mage 1sequenbesaptiredbydbie nlly cecraoht the enseol the qonsest dessSegond sptatinger f ace -
capt ur od Byaheimen behind e FEUNGR oy b e iotma MHDer a0 Koo
Lgﬁ;?ggs glgﬂll’?f{).gee a%v%g/t’frrgrln ANEhidn e rhg%et QF ctaﬂleerﬁseﬂpécff&oég\fe%g%cﬁhe
events can be manipulated manually by an on-field operator belonging to the
media crew such as a TV cameraman. An off-field operator can also control and
20 manipulate the use of the various cameras. Other operators sitnated in a control
center effect remote control of the cameras. In order to manipulate efficiently the
cameras either locally or remotely a large and highly professional crew is
required. The proficiency of the crew is crucial for obtaining broadcast-quality
image sequences. The images captured by the cameras are sent to the control
25 center for processing. The control center typically contains a variety of electronic
equipment designed to scan, select, process, and transmit selectively the incoming
image sequences for broadcast. The control center provides a user interface
containing a plurality of display screens each displaying image sequences
captured by each of the active cameras respectively. The interface also includes

30 large control panels utilized for the remote control of the cameras, for the
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2 WD 03/003720 PCT/ 1L01/ 00599 sel ection, processing, and transm ssion of
the i mage sequences. A senior functionary of the nedia crew (typically
referred wo @®oshe director) is responsible for the visuacTawbpesIonf the
system The director continuously scans the display screens and deci des at
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the 15 utilization of a set of nultiple cameras such as by EyeVision in

conbi nat i direwforhTheteongs sach displegrcresmain tsalasions Praddemdee Suspioapyiéh t he
option of show.ng an di fferent vi,ewpoi uent i al
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can be ac nmu canmeras observing Such action and then

br oadcast gdtibh spahfranirdifieent hagles, kedisatienthiing Asaameesult when covenngi s
selected fromone canera, the sane-tine frane fromthe next and so_on,

until t he canfplenmdynanicakentsf thoougthe plarstitycefearacras the Wircetormitten fnds it

arranged around 25 an action.scene, an illusionary feel.ing of a novjng
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event from many different viewpoints. Sequential image broadcasting from a
plurality of video cameras observing an action scene, has been revealed. In such
broadcasting, images to be broadcasted are selected from each camera in each
20  discreet time frame such that an illusionary movement is created. For example, a
football game action scene can be acquired by 2 multiple of cameras observing
such action and then broadcasted in such a manner that a certain time frame of the
scene is selected from one camera, the same-time frame from the next and so on,
until the a frame is taken from the last camera. If the cameras are arranged around
25 an action scene, an illusionary feeling of a moving camera, filming around a
frozen action scene is achieved. In such a system, at any given moment the
number of cameras available is insufficient to cover all view points. Such
situation actually means that the came}as do not cover the whole action space.

Utilizing a multiple linked camera system further complicates the control task of

30  the director due to the large number of distinct cameras to be observed during the
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30 the director due to the | arge nunber of distinct caneras to be observed
during the 3 WD 03/003720 PCT/ 1L01/ 00599 coverage of an event. The use of

a set of Hiowdhosaperas with overl apping fields of view hagthgenosyggest ed

in order to obtain a continuous and integral field of view In such
systems "on%PAg% SEHEEAL AR Gid 8P4 86t Y RREH cANSUBIviaD B4 erlaRiny Fiells e
desi gnat ed action space. e canera signals representing acquired i nage 5

sequences dew Ms%@ﬁ%ﬁg%éwedsmi drdbl ® ebtaid 4 oonmearpeddntepralifald efabdve. t he
reconstruction of an integrated field of view Such systens also enable the
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caneras | QeaiBilcde bfascdpoiie iBddeyby Ave hphlopriaed pitesdinkiang qUnlsigirigh t he
action space. In the control room the director visually scans a 15

plurality «f tli spicayniailgensodedcmageedant obtginedesaledivety foore tic irhege
plurality of caneras observing a scene. Each of said screens display a

di stinct eequergesr eamuredt by 4Micoor G CAMEHIS: HAOWBYRTo LAt B/skaned). Ndhe
director has tp select during a ,live transm.ssi,on continupusly and in

F eal - t Prre THOYSERAFE MaRpH AT &nd PRyl via i AShe MEIL iSRRI ad to ¢ he
vi ewers. To acconp}i.sh. ti.on_ of i i i :
director nust be d‘%ltiﬁtcépg%%glé%g&g %1]?/19\%3 gg%%nggft é;?éepmereém)yéb f%l%g}soﬁlace by
the obser iy cPdntd BECIPES a Qboft! SRhAYr %fﬁfe%t%ﬁﬁn&it?é\fehpﬁi&@'dé%vﬁf)hﬁraliﬂyadiige

area, whic W non-conti nuobus views of the action space. The confrol

consol e i sstaisp| £/ steriobile caniarhniow@ted phclt abitd yomimalbncooér thei adttoes and
dials. As a result of this conplexity the operation of the panel requires
addi t i onaltaRmgoplecaintles. actippispab¢.yintthe coatret rowm, bf dirpsteavisvally peaistdo be
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stream of video from the appropriate camera. The director has to select during a
live transmission continuously and in real-time a specific camera the view of
which will be transmitted to the viewers. To accomplish the selection of an
20 optimal viewpoint the director must be able to conceptually visualize the entire
action space by the observation of the set of display screens distributed over a
large area, which show non-continuous views of the action space. The control
console is a complex device containing a plurality of control switches and dials.
As a result of this complexity the operation of the panel requires additional
25 operators. Typically the selection of the camera view to be transmitted is
performed by manually activating switches which select a specific camera
according to the voice instructions of the director. The decision concerning which
camera view is to be transmitted to the viewers is accomplished by the director
while observing the multitude of the display screens. Observing and broadcasting

30 a wide-range, dynamic scene with a large number of cameras is extremely
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whi l e observing the nultitude of the display screens. (Cbserving and

broadcasting 30 a wi de-range, dynam c scene with a |l arge nunber of caneras
i s extrenmaloyosods @ 03/ 003720 PCT/ 1L01/ 00599 demandi ng and gdarabidsbd y of a
director to observe and select the optimal view fromanong a plurality of"

caneras i aeﬂaﬁ&ﬁlgyaﬂcgﬁ\&}fgﬂﬂi%ﬁ&g iRecHL Y eENeeQn&'%@feg{ MEbHAGA view

applications hand in €0 “inmages use video I nages obtained froma single
canera’at i3 bdng%s pratdlitgoféahieeas ib gtemlyaedibed | mages in techni ques such
as di ssolve or overlay to broadcast nore than one i mage. Such systens,
however, do not cPEgattmeneompmgezdanderdantesfacepappbeaticns dmndling vadand
preci se anal ysis, nodification, and synthesis of images froma plurality

of camer aimagéscess vigeo imageoekiaingd fram ansinglei Gagnen ah adase prarasas WHRSw t he
di splay of one or a.series of i

foi. t ific |ocatian but t i
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of caneras _on_a.conti ISRl i . i f an
i nproved O’%??ﬁlé’%éé-dgﬁ‘g@?‘ X?rqef[ﬁaﬁ XW&%?@% &28{ éé @8?& g%fg%gn pg(())cﬂeystsi ng
of video 8- an SUMYGRY ol phEEsOREateNE, hiddEmddtN, had!dynilfesishel phapes the
pur pose of the present invention to pfopose a novel and inproved method
and appar gious af slurdlitg ofosdntierhs.dfitesprapplsstiong fofr the dandlingrefesdeoTimagest hod
and apparatus provide at | east one.dlé{p! ay screen displaying _a conposite
scene creatlew the displayr af ede \orewpwiastef bhagespatua specificdpcatigiebak do not
preferably with a_shared or partially shared fi.eld of. view. 20 .Anot her
obj ectPveabpw He éﬁﬁgé’nf)f ianSFélfﬁSiQfﬁSqf’émPBg pi‘flg?ﬁ? dmagey fiom @ wy! PIESS(?% of

fri dl | J i . di s il
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covered by,a en%%x?cée@ééy@en?%lﬁ%@ﬁb?@th%‘ohﬁ%ﬁaﬁ@gid’-&kﬁh}g Y vaRa iRfaadcast i ng

vi deo i nmages. "t1on objective of the present invention is to
construct and 25 transmt for broadcast and display video i mages sel ected
froma set of live video images. Uilizing the proposed nethod and system
will provide the director SUMMARWEIF IHE ENTEIEWEEFH;QM i mge
controlling and selection interface. A first aspect of the gresent

i nventison regar ds ltais thepapes the puspose of the present mvention to propose a novel

and improved method and apparatus for the control and processing of video

images. The method and apparatus provide at least one display screen displaying
a composite scene created by integrated viewpoints of a plurality of cameras,
preferably with a shared or partially shared field of view.

20 Another objective of the present invention is to provide switch free,
user friendly controls, enabling a director to readily capture and control streaming
video images involving a wide, dynamically changing action space covered by a
plurality of cameras as well as manipulating and broadcasting video images.

An additional objective of the present invention is to construct and

25 transmit for broadcast and display video images selected from a set of live video
images. Utilizing the proposed method and system will provide the director of the
media crew with an improved image controlling and selection interface.

A first aspect of the present invention regards an apparatus for
controlling and processing of video images, the apparatus comprising a frame

30 grabber for processing image frames received from the image-acquiring device, an
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controlling and processing of video images, the apparatus conprising a
frame 30 grabber for processing inmage franmes received fromthe

i mge- acqwiorasrng3devi ce, an 5 WO 03/ 003720 PCT/ 1L01/ 00599 HeENYILh HoFHEW
synthesis device for creating an Entire-View inage fromthe inmages

received, EnigRECiW ?ﬁm‘l{bﬁg\/_d%wweh@%ic?eaﬂi@l‘gizﬁleEﬁ@Fe—W@p&ﬁjagé feo thié &phgesi ng a
selected view fromthe Entire-View imge, and a sel ection of point-of-view

and angl eredeived,e af Specifiedi Vievg systhesisndavicanfbri gespairing agd adispleying ad- Vi ew
selected by s the user. The_apparatus, can further inpclude a fra

me
modi fi cat i hedbestvicay fiom therkadireVisw iprEeyaBna: yalection: gF pemtiaficvypad
apparatus ca | so i.nclude.a franme nodification dule for math i cal
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further_ingl a Lficatl L : ; WhieCadd on.
The fr a?ner}é?ggs%&r T%é%tﬁﬂ%ré@ng‘u_ g@gmgga%g%m?g%%glfg%gl tn gﬁl %g{cl)lr?vgéﬂt er
for converi) g MG 89 LEBGREdA Hritctioh, THREBParatusSeaPA0BRREE Dirainke
present invention regards an apparatus for tcontrolling and processing of
vi deo i mag@sdifithgorpneddlt Uorimathedasica modelngermnatior aftthaiinmgdesiene dror
transform ng informati on sent by an image capturing device K and conbining

t he i nf or neartisinscsaet Thenpparatisedrefurthernanelyde i fsame yneodifispge mashyle org

el bct i ng e SHeaeditisghioRe MitolRBinEHbRE SR OTOer dLelaeHT And0e o ¢ h

sel ectlng e r-o e
t . GALthird t of t i L 1:0R - d i t hi

conput 1 G EAh R cod et AFSE Rhed P XS B0 SRR Oe contral

processing unit ang &fcoh&%?feofv);a»geﬂgegﬁgeyerﬁemwe&mo@&égﬁd@%{ qu%hfsaf& for

controlling and processing I mages. The uSer interftace operates
i n conj uncgdArdiNgd An@ proctesingi ¢lidko dindgas. Thka%%%mﬁne in¢lpdts devding.anthe
user interface can inClude a first sub-w ndow displaying an Entire-View

i mge, a seunbidirudevice foviraiisfptnaiigrigfamagpe sehl byl awiigwge rragBiringpleainent i ng
an imge selected by the user fromthe Entiye-View, Al so ﬁa i bf igcl uded
is athir hei DAt sentilhe smglkuHawe }ﬁ@m’}%'%amﬁ aycd on

TREREN
P et ST A5 I A5 S A BEISue SN RS,
The user i nt el AtemEaReRpSitan8ldigf &1edi&rbPaivitrs 8N et Patatus.

A third aspect of the present invention regards within a computerized
system having at least one display, at least one central processing unit and at least
one memory device, and a user interface for controlling and processing of video

20 images. The user interface operates in conjunction with a video display and at
least one input device. The user interface can include a first sub-window
displaying an Entire-View image, a second sub-window displaying a
Specified-View image representing an image selected by the user from the
Entire-View. Also can be included is a third sub-window displaying a time

25 counter indicating a predetermined time. The Entire-View can comprise a
plurality of images received from a plurality of sources and displayed by the
video display. The user interface can also include a view-point-and-angle
selection device for selecting the image part selected on the Entire-View and
displayed as the Specified-View image. The user interface can further include a

30  view-point-and-angle Selection-Indicator device for identifying the image part
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sel ection device for selecting the inmage part selected on the Entire-View
and displayed as the Specified-Viewinmage. The user interface can further
i ncl ude aw®3x0&Aee poi nt - and- angl e Sel ecti on-1 ndi cat or devira/ILo1/00599
identifying the inmage part 6 WO 03/003720 PCT/ 1L01/ 00599 sel ected on the
Entire-Vi gleaftd 6h Sihkaygtkca¥idw andpésplayed-ad ew Spedfied-View image. The

vi ew poi nt - and- angl e sel ection device can be mani pul ated by the user in
such a wajewpainttdel-mglevsplection alesicancirebSenanpulated) bidithauser inssuabved
within the Entire-View inmage. The Specified-View display ipages. ar

typi cal | y wayovhatedhoyviswapoint-and-angls iSelssion-lndicatqrgpg Iﬁén«i%(iT¥al wﬁghﬂ itge
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| ocation @é(ft-%fanhemﬁge%edireae&-ﬁwag ith 188 Ve THENQstS Mttt IdaCalsgan i o
al so include a topology frane for displayingthe physical |ocation of at

| east oneindludgeomeation imgdddudicatoas sfoci adaatingt thet bperatiogenmdgudf ithg
device information displayed in the second sub-w ndow di spl aying a

Speci f i edappastisndde. usthintersese camalee inadede atopaleghSiameanfardieplayingghet one
Vi ew poi nt -an,d-agogl e selection indjcator. A.fourth ai,ﬁect of. tgfe $resent

i nvent i onPh¥&&RHL0CA1ER A AT dpast NCYRISEMRC ARG JEHIGE ol DF J156T 1RIREAEE SARay, at

| east one central, processin ni I I nd a
ot nodo 1 ot oerete 1 Aol Fricloy filafthe: GEThRG oY st AL op
interface; 3 : QIR hsd tERml b : }i -ahd

pr ocessi ngl:jmg %algﬁﬁalg@%c%r res%%ér?&?arfg&tvgmtmﬁ@é ?@%ge %gﬁr@g%\{}gﬁ ?ﬁfﬁ@rﬁégg t he
synt hesi s dis%ﬂ@‘e‘daih ttleescordt sudk-fvixedovi ﬂ%pM@%ﬁSp@gif@ﬂWtﬁv@ hayé.rtheofiser he

i mage. The 20 nmethod can further conprise the step of setting a tinme code
f rom whi clnterfage cius furthies phelydel at IFast @aenewf-pcpmtraag-ah_ gl ssdactignsodicatirude

H‘gge source for the tine

retrieving frames for all image. sources froman i

code interval assdef@Buaspeehol e rRtHe MEAORTEEAIS 8| CORRHE H $Y5¢Bat | ng
e o R, B e e R N ISR O SRR
sl et | on A 3L fEHEE R ¢ BRVER Bir KbRNAR afY BRIGNINE, of PRSP Ingd®
within a user interface. The method comprising determining a time code interval
and processing the image corresponding to the time code interval, whereby the
synthesis interval does not affect the processing and displaying of the image. The

20 method can further comprise the step of setting a time code from which image is
displayed. The step of processing can also include retrieving frames for all image
sources from an image source for the time code interval associated with the image
selected, selecting participating image sources associated with the view point and
angle selected by the user, determining warping and stitching parameters,

25  preparing images to be displayed in selection indicator view, and displaying
image in the selection indicator. The step of processing can alternatively include
constructing Entire-View movie from at least two images, displaying Entire-View
image, determining view-point-and-angle selector position and displaying
view-point-and-angle Selection-Indicator on display. It can also include

30  constructing Entire-View image from at least two images and storing said image

7



constructing Entire-View novie fromat |east two i mages, displaying
Entire-View inmage, determ ning view point-and-angle selector position and
di spl ayi ngo0 osioesr2poi nt - and- angl e Sel ecti on- I ndi cat or on diralay1/00599 can

al so include 30 constructing Entire-View inmage fromat | east two i mages and
storing sahAlidegeplay, WP PASRORAROEMGEL Ve hRABO Fronokt leattetwointdped¥ind O
constructing Entire-View novie fromat least two 'imges and storing said
i mge for sty sdid amape $oi later tEmemsgsegm. dthecsteys of constnigtingranhiso inokidade
obtaining the at |east two inage froma frame npdification nodul e and

war pi ng  amtRining tiei atdeastdwet imagestromw famgymodibcaiiaamedale Bt WaEYBew

image. Finally, the 5 nethod can al so include Lhe s s.of displayi a

vi ew poi ntgriditeiige dhe SEie@é'E F‘?S‘Pllmﬁ%ﬁsctﬁt%Patﬁﬁ%ﬁnﬁﬁ'%&m'ffﬁﬂﬁy’aﬁg
determ_nin he specified w cor popdi ser novenent 1 he

Vi ew p8i nfgﬁagaﬁg?eaisgl ée?lgggvoﬂleangt&%ntﬁ&?e@%ﬂéﬁmgr %rree‘.;le@%@leﬁ—d %gﬂé
DESCRI PTI T R?%ﬁ' Bﬁéﬂ_ el IV deferidining BRE ifiel &1

under st oo }%lr%};'lt—lﬁg etalle E@é@c?%ﬁ??gﬁ&o?%dpreferlr gd ecg odli mentezi ven
her ei nbel QyrRBfoidifg aecONBNhOEmat 08 thes vishi-pbinagdgingtn sbigctayoran
illustration only, wherein; Fig. 1 is a graphic representation of the main
conponent EntiredVieedfrhne. 15 t he nmet hod and apparatus of the present

invention. Fig. 2 is a block diagramillustrating the functional conponents
of the preferred enbodi nent of the present invention. Fig. 3 is a flow

chart ﬁ;agr am descri bi mﬂgmﬁ@y élFf-hgfg P&q@% to the preferred
enbodi fent of the pres n -on. g. i cal
representation of t ypi . i j f j H TG thEl ayed to
a user in accor danT?lee #ﬁﬁ@%&%@@ g@??&%ﬁ%o@?ﬁeﬁdé&?mpﬁe prﬂelggﬁ?‘hﬁn

i nvent i on.qeké@ptich bf adpref@ved Babbdiagr Ipﬁeﬂehﬁodll@@raﬂdnﬂﬁrefoaﬁmggﬁgﬁlgt i onal

routine of the preferred enbodi ment of the present invention.
drawings which are given by way of illustration only, wherein,;

Fig. 1is a graphic representation of the main components utilized by

15 the method and apparatus of the present invention.-

Fig. 2 is a block diagram illustrating the functional components of the

preferred embodiment of the present invention.

Fig. 3 is a flow chart diagram describing the general data flow

according to the preferred embodiment of the present mvention.

20 Fig. 4 is a graphical representation of a typical graphical interface main
window, displayed to a user in accordance with the preferred embodiment of the

present invention.

Fig. 5 is a flow chart diagram of the user interface operational routine
of the preferred embodiment of the present invention.

25



WO 03/ 003720 PCT/ 1L01/ 00599 DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENTS
The present invention overcones the disadvantages of the prior art by
provi di ngwa w@es20 net hod and apparatus for control and pracaggongsed vi deo
imges. To facilitate a ready understandi ng of the present invention the
retrieval, s cafBTAILEDADESGREAION @&V@REFM|§MMDMW%O i mages
fromone or nore fixed-position canmeras connected to a c uter systemis
descri bed her ei nafThs presenhinventipe eyercogiesttae dasdyatagss Pgﬁe PUie% Wéi’y

At Sl A IR e SR AT NG SR et A R
PR ) - o LTIct . !

hot 1o ¢ ol R SucilAte Hfendd ARiiehMudil: BE DRGSR itehtify WWFRGLAN, o7

appl i capl ecﬁﬁn%”lﬁah!{féﬁ Aid BR¥®iah ngs videoMihages froh ondl@sihaRl e to

provi de such a ¢tonprehensi ve nethod and apparatus for control and

processi ngfigéd-posidoni dimgeaas cbhaectad ediameorhputef systempisedestribed ven¢inafterar e
directed at a nethod and apparatus for_the control and processing of video
i mages. i swithereferefien taeits amipbeinemiation sFurthesereleranses ate sepstises fragde: e

pur pose of view ng, manipulati n%, aor,i n smtting and retrieving

, tra
vi deo i magteatuiag ane deing 8FSOCHY éi‘flfhng Haﬁ%c'gwpesﬂgﬁoweémc%é%ses
and conmuni cat wi th seyeral Qpo : n ti stem
such as a %Qfﬂp?e}ﬁ%tr _ph!YIS‘ICta eC(BPB?)’g?]gg 2§§%lilm%§n_%s_ﬁr{eet%%g%&’p?lgﬁg%gl ;ﬁhg ?lyengl e
di'splay, dewsifieind bdhe hh Pistich SECAS. 1Bhited 39 RS 'dabtiaght efbbaRgent: Radlced
simul taneousl'y*by a plurality of video caneras where caneras can have a
partially gfe frivehtoshargplithledtoohny itgpe of Iphysitahlcoarpuaichiseire minch rite i
mul tiple display deviceS are used. The use of an integrated control
di spl ay i sdesimpbestdptovidepicce commeppisteemethodearidchapparais for gpaifplsaideens

currently used for the display of _each distinct ﬁs w provi ded t}é the 25
respect i vePingaesing of wilpo 1maEes Bherempedimsntse ietigs PFSePhtBY Y80 5t o an

camorns afBeREhetf deteed nid abageay (vl P sk R A T
m o 8k | ne SEerdSe ¢
Format "1 oht Rheepet BRRRERCIF L Rl IR RR 0L R Blp e L Ehe:

obt ai ned bﬁlaﬁg&ﬁﬁ@g%{otmgqmgﬁn@&gmd reirkRlmyedeasmagenatid theunethod dosi ngl e
di splay device in such a nmanner that the

operating the same. Such system accesses and communicates with several

components connected to a computing system such as a computer.
In the proposed system and method preferably a single display device
20  displays a scene of a specific action space covered simultaneously by a plurality
of video cameras where cameras can have a partially or fully shared field of view.
In an alternative embodiment multiple display devices are used. The use of an
integrated control display is proposed to replace or supplement the individual
view screens currently used for the display of each distinct view provided by the
25 respective cameras. Input from a plurality of cameras is integrated into an
“Entire-View” format display where the various inputs from the different cameras
are constructed to display an inclusive view of the scene of the action space. The
proposed method and system provides an “Entire-View” format view that is
constructed from the multiple video images each obtained by a respective camera

30  and displayed as a continuum on a single display device in such a manner that the

9



9 WD 03/003720 PCT/1L01/ 00599 director managi ng the recording and
transm ssion session only has to visually perceive a sinplified display

devi ce whivghysionsas por at es t he whol e scene spanning the agdmmogaase. It is
i ntended that the individual images fromeach canera be |oined together on

a displ ay %{ﬂ(@fn&ﬂagﬁgﬁﬂge fl%hblt&[ngfanﬁi £RAGNisSiBH &R8ibni Hnl9f HAY 6 Visually

construct ew o entire scene. An 1 nput device fhat enables’the

director tprcdipadisimpEb@displayjpdévicd atéctaiidossoraict thd nwdioderssesiecspaanipgr t i on
of the general scene, replaces the currently operating plurality of

manual | y dhematiod spaot.riblis smichdédshat the Satlivtduadimages fenmareack mastarands

referred to as "Sel ection-]Indicator frame!' assists in {he perforpmance of
the i mage jeisledctogetier PR SisplaytSCaeen Gﬂiiacﬁlc%ahtf/r%iéwpléyafiqvcs%@)ﬂlﬁ@f@%@ to

Camor a3, PRBSS B ViR R G Soet SRR bl TPl dtecior &
carer ad.  FE~Sk h i __ THIA H
- epr esont S0RE’ KPS anRURS s eRY kel Ron 7R AR OF I RANeehE IO,
f d s M " [ I
observe. any e o o oy oo e or s and T om

any angl e &f Syleetion-dotiented Bymetinmsascfenedr togass &Sdlestiendndithtory iframedl
canmera can show an area which coincides with the viewing field of a

parti cul arassiatseinatheoperformpage ofrfbp smage seleciant T8¢ Selectignelndigptes Brmeor a
r eal camerq or combi nat i.Qn of_ reai camié%?. The. v_i rtu[al ca?arﬁ_ Vi ew can
al so dénsidkovey the, useide %ﬁ‘ i JBlavnaf deast | 9ne M RAPEFEChtlvef OBt 2

[ or..oth devj i I h t
Che hoti odtuitlice! OF el cTnr R IARER G ) SR SRR Wi o

parti cul arg, GRERpRyA! Ocﬂgpllﬁﬁmusiﬁ V%{eedm;)hﬁ abdted ddigdtibininditays Shmet

| east two any caneras. e systemtracks the Sel ection-Indicator also

referred tgphgemtsabe ciireNvRewpbintadd Anglecoffeed dootrafsfdSion anbissefeersds t he
video images to be 25 transmtted. If the selected viewoint & angle is to
be deri vedofasom ‘tviwtualacrmers”. Sudlevinttad camtremasanlleitdomaes éalobyelyRdBye t he
suitabl e portions of the imges to be s n%{hﬁsi zed. .The distinct fpcmrtions
from tlhe doint grihe gaHen sgene 0¥ POoint Gfnew AN o APYanein PLoBEonal | y

e o d RS B S TP A B el BRSSP AR =
which coincides with the viewing field of a particular camera, or it can consist of
a part of the viewing field of a real camera or a combination of real cameras. The
virtual camera view can also consist of information derived indirectly from any
20 number of cameras and/or other devices acquiring data such as Zcam from 3DV
about the action-space, as well as other view points not covered by any particular
camera alone, but, covered via shared field of views of at least two any cameras.
The system tracks the Selection-Indicator also referred to here as
View-Point-and-Angle Selector (VPAS), and selects the video images to be
25 transmitted. If the selected viewpoint & angle is to be derived from two cameras,
then the system can automatically choose the suitable portions of the images to be
synthesized. The distinct portions from the distinct images are adjusted,
combined, displayed, and optionally transmitted to target device external to the
system. In other embodiments, the selected viewpoint & angle are synthesized

30 from a three-dimensional mathematical model of the action-space. Stored video
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30 froma three-di mensi onal mat hemati cal nodel of the action-space. Stored
video 10 WD 03/003720 PCT/1L01/00599 i nmages, whether Entire-View inages

or Speci fiwehs\oempi mages can al so be constructed and sentpdm@iogosp ay and
transm ssion. Referring nowto Fig. 1, which is a graphic representation of

the main j3,6QNPRRGMES Mhtidel YRAy ihabbe drelspecifieddyrppdnmioss h hhke Beesent

invention 1n- accordance with the preferred enbodi nent or the present

i nvent i oncofddteacssd iedrseritXot displademdvratsmisstage- acqui ri ng devices 10 to
capture nultiple video i mage sequence streans, stills inages and the |iKke.
Device 10 can be but not limted to digital caneras, lipstick-type

cameras, super-slow notion type.c ras, .television io canera, ZCam.type
devi ces from 3DV SgeEmg 19y .tgg:l*&laﬂﬁ’éhlphﬂé? %ppglc @B%Fﬁ@g‘ﬁﬁﬁféﬁe i)
canmeras and _devices....A though onl i i t i - on
the assSoc8&4" Bt qcfg?lgthteomﬁgmgn%%@g‘k)g%%@?#gg dtiﬁﬁ g[%?éelgl ‘i“??‘.‘@‘%?ﬁ@

confi gur eqosyahaM fitl oAbl chBpBmdRdIonE Plsil ihvéiRiots She Brwme 10
is connected via conmunication I nterface devices such as coaxial” cables to
a 15 prognammehides eli@es rimage-adqyirtg ESsicashi @ htoi saptesi gndtdpleovideorimage
retrieve, and process electronically encoded data. Device 80 can be a
conput i ng sedquerkersmeamsh stils imagdsBmdrideddsm Reviced Otdaa e ket nadipited ig
device 80 typically conprises a central processing unit, a rretré&rﬁ .storage

devi ces, digital eaMEESmbESEck-E/ e (ANAES, SUPGH-S8W TOUOR P CHBETas teleHIHEN and
ftware, input t put . devi like 2 ice 80

P bpbat OBl PR SRR AR odbive: htems: padyihd R We OB LAY, oo

S ope: e C LT i .

bor 1 or moa CONPEANN Gt SRR B0 dBALEC Aol A BRBIPICAMIBE 30

user 50 GhERMR dheheREYoBIED defvial it iPud bdewndestdfd thenpub iregdidiullpe 80
is connected via conmmunication intérface devices such as suitable

i nput / out pohfigenedcestén 2Plembiey alf ippui dheicas ewilebe ushd. Peviqenéd ds
devices include but are not limted to input device 40, vi sugl)i zation
devi ce 30.couneied régopammumcation moerfas) deyiserusicaes opraxad]i gables to a

IR M R T R TN T
pointing % YdSE elHORi AT PerddodSh Aate DeRidesh Ghn BePebifiputity pBYRIR! Sich
as an IBM PC computer or the like. Computing device 80 typically comprises a
central processing unit, a memory storage devices, internal components such as a
video and audio device cards and software, input and output devices and the like
20  (not shown). Device 80 is operative in the coding and the combining of the video
images. Device 80 is also operative in executing Selection and processing requests
performed on specific video streams according to requests submitted by a user 50
through the manipulation of input device 40. Computing device 80 is connected
via communication interface devices such as suitable input/output devices to
25 several peripheral devices. The peripheral devices include but are not limited to
input device 40, visualization device 30, video recorder device 70, and
communication device 75. Communication device 75 can be connected to other
computers or to a network of computers. Input device 40 can be a keyboard, a
joystick, or a pointing device, such as a trackball, a pen or a mouse. For example

30 a Microsoft® Intellimouse® Serial pointing device or the like can be used as
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30 a Mcrosoft(r) Intellinouse(r) Serial pointing device or the |like can be
used as 11 WD 03/003720 PCT/1L01/ 00599 device 40. Input device 40 is

mani pul at @ d3yoser 50 in order to submt requests to comaatiLngowdevi ce 80
regardi ng the selection of specific viewoints & angles, and the

processin t '@ﬁg@é,}- thesi i | : . As
a result gf%ﬁ?ei%r% essi n%@#ﬂégproc lgl?é h@égﬁ%ﬁﬂ%ﬁ%@ﬁ%@%ﬁfe@g#t?om t he
5 sel ect edp \dodGtind? BD Irepardiny B sdledionnéOspecit A @widiEeos edes,
stream Visualization device 30 includes the user interface, which is

oper at i ve and thepsqieasing @fdhe imbgesct syntlesizerthg sclectedtddwpomnd hngleepar at e
video streans by conputing device 80. The user interface assocjated with
devi ce 30 & zesylisef ¢he iproesssings the processed segmenir elovides uvegessdraddhe di ng

h f 50 i i i 80. A 30 di spl
(he Toguest o ogr 30,10 SO oo eYce, 0, BoYce 0, can aLgpl v
user 50 1 '\/iwﬁiiat'ﬁtoﬁr ﬁ&%i'chBW OIS ef)tl?s%]iﬂterfd?:e Cehi '1%959%9&{‘1\%9 S
system 12 of part of It rs envisioned by the Inventor of ther presen

| nvent! on dighlAfing| AeSHbied2vidRh ihHpeR¥ated Hom the dePfral QAR strddils 6JB  CPU

power is inadequate, thus such enbodi nent can be acconplished in the near
15 f ut ur e cofptmgetevioet 80. FEeeuser lihtebfacel @swovidied with deties BOheabonddized n

association with the follow ng drawi ngs. Visualization device 30 can be
but not | iagia egualdeedbrok te dhenser Hhraganlisg therequastsrt usshisPde CoOBPEHNEs a

uch 2t HEVIEANSOHEXCHERCIAIAY GHFPIAN S4AHENY | RETORANEPBETS EHOH R0, an
suc | Koty A PUTERYI BRSEELAGPBEPe BibITE o, an
ccr aon andndCabi e BARCLdr Bt SOTLER R RE= R RS ther 8B B0 oo

can be usedias @nbs -n'ﬁé?%a/?ieh?rlﬁaérip’ﬁt bt s RavIsIAEa BY tRe SRRAIAIS theput

§
device 40 and visualizatio devi ce '30. Qutput devi ceg%o I's operative in

the forwapdéstat diveatiohnbew placed vh deSet ToppBex(ST&YMwtha padsanidame STBleo
stream such as NTSC to targets external to 25 system 12. Qutput device 70

can be a raRdmotesiigimedetvatey thusrsuch ehbodimenfreaneee actonen]ished énthea reag
transm ssion center in order to distribute the video jmge, via. |and-based
cabl.esy oftufg olhuscataieriace sy \GhlercEaes on dR@iMsTRndes I8 aptasiati o Yyt

VI EWers. %’é rIch)lltlovc\iflenvg' &r%w%ggs(f a@is%%ﬁgatpoen 86\9185 %rckancgé %’ut |1?1'c:>t ’fﬂttxi?erzfq% aolt'\b'er

screen, an LCD screen, a CRT monitor, such as a CTX PR705F from CTX

international Inc., or a 3D console projection table such as the TAN
HOLOBENCH™ from TAN Projektionstechnologie GmbH & Co. An integrated
20 input device 40 and visualization device 30 combining an LCD screen and a
suitable pressure-sensitive ultra pen like PL500 from WACOM can be used as a
combined alternative for the usage of a separate input device 40 and visualization
device 30. Output device 70 is operative in the forwarding of an integrated video
image stream or a standard video stream, such as NTSC to targets external to
25 system 12. Output device 70 can be a modem designed to transmit the integrated
video streamn to a transmission center in order to distribute the video image, via
land-based cables, or through satellites communication networks to a plurality of
viewers. Output device 70 can also be a network card, RF Antenna, other
antennas, Satellite communication devices such as satellite modem and satellite.

30 OQutput device 70 can also be a locally disposed video tape recorder provided in

12



antennas, Satellite comunication devices such as satellite nodem and
satellite. 30 Qutput device 70 can also be a locally disposed video tape
recorder ywonsiodsedoin 12 WO 03/ 003720 PCT/ 1L01/ 00599 or derpdiaLst/euse
tenporarily or permanently a copy of the integrated video imge streamfor

por & anently a ! Lreal
chn be-a 1G85 Fo sifteAeRpblatty i nallenbllle 4 E68) B HEMpaM T HER, |1
pur poses. diikabiforfiftioRial RHIATPOMFEBELGH, &h@n@taﬁ@%rdgéve@h}ygg dgﬁﬂgé%m 12

is 5 utilized as the environnent in which the proposed net

appar at us dan boptoallyng.reimotsly dikposeddisplhysserterastilviedefor varionapupaptdir e a
plurality of video streans and send the streans to conputing device 80
such as a conput erln fheopreferssd embodemesueh the geesest neergionarsydtenstldr sd f or

| ater used i.n nmor devi ce (nat shown)_ of conputing device 80. By peans
of appriopritdizedsas (ther @i e RMicl therRIARPEdqBY andc BPPRIAEIS ol

ithin devj 80 t I Ljt ft . Mi d d vid [

e encoadtbq R drgrE SEV Rt i, SebA i Rath B0 1 BLGRS it Vo' O
are encode i Ce ! , .

i sual 2ot SR Heg e I SR s EBnS R SahfueRe> e Mo, LTSl Sty 1

interacts op@bbé‘ssbhele%@t Sick i dded RuteatigVidie bd steded for Slaedri dddi N nétendge 30.
User 15 50 visually perceives the Entire-View i mage di spl ayed on

vi sual i zatdeomced éwitcsho3m) ofUsempingredniisel 8. 8y trheans ngfuapplepriete déftwvareor der
to effect the selectigon of a viewpoint and. an angle fromwhich to, viewthe
act i onlspdeBiingh Orshardwarg deyises igrpenated pythin devga 80stheephurdlity) ofatheat or

e 2 TSRS SR S ORR i Sh e AL Gl o S

thr ee- di menslignah (AL fneEa ITRIE WuALRON bF IR ShioSelERLORe! fll ft o

can be used. propriate tware routl nes®or war e devi ces 1 ncluded in

conput i ng displag dnBAs@lzafiomdeVied 30 JudhGRMOdBPIAY serechNTREREESD BAkYtemVi ew
image as well  as the synthesis of the Specified-View according to the
i ndi cat i onl2oint¢raets wifhshe Histem ivike mpjurdgeseatlcapt visealsmdi onuddvicchdd. Eser
integrated, conposite, image 25 is created. The inage is _sent to the user
i nt er fldce Whvisnally peisgives 4be BatiereViiew impge digidaysd ovisnalzatonotevies 30mr e

precel ned U By vl ces. 0 Therelore i ocomeTLLe eSS
viewpoint and an angle from which to view the action-space. The selection is
indicated by a visual Selection-Indicator that is manipulable across or in relation
to the Entire-View image. Various selection indicators can be used. For example
20  in a three-dimensional Entire-view image an arrow time of Selection-Indicator can
be used. Appropriate software routines or hardware devices included in
computing device 80 are functional in combining an integrated Entire-View image
as well as the synthesis of the Specified-View according to the indication of the
VPAS. The video images are processed such that an integrated, composite, image
25  is created. The image is sent to the user interface on the visualization device 30,
and optionally to one or more predefined output devices 70. Therefore the
composite video stream is created following the manipulation of the user 50 of
mput device 40. In the present invention image sources can also include a
broadcast transmission, computer files sent over a network and the like.

30
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i nput device 40. In the present invention inmage sources can also include a
broadcast transm ssion, conputer files sent over a network and the |ike. 30
13 WO 03/ G@308203726T/ 1L01/ 00599 Fig. 2 is a block diagram iddriaghi/@isbang t he
functional conponents of the system 12 according to the preferred

enbodi ment of thepps espn} bldkedibbam ilRsagny the feastvnab eomponges addhe r i ng
device 10, conputing device 80, rnput device 40, visualization device 30,
and out pukystemi Iadtdrdifigrtpuheé peefaevd embsdimentaf3he prepant mvpntzer. Gyyistem
conprising a central processing unit SCPU), and a storgge, deéice QQPt
shown) . Dd?iaenguseasrivlaggersquaing devinel 100 ABMRNHEE A8VIcCed20inpEhdeviee %t i on
and processin

devi ce 60. di and , conbi ni devi ce 20 i.s .a_ sgf twafe
routine oMS&aﬁ%&% % 3§B&}I}%gé’flpﬁ% PRET fic | &b‘?’é’ﬁ‘&dd&‘(l?%u?@ l&%h
sui t abl e rQcessing.i.ns -LoNns i -rcqimt e
devi ce_sor h%f%mgo%lgﬂgﬁi é@ﬂﬁﬁg@go? %@ggﬁ’g"%ﬁﬁ@o‘%‘% ng (’Jlreb\%ac%a%%ﬁgé
operati ve gbfick r'(?Lgt tsh@%f).oﬁé%de%o QhclMiSY ébdi!ngf aidebh®iniagrdévicd2endngent by
i mge-acquiring device “10 having analog or digital fornat to a digitally
encoded sisgleation aad pyddegsingalesareses0. iGudangrand oombidéug devizd 20sis alsoftvepper at i ve
in connecting the frames wthin the distinct visual streans into, ab
conbi ned Enttine o¥izprégrammabld Spdicktioredpatifioy integratadecingb mithasyijable
di spl ayed on visualization devbg&e%g Saj d conbit‘%g%i on ,can

. be .
al t er nat i PEPSESPIAE| IBSEFCHPES §18 thegping &F; #RO WQ&@%&%&% Ry Bevice
& T o S 2 _ o \
Io 1= 5 SRR RO R 540, PSHAUTRRLBIE, oSSR AR o
cart | ed ohA0aaliN ot Shidatio Shphide e senanfai - stpiriag ericat | on

is sent fromadevice 1 conmputin evice 8 e information is
convert ed RN AhA6g OF délkiei] tfatmAtad Mrligithldy ehepded sigialsrearrping thesiinaed by
the coding and conbi ning device 20. The coded and conbi ned data is

di spl ayed informiationl DeviceoB0dBvialse GRraiit isicennceiied (ke raraes withisghect i on
and processi ng device 60. A user 50 such_as . TV studi o director,,.a

conf er encdlistingé oigsd rsiicABISoItO A ﬁ@ﬁbm@éeﬁmyﬁ?\’w ifame a8g Spes éﬁ‘i'ylew

S 18-S e Bt £S5 fn v MRl b RO H AN A LGE fbe o o

alternatively realized via visualization device 30. Image-acquiring device 10 is a

video image acquisition apparatus such as a video camera. Device 10 captures
dynamic images, encodes the images into visual information carried on an analog
or digital waveform. The encoded visual information is sent from -device 10 to
20 computing device 80. The information is converted from analog or digital format
to digital format and combined by the coding and combining device 20. The
coded and combined data is displayed on visualization device 30 and
simultaneously sent to selection and processing device 60. A user 50 such as a
TV studio director, a conference video coordinator, a home user or the like,
25 visually perceives visualization device 30, and by utilizing input device 40
submits suitable requests regarding the selection and the processing of a
viewpoint and ’angle to selection and processing device 60. Selection and
processing device 60 is a software routine or a programmable application-specific
integrated circuit with suitable processing instructions embedded therein or

30 another hardware device or a combination thereof. Selection and processing
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vi ewpoi nt and angle to sel ection and processing device 60. Selection and
processing device 60 is a software routine or a programabl e

applicati wmo@mesi2zbi c integrated circuit with suitable praoaiaEingsso

i nstructi ons enbedded therein or 30 anot her hardware device or a

conbi nat i gRvidResEHithiSLdReHitly abwceBIcadsdits and lprodse3/thO3T@Mpoint and
PCT/ 1L01/ 00599 device 60 w thin conputing device 80 sel ects and processes

t he vi eWthEIe alettedibg ses 50 daveagh hyputstevicsl: Wrsougesulingfithe dperationdibe As a
result of the operation the selected and processed _video %&riea are sent
to vi sual isgkectednanidpreeessed vadep spams fae [sgnt éo ousyplizatian; ¢ SVogPPut

device 70 can be a npdem._or. othe

t f 5 i cati devy f
di st ant | OPRORBNY i PRIRG Adice 7). DuPdcle e LR OF acBpdeh ofthk ar of
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G spl 2y oftomauger BamRuon sy SeR g RanPi ™S IR Sacndfe (REflr, T 0°
of the 9chesiby deloindl MULHCSE dhbPdiobielan TV berebingt dBiealmetas clok lbéan of

the system conponents descri bed above is now described froma different

poi nt of \ihﬁge digplapoeihe sdledted ahdwrvdesved Qatdi hgthencheratitiali floyy phetess and
sel ection an processing process are interconnected in the disclosed
system A thatganédabwata Saw desoribed Harom, dhe Simssioant desesipting of thespYle® be

t to th illed jn the ar t_both describe the.
Cyetom | r GRTRTCAIS AEXEREd IOTESISROY| Gachbed O EHEoeBt G LTI vang

| ete discl RS t] | fl . of '
row dotcr isgtelym daf govs VERTB83R pufocSilBiing bR RRg) RuedRifiapiry '
devi ce 10 éﬁB?@ﬁ%ﬁ%g@{o%gseé}e MicdcSttdcRi £ ARMTMILER! sifletnN e GhACRoWENERES

such as cagaxra es to frame grabber 22. Processing performed by frane

gr abber 2Zjifrep fro6l 4'06mpoatmoHewt but idshibildbecappeaesistitorhe fpersvas skiledensi on,
marking for retrieval and the Iike. Said 20 processing can be realized

i ndi vi dualthy atiothaeboth desveibe the sameasystemdtanydivg different poistsl o ¥igW & a
group of ‘cameras. Frane_ grabber 22 can be DVnowAV from Dazzl e Europe GrbH
and the | itke pusash of evinleandscamypleteadisglopit§ced wit hin conputing device 80

G abbels 22 ar o mol BBLSELGROB, AL pLascinar-agis S0 By B ERelne. T
25 frame mpdi &i Galhol Aagdd! AGRiretBAP indYife ACLiPHE diGON 0 ard HhngREPEL 1 i cal
via suitable communication interface devices such as coaxial cables to frame
grabber 22. Processing performed by frame grabber 22 can include analogue to
digital conversion, format conversion, marking for retrieval and the like. Said
20  processing can be realized individually for each camera 10 or alternatively can be
realized for a group of cameras. Frame grabber 22 can be DVnowAV from Dazzle
Europe GmbH and the like. Such device is typically placed within computing
device 80 of Fig. 2. Images obtained by cameras 10, converted and formatted by
frame grabber 22 are now processed by device 80 of Fig. 2 as seen in step 26. In
25 frame modification 26, video images are optionally color and geometrical
corrected 21 using information obtained from one or a plurality of image sources.
Color modifications include gain correction, offset correction, color adaptation
and comparison to other images and the like. Geometrical calibration involves
correction of zoom, tilt, and lens distortions. Other frame modifications can

50  include mathematical model generation 23, which produces a mathematical model
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corrected 21 using information obtained fromone or a plurality of inmage
sources. Color nodifications include gain correction, offset correction,
col or adaptoadsioasy2o and conpari son to other inages and the lpdgarofmsoetrical
calibration involves correction of zoom tilt, and lens distortions. O her

frame ”Ddi&fitﬁefsbmby%aﬁ%mgwﬁha%ﬁmm&ﬂm. iIﬁadddMﬁ"ogﬁRﬂﬁI aiddificabnswhi ch
produces a mat henati cal d 15 WO 03/ 003720 PCT/ 1L01/ 00599 of the scene

by anal'yzitoglatara§eahrfeoperédrired, ahd iavilive icotor dpnpmgabddiidnf ofcdigitehdatat o
data 25 can be perforned, and involve col or changing, addition of digital
data to itoagesgesndandhéhd ilike, Fraame modificationi 36, tepicalyi awl vpdated biydat ed

b |'i brat.jon. data 27_t hat | d . ' f la b ta f

{7 ame 5 orAHBERIoDD G2y AheiioBP FSCRIOBIoHPBAERNSG SFEde PR G T BRSE oy
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her e e BY AT B A D a P row Y | Froh "dara 27

Can be redCha gy Stedn SHiordl BREAES Mo g T A Y, o

thereof . FalibfxRAPdfa. Dag flown@tireglibraciohidata 20 i2Goc diustertédripl Bt fd usi ng
a graphics board such as a SynergyTMI11 from ELSA. Frame nodification 26

can al so bémpBeity padpdse. Hryms ofodificatiqre 26orami beyrealimed dynsoftwanst fominegef or e
ohch CanmeErdam iRt GhaRPIbAI RO dio8 GSaHBl: dbe SemesoRdationey! ce
it ol 10Rarbofade CEDIATHERG ahia  dlaios Jots Sk arpiecedy ot Tl ce.
o 1§ cat taroy ophe HodiEBuict, 26 cal HEABSKbaLAG by AROSSEMEATDAOARE o s

vel | as f ReshB eescHaN B diyreadtyafil Tané aridifoaidrvilegrdted &y stepde]l videb Fi g.
1 are now synthesized in steps 36 and 38 by conputing device 80. Such

i mges carmag@es fivon lkach eamieve d0 ase faptienally stared dnpitrage rdeviver X8, avtdragee
|'i ke. Synthesis of images can conprise of selection, processi rrllg@ nd

combi ni ng dsviogi d8ocanbges. Read SlnlprMearsga(heM)s deggn el &s PRt ditve
angl o155y e STE Tl Bl BARdPRe Ry SMEperC RIS efed iy BRAbIREY: mges
from carrers%raég i badd B¢ Iﬁa%%%jtigi&gof)ﬁme(ﬁsﬁ.r Sitaming video images from
frame modification process 26 or Video images obtained from storage device 28
as well as from images sent by any communications device to system 12 of Fig. 1
are now synthesized in steps 36 and 38 by computing device 80. Such images can
20  also be received as file over a computer network and the like. Synthesis of images
can comprise of selection, processing and combining of video images. In other
embodiments, Synthesis can involve rendering a three-dimensional model from
the specified viewpoint and angle. Synthesis can be performed while system is
on-line receiving images from cameras 10 or off-line receiving images from
25 storage device 28. Off-line synthesis can be performed before the user activates
and uses the system. Such synthesis can be of the Specified-View synthesis type,
or the Entire-View synthesis type as seen in steps 36 and 38 respectively. In the
Specified-View synthesis process, seen in step 36, distinct video images obtained
after frame modifications 26 or from storage device 28 are processed and

30 combined either directly, or using a three-dimensional model generated from the
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25 storage device 28. Of-line synthesis can be perforned before the user
activates and uses the system Such synthesis can be of the Specified-View
synt hesi swioygao3720r the Entire-View synthesis type as seerpdiaLsi/epss 36 and
38 respectively. In the Specified-View synthesis process, seen in step 36,

38 respect | vel y. _ , 'S process _
St or age. di LRt S B A B e e e i ng a

t hr ee- di megsi pRdhaOgebedsiigr anddchmbmation, itfagdd 83 Qs F0r Riidplay06600599
distinct video inages or a three-dinensional nodel already kept in_storage

devi ce 2&isuRlirstiemtdepicec® somsenaria cuitprsi dexidesn/O iofdijgs 1afios teaaamigseon,
di splay on visualization device 3811( or sent . to output dgvi ces 70 of .Fig. 1
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processed an ombined to produce one |arge io inage incorporating the

Enti re- Vi dwgin ohet digtiact mided Ganggsasr h0thres-deeemsiomalstegdel a@eadintliope-vi ew

i mges can then be sent for storage 28, as well as sent for displ?y as
fige

seen in sttypagsdediceilte Lviagos axmthia Precessest avd caBLLARRY KOBINdHEE PBA

further detailed in Fig. 5._User 41, uysing pointing devjce 40 of Fiqg. 1
per f orits JEPRER IRGHPOGHING @ﬁ%}q{?'\éﬁﬁ’séﬁﬂ”@ JYPH ﬁgﬁgga,s ]:HC’ ERSHTER Fﬁﬁg Vi ew
synt hesi s fJj el d as,.seen in._i i

Y anst or  éd- ERUEiRE Rl £ i Y S E0RERE I aSid e splay

Vi ew poi n | e5iRe-Vi¥RASh jRBssiAe i ddrbinai@ald fathen and
di spl ay. %&ﬁg‘éﬁg%@ s%g's%p%l?? (;&med i ntﬁéégs?gl I eISs vmgt h Enti rg-\ﬁ ew synt hesi s
and di spl atdiledsinePig. 38 Ut 44 5usibg lpeaitimpndefice #6vefoligt 1apetforam gietection
coordinates are also sent and used for the perfornmance of Specified-View 20
synt hesi s dds/isepoint andtamgleoordimsigso withimdntiaer iewcnmtesinfield asaseeaiBo be
sent for storage on storage device 28 for |ater use..Such yse can include

| VPAS dissplstsp 8 Suqh eQordubes Siscurn teasigris (9o HRHE VY i SyTHERS B Ofittte and
the like. w%?elrg C%ﬂe%fn a(r?é use® 48! %erBgm?n%f J\ﬁglfeurStetb%rtordi(WACSﬁe‘flod.a@ioﬁi g. 5.
definition, realization and display. Such process is performed in parallel with
Entire-View synthesis and display in steps 38 and 46. Selection of viewpoint and
angle coordinates are also sent and used for the performance of Specified-View
20  synthesis as seen in step 36. Viewpoint and angle coordinates can also be sent for
storage on storage device 28 for later use. Such uise can include VPAS display in
replay mode, Specified-View generation in replay mode and the like. Selection of
viewpoint and angle is further disclosed in Fig. 5.
Fig. 4 illustrates an exemplary main window for the application
25 interface. The application interface window is presented to the user 50 of Fig. 2
following a request made by the user 50 of Fig. 2 to load and activate the user
interface. In the preferred embodiment of the present invention, the activation of
the interface is effected by pointing the pointing device 40 of Fig. 1 to a
predetermined visual symbol such as an icon displayed on the visualization device

30 and “clicking” or suitably manipulating the pointer device 40 button. Fig. 4 is a
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Fig. 4 illustrates an exenplary nmain wi ndow for the application 25
interface. The application interface window is presented to the user 50 of

Fig. 2 fald@wosgoa request nade by the user 50 of Fig. 2 dcaiLegehsend
activate the user interface. In the preferred enbodi nent of the present

i nvention, qgﬁgigg%a\é@%gaqui&b ﬁléiﬂygg&@&qob.swﬁﬁw P(?b Ry diRAlaEd Rﬁthtehe
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mani pul ating the pornter device 40 button. Fig. 4 is a 17 03/ 003720
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is displayed to the wuser 50 of Fig. 2 on visuyalization device 30 _of Fig.
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of w de wi ndow.,102 a sup-w nd 112 is l.qgat ed, Sub-w ndow 112 is.
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code or nﬁtgrgg ro}la%ﬁe&g?llegg{ee@n(fe ngrdﬂﬁﬁkgpc% _%%Hg?e Oeud r ﬁfH(;ef %@&%@he
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and the |idepsedprgod «fer broadcdstotie\fianahunbtoamdtomespoading toledah mdwe,sane
time, io but possibly in different |ocations or directions, typically have

the same audvthecldkie linagas ideriyed frnmiweunl finktowmation Maptused ratdhe samedpner ed at

di f f tot] typi.cally h di f f t time-codes. ically, th
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ot her i mage show ng a Vi ew. ire-View 102 is a sub-wndow
cont ai ni ngcdulneredft Mevienthie! Ehey icleer portioas] 10068 miairedibdowhO0péatrtaing tay of

i mage-acquiring device 10 of Fig. 1 after processing, or stored nultiple
vi deo i nagedeaimege fraowete? meferiSdcto g5rthedsdirag/iew éigiéc’fh‘b&mlz@\ébm@m n
Fig. 3 and detailed further belowin Fig. 5. In the preferred egbodi ment
of t helspr agehdei @y aeradity ©Ofie VA i 1ageS nelfe sath RlSOp e JEPETSERITE sl ayed
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Entire-View 102 is a sub-window containing the either multiple video images
obtained by the plurality of image-acquiring device 10 of Fig. 1 after processing,
or stored multiple video images after processing. Such processing is described
20 above in Fig. 3 and detailed further below in Fig. 5. In the preferred embodiment
of the present invention, the multiple images ate processed and displayed in a
sequential order on an elongated rectangular frame. Such processing is described
in Fig. 3 and 5. In other preferred embodiments the Entire-View 102 can be
configured into other shapes, such as a square, a cone or any other geometrical
25 form typically designed to fit the combined field of view of the image-acquiring
device 10 of Fig. 1. Entire-View can also be a 3-Dimensional image displayed on
a suitable display, such as TAN HOLOBENCH™ from TAN
Projektionstechnologie GmbH & Co. On the upper 120 left hand side 130 of the

main window 100 a Specified-View frame 104 sub-window is shown. Frame 104

30  displays a portion of the Entire-View 102 that was selected by the user 50 of Fig.
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in Fig. 3 and 5. In other preferred enbodi nents the Entire-View 102 can be
configured into other shapes, such as a square, a cone or any other

geonet ri calo ®mosaom typically designed to fit the conbi nedpdrgbhdonsde vi ew of
t he i mage-acquiring device 10 of Fig. 1. Entire-View can also be a

3- Di nensi dnat seemgia stieppd2yddFign 3. alns ohe gireferdids pinbpdimerth of thd Aftesent
HOLOBENCHTM from TAN _Proj ektionstechno] ogie GrbH & Co. On the upper 120
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sub-w ndow i s, shown. Franme 104 30 di.splays a portiqn of th ntire-View 102
that was P@éhfegd{ynﬁ?’vt émﬁsé 4sealbf5*ﬁ%. pendigiopts i oey 00 éE?lE?li‘ité%gg 1
as seen in.step.42 of Fi.q. | N0 referr ogl h ent
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5 segnent selectddefragicl gfpeapiagen witidow i194r ear dseginedobbroddrakintdrr eanvbew 102.
The selected frane appearing in w ndow 104 can be sent for broadcast, or
can be namimpilateldpmon torthe drankmigsiemaniesiathasscedanistapdhof $e@rd.i Abst ep 44
of Fig. 3. The displayed segnent of Enti re-igie(eiw 102 _.in Specified-View
frame 104 displaxashengment ol Boile-View {4 ipSpecisiedr Yew, figew {hgegeshandsayed

| mited ¢ 40 dnbobmned B f o 81088 AeEes et f B Rre DARR 18 SOBR% 106"
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by e hdon P B R RAT e ol AT not WHEGE € B3R, O R i e

cor r espongiRereldaot dea ‘WRAS udb, VPES 06 ifeneiGh &Y edvirtual Jaarkd1 Bdidtewy frame
104. VPAS 106 is a two-dinensional graphical shape. 15 VPAS 106 can be

gi ven al selert the ectibnepsicortsbrviedrbyathebwietdeli cegneraleph tparedEBetite-Voew he

hei ght and width characterizing the frane in the preferred. enbodi nent.
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Such a t hrlé8, andeheiveden impgHeoBesPAHLING Eoble svishial kameraelsydisplayed n
represents, the "virtu cangra',the ne envel qpe represents. the, borders
of the. f SEEETSO-VicHy BATE b4 VW{*Salltigalﬁe?a“WOaag“‘i”ﬁé‘P“&gs%faP@lﬁﬁgéh?R% t he
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various seerfiSt@fthe height and width characterizing the frame in the preferred

embodiment. Such a three-dimensional shape can be a cone such that the vertex

represents the “virtual camera”, the cone envelope represents the borders of the
field of view of the “virtual camera” and the base represents the background of
20 the image obtained. VPAS 106 is typically smaller in size compared to
Entire-View 102. Therefore, indicator 106 can overlap with various segments of
the Entire-View 102. VPAS 106 is typically manipulated such that a movement of
the frame 106 is affected along Entire-View 102. This movement is accomplished
via the input device 40 of Fig. 1, which can also include control means such as a
25 human touch or a human-manipulated instrument touch on a touch sensitive
screen, voice commands. This movement can also be effected, by automatic
means such as with automatic tracking of an object within the Entire-View 102
and the like. The video images within the Specified-View frame 104 are
continuously displayed along a time-code and correspond to the respective video

30 images enclosed by VPAS 106 on Entire-View 102. Images displayed in

19



the Entire-View 102. VPAS 106 is typically manipul ated such that a novenent
of the frane 106 is affected along Entire-View 102. This novenent is
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2. On the upper 120 right-hand side 140 of main window 100 several graphical

representation of operation mode indicators are located. The mode indicators
represent a variety of operation modes such as but not limited to view mode 179,
20 record mode 180, playback mode 181, live mode 108, replay mode 183, and the
like. The operation mode indicators 108 typically change color, size, and the like,
when the specific mode is selected to indicate to the user 50 of Fig. 1 the
operating mode of the apparatus. On the upper 120 left-hand side 130 of main
window 100 a set of drop-down main menu items 114 are shown. The drop-down
25 main menu items 114 contain diverse menu items (not shown) representing
appropriate computer-readable commands for the suitable manipulation of the
user interface. The main menu items 114 are logically divided into File main
menu item 190, Edit main menu item 192, View main menu item 194, Replay
main menu item 196, topology main menu item 198, Mode main menu item 197,

30  and Help main menu item 199. A topology frame 116 displayed in a sub-window

20



| i ke. The operation node indicators 108 typically change color, size, and
the like, when the specific node is selected to indicate to the user 50 of
Fig. 1 thao®pesabi ng node of the apparatus. On the upper pkAGLbgddsehand
side 130 of main w ndow 100 a set of drop-down main nmenu itens 114 are

shown. Thes iRy @MVthe SupPeir Npoteidn 12€nsf Hed ripbotiaind dideende balow inieles (not
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practi cal omameaaonfighiagionasuitable fow b datcilar bosteyed actiex 4aking, placpan tai al | y
sem -el evated side view of a basketbal| field having multitude of caneras
obser vi ng SPeeifict aetian spacsf camhbe gt Qiiepractigal ¢3meha coRIEWRTIORG CaWdve t he

epace. S TodBPBgs FitaRAttal: dnha iy, SEr oy gred cld I st B adBmal Be By °7,
Fdent i fyi g b0 R RAE 0P LatlFaPob vl SPAANRL s GtPEE! douffad/hRY 45" foR 104

the ceiling above the court, sidelines of the court and any other location observing

the action space. Topology frame 116 can substantially assist the user 50 of Fig 1
in identifying the projected viewpoint displayed in Specified-View frame 104.
20 Frame 116 can also assist the director to make important directorial decision
on-the-fly such as rapidly deciding which point“of view is the optimal angle for
capturing an action at a certain point in time. The user interface can use
information obtained from image acquiring devices 10 regarding the action space
such that different points of view observing the aétion space can be assembled
25 and displayed. It would be apparent to one with an ordinary skill in the art that the
above description of the present invention is provided for the purposes of ready
understanding merely. For example, the Specified-View frame 104 can be divided
or multiplied to host a number of video images displayed on the main window
100 simultaneously. A different configuration could include an additional

30 sub-window (not shown) located between Specified-View frame 104 and
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20 Franme 116 can al so assist the director to make inportant directori al
decision on-the-fly such as rapidly deciding which point-bf viewis the
opti mal aw@ @hono capturing an action at a certain point par/iiLbiosedThe user
interface can use information obtained fromimage acquiring devices 10

regar di ng §e, 6t [fYdeSiRafBtors 468, *Iggtadﬁiﬁérﬁﬂ Qfib-wiRdBRSche diégﬁtg Plageack ng

the action“space can be assenbl ed and di splayed. It woul e apparent to

one wit'h andes thagdsyariktdd bé dedipaated tas tahpievidve fraaio veddigssali abi-windefws he
present invention is provided for the purposes of read under st andi ng

nerely. FaoubkbepdddedtwhicBpeni Hé esed/faveditingesdedtingamb magimilaierg vadeo
multiplied to host a nunber of video ipages displaye n the i n w ndow
100 si nul tiEsessisAgditional spbrvERdows riaudd; r(g%RléYl aéglﬂ(&laf ﬁ;c)ﬁ lﬁéel S&Hhm@fonal
30 sub-w ndow (n S .| ocat ed, bet n, Spegi fied-View fra 104 .and 21
WO 03/ 603738 t’ﬁ&ﬁ%ﬂf@%ﬁ%&é@“’%ﬁ@flﬁ? 09,‘?\[\%38% ﬁn Cc 37BF Stu%é;_od?ﬁn a%‘bqtﬁ onal
sub-w ndo i : y i ‘] : "qﬁa’i'mﬁ S a
previ ew f\r%argr%?re_ dgﬂb?ﬁ%@%ﬂ&ﬁ% R#osggp %ﬁ%&ﬁbgﬂgﬁggff&% ch can gdlyoged for
editing, sgbssiidegy 886l BILREE3bisTAbY 88O rello@Agsle, At frhpidal 04seduldi trdows
coul d display additional VPAS 106, such that 5 nmultiple Specified-Views can
be sel ect adsiatd the lasger sizeymraouéd benedocitbéin opdeftersetpgrbomireeantrall t he

present invention, the Specified-View frame 104 = sub-w ndow coul d be nade
re- si zabl doeattbry én npwiat wiideow TRE. in ametheyprebured pabodarentcef the Brasgiiger

e v nddRy o, 1oV Y 102iRile Gyl SHEHEIECCYRN Rty d0dnin sgchd " 1"
mai n n )L, 0 - n

e nor et aHadEn St it ONED ihfaeRR IR i SHediFRERER gkt SUoh
frame 104 gy Ml}]’B@ s%ﬁéﬂs@ﬁ%&ﬁrﬁﬁ% P -SiERt 10280 b S Hndds MbdRGIayRDRS are

di splayed in the sane ov I'ng location. Awre frame configuration can
al so be ushe satfaesverlydnd Joodeisar Apwiredrdrhaesnfigmationicag ayebeyised, whe ayed

i mages are shown. Such a 15 configuration allows the user to concentrate on
one area dafnlyrsiescriptindolingoomprisialgl ovarlyesg displaysidignaess iageshawd. Stuehdasi ng
accuracy and work, efficiency. Additional enbodi nent fof the .preferred
enbodi Ken(CORGAUTHIA OWPAE 158 1rRONCERTHE AT PR ATt TR MIBIO A0 & vi ow

102 can b%nd'tﬁﬁlesﬁc?é’dfi"c‘%ﬁé’ t fa%ig?ltea%'rlﬁ \ﬁ%é‘esasing accuracy and work -efficiency.

Additional embodiment of the preferred embodiment can include VPAS 106 and
Entire-View 102, in which Entire-View 102 can be displaced about a static VPAS
106. It would be apparent to the person skilled in the art that many other
20 embodiments of main window for the application interface can be realized within

-

the scope of the present invention.

Fig. 5 is an exemplary operational flowchart of the user interface

illustrating Entire-View synthesis, Specified-View synthesis and selection of

25 viewpoint and angle processes. Selection of viewpoint and angle is a
user-controlled process in which the user selects the coordinates of a specific
location within fhe Entire-View. These coordinates are graphically represented on

the Entire-View as Selection-Indicator display. Said coordinates are used for
Specified-View synthesis process, and can be saved, retrieved and used for

30  off-line manipulation and the like. Synthesis involves manipulation of video
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106. It would be apparent to the person skilled in the art that many ot her
20 enbodi nents of main wi ndow for the application interface can be realized
within twe sooproof the present invention. Fig. 5 is an eCaphaE0FI9
operational flowhart of the user interface illustrating Entire-View

synt hesi s im@pes af idedeNbedvhsyoin Hes idésphnd @mel bodddoastodf viREeovineagesi b thisd
angl e processes. Sel ection of viewpoint and angle is a user-contrqlled
process i examiplh syhthegiseof Wdee tmagasiovelyes pasiateef Byo ar spueiimpges. W6kt i on

within the Entire-View. These coordi nates are graphically represented on
the Entir ®ATHREIHOGS %ﬁafyn@ia@ei’ﬂlgqﬂoé‘i %&Iﬁ CSSAC acso%’%ﬁiq{gts'gg%msed
for Specified-View synthesis,process n d, .r | eye d used
for 30 of filﬁt?’%]é)nnﬁﬁfﬁﬂg{lf’ ot n&gtﬁli fnllcﬁg% O%sn%(ﬁgesﬁgo\ﬁ%hvaosl eéy %n?‘ﬁu ation
of video 1,083 / 1 id | jWinof or

di spl a§ , gﬁﬁegﬁgﬁgg@t ageglﬁe%dcgn’g%ggggllgm?ﬁiﬁgd q?%?ﬁﬁ’ﬁ@?%h?ﬁgg S %f

vi deo i magRgpingy dhuess Besidnbined bwroedssepsech angesandSpaste, Alds blagimgyvol ves
prelimnary mani pul ation of inmages such as rotation, stretching, ]
di st ort i oPatterm-Selkectine Geloh Iamgei Fusiemds zvelhasosimalar i oethodafomsynthgsiscol or

5 corrections and the |ike. Such process_is ter . hereip war pi ng,

Fol | owi ng magapwlasgn qfﬁﬁ@&&alﬂéh@mi@jogﬁ’?ﬁlgégg\g@y €A% IAREXEN I past e,
Al fa bl endi.ng, . Pattern-Se] ectiye Col,or | nma Fusi on..as well as si.m| ar

met hods. { OF TEPHTREES &7C HARMEHFSH FORTOBRYS fusjie TIASE TS hesomists aghicVes

Speci Thedwy it fodt ﬂﬁ%éé%gﬁﬁ@giﬁgﬁg‘gpgé k¥ RihBRGBRaIANE Ry ThOERARYibW

produce a sing I mage: eves 1o an €nhanced |1 nage size
and qual i Tsynth'eﬁ'is,ahbW%véf,W@Wﬁi‘ﬁﬂed'f@ﬁgﬁfe_e'r&enﬁé lifRpys emid &y dispRyEd. in
however, is perfornmed for three or nore inmages, and is displayed in |ow
qual i ty i townpiality irgeall dmage fofnnti Erting-¥iew maggss aveemulil imagenmgstructs
constructs that can be displayed in two or three-dinmensional display such
as on a sphareandbe displayieden wvespr thyeardimensiorplidisplpy isach 25 opree SPhas® Bhar t

O o e T SR LG Processes occurring iy the user
Spedl s Ve AAGalh oA SIS R AR S

from in the user interface in harmony, and corresponding to like steps in Fig. 3,

namely, Specified-View synthesis 36, selection of viewpoint and angle 42 as well

as Entire-View synthesis 38. At step 220, the beginning time-code is set, from

which to start displaying the Entire-View and the Specified-View. User 254 can

20 select the beginning time-code by manipulating appropriate input device 40 of

Fig.1, such as keyboard push-button, clicking a nmiouse pointer device, using voice

command and the like. The beginning time-code can also be set automatically, for

example, using “bookmarks”, using object searching, etc. Running the different

views of the video, and advancing the time-code counter can be terminated when

25 video images are no longer available for synthesis or when user 254 commands

such termination by manipulating appropriate input device 40 of Fig. 1. A

time-code interval is defined as the time elapsing between each two consecutive

time-codes. “Synthesis Interval” is defined as the time necessary for Computing

Device 80 to synthesize and display an Entire-View image and a Specified-View

30 image. Consecutive images must be synthesized and displayed at a reasonable
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which to start displaying the Entire-View and the Specified-View User 254
can 20 select the beginning tinme-code by mani pul ating appropriate input

devi ce 40wefo3/0bs@e 1, such as keyboard push-button, cli ckipgg/monwsse
poi nter device, using voice comuand and the |ike. The beginning tine-code
can al so ' seqifchfiaPY Rieo Usi1aaes ?}%E@x‘r&% eHBl 19
obj ect se ?gﬁﬁhga?fbéf%ﬁfs%%!oﬁaer&ﬁge I ?eren"teo Vi gwss ag the vi dS o, and

advanci ng diffierehi sfbeaietoUht SyntitiidBitdoantaavay fbarombtitiedrdeitorbes are
no | onger avail able for synthesis or when user 254 commuands such

t er ni nat i aaxbguarendiffdrendesgnahpcomplextity ofihetimages.cEhetSyotherisgntetval As
time-code interval is defined as the tinme el apsiﬂcL bet ween each two,
consecut i vieterminas by Gemputogripadse §0 04 Tagvhfor gash Jeame seuence.ris sePRdn

age. ana sEPHLE Reatihsisai Ehipun i et ar: soef gl SRS GanEkthes zed
and di spl eysh at At easapall fip 23 HRASHACRTRG RETALLOT 0039 RBGEvet O
all ow a user 1o observe sequelgtl alvideo i mages  at e correct “speed’ In

di fferent sorRdisRMal sNarcthie $he tihftl &daeint&oal, \@mRﬁﬁﬂganetsmafcode
to the next due to differences in the conplexity of the inmges. The

Synt hesi s Figit rwidll skip indgee inrithe dedquenCanamd retgeevhe émage ofitiFile popeor each
frame sequence, as seen in 5 step 204. If Synthesis Interval is snmaller
than or edjmg-cods thecedums fondee delagraagsed brdhplens gypiastelmervak FThys 1
retrieves.the following image in l.ine, |If, however, Synthesis Interval is
| ar ger0t hiAgsRciny HRWEAREO GARGhe, SPPRSh 1D FENFIGIDR SO0 UB Y Y hereperiqnagy ||

i mo- cods Tiahd sEABE BYTARcAR aloFd BT hlifeyi RS K0 E RIS ep
Thus i o0 ippgesrife-Lhk RRONAING .ySfrlfthE’s‘%s BfERAE SondtRriNRNS alfe Rt ARAWALY | €W ng

experience. Franme sel ection -code interval and Synthesis Interval

i's illustpatfemantes e usk0df thEiprepeeedeintaittonval junstiofywithasfast protesseal
constraints is related to hardware performance. The use of the proposed

i nventi on_(F(F]r %xa;ngﬁpgp dgzi-ﬁ:%f%sﬁf\znwém 1%%%?5@%@%@2@%;@@% P_Cd
syste W_{ ) { n t oar. rovi des
ays maIrPP syAs M4z snqthebogrd) p ! Se? ﬁWﬁﬁaS? $h teﬁl\/_l‘éggdg{)‘ﬁ jélr%mﬂa 88. In
oRe O AR SRR 22 R it BB >

time-code is set in step 220. The frame corresponding to current time-code is now

selected by computing device 80 of Fig. 1. Selected frame is now processed in the
Specified-View synthesis 36 and Entire-View synthesis 38 described here forth.
20  After display of the selected frame in steps 226 and 250, computing device 80 of
Fig. 1 determines the time-code for the next frame as seen in step 204. If
Synthesis Interval is smaller than or equal to the time-code interval determined at
step 204, Computing Device 80 of Fig. 1 retrieves the following image in line. If,
however, Synthesis Interval is larger than the time-code interval, Computing
25 Device 80 of Fig. 1 will skip images in the sequence, and retrieve the image with
the proper time-code to account for the delay caused by the long Synthesis
Interval. Referring now to the specified synthesis 36, where in step 208, images
corresponding to time-code are retrieved from image sources 212, such as image
acquiring devices 10 of Fig 1, storage device 28 of Fig 3, image files from a

30 computer network, images from broadcasts obtained by the system and the like,
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sel ected by conputing device 80 of Fig. 1. Selected franme is now processed
in the Specified-View synthesis 36 and Entire-View synthesis 38 descri bed
here fortwo @dodhber display of the selected frane in stepgTagf/evich 250,

conputing device 80 of Fig. 1 determnes the tinme-code for the next'-frame

as seen in_st 0 Y j n val ab gl t r to the
ti me-code OPﬁ'ilge?&i gféé{%er ﬁnmﬁésotlfe%&rzog, Agrgﬁgutl r? Eff)eV\k/}lPdgeﬂji Og%l?alé:‘iig. 1
retrieves g b V&R ogn iong. chU. 80 savieigern, sedyert espatitipatinyal is
| ar ger thgitrll&fﬁgé&%l ne-é(;[gg{eléqan?gré\}%ﬁl’, Comput i ng 25%emv?ce 80 o? Fi is) 1gwi |
ski p i magemaj® stiees abensed imndrpepriceveingieo damgeceivet frathaelectpeof

ti me-code to account for the delay caused by the long Synthesis _Interval.

Ref er ri ng visowypomnitane asie pfocads d@rrelrosecs bpéhe whsr254. e pigrzose flamges
e Sac qaiineg ShRYRE BB abBtan 414 ISP SG8 QG LecHIF g SErh AanTiithge
syst em andhitaly BB SHe0ENoR s TR VRL N RO FHOEHERE T neue 2121 1 |
CPU 80 of _Ej g.ynk. i hbBrh s SRhAsih8dand | -

retri evgd.SFélp?\ th% ép@?ﬁgggﬁfgg%gfsl ’\Ilzvp"égtQ 1 scsaisect t%ea%%lr?li%gﬁggte P%aﬁle;[erl;;ge

sources t%c@@rdﬁi;g?%i hivehRico Re&ioedi frigmt geldation r ankiwed-poinmasnd| eegleon of
vi ew poi nt and angl e process 42 selected by the user 254. An alternative
flow of 5 pladess @dofn stepai)2 swarpinghand Stitehinglaf imagedurcan obtadugd abogfePher in

such a manner that only images sel ected at sr%l%li?\ﬁﬁ:ql be . retrieved from

i n?agehlf@our?dé @Qgidallg te dafe (ﬂg&neéﬂysmf%l‘s 1'5![1@? 0 ¥ fgmg}ep‘ﬂ}?@féﬂd .
in ar.a ers ccor di i nf or QN r A

ot g AP S BESRAg,Vink L L0 o i s B ="

D180 s portbEr AR FREhoEt afl el OsAetiACHRI 82110 A h AL Barst oP

Speci f i ed-j¥iagwii e toChedispldyetifia thepevifiel ssdwdlfanotd thanugeriniaget he

vi ew poi nt and angl e sel ection process 42 is a single inmage then that

i mge is tibeeleordevithinbiediiswlpyirtiand angle sslpetivhipedcasseld theh thereevamin one
image is selected within the viewpoint and angl e selection process 42
then tiie merdommof te poagisoies bofshopa imthseSpewiipd-\igwnare Aut pearped and

Specified-View are cut, warped and stjtched t.ogether. r a
single i nt?@éﬁ@ﬁstﬁg 59 @sttﬁecr ¢ ?ngf- \Ragg. 81390 in HRe Tpetiticd VYW
Image created in step 222 is then displayed in Specified-View frame 104 of Fig 4.

Images created in step 222 can also be sent for storage, transmission as files,
broadcasted and the like, as seen in step 274. Specified-View synthesis is then
20 restarted in step 204 where time-code for next frame is compared with time
elapsed for synthesis of current image. In Entire-View synthesis 38, Entire-View
movie is constructed from a series of at least three images as described here forth
in step 246. Entire-View can be generated on-line by synthesis of Entire-View at
step 246. In step 246 image sources 242 are obtained from frame modification
25 process 26 of Fig. 3 and warped and stitched. The process of warping and
stitching is described above in connection with the Specified-View synthesis.
Entire-View is then either displayed in step 250 or stored as entire-view movie
seen in step 238. Entire-view can also be sent for transmission and broadcast as
described in step 274. Entire-View synthesis also involves the calculation of

30 VPAS 106 of Fig. 4 via data obtained from selection of viewpoint and angle
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|l mage created in step 222 is then displayed in Specified-View frame 104 of
Fig 4. Inmages created in step 222 can al so be sent for storage,

transm ssw@u3aeshpl es, broadcasted and the |ike, as seen padr/BheRs2yv4.
Specified-View synthesis is then 20 restarted in step 204 where tine-code

f f : IS | : _
mmge. | n FERTI d2 ety cib pes o UPRs RO (R i latY I W0 B kel B B 1 o
a series Qb;Ak,l ﬁgfaggt Efaﬁgaggjsfg?cqﬁﬁs %ﬁe%%ﬁédc%ﬁt‘édhﬁ{c?ﬂ{eoﬁk& ad Bectt BPsRAC.

Entire-Vi ew can hera ine by synthesis of Entire-View at “step

246. |In stem 24f ishee esaibodemertd? 3ied ORI naicdlatesn fthemeshapeli fofcatheon 25
process 26 of Fig. 3 and warped and stitched. The process of warping and

sti t chi ng Sedeaipaeindivatorataeweell ras citn keatiponSelectionfedisptor iif iteeh displayed
synthesis. Entire-Viewis then either displayed in step 25Q or stqred as
entiresvi en Ftire Vieweh02 wiswapdogslO0et - ¢ &fteanyigms sypiesisnts tsp

%J iﬂsﬂliiiré,%ﬁ%‘%éﬁé%?ﬁfﬁé s e comgon s b s <o, YR B 06 ©
or ocess. 42 eddr SNERL BF oEREnCRE, ERRCRAY Al eI hOReRAR%E, |

al so be sglinfAhdStREAUS EntiranEidsmbor 253 ihi dteage e oRACEssLHigaBdThég | i ke,
as seen in step 274. In other enbodinents, step 267 cal cul ates the shape

of the Sdmiatiview movialds cambewetrievad biyt GPURGRDE ding. 1Seb eedri onstepdBéat or
is then displayed 5 on _Entire-View 102 of w ndow 100 of Fig. 4. Entire-View
synt hesi s and dibplayed ssEatire¥iew K2l Bigs hifevisualization sleyiqeo?0 REXIS £ rasne i s
conpared with ti sed .for synt heI%i s of .current ingge. [Enti re-g{bew can

al t er nat i \V6E% %ég’g’e%%-a rrigg Moy @ Seicqiier of SaCWEORh ANAANZIS RIRESSS €2238 i n
t devij ce 28 Fig. .3 .Th | [ er Vi eWs:ImDVi . retrd eved
by PO 80 WheTe 5t 24 nEpighi S ot Seb I of BT & SHBciET B RERLAIE V00,
of Fig. 4 &éwbﬁv%g %ﬁ%le‘%dﬂ?ﬁiaf& 20sch iﬁisgep125’$. TEESBlecHofiIRBicaRR 106

Referring now to selection of viewpoint and angle process 42 where user
254 mani pufatigs 1] which ey paph#dl eépresquationt of theeairignt SEPASt commdimbites, 1s
vi ewpoi nt and angl e coordinates as seen in step 258. The

Sel ectison-displayget on the@ntue-Vey 192 ofhfighdite aidghaprset 254 wpsddedingathicon of
}:,h g_ ¢ zr { gnc&ir@t ng\gggnomor qclegggeqiép égﬁé&ﬁ;@%ﬁﬁ?gd 1oge’£[ennhem' %gtslp%telél\fégg}/d%l%esmc

within Entire-View 102 of Fig. 1 and then uses the coordinates for Specified or

Entire-View synthesis as well as for storage, transmission as files, broadcasting
and the like as seen in step 274.

20 It should be understood that Fig. 5 is a flow chart diagram illustrating the
basic elements of the operational routines of the user interface described above
and is not intended to illustrate a specific operational routine for the proposed
user interface. The invention being thus described, it would be apparent that the
same method can be varied in many ways. Such variations are not to be regarded

25 as a departure from the spirit and scope of the invention, and all such
modifications as would be apparent to one skilled in the art are intended to be
included within the scope of the following claims. Any other configuration based
on the same underlying idea can be implemented within the scope of the
appended claims.

30
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correct coordinates. In step 266 CPU 80 of Fig. 1 determ nes spati al
coordinates wthin Entire-View 102 of Fig. 1 and then uses the coordi nates
for SpeciWoemd/008720 Enti re- Vi ew synthesis as well as for st ®caygep1/00599
transm ssion as files, broadcasting and the |like as seen in step 274. 20
It should be understood that Fig. (g Apv8 flow chart diagramillustrating
the basic elenents of the operational routines of the user interface
descri bed Iabo¢Rimand is not intended to illustrate a specific operational
routine for the proposed user interface. The invention being thus

descri bed,1.i Withiuh dobpudgreadesytstarh davingeat leastongetisplay cainlepst aner ¢eatral n many
ways. Such variations are not to be regarded 25 .as a departure fromthe ;
spirit and sPE}ESHRE URE, iah\}%%tioaﬁ,mﬁma%éﬁwgﬁ@ﬁd st eng TENE d8¥1Skodl d be

apparent to

scope of th eB%PIﬁ%’L\% %gacgiegir%r&eiv%i ?021{1 %g:ﬁ%%ﬁ%?gﬂlﬁﬁ{glbﬁ%wgg%lgga%%ngt\ﬁigdrg aﬁnge

underlying i i it hi h : ended

lai s 30 260 B IPOB FE BT A o b St R TREE: cphPris PN T 1
conput eri zed Sy StHne havibbher atfot epsicegsing diifpbay frahed easdeivde freft Ik
processing unit, at |east one nenory device and at | east one input device,
a 5 plurali tiynagt-acqagyeg dete;ved from an i mage- acquiring device an
apparatus for controlling and processing of video |mges, .the gpparatus
conpri sing: An fingse- Vjewohaithesss dgviee é@rscrﬁgtmgragé‘lm%rsﬁg@w ipas, HQm thm t he
i mge-acquiri.ng device; ,An Entire-View synthesis device for creating an
EntirefVi ew ilﬁlgégs Feeshiethe o i mages received: A Specified-View synthesis

‘mage: A sel derse e T, SRS aE Fhatnk M digilujile ERtILRA Pt
and identifwiag fror BRS Ehtifd VWbwvnmgkect ed by the user.
A selection of view-point-and-angle device for receiving user input and
identifying a specified view selected by the user.
15
2. The apparatus of claim 1 further comprising a frame modification module for

image color and geometrical correction.

3. The apparatus of claim 1 further comprising a frame modification module for
20 mathematical model generation.
4. The apparatus of claim 1 further comprising a frame modification module for

image data modification.

25 5. The apparatus of claim 1 further comprising a storage device for storing

images processed by the frame grabber and the frame modification devices.

6. Within a computerized system having at least one display, at least one central
processing unit, at least one memory device and at least one input device an

30 apparatus for controlling and processing of video images the apparatus
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15 2. The apparatus of claim 1l further conprising a frame nodification
nodul e for image col or and geonetrical correction. 3. The apparatus of

claiml fwgdansenprising a frame nodification nodul e forpcTA@o®ishemat i cal
nodel generation. 4. The apparatus of claiml further conprising a franme

nmodi fication I iﬂé’a&f‘d ; idel At . of
claim1 furt ﬁ%ﬁéﬁ‘&i?é’?ﬁg a st gﬁltgggﬂggviegg%ffggﬁﬁnéﬁrﬁsngmogggﬁgﬁtgﬁssed
by the franebgrabbeigeagtirie dmeem@dbﬁib@r&h%@he fifvimatson Sent\Witoha single
conputerized Systemhaving at |east one di SF ay, at |east one central
processi ng ufifame dynimiatlyodisplagedrop theviisplagndndta selastiomrandiprpaesstgyvi ce
an 30 apparatus for controlling and processing of video i es t he
apparatus 27evioedar sglertn mEirpiqassying tho vieymesnt andigngle ééﬁ%@ byha user
conbi ni ng devi.ce for transformng informati on sent by an inmage capturing
devi ce Sand cOMINFRRFYHE i nformation sent into a singie frame dynamcally
di spl ayed on the display; and a selection and processing device for

sel ecting and processing the viewpoint and angle selected by a user 5 of

the appar ap usyitiin ¥témbhtcRiz6@ TIPSt hAgAg oY MaShoitadispliyaht |86énOoentHl spl ay,
at | east one central processing unit and at |east oné nmenory device a user
interface fopromssinghmitrand atridagironeansmogy dévive deser megdacd for coneolling
interface displayed within a graphical 10 wi ndow and operating in _.
conj unct i on and precessing®faiden wpagasdhemserinderiansedisplaped vithin @ecraphisalyser
interface conmpri,sing:, A fir.st .sub-w ndow di.spl ayiLng .an,Entire-\View i nage; A
second!®ub- w H@Wd%‘éjppaﬁaﬂggdn%wqt&ﬂ W@\Aﬁi%‘“@fg displave 283t §astONS rmge
sel ected by t f LI e- image to be displayed as the 15
Speci fied- Vi i@ﬁtﬁgg’@ @%%g?%glgééég%%{b@%& aim?7 further conprising a
third sub-w ngdgysdiiRbayd e di lggj,-jr]r?aﬁ%ﬁfrgr\% [ ing a predeterm ned
time; 20 9. The apparat us of gl in7 wherein the Enfire-View conprises a
plurality of A second sub-window displaying a Specified-View image representing an

image selected by the user from the Entire-View image to be displayed as the

15 Specified-View image.

8. The apparatus of claim 7 further comprising a third sub-window displaying a

time counter indicating a predetermined time;

20 9. The apparatus of claim 7 wherein the Entire-View comprises a plurality of

images received from a plurality of sources and displayed to the video display.

10. The apparatus of claim 7 further comprising a view-poiﬁt—and—angle
selection device for selecting the image part selected on the Entire-View and

25 displayed as the Specified-View image.

11. The apparatus of claim 7 further comprising a view-point-and-angle
Selection-Indicator device for identifying the image part selected on the
Entire-View and displayed as the Specified-View image.
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i mges received froma plurality of sources and di splayed to the video
di splay. 10. The apparatus of claim7 further conprising a

Vi ew poi nivoaiddosiagl € sel ection device for selecting the i mggaLpgédsosel ect ed
on the Entire-View and 25 displayed as the Specified-View inmge. 11. The

appar at us ;gf I r . i VAW VeEaYe) _.ﬁglg-ngE .
Sel ecti.on-1 hdﬂé%lf\g}})e&a@sio@%?%ﬁ?%%r?%ﬁgg?ﬁi&@pn%ﬂ@ part set@(r:lt%eaﬂ%:n t he
Entire- Vi ew @ngoglabRl AW 8 EitfreSPRS fhditk Mireydn¥B a6 us@lingét. WO 03/ 003720
PCT/ 1L01/ 00599 12. The apparatus of claim 7 wherein the

vi ew poi nt - and- angl e sel ection device is noveable within the Entire-View
i mage in response to user input. 13. The apparatus, of claim7 wherein the

Speci fi ed-19i ehheliapptrains of clagash whgeeinghe Spgeifiedt Views diplaysndt lepgHwonand
image is directed towards, the rjght.eye and t | ef and .i.mage i,

i roct Bd { oviaEeSEha es thegight hahd fméea}apsﬂﬁéa{]e@stow et e
conpri sing operati {.adi f { ndi cating the operation node of
t he appar at ﬁlg:?t %@@a@gﬁidgggﬂgﬁé‘&@éftﬁ%II%PF% further conprising a

topol ogy frame for displaying the physical |ocation of at |east one

i mge-acquiring device. 16. The apparatus of claim7 further conprising at
| east two 1415Thé app@aatist ofacldirari fiertlse| @ehprising ogemaionr modé indithwrafmar at us
of claim?7 further conprising a topology frame for displaying the physical
| ocat i on of mlidagiagithe npetiattayenedmof heragpaeiisce associated with the

i mage-acqui ring device information di splayed in the second sub-w ndow 20
di spl &Yi ng an specified-view imge. 18. The apparatus of claim 17 further

conprising.a ¥ rtual ca 1 ndi or . i t i oi nt
and angl o131 + Ehe ab et B i LG AhOLeohBRNAR AIbRORE SRiuf dbf BRURE
having at | t 1SRk sﬁgﬁ - hh? deriesessing unit and at
| east one mﬁfp}}&ﬁ%\gﬂo@&%@ﬂﬁg{’%@l{f‘a or © co eré(;{ﬁﬂi n and@processi ng of video
imges within a user interface, the nethod

16. The apparatus of claim 7 further comprising at least two

15 view-point-and-angle selection indicators.

17. The apparatus of claim 7 further comprising a topology frame for displaying
the physical location of at least one image-acquiring device associated with
the image-acquiring device information displayed in the second sub-window

20 displaying an specified-view image.
18. The apparatus of claim 17 further comprising a virtual camera indicator

representsing the current viewpoint and angle offered for transmission.

25 19. Within a computerized system having at least one display, at least one
central processing unit and at least one memory device a method for
controlling and processing of video images within a user interface, the method
comprising determining a time code interval; and processing the image
corresponding to the time code interval.
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conprising determning a tinme code interval; and processing the inmge
corresponding to the tine code interval. 30 29 WO 03/003720 PCT/ 1L01/ 00599

20. The maigwdoeshocl aim 19 further conprising the step of matibnegse ti ne
code fromwhich image is displayed. 21. The nethod of claim 19 wherein the

step of prRQcC I . L : Iy imen&aR

sour ces f?@'meljf]é ﬂl%ng%o;&’ é@gﬁ%@%% %o?nn}éﬁ%fé ?Y@F{r?? %%%tag%?o%?igt es i nmage
sel ected; sei&atwhidhtinab®al didplays@ge sources associated with the view point
and angl e el ector selected by the user; determ ne warping and stitching
paranmeters; 10 prepare inmage to be displayed in selection indicator view,
di splay image in the selection indicator. 22, The et Qog of claim19
further cdihprThe mgthadeofsilaim &9 wheseinige stap olpigecss CT PAEPHEEHod of

claim 19 wherein the step .processing.further conprises: ,cqonstrugting
Enti 16 Vi o FUPES £01A G ALeHGHES SERAGO0: o8 Lsea ORG 1.0 e i
determ ne Entire-Vi ew and .angl e tor position; display Entire-View and
angl e sel ect HHe ﬁyaf’sé’&aév m%efﬁfe%#%g met hod of claim 23 wherein the step

67 _const 1 Uct Lgof hi{oftar0 Thdes SourGhl AsBbiated (i@thathe! A6l pbith dndPaggcf rom a

frame nodificatlio war pi ng and stitching the at |east two

i mages to cregketoaRelebledtsy theawed;mage. 25 25. The nethod of claim 23 i
further conprising storing of Entire-View inmge. 26. The nmethod of claim
19 wherei n t detesteye whrpngeed stitehifgparametarsnpri ses constructing entire
Entire-Vi ew novi e | nages fr((i),m 1at | east, two ir’(rlag%s and storing said inages
for |ater di PERREye imageste be disp ayed in selection mdicator view;

display image in the selection indicator.
22. The method of claim 19 further comprising the step of storing the image.

15 23. The method of claim 19 wherein the step of processing further comprises:
constructing Entire-View movie from at least two images;
display Entire-View image;
determine Entire-View and angle selector position;
display Entire-View and angle selector on display
20
24. The method of claim 23 wherein the step 6f constructing further comprises
obtaining the at least two images from a frame modification module, and

warping and stitching the at least two images to create an entire view image.
25 25. The method of claim 23 further comprising storing of Entire-View image.

26. The method of claim 19 wherein the step of processing further comprises
constructing entire Entire-View movie images from at least two images and
storing said images for later display.
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WO 03/ 003720 PCT/1L01/00599 27. The nethod of claim 19 wherein the step of
processing further conprises constructing Entire-View novie fromat | east
| ater transm ssi on.pcaiz8i005he net hod
of claim19 further conprising displaying a view point and angle selector

two i magesyaidosheri ng said inage for

on an Ent iye- yhg\t}%lgﬂlﬁgﬁ] £ @Rgh 49t §4BteH

to a user novenen e view point a

e 55 PR

Je'sﬁﬂ Viugitier CB1

ect O

on an

Higs

pendi ng
Ire-View

frame. 10 1§onstfhctidd Entire-View movie from at least two images and storing said

image for later transmission.

5 28. The method of claim 19 further comprising displaying a view point and

angle selector on an Entire-View frame, and determining the Specified-View

corresponding to a user movement of the view point and angle selector on an

Entire-View frame.
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