WD 99/ 37088 PCT/1B99/00173 METHOD AND SYSTEM FOR COVBI NI NG VI DEO SEQUENCES
W TH SPATI O TEMPORAL ALI GNVENT Techni cal Field The present invention
relates to visual displays and, nore specifically, 5 to tine en%F

vi sual di ¥9199p2088Background of the Invention In video d.spﬁgﬁ B9 m@
sports-related tel evision prograns, special visual effects can be used to
enhance a viewer's appreciation of the action. For exanple, in the case of
a team sport such as football, instant replay affords the viewer 10 a
second chance at "catching” critical nmonents of the gane. Such nmonments can

be replayed in t|on, [ r ahd- dr awn
circles, arrows ﬁhﬁ%@t%ﬁﬂé?&ﬂEﬁesﬁgﬁgﬁggiﬁgﬁ& m@%@@&%ﬂﬂ%t ation.
These t echni ques can be WPe P APIVTEMPOIEAL IMPRSNOIESPOrts such as
raci ng conpetitions, for exanple. Wth team sports, techniques of instant
replay and the like are nost 15 appropriate, as scenes typically are busy

and crowded. Slnllarlé, e.g. in the 100- neter dash conpetition, the scene
i ncl udes t hel ts side-by-side, and slow notion visualization at

the finish ine bringosreUbeldie SERRIPRIRL & URubARGIaRhutithoRd BetincAnd

where starting tines are a as necessi't for the sa
practical §t yioamsk-gefeflisht visubh@sglage of certain racing events such as
downhi I I racing or 20 ski junping, the actual scene typically includes a
single contestant. Summary of the Invention For enhanced visualization, by

the sports fzn as ﬁgl%!ai bgtthe contestant and his coach, displays are
desired in ! 1 conpetition between contestants is .
mani fested. This appl 'ﬁﬁvﬁ&@&%@!ﬁ! xgmp%ngeaat@&aw@o@swg%m 2pesgll € as in
downhi Il skiing, for exanple, and can be applied also to group races in

whi ch qual i fviewdl ieffacts clrebessedite cnis@de 4 viedeTs dppretiation of thadotaome &drr om

uarter-final to_ half-final to final
a example, in the case of a team sport such as football, instant replay affords the viewer

10 asecond chance at “catching” critical moments of the game. Such moments can be
replayed in slow motion, and superposed features such as hand-drawn circles, arrows
and letters can be included for emphasis and annotation. These techniques can be
used also with other types of sports such as racing competitions, 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 downhill skiing, for example, and can be applied also to group races in
which qualification schemes are used to decide who will advance from quarter-final to

half-final to final.



WO 99/ 37088 PCT/1B99/00173 2 W have recogni zed that, given two or nore

vi deo sequences, a conposite video sequence can be generated which

i ncl udes visual elenments fromeach of the given sequences,_suj t?@w

synchr oni NY9%¥B8% epresented in a chosen focal plane. For BEMYEYi ven
two video sequences with each showi ng a %i fferent contestant 5 individually
raci ng the sanme down-hill course, the conposite sequence can include

el enents fromeach of the given sequences to show the contestants as if
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invention. Figs. 2A and 2B are schematics of different downhill skiers
passi ng 15 Befaoampie, giviedwo andeoacqueingss. wiliiearh¢h@Bingraedifetenhenmitestandf | mages
recorded by the video camera, corresponding. to Figs. 2A and 2B. Fig. 4 is
5 schemmt pe BNEGIY TainaHt SEeHENLGOVER.ghe SomRCte sihiees 740 1B g
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Description Conceptually, the invention can be appreciated_in analogy with
2- 25 di nensi onal (2D) A"saspssitayideo pequengafan drounds sodysiBiamy FoRbInIng
deformation or mapping of one i .- [ nput eri zed
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transforqgti gRuehced ok Bidnpid, €. 9., of an

Brief Description of the Drawing

Fig. 1 is a block diagram of a preferred embodiment of the invention.

Figs. 2A and 2B are schematics of different downhill skiers passing
15 Dbefore a video camera.

Figs. 3A and 3B are schematics of images recorded by the video

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, 11, into another, 12, in computerized graphics. Such morphing
leads to a video sequence which shows the transformation of I1 into 12, 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



i mage of an apple into an image of an orange, or of one human face into
another. The video sequence is 3-dinensional, having two spatial and a
tenporal dinmension. Parts 30 of the sequence nay be of special interest,
such as i W@PHEWR%t e i nmges, e.g. the WD 99/ 37088 PCT/ | BO9/ BN 908173y er age
of two faces, or conposites, e.g. a face,with the eyes fromll and the
smle from12. Thus, norphing between i%ﬁges can be appreciated as a form
of merging of features fromthe images. The invention is concerned with a
nmore conpl i cacege vabko fagesrer gompesites crie g dhasgv it thewyes/iTaad | sad therfoeite The

hi I f her .| ead 4- di ' I
dat o which CAHRGE BRLTER Ry ROAET e SsnEber iy e kPl o'

conbi nat i on, A0rd3Mbnt HEARBLLE sequence | eads to a new video sequence.
particular interest is the generation of a new video sequence conbining
el ements fromtwo or nBbireingent®n is egpeemed syithy mreswinpiched $pit nontlgtipor al
10 alignnment or synchroni zati on, anﬂ1 projection into chosen focal plane.
For exanp! e, MFigingRf WaLadeorsequeliSes ¢ er%%%pﬁﬁ‘géﬁﬁ?fé’ﬁ’f“cgi D SUE RCBEF N hi | |

skiing, vi dea%toﬁfegVe%ﬁgE)E4-d91?&1@io'ﬁ§fjdaft{]§/g]ﬁ?1‘§%a&g'Ete%%fpga@tgé em[v,ih%“terv@y%ed a

course separately can be tine- sync y se ing the framgs

cor r espondi ngtc@ediae hvitatioh, sy campositeNeadntatdadetoys ndheideeqeraes My
be synchroni zed for coincident passage of the 15 contestants at a critical
poi nt such as a sl al onP§paréculppintesssh Hphe Sendi AP Yeer squeRte may be t he

sane as the focal. pl ane of .the one or the other of.the. given.seguences, or
't may be SUIPIBPYRSEHT AvEd T ar mars PYPE s R es i PRl sHepS ettt
i's synchi{@ni AahhRA: besaeheRizasH, Shi Pfjéctien @8 Alchosndocal iptne 2@ ot &apkpiand
field, a highjunmp contestant |ifting off fromthe ground or touching down
agai n. | n t hinghe espeft sparts sciof chmpetitem sunh es dewnhil) skymg vidsoiszguenaes
sequences so that ‘b]gth lift-off and touch-down coincide, requiring time

scal i ng. ThePH@agd frepgWOgeplssiapts hayig iENEsed? FOYER SR 581 ROEMET

trajectori essynchronized by selecting the frames corresponding to the start of the race.
Alternatively, the sequences may be synchronized for coincident passage of the
15 contestants at a critical point such as a slalom gate, for example.

The chosen focal plane may be the same as the focal plane of the one
or the other of the given sequences, or it may be suitably constructed yet different
from both.

Of interest also is synchronization based on a distinctive event, e.g., in

20 track 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 éomposite 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



Wth the video sequences synchroni zed, they can be further aligned 25
spatially, e.g. to generate a conposite sequence giving the irrpressi on of
the contestants traversing the course sinultaneously. In a si

appr oach, WeR7e88  al i gnment can be performed on a frame- bquﬂgg%o%%l s.
Al'ternati vel y, by taking a plurality of4frarres froma canmera into
consideration, the view in an output imge can be extended to include
background el enents from several sequential images. 30 Form ng a conposite
i mage i nvol pesessny egesttillngrasshipolignt fardbaeneciahcasg of R Erep drmalt pl ane,
typically requiring a considerable amount of conputerized WO 99/ 37088

PCT/ | B99/ Ooﬁe%§encfsproce55| ng, e.g. as illustrated by Fig. 1 for the special

case of two video inpgfy 1SRGWERESRNade!sBquehc &8 MGNG Y62 baﬁgeedst%qtuences IS |
and 1S2 being fed to a” nodul e 11 for synchronization into synchronized

sequences | faoBuknd fbSnchienizaborxaopyrehraniedsequeeosdS 1'1adISAnd'ok S2 may have

been obtal ned for two contestants in a_ down-hill n et|t|on and
t hey nay beeWﬁrtbﬁﬁ%@ﬂn%ﬁ I3 handsdunyy havedgen ﬂlétﬁlne‘?ﬁgtg’ﬁcé’f’ CPRLITEN 3f each

sedquence. cOLLEsRANGS 0. rliiR0Rt A AN m bRV RONIE B bRid dadRys so TE

synchroni zed” sequence bac groun foreground

extraction, tRsfirdefdmass éa@h @ecﬁl@db& ore3pdrids t€ REedrAcstan tekviig!the btaniigf grdrat i on
10 estimation. For each of t i mge sequences, the nodule 12 yields a

wei ght - mask sequence esynchygrizedesgarenges thtfedrﬁﬁ@@wl%bzéﬁbéﬁk%wu%w ng an

entry for each SItIOI’l diff at| n bet he .scene of
i nterest an ﬁé?gn‘)g 8’3fr?t§/“f 5@53?8%@3 e'l'{:? 068?{3 P%\rgeoafte {rﬁnSf?/rvgfaélﬁt’ mask
sequencq n\éﬁlrﬂﬁﬁm GRS (R AnSRAEGIENE&, Bfe hdRUES §ildsal weaBRLmayhi Ch,
fromframe to frame, nove 15 relative to the background. The nodule 13

yi el ds sequeapenga(VENE)ewih SthvaghtMbelmanam@amgenanmg%mclmf azi nut h
and el evation, and canera focal erture a 39 ot hers. These

th d
par amet ers ©iS! Besii %Itdrﬁlﬁé’i?ntl?tﬁtﬁ FP‘\%R’E!%‘E?_“ Qéﬁ%ﬁ%é‘n “comput eri zed
processing 'bggliglﬂgﬁnragfote%cﬁfnap lﬂte'ggﬂergt%h SRS Wetgt Rhsk SREESce involves

computerized searching of images 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



Alternatively, a suitably equi pped canera can furnish the sequence
paraneters 20 directly, thus obviating the need for their estimation by
conput eri zed processi ng. The wei ght-nask sequences W51 and W52 are fed to
a modul e MO 9931088 a| pha- | ayer" sequence conputation. The al PREEP83i s an
array which specifies how nmuch wei ght egch pi xel in each of the inmages
should receive in the conposite image. 25 The sequence paraneters SP1 and
SP2 as well as the alpha layer are fed to a nodule 15 for projecting the
al i gned i mgtrgeggainobsracs eiethosen focal plane, resulting in the desired

conposite i mage sequence. is is exenplifjed further . Figs. 2A, 2B, 3A
3B, 4 and 5 Fig. 2A ok ibreioR R aBet o 5 pablhlbhalh 1 e B8 20
with the 3Q,8¢6" REI HSNBE el Geihf PPoRIAFTRN 8 dRRSEdticAmeRpiMtid B atdew ng
angle j(A). The position reached by A may be after an el apse of t(A)
seconds fromwifl sdifeeasrithgoteherd® GOWBE0881cRTR)| BoO¢@0dArBon Svithsskaar tA, ige gat e
of a race event. Fig. 2B shows 3not her, ski ptgsi tion

£

r, B, i gsi 1| ar
rel ative o RORionpdpkigt Brpresnondiia ap fflweg?é(ﬁ\é Stropfy fpBdeIwdine Bm a
di fferent Captif, Bas! ws%s%%te%n%hﬁgt JrQ) %,C%%fesﬁge?@thasmnae@?srg%wamqgwg

angle (~(B) onparison wth's position o I er

corresponds @ @nrel RReMpafedtv(if) sis@conds from B | eaving the starting gate.
As illustrated, within t(A) seconds skier B has traveled farther along the
race course as conpar eltighidhankshow the rgspltiyeapretiB@IMALeW t he resul ting

Super posed at o 10 coioh Bt SroeaT o Fish: 250 SR PReSRAL i ng
desired a8 Lo 86169 1ddatisn.chosen focal plane, affording i mediate
visualization of skiers A and B as having raced jointly for t(A) seconds
froma common start. Fig. 5 shows the resulting desired image projected in a chosen focal
plane, affording immediate visualization of skiers A and B as having raced jointly for
t(A) seconds from a common start.
Fig. 6 shows a frame from a composite image sequence generated by a
15 prototype implementation of the technique, with the frame corresponding to a point of
intermediate timing. The value of 57.84 is the time, in seconds, that it took the slower
skier to reach the point of intermediate timing, and the value of +0.04 (seconds)
indicates by how much he is trailing the faster skier.
The prototype implementation of the technique was written in the “C”
20 programming language, for execution on a SUN Workstation or a PC, for example.
Dedicated firmware or hardware can be used for enhanced processing efficiency, and
especially for signal processing involving matching and interpolation.

Individual aspects and variations of the technique are described below

in further detail.

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



Fig. 6 shows a franme froma conposite i mage sequence generated by a 15
prototype inplenentation of the technique, with the frane corresponding to
a point of internmediate timng. The value of 57.84 is the tine, in
seconds, MRAPY308% ook the slower skier to reach the point BfVIEPAMTRdI ate
timng, and the value of +0.04 (seconds)6i ndi cates by how nmuch he is
trailing the faster skier. The prototype i nplenentati on of the technique
was witten in the "C' 20 progranm ng | anguage, for execution on a SUN
Wor kst at i on oger GmPCWifere beth algptamera agays ferpalanepdickablYwes- €t can be

used for enhanced processi efficienc and especially for sjgnal

processi ng icm}%m}isﬁaedrﬂtagﬁqq%an%&erppﬂrgl?/%léqrgltgi CS‘H.%B 4 %ﬂa{% éﬁ}éﬂnc i%gﬁogaland
vari ations of,&hendyechni que are described below in further detail. 25 A
Backgr ound/ For eground Extraction In each sequence, background and
foreground can be ext rRBestédn dstenginatiorsuif tladpecdrwithovhigs therpatkgrountet hod.
This method should be "robust", for backgrg}%gg/for@grround eﬁtracti on where
i mage sequerBRES 4pe IeAMETR BIPUSY. Adihs sRsgd OF 107 ALY TGRIPSF erot R Ca G #i r ed
scene cont ai ' ' [ : o} enpor al

consi st ency,bg‘?k (#8 ‘;{%dgﬁ)é%q&gﬁ?%%cg@ %@%%éersgﬁg%ﬁ@?}ég%}%%Qltf?%]tg%{sét?abI e WO
99/ 37088 PCHe R/ 1At pIxclSwhichrfolléwehe dhreearkihbsd Wkich doeiba Bindweight agent s
are noving predictably, e.g. at constant speed or_accel eration, tenporal
filtering cdayasavillgken lfeouseg ttheeneeie aeplpba layer fopHisi Hab prIposs seqicnre-

determ nations of the speed with which the background 5 noves due to canera
notion, and the speed of the skier with respect to the canera,

backgr ound/ f9r egr Qund. «ExbbACALLANBAMEKBLRRcE Wei ght | ayer whi ch
differentiates between those pixels which follow the canera and those

whi ch dol®ot. The wei ghidmpdralysiznmichl invhlees the selsettbnt of cgemenoatimgdranadspha

| ayer for the final conposjte sequence., .B. ati.o-tenporal . Ali gnment of
Se)(;uences the sequences, g:%ordmg to a chosen criterion. Ts)fl)nca ly, in sggns racing 9

competitions, this is the time code of each sequence delivered by the timing system,

e.g. to select the frames corresponding to the start of the race. Other possible time

criteria are the time corresponding to a designated spatial location such as a gate or
15 jump entry, for example.

Spatial alignment is effected by choosing a reference coordinate
system for each frame and by estimating the camera coordinate transformation
between the reference system and the corresponding frame of each sequence. Such
estimation may be unnecessary when camera data such as camera position, viewing

20 direction and focal length are recorded along with the video sequence. Typically, the
reference coordinate system is chosen as one of the given sequences— the one to be
used for the composite sequence. As described below, spatial alignment may be on a

single-frame or multiple-frame basis.

B.1 Spatial Alignment 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



10 Tenporal alignment involves the selection of corresponding franes in

t he sequences, according to a chosen criterion. Typically, in sports racing
conpetitions, this is the time code of each sequence delivered h t?e
timng syH@®MW3708 9. to select the frames corresponding toqqqrémﬁ/g(p Sof the
race. Ot her possible tinme criteria are ihe time corresponding to a

desi gnated spatial |ocation such as a gate or 15 junp entry, for exanple.
Spatial alignment is effected by choosing a reference coordinate system
for each fr&nianging thy tcamorateensigengytdhgrestimagigp PHICASt e t r ansf or mati on

bet ween the reference system and the corresponding franme of each sequence.
Such estimation may be unnecessary when canera data such as canera
position, view ng 20 (gb aeatAImnandoh 8 aalltibefeinle Bigs recorded along with the
vi deo sequence. Typically, the reference coordinate systemis chosen as
one of the given sequémtestechinguespatiah abgnmens evkppbied toigcomstrpoist tmagesquence.

As descri bed_hel ow, spat. al. alignnent e.on a single-fr r

ol 1 pl e £ Qg BB PR A VO 5 RN B IRT ARV BRLP Y5 A
each step ofnJifh3 fla @%ﬂ%@onsﬁ’hét&iﬁmﬁe USRS RN o bRl AMISA6 M Obne t he
sequences. As each of the sequences includes nbving agents/objects, the
met hod f or f@Stdck@bund)fdrbgotadrertactionridi axatmpld. r@msfaachsdeneohanesds to be

robust. To this end, the nasks generated in background/foreground
extraction eeppryelygeemsirugted e g 40 takp i1 anaeh PaskeoHBk & RRISIDIS BietERtind

extraction, te ral «filLerd ed for WO 99/37088 PCT/1B99/00173
7 enhanci ng C%%gpg%%ﬁlgygllélgegnaggise%%{rq}ggg%&t he estimation process. B.2

Spatial Alignnment on aHdidcthmihee dllowserdasibiee of tHelficsd bEEBW oTe@eryShhd Al
alignnment is applied to reconstructed i mages of the scene visualized in

each sed@endles scEaghn voutest wahesingls-framg ieekniqumehgre die fasldpf vEwhdsttd pee
frames for reconstructio f t.he scene, .usin technique simlar to the
one for balREFBFHAST I rﬂg‘h’f? r%r@?q'oﬂfusf %rtﬁee%{ﬁiﬂleé. a’@?i%(:hél%‘ﬁ’ ¥Ycene has
been case that all contestants are not visible in all the frames, the field and/or angle of view

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



separately reconstructed, e.g. to take in as nuch background as possi bl e,
the scenes can be spatially aligned as descri bed above. This technique
allows free choice of the field of view of every frane in 10 the gggne, in
contrast tYWOPHEO8S ngl e-frane technique where the field of VPEWHALYS be
chosen as the one of the reference frane, Thus, in the multiple-frane
technique, in case that all contestants are not visible in all the franes,

the field and/or angle of view of the conposite inage can be chosen such
that all comstarininng difesenyiakiimedetveen Syyp ingpod iapy desredileragossfasices 15
After extraction of the backgr.ound/.foregr in h_s enc

estimation 1ﬂ§HgOEgﬁEPgH%S%ﬁﬁﬁﬁg?gmfwﬁﬁgf§f%%??%ﬁ%§%Fﬁ@%ﬁ*ﬂﬁ%ﬁgggaaence

and a ref ergRGENSYSbRTIngthelos SEE BEE SubilyiRg bP iR @6k aderval er@eghosen focal
pl ane for simultaneous visualization on a single display. Al pha |ayers for

each franme dtamasch sequence are generated fromthe nmultiple _

background/ f oreground wei ght masks. 20 T ug, 5he conposite_.s guenc i
formed by? transf or mi ng* ESTROSETARTES SR BE PIRadCaEHRCE X?%%%?“ﬁﬁﬁﬁ@m

super i nposi %t\%&%}b\gﬁlé S elfifedRP faﬁiﬁ e didc0REeRe Mhdrhet! RE exRpIEESRANI NG

al pha wei ght'. ications Further to skiing conpetitions as

exenpl i fi ed, sejhcbeediiepf@sedis drhéemdtl sermieast ¢.grorcachanaclappiraedrdm aot her
speed/ di stance sports such as car racing K conpetitions and track and field,
for exanpl e.stietht tsak-time mair glzanngl. o, nstrad &ﬁb%@&ﬂ%ﬁnw@ LEAPEE te vi deo

sequence magde in accordance, with the |nventi IS Fig. 6,
nanely for a@@an?ff%pqﬁ 45857 ‘@)‘tff?%c‘% edlg{’lélrgér:q %Slan%&gﬁg g%égr%tql?ag] time
bet ween {y0 IHARAAT Sisilhy @S a(i%%hér%rtl&xgedrie@anﬁlfe. a race. This involves
sinpl e counting of the nunber of frames in the sequence between the two

runners passing the | obetddgimn tankkinmudetin bropdeastibg, aeherateidrpenipesiés Video bet ween
franes. sequences can be used in sports training and coaching. And, aside from sports
applications, there are potential industrial applications such as car crash analysis, for
example.
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. Specifically, 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.



5 A conposite sequence can be broadcast over existing facilities such as
network, cable and satellite TV, and as video on the Internet, for exanple.
Such sequences can be offered as on-demand services, e.g. on a channel
separate MQMHEBEtrictly real-time nain channel. O, insteBdVBI*?B%73
broadcasting over a separate channel, a_. conposite video sequence can be

i ncluded as a portion of a regular 10 chgnnel, di spl ayed as a corner
portion, for exanple. In addition to their use in broadcasting, generated
conposite video sequefuebercapplipgiongeth ¢an cepbanaysis. al g teghriaet codehised).

And, aside fromsports appli.cati.ons,. there. ar otential industri al

appl i cation OEBIE’?HE‘SQ ng}pagﬁgg}? %ﬁ?ﬂ’{%‘?% ?F?Igfﬁrengﬁﬁ'ﬁrﬁaége(ﬁ@ Sf‘flﬂ‘i“rssnﬂﬁté‘é}sst ood
that conposih,esSSAULRAE eRieIBYr RE difiBhRE - FLARA$h BN%kash HHEHisAR iCHPRASAL €
stereo video sequences. I n yet another application, one of the given
sequences i Ssoabmpurk adffecsenuemhalunoniee Agmohindwozedshed with shesdadeaypegiience.
Specifically, given a video sequence of an actor_or sjinger, A, speaking a
sent ence or SrFEHaN AresEsly, CORMAMERP v i drvpies agdisesd SEPAWRERT actor, B,
doing the s echnj ol be used to generate a voice-over or
"Iip-synch"q%%gééﬁﬁgﬁﬁ?gggggﬁtA %Béaking or singing wth the voice of B.
In this case, which requires nore than nere scaling of tine, dynamc
programm ng techni ques can be used for synchronization. The spati o-tenporal
real i gnnent nethod can be applied in the 25 bionedical field as well. For
exanple, after orthopedic surgery, it is inmportant to nonitor the progress
of a patient's recovery. This can be done by conparing specified novenents
of the patient over a period of tine. In accordance with an aspect of the
i nvention, such a conparison can be nade very accurately, by synchronizing
start and end of the novenent, and aligning the linbs to be nonitored 30
in two or nore video sequences. WD 99/37088 PCT/1B99/00173 9



Anot her application is in car crash analysis. The techni que can be used
for precisely conparing the deformation of different cars crashed in
simlar situations, to ascertain the extent of the difference 5 hﬂfr in
car crash™h®¥%& it is inportant to conpare effects on TH&} /g{f i es
Again, in two crashes with the sanme type . of 5 car, one can precisely
conpare how the dumm es are affected depending on configuration, e.g. of
safety belts. WD 99/37088 PCT/1B99/00173 10 CLAIMS 1. A nethod for
generating a conposite video sequenceAIMS plurality of given video
sequences, conprising: (a) synchronizing the given sequences; and 5 (b)
formng the conposite sequence fromthe synchroni zed sequences as
projected into aichosRfhdderberlthAng a cdmpbbite WaEH auateatdth AgItaliG & m 1,
wherein synchronizing is with respect to a tined event in the given
sequences. givelihadapetehoehcas comghrisiget o cl ai m 1, wherein synchronizing is
Wi th respect to 10 a conmpn s atiﬁk event in the given sequences. 4. The

met hod according to cl@ SYIChroapay SYRSKABTCSS % s with respect to two

events i each of the g ‘f&%iﬁ;?}%%%%ﬁy%sité"@eﬁﬂeﬁ&%n?%'sgf?&uf)ﬂ%eae gLk Ng

time between the events. od according to ¢claim1, erein the
gi ven vi deo asprpjenaesitdavikosed focabpiana par aneters i ncl udi ng canmera | ocation
and focal |ength, wherein the chosen focal plane corresponds to focal

pl ane of the one of the given sequences, and wherein the conposite

equences. 6. The: nOHOH B AP AR Gaif Ebhgen HndrBHBRE Db Pppcts”

sequences. 6. The ne d-accor ¢
conposi te seqgaréven?fh thé ghRndeducass®: by-frame basis.

3. The method according to claim 1, wherein synchronizing is with respect to

10 a common spatial event in the given sequences.

4. The method according to claim 1, wherein synchronizing is with respect to
two events in each of the given sequences, with time scaling for equalizing time

between the events.

5. The method according to claim 1, wherein the given video sequences have

15 camera parameters including camera location and focal length, wherein the chosen
focal plane corresponds to focal plane of the one of the given sequences, and wherein
the composite sequence is as viewed from the camera Jocation of the one of the given

sequences.

6. The method according to claim 1, wherein forming the composite sequence

20 is on a frame-by-frame basis.

7. The method according to claim 1, wherein forming the composite sequence
is based on several frames of at least one of the sequences, for an expanded field of

view in the composite sequence as compared with the one of the sequences.



7. The nmethod according to claim1l, wherein form ng the conposite sequence
is based on several franmes of at |east one of the sequences, for an
expanded field of viewin the conposite sequence as conpared with the one
of the se¥RMNE3888 Wo 99/37088 PCT/ I B99/ 00173 11 8. The netMddB¥&B/ding to
claim1l1, wherein the given video sequencgs are froma sports event. 9. The
nmet hod according to claim8, wherein the sports event is a ski race. 10.
The nmethod according to claim8, wherein the sports event is a car race. 5
11. A system for Sgekhermethedjaceording tosslaen 1 Wesseis dhpgineevideorsaueptasrast i ty of
gi ven vi deo ;sequences, conprising: (a) neans for synchronizing the given
sequences aﬁHHTSpr§§ﬁ§n¥or formng the conposite sequence fromthe
synchroni zed sequences as projected into a chosen focal plane. 10 12. The
system according to claim 11, wherein the nmeans for synchroni zing

conpri ses neans forThel methddgedohdingio/dains guleareio shanipokts cespaect skigaze. t i med
event in the given sequences. 13. The system according to claim 11,
wherein the means for synchronizing conprises neans for aligning the given

sequences with regpegl. Lané g&g}’@n %P(gﬁigfé,_wge?eiﬁ ohtB b 18 ¥ENace

sequences. 14. The system accoro aim11l, wherein the neans for
synchroni zing conprises neans for aligning the given sequences with
respect to two events in each of the given sequences, and nmeans for time
scal i ng for equallilzi/kgystsmdorgengiabng a gempesjieritideo spguense frppea glpsalidyrof
according to.clai.m 11, wherein the given video sequences have canera
paraneters ﬁﬁg?ﬁﬂﬁ%bﬁﬂgﬂg?%CP%%E?W@h and focal |ength, and wherein the

nmeans for forning the gpwRAss iR s§RAMGNESg BRNBVESRIJuERAOInfior choosing the
focal plane corresponding to focal plane of the one of the given

sequences, and neans f(by means for forming the composite sequence from the synchronized

sequences as projected into a chosen focal plane.

10 12. The system according to claim 11, wherein the means for synchronizing
comprises means for aligning the given sequences with respect to a timed event in the

given sequences.

13. The system according to claim 11, wherein the means for synchronizing
comprises means for aligning the given sequences with respect to a common spatial

15 event in the given sequences.

14. The system according to claim 11, wherein the means for synchronizing
comprises means for aligning the given sequences with respect to two events in each
of the given sequences, and means for time scaling for equalizing time between the

events.

20 15. The system according to claim 11, wherein the given video sequences
have camera parameters including camera location and focal length, and wherein the
means for forming the composite sequence comprises means for choosing the focal
plane corresponding to focal plane of the one of the given sequences, and means for

forming the composite sequence as viewed from the camera location of the one of the



form ng the conposite sequence as viewed fromthe canera | ocation of the
one of the WD 99/37088 PCT/1B99/00173 12 given sequences. 16. The system
according to claim 11, wherein the nmeans for formng the conposite
sequence O¥AIPPYEE nmeans for processing the given sequencesPOHTEPMPYRe-
by-frame basis. 5 17. The system accordi to claim1l, wherein the nmeans
for formng the conposite sequence conprTses neans for using severa
franmes of at |east one of the sequences, for an expanded field of viewin
t he conposi t8vVEeHGEeREES.-as conpared with the one of the sequences. 18. The
system according to claim1l, wherein the given video sequences are 10
froma sports event. 19. The system according to claim 18, wherein the

sports event is a@Ekihd 36Rm ac%@rdiﬂz_é’@ SMBE BMwAE R theMGeah® 16 BHink8he Wher ei n
the sports event is a car race. 1. A systemfor generating a conposite

vi deo sequenmenfosteseayupheer@mprsepmeangi foeprovésdag thegivemsmmenaswpri feame: 15
(a) neans for nchrani zi ng the given sequences and (b) a processor which
is instruct eW'gyBWepﬁ?lﬁi ng the conposite sequence fromthe synchronized
sequences as projected into a chosen focal plane. 22. A nethod for
generating a conposite image, conprising: (a) synchronizing a plurality of
vi deo seqsiences ant Phk {Rjenf aocoidigg tohaiaohly odietetn theagent fanfoanmgakpondi ng
frames of the synchronized sequences as projected into_a chosen focal

pl ane. 23. ACHRRAsSHE SAUCBS sPMBIseHmsAnssRsIng spver) Hamepaf ot least anpelithal ity of

video s eq“e”sce%ﬁénc\é\s‘? fgrg e/1n367x%§n81de%cﬁzkli I(?)’? g{eg’ol% Z}?’e cojﬁ%)’posite sequence as compared with

the one of the sequences.

18. The system according to claim 11, wherein the given video sequences are

10  from a sports event.
19. The system according to claim 18, wherein the sports event is a ski race.
20. The system according to claim 18, wherein the sports event is a car race.

21. A system for generating a composite video sequence from a plurality of
given video sequences, comprising:
15 (a) means for synchronizing the given sequences and
(b) a processor which is instructed for forming the composite sequence

from the synchronized sequences as projected into a chosen focal plane.

22. A method for generating a composite image, comprising:
(a) synchronizing a plurality of video sequences and
20 (b) forming the composite image from corresponding frames of the

synchronized sequences as projected into a chosen focal plane.

23. A broadcast service comprising;:

(a) synchronizing a plurality of video sequences;



(b) form ng a conposite sequence fromthe synchroni zed sequences as
projected into a chosen focal plane; and (c) broadcasting the conposite
sequence. 24. A nethod for generating a conposite video seque a

gi ven vi d¥® 9%78®8quence and a gi ven audi o sequence, conpri3¥H§$SWQ@9§]
synchroni zing the given video sequence apd the given audio sequence for
synchrony between visual features of the Vvideo sequence and audio features
of the audi o sequence; and (b) form ng the conposite sequence fromthe
synchroni zed sequences(b) foUNE GOFPLSNG trEBCSS Mtod HicsynshEeyaebeayencss the

gi ven vi deo %8%&%8?%0%” Oggy@ggiqrmpgﬁfion corresponding to the given audio
sequence. 28" sys?en1 or geneﬂ%ﬁlhg a conposite video sequence froma

given video sequence @perRAdgisues tirRUBhPosIEIqi&Re. CONpPri sing: (a) nmeans for
synchroni zing the given video sequence and the given 15 audi o sequence for
synchrony between visual features of the video sequence and audio features
of the audi o sequence; d, (b) neans for form t he conposite segyence
rom o synchr ontbeh maBo R Bel it FEmReUr HeBe SOFERoH DA SYToRtrhg t o
the givens Vis‘égﬁ?en%gg.ggQ%?vd%%d%eq@&fé&,%oﬂ%ﬁin%n corresponding to the given
audi o sequence. 2 . /A system for generating a conposite video sequence
froma given video se@leryachramding thé gienn auddo seqencemedahe goeprudibng: (a)
means for synchroni zing the given vjdeo. sequence and the given audio
sequence for“@yﬁ@ﬁﬁ@ﬁyn@@Pﬁégﬁ“ﬁﬁéM&Pdﬁ€§Pﬁ?8§ﬂ€ﬂ”¢%@w9P%€Ba§%aﬁgﬂce and

audi o featurf%gtu%;)gs Jf*%}?e &g)e g%eréﬁg; and 25 (b) a processor which is
instructed for 1T0rmng e conposite sequence fromthe synchronized

sequences, having a Vi ggofop@idg the ceapssiie RENEhOOrbd thdigyr@hidived beqlRAces,
sequence and an audi o portion corresponding to the given audi o sequence. WO
99/ 37088 1PCTiidvBe94 PIEF portion corresponding to the given video sequence and an audio

portion corresponding to the given audio sequence.

25. 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
15 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.

20 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

25 (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.



14 27. A nethod for determning differential tinme between two contestants
at a specified location in a race, conprising: formng a conposite video
sequence from synchroni zed gi ven video sequences of the contestants

proj ect ed MG 788chosen focal plane; and 5 counting the nurftSeYB8Y 0N Y e s
between the contestants passing the loggtion. 28. The nethod according to
claim1, wherein the given video sequences have bionedical significance.
29. The nmethod according to claim 28, wherein bionedical significance 10

conpri ses si gni f Pdade@cBodiley daisramppg diferential Himedetveepdvp santestanss atpe

met hod accordi n | ai.m wh 0. the given video sequences conprise
car crash tégetmgeé{q@g%hoé]sm aji_aLC.e’ ﬁ"ﬁé&lrlrggrtl iod according to claim 30, wherein the

car crash test Sequen@@ﬁningarmmsgteiﬂaaﬁs“eqoénc@&fosn beich®niRdteddn i&o32. The
met hod according to claim 30, erein the car crash test sequences
conpri se i magpeneds of testontkstanise projestaskint behiasen fassk Wane; and

5 counting the number of frames between the contestants passing the

location.

28. The method according to claim 1, wherein the given video sequences have

biomedical significance.

29. The method according to claim 28, wherein biomedical significance

10 comprises significance as to movement of a limb of a patient.

30. The method according to claim 1, wherein the given video sequences

comprise car crash test sequences.

31. The method according to claim 30, wherein the car crash test sequences

comprise images of cars being tested.

15 32. The method according to claim 30, wherein the car crash test sequences

comprise images of crash dummies in cars being tested.



