;e3ec’ | FH 6@@6r~ ~ 2 J UL 2002 METHOD AND SYSTEM FOR COMVBI NI NG VI DEO
"SEQUENCES W TH SPATI O- TEMPORAL ALI GNMVENT Technical Field The1 g%nt 2002
invention relates to visual displays and, nore specificallXx, to

ti me- dependent visual  displays. Backgrounc~of the Invention In video

di spl ays, e.g. i m‘&el ated tel evision prograns, speci al ﬂﬂ[m

effects can bmmg@w“m ance a viewer's jappreciation of the W/WIMI////II/
exanple, int e 9,]‘ a team sport such as football, instant repi, A
affords the viewer*¥€econd chance at "cat chi ng" critical nonments o #'he
gane. Such nonents can be replayed in slow notion, and superposed features

such as hand- dr aWMETHOBANBSYSTEM FOR €OMBINING VIDEO SBGEENCES enphasi s
and annot ati on. These techni %ues can be used also with other types of

sports such as racing conp®IIiH SRATIOCFEMPANPAEL AMFGNMEDN sport s,
techni ques of instant replay and the |ike are nost 1S 20 appropriate, as
scenes typically are busy and crowmded. Simlarly, e.g. in the 100neter dash

conpetition, tensesPFeeldncl udes the contestants side-by-side, and
sl owmotion visualization at the finish line brings out the essence of the

race. On the other handThepesentsnentipmglatésite yisanlalisplayggad.auore specifagally,
necessitat%;:l for. tf}g sl%e af aﬂiacti cality and safety in the case of certain
raci ng event s 'S HRAdgBeHSNATA dB18¥5hg or “ski j unping, the actual scene
typically includes a single contestant. Summary of the Invention For
enhanced vi sualization, by the sports fan as well as by the 2S contest ant

and hi s coachBadigplalaf the lnvdetsor ed i n whi ch the el enent of conpetition
bet testants i i fested. Thi | i ially wh
et ween contestants is g&an_l ea, e is app ‘Ingie“fES?FeCLa y where

contestants perform sol & X4eP AISpigihgig 1N PRIt evisiPgamspeeish be
applied also t, r r i i INRAT i dto
Goci de who-wi TSR R 6w 1 hiEedl Blehel £ B RRaRATREARE H5ET 10, 1,
J UL 2002 Wechangleriachgrase efla tehatsporg sivohis tfombail, instnherepiayediosdghemeesr a
conposite video seﬁuence can be generated which includes visual elenents
from each 18 egecogr s akbeg, catical siamentsofdhs g9, cYich mpmeaty @8dst ed i n

hovi ng = di 1 FrRer e anP e FAA RN SR LR S ERGE Rl e

showing a dif y racing e sane down-hill
course, the cefphrstisean deitricied éareniphasdisiafl finemEot.SThaseMchaiqhesafantbhe gi ven
sequences to show the contestants as if racing sinultaneously. A conposite
vi deo sequenclsedabsopEitivader ypesonfispors sich ag raging sapipaitigs, for example.

With team sports, techniques of instant replay and the like are most
15 appropriate, as scenes typically are busy and crowded. Similarly, e.g. in the 100-
meter dash competition, the scene includes the contestants side-by-side, and slow-
motion visualization at the finish line brings out the essence of the race. On the other
hand, where starting times are staggered e.g. as necessitated for the sake of
practicality and safety in the case of certain racing events such as downhill racing or

20 ski jumping, the actual scene typically includes a single contestant.

Summary of the Invention
For enhanced visualization, by the sports fan as well as by the
contestant and his coach, displays are desired in which the element of competition
between contestants is manifested. This applies especially where contestants perform
25 sole as in downbhill skiing, for example, and can be applied also to group races in
which qualification schemes are used to dectde who will advance from quarter-final to

half-final to final.



one or nore vjdeo sequences with one or nore different sequences such as

audi o 10 sequences, for exanple. Brief Description of the Drawﬂng[_ﬁllggo%w S
a bl ock diagram of a preferred enbodi nent of the invention. Figs. 2A and 2B

are schematics of different downhill skiers passing 15 before a video
canera. Figs. 3A and 3B are schematics of inages recorded by the video
canera, corresponding to Figs. 2A and 2B. Fig. 4 is a schematic of Figs. 2A

and 2B conbined. Fig. Sis a schematic of The desired video imge, with the
scenes of Fig. 20 3A and 3B projected in a chosen focal plane. Fig. 6 is a
frame froma conposite Wabsvedeensaked thihiZiweniye oFEWE WIEhSeQUENES:St ype

i mpl enentatio he -Lnv Lon. il . pL . I e
nvent; o can EPgHROUE ALk calBd AncAifla Gt LERL CON SRRHE ok cdch
"nor phi ng", i .6Fthd fieerssmosdtes, sainbiosyiplitonined sef eprmintednin archospgdcuy pahe.one

image, 11, into another, 12, in conputerized graphics. Such norphing | eads
to a video sedipsfeEnRIR & rersHoddeorrequengesstidh eashiskeviag adifforeptgontsstagt g | of

an i mage of_ an | e, into an i mage of,.an orange, or of e into
anotnor ire VLB S Hefedts e R ERaRes M corthe® el FE el ARG,

t emporal di mengdnhts feavhteaclBéY tRE givBesRB e DR hBRUhdEo rRdstanRekii Blacingt er est ,
such as internediate i nages, e.g. the 3'~~J UL 200 average of "'two

faces, or conposiltasousty.g. a face with the eyes froml1 and the snile from
| 2. Thus, norphing between inages..can be appreciated as a f.orm of nmerging
of features fhom the | neyBUMPOFE VRS Sreirash TR BE BAtGr Rey iR Rplihe

conplicated taskor RREVIMed &QuéhcBRWHh Bie &f mbNifirBRQeGRAMUGNGES s alfaR MOr phi ng
or mappi ng fromone sequence to another |eads to 4-dinmensional data which

cannot be Ul spk@eecksefosiekampleiowever, any internedi ate conbi nation, or any
conposite sequence | eads to a new video sequence. OF particular interest is
the generation of a new video sequence conbining el enments fromtwo or nore
gi ven sequencegier Wk Rintidh billehriRfl 0-t enporal 10 al i gnnent or

synchroni zati on, and projection rnto a chosen focal plane. For exanple, in
the case of a sports radiggd icobjpek diagoim sichrefesred embbdibdensdd thehvemiaheo
sequences obtained fromtwo_ contestants having traversed a course.
separately can be ti mesyHehtdANS 2R affysch‘ép%‘l?ﬁiogélffe@tfi?‘éﬁ@g skigFsrRaspBhdi ng to
the start qf %Qgrggggeo,&r{]g\r natively, the sequences may be synchronized for
coi nci dent passage of the 15 contestants at a critical point such as a

sl al om gate, for exanpl EigsThe anhdB are dchanaiticplodirragemyecbelet be tisaridecas t he

focal plane of the one _ )
camera, corresponding to Figs. 2A and 2B.

Fig. 4 is a schematic of Figs. 2A and 2B combined.

Fig. 5 is a schematic of the desired video image, with the scenes of Fig.
20  3A and 3B projected in a chosen focal plane.

Fig. 6 is a frame from a composite video sequence which was made

with a prototype implementation of the invention.

Detailed Description

Conceptually, the invention can be appreciated in analogy with 2-

25 dimensional (2D) “morphing”, i.e. the smooth transformation, deformation or
mapping of one image, I1, into another, 12, in computerized graphics. Such morphing
leads to a video sequence which shows the transformation of I1 into I2, e.g., of an
image of an apple into an image of an orange, or of one human face into another. The
video sequence is 3-dimensional, having two spatial and a temporal dimension. Parts

30 of'the sequence may be of special interest, such as intermediate images, e.g. the



.or the ot her of the given sequences, or it may be suitably constructed yet
‘different. fromboth. O interest also is synchronization bas

distinctive event, e.g., in 20 track and field, a high-junp goz 'QL—ﬂarZUO?
lifting off fromthe ground or touching down again. In this respect it is
of further interest to synchronize two sequences so that both lift-off and
touch-down coincide, requiring tinme scalirmg. The resulting conposite
sequence affords a conparison of trajectories. Wth the video sequences
Synofr on 280, avBe SANDBedtd DifipoBld: 0BG B, SRR kY o 18and GG a1 e @
conposi te sequence giving the i ressio The contestants traversi ng the
cour se si nul t dreos| Phus) moqahﬁigrbﬂneeeaﬂmhgﬂcz:lan bé pirecitedihs gfommrdf noaginpef
performed on a frane- by-frarre basis. Alternatively, by taking a plurality
of franes froffduEaferEhe Hidgesonsi deration, the view in an out put i mge can
be extended to Include %SkrWeSH&Q oﬁ&%ﬁ‘ed%h{ 5’{1%? %%ﬁlcatggfhtéﬁrﬂabae fngBges.
30 Form ng a conposite inmage 1 Vol ves represen 'SscCenes I'n a
chosen foca phegiag of Wb Gidbd Yequesbas. rrmmaqﬁmsarwp@mge&mnmieqaénce to

conmput eri zed S 4 processing as illustrated 1 for the

speci al case @flothwole%dee& dlmpmw@éamwé@él camay beﬂlsﬁhlméeqsab Hewgeersaetyuences
IS 1 and | S2 bel%ﬁe e 0b tm)du e 11 for. Synchrog éatl on |\r111t Q8 nchfoni zed
sequences | S fute éh"} SPMOIEY O%Ole%rfﬁfné)mf%gqg%ﬁﬁ 1il Seté’alr§w g% 8% may
have been obtained for (OFpaaRNlae&i@8HSs thd gened@n-oTialnewv@ddongqeeaapet i ti on,
and they may be synchroni zed by the nodul e 11 so that the fi rst frame of
each sequence combmgggeerisnts oint tsocwmas gvan setqeamemgwtlh@ltsblarspatmgteg@peil The

synchroni zed s ences are fed.to a,nmodule 1 fo ound ore

ot act 1 ontD adbgRRT GE sqHs iyt o™ BRPesop Mt p ShesSh SerEhaREe S ABR s | on
10 estimationj, fRrca W@%Brti hginl %Eﬁx%et%%%%@l@@ssdo&xhﬂl R @id&?séq'uéﬁd@ a

wei ght - mask sequence ( ﬁ each wei ght mask being an array having an

entry for eac bbplmdlfrqnmqu ccmmessamtj; hivingdragersedad congsetzeparately dahde sioene of

interest and the_ background/foreground. The gener t| on of . the weight mask
sequence | nvoPVELTRUHIIVSPIcowE GELRBR fRyraroried 3ha S B ke whi ch, from

frame to fra”%lteﬁﬁ\’ﬁelé%égé EhObS nid bte@g?é%%h&rd%f‘ébch H&g&geeqflﬁe yiel ds

sequence paraneters 1 an SP2 i ng canera angl es azl nut h and

el evati on,15andomestanaatfoaiical pigtshclamth dgemtdate farmagplet hers. These
paranmeters can be detern ned frgogm each video sequence by conputeri zed
processing including int (L85 plensan fsAl pipre maY bhibagames 25 wadeeel rlang ehthaengel y, a

sui tably equi 99?%&?,@2?5%??%{1%‘5%2%{ &f‘i‘?nﬁg%gﬁ&% f&%@t‘?@&&f yzr.t Afrdlgiect!y.

t hus obvi ati ng I mat | nput eri zed processi ng.
The wei ght - rraﬁiomslaqhences WWE 1 and WNI S2 are fed to a nodule 13 for

"al pha-layer” sequence corrput ation. The al pha | ayer is. an array which
speci fies how nmich wei gFY iiderest aﬂﬁo%erriChfoé‘%Hmb}PaSP%@nPﬁﬁ@é%“‘@ﬁb’ﬁ‘lltde Bedlki ve

in the composih& and field, a high-jump contestant lifting off from the ground or touching down
again. In this respect it is of further interest to synchronize two sequences so that both
lift-off and touch-down coincide, requiring time scaling. The resulting composite
sequence affords a comparison of trajectories.
With the video sequences synchronized, they can be further aligned

25 spatially, e.g. to generate a composite sequence giving the impression of the
contestants traversing the course simultaneously. In a simple approach, spatial
alignment can be performed on a frame-by-frame basis. Alternatively, by taking a
plurality of frames from a camera into consideration, the view in an output image can
be extended to include background elements from several sequential images.

30 Forming a composite image involves representing component scenes in

a chosen focal plane, typically requiring a considerable amount of computerized



image. 25 The sequence paraneters SP 1 and SP2 as well as the al pha | ayer

‘are fed to a nodule 15 for projecting the aligned i mage sequenc?q |J\gt 299%
chosen focal plane, resulting in the desired conposité i nmage sequence.

is exenplified further by Figs. 2A, 2B, 3A, 3B, 4 and 5 Fig. 2A shows a
skier A about to pass a position marker 21, with the 30 scene being
recorded froma canera position 22 with a yiewing angle ~(A). The position
reached by A nay be after an el apse of t(A) seconds fromA s | eaving the

~ ~~a ~. 200z 5 starting.gate .race event. Fig._ 2B shows another
skier, B, i n drasenie Haci fRumied by Bie Db Wicioh i ar Cor AP h ¢ he
scene bei ng resgweq%g.from a different canera position 23 and with a
different, nore narrow view ng angle ~(B). For conparison with skier A the
5 position of skier B cdiig.csfhowdswd image sehrpss 181 aid ISR tegabdis 4 rom B

| eaving the starti ng}n ate. As . illustrated, within t(A% seconds skier B has
travel ed fart Aepdulg %rﬁmhf%@ﬂ%u%émbm@aﬁéawanw ' and B2 AForpj gs. 3A

and 3B show t uh ti ' [ ' [ i,on
ren R e W SRTBE R SIRSP LS AR LB A eI
shows the resubivinrigll dfsigd @anpeiEgs apd Geg Gl Bhel synéchrodigsicdy the arldulel 141, that
affording i medi ate visualization of skiers A and B as having raced jointly
for t(A) seconsin Bana obeehseaushesrqorresnogds B itsHowsstantlpaying the siertingcgdposi t e
i mage sequence generate 15.prot ot ype i npl.ement at. of, the technique,
with the frane correspoS!“c}?lg%{;I%thE)Oné%c‘:i)5?‘11”?“%3’S alre%g(r?orr%mog'tﬂgq?if M bﬁﬁpgrfﬂ%aqval ue

of 57.84 is tHerekioliRd extfucti6g, 28GR ak fRd molulk Q8Kor dathesd QORIinK tr@fisfbighat@ach
the point of internmediate timng, and the value of +0.04 (seconds)

i ndi cates By lestimnstinoh Hee each afitld injagg sequendeashemodidie d2 yiclhie weightomyske

| anguage, 1 or SRRERIR (B i Soh " Rapntetesk Pene th ke inege Bl Tk "
Dedi cat ed fi r BRRY fohioBIdLMFERnEAR s BB thel REncIThABRCRInRTRCESSI NY
efficiency, and especially for signal processing involving matching and
i nt er pol at i onbadkgdduriddoregraaspedhs geneditivant ticivonght ofask keutrechnvaues ar e
described bel ggvmktrlltexti%dts%grrchggto?iléeiges for elements which, from frame to frame, move

15  relative to the background. The module 13 yields sequence parameters SP1 and SP2
including camera angles of azimuth and elevation, and camera focal length and
aperture among others. These parameters can be determined from each video
sequence by computerized processing including interpolation and matching of images.
Alternatively, a suitably equipped camera can furnish the sequence parameters

20 directly, thus obviating the need for their estimation by computerized processing.

The weight-mask sequences WMS1 and WMS?2 are fed to a module 13
for “alpha-layer” sequence computation. The alpha layer is an array which specifies
how much weight each pixel in each of the images should receive in the composite
image.

25 The sequence parameters SP1 and SP2 as well as the alpha layer are
fed to a module 15 for projecting the aligned image sequences in a chosen focal plane,
resulting in the desired composite image sequence. This is exemplified further by
Figs. 2A, 2B, 3A, 3B, 4 and 5

Fig. 2A shows a skier A about to pass a position marker 21, with the

30 scene being recorded from a camera position 22 with a viewing angle ¢(A). The

position reached by A may be after an elapse of t(A) seconds from A’s leaving the



.25 A1 Background/ Foreground Extraction In each sequence, background and
‘foreground can be extracted using a suitable notion estinatiozé?azgig. Thi s
nmet hod shoul d be "robust", for background/foreground extracti Zﬂﬂ@be
sequences are acquired by a noving canera and where the acquired scene
cont ai ns novi ng agents or objects. Required 30 also is tenporal

consi stency, for the extraction of backgrgund/foreground to be stable ~ Z
~ a ~ zooz 6 over time. Where both the canera and the agents are noving
predictably, e, q. atthnstant speed or acceleration, tenporal filtering can
be used for eﬁﬁgwet%r?prg?ea?ve%nsi stency. Based on deterninations of the

speed with which the bagignBUREwSariBNESkidH B, irPa SANRF Fosiin reRtiveRfkht he speed
of the skier with respect to the canera, background/foreground extraction

gener at es a waiagker 2|l sandrwilhihe catie beime eerordeddrom a Bidferené narmeére pesippx @B gndvhi ch
follow the canera t hose which do.not. T ight layer wll. then be
used to gener St AAEIBh TSI YEviRaEl R B goreE Gl et Agihe

Spat i 0- t emBOr ghsifbi SIVRRB QrreSSSde R ASeldfle FENRPERbnd & BERAvihAUR! Ves t he
sel ection of corresponding frames mthe sequences, according to a chosen
criterion. Typlagailglgate. iAs dlpgraisl, matbimgA cseapetsiskicoBdias travded Brthérealdrigtbe code
of each sequence delivered g%_t e timng system e.g. to select the franes
cor r espondi ng <6 cPyfEe &g conragid Witkskiefd " Other possible tine criteria are
the time correspondi ng Rk A5 i JeQRhasich as a gate or
15 junp entry, for exanpﬁ%l pat%%?ﬁgfgéﬁﬁghﬁ&igﬂggﬁéktg by choosing a
ref erence coordi nate sySBigedshors eamhbifistnevidnEigh\? Aestd ABsupetpokdicat@aner a
coordi nate transformati on between the reference systemand the
correspondpngC@F@ﬁEC@Pa@é%ﬁng%quence. Such estimation nmay be unnecessary
when canera data such ag;.C I fi: W= g [ oca

| ength are recorded alogl'agﬁﬁa%ﬁgﬁép%ggd%%%ﬁé%g%a%$§g%g§f%ggﬂ?ﬁgg?gference
coor di nat e syphaaffdrdifienediste dialdfatibhef GisteA HePISIeRy tabd joineytier be
used for the conposite sequence. As described bel ow, spatial alignnment nmay
be on a si ngl BA) pepeBdopfromal copppan starthe basis. B.1 Spatial Alignment on a
Si ngl e-frane Basis 25 . each step of ~this technique, alignment S .one
frame fromeach of t he%lgqﬁéaoc“éssg Efffsw gf%lﬁl GFRORE @Ea 83%%“53&5 §& F]iﬁlg%s Yrfovi ng
agent s/ objigct protdtiise iglldiachtdtdh oF e teraﬁﬁoﬁxg, 11 tHeATIR P RRFFHANRLE a point of
transformati on needs to be robust. To this end, the masks generated in
backgr ound/ f oineggmediate taringadbe spiue ahs béd skalima) ig gecoads, it itvtegledesipwer

backgr ound/ f or,egr.ound, extract i.o t oral filteri [0 use or 12 J
0L F002" ennehich OO A AtermteTRSl Bing, bt K¢ kA% ST F (s bcess. 8.2
Spatial Ali gniRihtedBy &oMihiidhHeds frhi®ifR tRagdtér kitrt hi s techni que, spati al
alignnent is applied to reconstructed i mages of the scene visualized in

each sequence. Each vi déke pretptinsdmpiesmeniation ofihgltgchaifue was Waitignlin thel“€"f r ames
for reconsfruction of the scene, usi.ng a [ sim | to the one for
backar oundPt orearBUREEr IS - HRPT af asp L Moo ¥ e een
separately repemeittdGiBdarc®r Bardward @l ®e ube®®r %ﬁhcéﬂ%ﬁ@sﬂ#%@ffﬁ%n Sakibl e,
the scenes can be spatially aligned as described above. i s technique

al l ows free cespedellpforsimaliretedsing invobwmgxhatebieg ynd imderpolatiorl0 t he scene, in

contrast to the single-fra echni que where t field of view has to be
chosen as the one of t h%‘dfvg}-‘%ﬁ %sr?f‘ésg?cgﬂ'.a“ %‘J}E‘? IFoRHAuSATP lesﬁFB‘?ﬁ%{%

t echni que, i njcCasgeddaasii all contestants are not visible in all the franes,
the field and/or angle of view

25 A, Background/Foreground Extraction

In each sequence, background and foreground can be extracted using a
suitable motion estimation method. This method should be “robust”, for
background/foreground extraction where image sequences are acquired by a moving
camera and where the acquired scene contains moving agents or objects. Required

30 also is temporal consistency, for the extraction of background/foreground to be stable



.of tthe conposite imge can be chosen such that all conpetitors,are visible.
'C. Superi.nposi ng of Video Sequences 15 After extraction of the1 2 JUL 2(][)2
background/ foreground in each sequence and estinmation of the canera

coordi nate transformati on between each sequence and a reference system the
sequences can be projected into a chosen focal plane for sinultaneous
visual i zation on a single display. Al pha layers for each franme of each
sequence are generated fromthe nultiple background/foreground wei ght

masks. 20 Thus, the c osi te sequence .is formed by .transform ng each
sequence i nt pot\’ﬁretlrgﬁ'pgg%ref%oégfhe gglﬁ@ aé?ﬂ&hes%ﬁgttsiaFFp’B_ngH%pfeﬁg?a(ﬁ’ll*fe%' 8tn_t
transformed i nRGEsWhidd &Q@ce@&ﬁﬁﬁ?&%ﬂﬂh{?ﬁ%t% SR for BhhaMBEY fefbion

Further to skiing conpetitions as exenplified, the techniques of the 25
i nvention can chesigipplyi ed to ot her speed/ di stance sports such as car racing

conpetitions and track and field, for. exapple. Further t i sual i zi ng, one
application of a conpos%taée‘{/‘?‘ﬂ%e@é‘lﬁﬁ‘éﬂ%%g%%egW‘%%?%%ﬁ%@aﬁr?w he

i nvention iss apRAE 8RS tof affBtF ﬁigﬁo@an@&@%{)é'edfo%h skier ith rl‘:é‘pegﬂg tife d&lees M ni ng
differential tinme between two runners at any desired | ocation of a race.
Thi s i nvol ves backgpbndéforegtaung eofradtioe genendies a weight lapersvliich dififeresggpaence

bet ween the two runners pafsi n he | ocation, and nmulti El yi ngggy the tinme
i nterval bet wo&HVeER Aase pixsispviy PitBe cpRie AREthessVhigh B Bl StV B%

on the. It or nib/® ) B REE gk of ARNE I GOCR Bcing] oy SRS, rana

services, e.g. on a channel separate froma strictly real-tinme min
channel. O, instead of by broadcasting over a separate channel, a
conposite vid&e segpsinemnerlidicnmeniefsgquances portion of a regular 10
chan_n el dl'OSpI ayed as a ig?r%l[ al@%n%én?ﬂﬂzofvgsr t %)églgalo%'of Icgmgsg)gﬁéi%g @raﬁlgs 1tnheI r
use in broadcasting, generated nposite Vi deo Séequences €an be used in
sports traini ag eEeereeqabdoidng AWlchodsai Gfteddd MTPRAINY Sin@pertd r@éipons, there
are potential industrial applications such as car crash analysis, for
exanpl e. ' 1 <ompetitipngilisristhediane dode otenep seducncesdslivienad by theeyming system,

oot her appl: & Roir b el AEREROARREbThE R o 8 A SIRF bR (o be
synchroni zed Wifehia are/ihe @he@FUHOREIng BPE Bsidriafddlspatidliotaiiorfsuéh deQ gae@uence of
an actor or singer, A, speaking a sentence or singing a song, and an audio

20 sequendé ofjunsmonthwdorzxpmple. B, doi ng the sanme, the technique can be used
to generate a voice-over, or "lip-synch! sequepce. of actor A speaking or
Snging wi th t he voi e SPas! ek 5 eieBd kAN A aes R BT lan nor o
scaling of ti QRtedYOAALIE RO TR BT LMENABE MY QHRE: SRAMIIRRe HaRGorkRion =~
synchroni zati on. The spatio-tenporal realignnent nmethod can be applied in

the 25 bi onmedbetalcet thel rdfeamcowsiem Fuok the xemgsbending frame of ¢deb peqlicocs thgbry, it
is inportant to.monitor the pro res?1 of a Rgti ent's recovery. Thi s. can be
done by compafitH EBERMt PG TRIRE MPEN B3 e a8 SHThAS AR POS OB YIBHINSE ¢ i e
I'n accor dapce gwbdifondnd 3sdeehe@flard RE0/dBY SBhE Rith tHLMiBePseqERET T$HRalfAME
made very accurately, by synchronizing start and end of the nbvenent, and
al i gni ng t he Fkdifedosce eobdnate fystamn scch8@nian obhevof the given eequicters—s thgwan telse ~ 2

J U~ 2002 9 Another, application is in car, crash analysj.s. The techni que
can be used fB?edleﬁéexesceﬁVO%rﬁﬁa‘fﬁnﬁa AR ESGHPGS BEIRY GRAA lgimaEN Y Heana
crashed in si giin%%[fréhé YAl RRR-frife BaRertain the extent of the difference.
Further in car ¢rash analysis, it I's inportant to conpare effects on crash

dumm es. Again, in two crashes with the same type of 5 car, one can
preci sely conpare how the dumm es are affected dependi ng on
B.1 atial Ali ent on a Single-frame Basis

25 At each step of this technique, alignment uses one frame from each of

the sequences. As each of the sequences includes moving agents/objects, the method
for estimating the camera coordinate transformation needs to be robust. To this end,
the masks generated in background/foreground extraction can be used. Also, as

motivated for background/foreground extraction, temporal filtering can be used for



.configuration, e.g. of safety belts. ~~~~ ~ . Z00 CLAIM5S 1. A nethod
‘for generating a conposite video sequence froma plurality of g'zvag&\;im
sequences, conprising the steps of: (a) synchronizing the gi van V!

sequences into a corresponding plurality of synchronized video sequences;
(b) choosing a canera reference coordi nate systemfor each frane of each
synchroni zed vi deo sequence an obtai ning & canmera coordi nate transformation
bet ween the canera reference coordi nate system and the correspondi ng frane
of each of thensyehy SRiteRSbrv BRAstERIUTACEEtmAN6h fredesb.Or M ng the conposite
vi deo sequence fromthe synchronized vi deo sequences by transform ng each
sequence based on the canera coordinate transformation into a chosen focal
pl ane and by superifrposi . . . ices for merged

si mul t aneous vi sualTZat i*strot pd VRUUINPARANERASh e et hod according to
claim 1, wherein the cangeg al . ; i j HleRld m t he
plurality of sychroni zegﬁ\slﬁcsjgeg&g %@lﬁe aglgts{d@.ﬁ{e%lgqh@%gﬁ%ggirdi nggltagésgl aim
1, wherein theftleneese ciomidedatach segnafcer Fath vded qodicaintadt smbmed ecar ded
camera position d,at%rand araneters including focal Jength. 4. The nethod
according td dPEfRleiramgsderieronsictionof thyi sqens. ddpgieirchniqls deplatiojtheone

for eground obifCha By e RAELILH BB, i bRl BREHeachUCertBE ldh e
transforned foregro nd o ] ECtS are Supéri npos on the tFansfor red
background. 5.sefdistelyatbodtiracededi vgakainek authdackigusundas powitie,itsé stgndshe st ep
of extracting the respective foreground object and the background for each
of the synchr 6Arbegpajialkaligned 3edessEbedsaboyge net hod according to clai m 5,
wherein extracting Conpr"llh[?seéc ri(ﬁ%%ﬁl)agfr%e chojfge c‘)Jf tﬁje ﬁelg(a?eie\%ét%%rfy@a%e in
sequence, with each wei ght nas erng-an array having an entry for each

pi xel posi t¢ onhd @endliif taitast tbahd fitlOahueesthhR@e WASRARE fivd of ofcaUiRUAEe Obj ect
and the background. 7. The method according to claim4, wherein, _

synchr oni zi ng chesopias theragpé ghe refsreace frame. é‘g@mn tha multéplerifiame teabyigpacias. 8.

The method ac (:cgsreqhgtgdlf[c%n?elsélht@a%d no\{\,r\}les{befé fh avdie rggl@;,%}ilengelcii ?mé{y'o;[ z;)ng'ieegtp vefec\;/ to a

of the composite image can be chosen such that all competitors are visible.

C. Superimposing of Video Sequences

15 After extraction of the background/foreground in each sequence and
estimation of the camera coordinate transformation between each sequence and a
reference system, the sequences can be projected into a chosen focal plane for
simultaneous visualization on a single display. Alpha layers for each frame of each
sequence are generated from the multiple background/foreground weight masks.

20 Thus, the composite sequence is formed by transforming each sequence into the
chosen focal plane and superimposing the different transformed images with the

corresponding alpha weight.

D.  Applications

Further to skiing competitions as exemplified, the techniques of the
25 invention can be applied to other speed/distance sports such as car racing
competitions and track and field, for example.
Further to visualizing, one application of a composite video sequence

made in accordance with the invention is apparent from Fig. 6, namely for



.common spatial event in the given sequences. 9. The nethod according to
“'claim1l, wherein synchronizing is with respect to two events irzegﬁg of the
gi ven sequences, with tinme scaling for equalizing tinme between’ £h &e?gﬂ?

10. The met hod according to claim1, wherein the chosen focal plane
corresponds to the focal plane of one of the given sequences. and wherein
the conposite sequence is as viewed from ghe canera | ocation of the one of
t he gi ven dequences. 11. The nmethod according to claiml, wherein formng
t he conposite ,}fgqg a f - by - | Saci 3 t-Dos
according to g?[gﬁllrﬁnﬁ , \Aﬁeel?%gﬁ f oergr%ag%nt 8%@%0%?{%&5}5%?%@ geablgés)égd on
several franme3hnfinailvdssiapleenentodg dfite: meathee ofeamnesfintheseqeenpabetedert thel d of
view in the conposite sequence as conpared with the one of the sequences.
13. The met holVABEBEEPA R e logatien. andymahtiplying ki thgitipesinigrd Se¥egliences are
froma sportspeyent. 14. The method according to claim 13, wherein the
sports event Is a ski race. 15. The nethod according to claim 14, wherein

the sportssevent is a CArcon@osite sequende tan bd BroZfd@s oder cksting Hiawilivkds Rach as
according to claiml, wherein the given video sequences have bi onedi cal
si gni fi cance. natworkyigablpanderielliteclof.dind gs videe patha Intgrmnepiier exiampls Sweli cal

significance compricses, 8] ORlL] CANCE. A% Lo, MRVENPRL (0t Al (A0l a,Ral  ent.
18. The mnet hod AeEsr o ng 1o ai , Wﬂé?’é’fﬁ’ He Bi veR VI HRo sl hces

conprise car gridgyrdaPineSRAh EREAS). GrdinsttiEofMBL hioscaakR HeNfsdparatd ai m 18,
wherein the ear crash test sequences conprises images of cars being tested.

20. The net hochaanelo? domposite videaispquesse ashdre éialudeti@s s aprtion®éh regudar sequences
conprise images of crash dunm es mcars. being,tested. 21. A systemfor
gener at i ndgg gﬁ‘ﬂﬂﬂs&f@a eidgigd" Cé’@&fﬂ@ﬁ‘g‘@n’ff%?ﬁa plurality of given video
sequences) conprising: [PAddRANS tHeHuse HNGBARALFIZN BerlfeRfe U oVifIdsiVE Ha60
sequences into a corresponding plurality of synchfonized vi deo sequences;

(b) neans f orseghews$ can e wadbr sporte fremangcad combdign A, sside Fomfsporteach frane
of each synchroni zed vi e .and obtaini ng a, canera coordi.nate

deo sequen
Crans or mat | oFPAHETaRS eI A DOte ) fndh el MPRlcA RS T AR ot 2ash A A Sl

correspondi ngefhape of each of the synchronized video

15 It is understood that composite sequences may be higher-dimensional,
such as composite stereo video sequences.

In yet another application, one of the given sequences is an audio
sequence to be synchronized with a video sequence. Sgecifically, given a video
sequence of an actor or singer, A, speaking a sentence or singing a song, and an audio

20 sequence of another actor, B, doing the same, the technique can be used to generate a
voice-over or “lip-synch” sequence of actor A speaking or singing with the voice of
B. In this case, which requires more than mere scaling of time, dynamic
programming techniques can be used for synchronization.

The spatio-temporal realignment method can be applied in the

25 biomedical field as well. For example, after orthopedic surgery, it is important to
monitor the progress of a patient’s recovery. This can be done by comparing
specified movements of the patient over a period of time. In accordance with an
aspect of the invention, such a comparison can be made very accurately, by
synchronizing start and end of the movement, and aligning the limbs to be monitored

30 intwo or more video sequences.



.sequences; and (¢) neans for form ng the conposite video sequence fromthe
“synchroni.zed "vi deo sequences by transform ng each sequence big?d HT.?UﬂZ
canmera coordi nate transformation into a chosen focal plane a b&
superinposing the transfornmed sequences for merged sinultaneous
visual i zation on a single display. ~2J1J L 2D02 13 22. A nethod for
determning differential tinme between trvg contestnts at a specified
| ocation in a race, conprising: (a) synchronizing a video sequence of one
of t h_e contestants with ﬁlo\fl‘léii%g lgﬁﬂ&’?ﬁ(ﬁ?cﬂf r&sngnﬂgfggr'ﬁﬁé)ﬂaélﬁﬁ(ﬁ&'gan b(‘:med
choosing a canera reference co Pdinate system each tfrane of each
synchroni zed wbdﬁmcsﬂqmempﬂnqﬂﬂedhbﬁhﬂkﬂ@faﬁﬁﬁﬁﬁbasCﬂ@hdhnahmhrmumnmm
transformati on between the canera reference coordi nate system and the
correspondlngtPﬂ&ﬁﬁaﬁﬂh%@ﬁﬁ“@f“Wﬁbﬁ@?W@hf@ﬁhﬁéﬂCW“@@%a§@ﬁﬂéﬁ&é§“m?6¥“
formng a comosits,yifeq; SEAUENGELIAMANG SUNSIORLZAGH Hedsaesaaugnees by
?1 Pnat r

transformng eac equence ased on ra coor rans mati on
into a chosen hnoat cil poesandotyars u@@rthémgﬁhr@g altemffeh’edﬂsﬁdﬁﬂ'ﬁ% onequences for
mer ged si mul t aneous vi sual i zation on a single display; and (d) counting the
number o f fraseSswetiomes. ehwfdybelsst ants passing the location in the race.
23. A broadcast servic;, for transmtting a conposite video sequence whose
generation conprises the steps of: (a) synchron izing a pl urality of given
v ideo sequences into a corresponding plurality of synchronized video
sequences; (b) choosing a canera reference coordinate systemfor each franme
of each synchroni zed vi deo sequence and obtaining a canera coordi nate
transformati on between the canera reference coordi nate system and the
correspondi ng frane of each of the synchronized video sequences; and (c)
form ng the conposite video sequence fromthe synchroni zed vi deo sequences
by transfonriing each sequence based on the canera coordi nate
transformation into a chosen focal plane and by superinposing the
transforned sequences for nerged sinmultaneous visualization on a single

di splay. 24. A nethod for generating a conposite video sequence froma

gi ven vi deo



~ ~J~~. ~Q @ 14 sequence and a given audi o sequence, conprisi

ng: (a)
“synchroni.zing the given video sequence and the given audio squqgQ$Lgtngg
synchrony between visual features of the video sequence and audi o

of the audi o sequence; and (b) form ng the conposite sequence fromthe
synchroni zed sequences, having a video portion corresponding to the given
vi deo sequence and an audi o portion corresponding to the given audio
sequence. 2~. A systemfor generating a conposite video sequence from a

gi ven vi deo sequence and a gi ven audi d%sequence, conprising: (a) neans for
synchroni zing the given video sequence and the given audi o sequence for
synchrony between visual features ofc¥gﬁw¥ideo sequence and audi o features
of the audi o sequence; and (b) mean orm ng the conposite sequence
fromthe synchroni zed sequences, having a video portion corresponding to

t he given video sequen nd an audi o portion corres ding.,to th ven
audi o sequence. 2'6 @‘9@?@@@?{?”@%%&?&?9%@ Vé{jeeéﬁﬂ%’g‘? fgmv' ‘Ha]é@dﬁéﬁ’éé from
a given;ihd wﬁ&gQ%gﬁgm gqh@ﬁa5%§p audi o sequence, conprising: (a) neans
for synchronizing the given vi eo sequence and the given audi o sequence for

synchrony bet weefr)vswubilonizewt tieesvar vilbe svqudecs s'etque roeespnadiag giwalitgatfur es
of the au io.sgg nce; and (b) a processor which is instructed for formng
the corsiv&e &ﬁgﬁ?ﬁwﬁ?ﬁn1the synchroni zed sequences, having a video

portion correspondi BRodsmhgt HecagieYae?efyt'eﬁi&oc§&9M§QC®st%ﬁﬂ f@“e&“dfrﬁ’mE’Qﬁt R0
corresponding to the given audio sequence. .A Al! AQ.. A 9. Auf . A

@ . A5 S,Sym;@qqulgd Afdeo aguatiqeyaid elaBirlgia camek c@orziu}ate transformatlon between the camera
Ia}N; ;]y c é‘% %r;éc]' C%ﬁ%éf%t gtgl} C%r] @1}30 %]e%ppuii@gg% 1h%a;\%/c\l%]oglez‘lc? a]d%g] caj
sequences; and
(c) forming the composite video sequence from the synchronized video sequences by
transforming each sequence based on the camera coordinate transformation into a chosen focal plane
and by superimposing the transformed sequences for merged simultaneous visualization on a single

display.

2. The method according to claim 1, wherein the camera coordinate transformation is

estimated from the plurality of synchronized video sequences.

3. The method according to claim 1, wherein the camera coordinate transformation is

obtained from recorded camera position data and parameters including focal length.
4. The method according to claim 1, wherein for each video sequence a respective
foreground object and a background are distinguished, and wherein the transformed foreground

objects are superimposed on the transformed background.

5. The method according to claim 4, further comprising the step of extracting the

respective foreground object and the background for each of the synchronized video sequences.

6. The method according to claim 5, wherein extracting comprises producing a
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sports event.

14. The method according to claim 13, wherein the sports event is a ski race.

15. The method according to claim 14, wherein the sports event is a car race.



10% u& ()-m 10% u&' ()-s 10% u& ()-#@0% u&' ()-}$$) UBBBEEYNCFf 10% (

10% u& () - YMLO% u& ()-S10% u& ()-10% u& ()-10% u& ()-1L10% u& () - WR| &&&;

' dEYNCFf 10% ( !10% u& () - 1>2,\féHL

110% u& ()- 10% u& ()-10% u& ()-10% u& ()-F10% u& ()-'"' (b(()N) dEY 1@;@&
+10% u& ()-*10% u& () - F(

10% u&' ()-y&10% u& ()-%$410% u&' ()-SH#z10% u& ()-N))))*[**dEYNCFf 10% (
F7GL0% u& ()-510% u& ()-310% u& ()- @10% u& ()-.10% u& ()-yL-10% u& ()-**U+
V+HWEX+g+i +, b@F 109! 109 (x(& ()- ss1B% & ()-$10% & ()- 10-u 10-u

10-u: ! 10% u&' ()-810% u& ()-, Z, --//0z[9b@f 10! $! 10%& () -

f #1094 & ()-Fs! 109 & ()-!Fs! 109%& ()-!'r 10%m(n(& ()-!8

10%&' ()-012333333} 0P1t 10%<& () - &$f 109%<& ()-Z 10(( 10(( 10((!

@! 10% (& ()-L! @B IDsid&hfd atdordihg 09iagh (1) whdRd] dé PIBaEGRdd IQ0UIcEO ¥ () - g
109%<& ().- 9GIOY& () - F

10%<& (‘%‘9% SR SIEMBRFOUx&' () - T555! 6{ 66+7dE0P1t 10%&Y10%<& () - &10%& () - 3! 10
%<& ()-SS10%<& ()-910%<& ()-910%<&' () - +7W7 77

9999dE0P1t 109%&, 10%<& () - F+10%<&" () - &$10%<&" ()-3" 10%& () - &L!

10%<& () - &10%<& (1f- 38oonethod ade@uding OB O & hedeirgls 0m9stigal (s)gnificance comprises

@10%<&. ()~ 310%& ()-&110%& () & m 10%<& ()-:=;>?: @M Q

Me< @ T 8.(‘21%‘??&? %s)ti’!("%%‘%’% ‘?%—1&%&?&%65“: s$@0%8 ()-f 10< 10<

10<&3: 10%& () - <=>?y?b@\zX6_@ #! 10%00&' () - !#! 10%m& ()- ! ! 10%00& ()-9!
“110%00& ()-9 f 10%& ()-! f . . , S ,
109008 () - AACCccddchte methpdogerding (« dgoizk wherdint e @uyges video yequawses gomprise

100 0! 10%0&%:1().2.9.. 10%0&' () - C6DDD, EQERESETEdYNC! # 10Z 10Z
1029° 1#3&%?‘%&?83}%%) 29 109%& ()-9 109%& ()-L
10%Z& () - TECEdEKEEE3FAEYNC! # ~10%&' () - SL&10%&' ()- 9109%& () -
109&' ()-10%&' ()-$10%& () - SFOFFFSGOGGIEYNC! # _
19. The method according to claim 18, wherein the car crash test sequences

comprises images of cars being tested.

20. The method according to claim 18, wherein the car crash test sequences comprise

images of crash dummies 1n cars being tested.

21. A system for generating a composite video sequence from a plurality of given
video sequences, comprising:

(a) means for synchronizing the given video sequences into a corresponding plurality
of synchronized video sequences;

(b) means for choosing a camera reference coordinate system for each frame of each
synchronized video sequence and obtaining a camera coordinate transformation between the camera
reference coordinate system and the corresponding frame of each of the synchronized video
sequences; and

(c) means for forming the composite video sequence from the synchronized video
sequences by transforming each sequence based on the camera coordinate transformation into a
chosen focal plane and by superimposing the transformed sequences for merged simultaneous

visualization on a single display.
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(b) choosing a camera reference coordinate system for each frame of each
synchronized video sequence and obtaining a camera coordinate transformation between the camera
reference coordinate system and the corresponding frame of each of the synchronized video
sequences; —
(c) forming a composite video sequence from the synchronized video sequences by
transforming each sequence based on the camera coordinate transformation into a chosen focal plane
and by superimposing the transformed sequences for merged simultaneous visualization on a single
display; and
(d) counting the number of frames between the contestants passing the location in the

race.

23. A broadcast service for transmitting a composite video sequence whose
generation comprises the steps of:

(a) synchronizing a plurality of given video sequences into a corresponding plurality
of synchronized video sequences;

(b) choosing a camera reference coordinate system for each frame of each
synchronized video sequence and obtaining a camera coordinate transformation between the camera
reference coordinate system and the corresponding frame of each of the synchronized video
sequences; and

(c) forming the composite video sequence from the synchronized video sequences by
transforming each sequence based on the camera coordinate transformation into a chosen focal plane
and by superimposing the transformed sequences for merged simultaneous visualization on a single

display.

24. A method for generating a composite video sequence from a given video
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25. A system for generating a composite video sequence from a given video sequence
and a given audio sequence, comprising:
(2) means for synchronizing the given video sequence and the given audio sequence
for synchrony between visual features of the video sequence and audio features of the audio
sequence; and
(b) means for forming the composite sequence from the synchronized sequences,

having a video portion corresponding to the given video sequence and an audio portion

corresponding to the given audio sequence.

26. A system for generating a composite video sequence from a given video sequence
and a given audio sequence, comprising:

(a) means for synchronizing the given video sequence and the given audio sequence
for synchrony between visual features of the video sequence and audio features of the audio
sequence; and

(b) a processor which is instructed for forming the composite sequence from the
synchronized sequences, having a video portion corresponding to the given video sequence and an

audio portion corresponding to the given audio sequence.



