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present invention rel ates ge%era % pagéir'l"e"ﬁ't atp%n ot aﬁ image within a
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BACKGROUND OF THE | NVENTI ON Sports arenas typically include a gane
area where the gane occurs, a seati ng area where the spectators sit

and a wal | of 3O wgﬁh i%ﬁ Aﬂﬁ?ﬁ? NTO! t he wal |
is at |east partla?Py covere YP advertisenments r%Emstlh &%ﬁé?orrpam es

whi ch sponsor the ganme. Wen the galSEQUYENCEred, the advertisenents 15 on
the wall are filmed as part of the sports arena. The adverti senments cannot
be presented to the public at large unless they are filned by the

tel evi si on caner as. Systens are known whi ch nmerge predefined

adverti gerrent s onto surfaces IﬁEED OF THE INVENTION
The present invention relates generally to orientation of an image within a video
sequence of a scene, to such orientation which determines the locations of
elements in a scene and to replacing certain elements with a prepared image within
the video sequence.

10 BACKGROUND OF THE INVENTION
Sports arenas typically include a game area where the game occurs, a seating area
where the spectators sit and a wall of some kind separating the two areas.
Typically, the wall is at least partially covered with advertisements from the
companies which sponsor the game. When the game is filmed, the advertisements

15 on the wall are filmed as part of the sports arena. The advertisements cannot be
presented to the public at large unless they are filmed by the television cameras.
Systems are known which merge predefined advertisements onto surfaces in a
video of a sports arena. One system has an operator define a target surface in th'e
arena. The system then locks on the target surface and merges a predetermined

20  advertisement with the portion of the video stream corresponding to the surface.
When the camera ceases to look at the surface, the system loses the target surface
and the operator has to indicate again which surface is to be utilized.

The above-described system operates in real-time. Other systems are
known which perform essentially the same operation but not in real-time.

25 Other systems for merging data onto a video sequence are known. These
include inserting an image between video scenes, superposition of image data at
atixed location of the television frame (such as of television station logos) and even
electronic insertion of image data as a "replacement* of a specific targeted
billboard. The latter is performed using techniques such as color keying.

30 US 5,264,933 describes an apparatus and method of altering video images
to enable the addition of advertising images to be part of the image originally
displayed. The operator selects where in the captured image the advertising image
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video of a sports arena. One system has an operator define a target surface
in the arena. The systemthen |ocks on the target surface and nerges
a predeterm ned 20 advertisenment with the portion of the video stream
corresponding to the surface. When the canera ceases to | ook at the
surface, thgosyplson | oses the target surface and t hepopm9enaalo has to

I ndi cate again which surface is to be utilized. The

above-descri bed systemoperates in reg-tinme. O her systens are known
whi ch performessentially the same operation but not in real-time. 25

O her systens for nerging data onto a video sequence are known. These

i ncl ude i nietot be dmplantethh g Thb adysen of UIS.05,264/933, caiales impiant magés, i ifage

data at fixed | ocgtigogn of the television frang (such as of .

tel evi si onsg'ﬁgtﬁpdﬂaﬁnogm g Areas, in respangetp Auidio sigaals, such 8% typiedle dat a
as a "repl agsreBsibns of comARAfdtdisC t ar get ed bill board. The latter is
performed using techni ques such as col or keying. 30 US 5, 264, 933

descri bes an apP@Fahppiication RETADR9H/P0206 dessripesi algrocediutreand deviaeofasnabl e .
Lo ahn PRt AERe iR dO el Mlbbed lpdE R AR AR,
i mage zone which hagfegistet Mmag® nearby. The system searches for the register marks
PCT/ 1 L96/ Og?ﬂ} ﬂses them to determine the iocation of the zone. A previously prgpared image
can then be superimposed on the zone. The register marks are any easily
identifiable marks {such as crosses or other "graphemes”) within or near the target
10 zone. The system of PCT/FR91/00296 produces the captured image at many
resolutions and utilizes the many resolutions in its identitication process. -

PCT Application PCT/US94/01649 describes a system and method for
electrically exchanging the physical images on designated targets by preselected
virtual ones. In its preferred embodiment, the physical image to be substituted is

15  detected, recognized and located automatically.

All of the prior art systems utilize pattern recognition technigues to identify

the target to be replaced where the target is selected or predetermined.
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is to be inplanted. The systemof U S. 5,264,933 can also inplant inages,

| audi e—sr—gﬁa-l—s
such as typi cal expressi ons of coment at or s.

Appl i cati on PCT/ FR91/ 00296 descri bes a procedure and device for 5

nodi fying a_zone in successive inmages. The imges show a : bl e

t ar get WOKNAUE ch has regi ster marks nearby. The systemn searches for
the regi ster marks and uses themto determ ne the |ocation of the
zone. A previously prepared imge Fan then be superinposed on the
zone. The regqi ster mar ks are any easily i dentifiabl e mar ks (such as

crosses or other "graphe zone. The

syst em of PCT/ FR91/ OOZ%W(%MQWW many

resolutions and utilizes many resolutions in its identifjcation
process. tisa é@dﬂgﬁﬂe ant veation JaqIey %ﬁé“mg??ﬂfe@pia@?@’em and
met hod for system&Asigh Utikzdls!a/ pficrf kidWbdge bhthePArea i Whidh'&rd Gstio lodteirs ehat ed

targets by preselected virtual ones. In its preferred enbodlnent t he
physi cal i ndgjerms 'aew@esatgml%méfee images Theqpriari knowledgedaeludesknawiedas at ed

aut omat gcal gpythe rules re garqu pIQ?mb '&?ezpftéeﬂf (l%réha?ésérﬁ”%e%bé 248 £rn

recognltlon techni g e repl ace ere the
target is s@pm&@ndrelgnemtoémﬁ m;n‘e arena which form part of the background and

is utilized to orient the current frame within the background arena.

Applicants have realized that a two-dimensional picture of a three-

dimensional scene will have certain characteristics which change due to the

10 projection of the three-dimensional world onto the two-dimensional surface and

certain characteristics which do not change. For exampie, angles of lines change

as do the shapes of curves. However, the textures of neighboring fixed objects,

such as signs on along the edge of a professional soccer field, will not change with

perspective, nor will the relationship of one neighbor to the next {e.g. a COCA-

15  COLA sign will remain next to a SPRITE sign, no matter the perspective). In
addition, lines may be shown differently, but they remain fines.

Applicants utilize this realization for orientation of a current frame of an
action, such as a soccer game, within the background arena. The present invention
first maps the background arena by listing the minimally changing or invariant

20 characteristics (adjacency relationships, the locations of lines and well-defined
curves, etc.) and the topology of the static objects in the arena.

When the action occurs (i.e. during the game), the present invention
determines which static objects are being viewed in each frame of the video
sequence of the action. Since the action is of interest, the static objects of the

25  arena will form part of the background. Thus, the frame of the video sequence wiil
include objects not in the empty arena which may or may not occlude some of the
sfatic objects. The present invention determines the minimally changing
characteristics of the arena and then attempts to match the topology of the frame
1o that of the arena. The occluding objects are determined and then not considered

30  during the matching operation.
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SUVMARY OF THE PRESENT | NVENTI ON It is an object of the
present invention to provide a further inage inplantation system

which utiliwedrapeiori know edge of the area in which anpevaLssooecurs to
determ ne where to inplant the inmage. The a priori know edge i ncl udes
know edge 5 of the rules regardinggthe playing area itself (its shape
and the |lines and curves thereon) and elenments of the entire arena
which form part of the background and Is utilized to orient the

current frame Wipbh mdttiing Gnkeufum draniedthe map of the backgm‘iﬁal areAdithehave
real i zed that - di manmé)yﬁ“ icture of a three- di mensi onal scene

will have &amel #ﬁ Qriante m&ﬁsm;woanem hwamprqgespleat ion of
the three- dbiBHASERGeour W \Jﬁq“‘ﬂm fi6h InfGintatiBR N FoP BRam m§1ér ﬁ&*n can
I C 0 not change. For exa 2 ang of lines

certain charact er| stics
change ocecyrs laéhis rmbodiment, the maprmelydeﬂnd@aums ofmhuolenbpc&areﬁo be

;r)]reio?ggm ong?séec%gegm eﬁ%%redvmapenigﬁ%ange W fm}nglhggg”%g @%%ﬁor Wil | |
the rel at i ohjestspwitiiindhwhichi aye dorbet replacedroant bg detprminedOtve objiaBts wilih A si gn
nadi 1 on. PoAEe pisfordeetitod FedaqHh oAt b Bt ihel) 4raliiinidhaion can.

Appl i cantsaad:ortilngly pbew. real i zation for orientation of a current franme of
an action, such as a soccer gane, wthin the background arena. The

present inventiThere is theréforesprdma in"dcchrddfee withta prefeved ¥mbodimeg of he
m i nral I y fh anrgser% mven'tugr\\/,aa{ }natr'\od and system for orienting a frame viewing an arena
in which action occurs. The orientation system includes a background topology
graph, a graph creator and a graph correlator. The background topology graph
graphs the relationships of the background objects of the arena with each other,
wherein the relationships are those which change minimatlly from view to view of the
16 arena. The graph creator creates a frame topology graph of relationships of
segments of the frame. The graph correlator correlates the frame topology graph
with the background topology graph to determine which objects of the arena, if any,
are represented by segments of the frame.

Additionally, in accordance with a preferred embodiment of the present

20 invention, the orientation system additionally includes a background topology graph

creator which includes a standards topology graph, a second graph creator, a

second graph correlator and a background topology graph creator. The standards

topology graph graphs standard eiements known to be present in arenas of a type

similar to the arena. The second graph creator which creates a frame topology

25  graph of relationships of segments of each frame of an initial video sequence. The

second graph correlator correlates the frame topology graph, for each frame of the

initial video sequence, with the standards topology graph to determine which

standard elements, if any, are represented by which segments of the frame and

which objects of the frame should be added to the background topology graph. The

30  background topology graph creator creates the background topotogy graph from the
output of the graph correlator.
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20 characteristics (adjacency relationships, the |ocations of |ines and

. . tat+e—oebleets in
t he arena. When the action occurs (i.e. during the gane), the
present invention determ nes which static objects are being viewed in
each franme of the video sequence of the action. Si NG&, g%,& lon is
of interest yvq A280,¢ i ¢ obj ects of the 25 arena will form p’)lg‘r #olthe
background. Thus, the frane of the vid sequence w | | i ncl ude
objects not in the enpty arena which or may not occlude sone of the

static objects. The present invention determ nes the mnimally changing
characteristics ¢ e then, aj t o match th opal o of the
frame to t'ﬂé@%ﬁ%%’?@ﬂ%‘%ﬁ@“oﬁﬁ%ﬁ&t 86}b89{"§e"ér§ hﬁoé’fﬁéd and
t hen not coimvention;dhégraphdeorrelatol ineiudes @n ogthusion avalogtor, a graph matcher VO
97/-12480 PCT/ | L%SG/ 00110

4 and a pgiRReCiivR BYRIWOR nEne ordiusion eyalisor deteraings whish segmen
background ofWedrarhé enight représeff Sccitfind®85j8ct8! I THY §ApHirhdichéiSmatchek thd he
backgr ound tarena. n rocessi ng actions can occur with the
ori ent afi onl@MP @p%g%g{p_aphg} the,bagkaround tppology grapmandinciudes apparatus for
removing one or more of the segments representing possibly occluding objects from
the frame topoiogy graph to create a reduced frame topology graph and apparatus
for matching the reduced frame topology graph to the background topology graph
and for producing, on output, the objects of the background and the segments
10  matched by to the objects. The perspective evaluator determines a perspective

transtormation between the matched objects and the matched segments.

Further, in accordance with a preferred embodiment of the present invention,
the relationships include at least one of: the adjacency relationships of neighboring
segments, the textures of each segment, and the boundary equations of each

15  segment.

There is also provided, in accordance with a second preferred embodiment
of the present invention, a frame description unit for describing a frame viewing an
arena. The frame description unit includes a texture segmenter which segments
the frame into segments of uniform texture and an adjacency determiner which

20  creates a graph listing which segments are neighbors of which segments.

Additionally, in accordance with the second preferred embodiment of the
present invention, the frame description unit aiso includes a boundary analyzer
which determines which pixels of each segment form its borders and which
determines if the border pixels generally form one of a straight line and a quadratic

25  curve and what their coefficients are.

There is further provided, in accordance with a third preferred embodiment
of the present invention, an implantation unit for implanting an image into a frame
on a surface within an arena in which action occurs. The implantation unit includes
an orientation unit, as described hereinabove, for orienting the frame within the

30 arena and for indicating where in the frame the surface is and an implanter for
implanting the image into the portion of the frame indicated by the orientation unit.
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occur. In this enbodi nent, the map includes indications of which objects
are to be 5 replaced with a desired i mage. Once the current frane has

been oriented, the objects within it which are to be replaced can be
determ ned, the objects which occl ude the object to be replaced can
al so be demyswmesd and an i npl antation can, accor di MU/ U .

There is therefore provided, in accordance wwth a preferred enbodi nent of
10 the present invention, a nethod amgl systemfor orienting a frane

vi ewi ng an arena in which action occurs. The orientation system

I ncl udes a background topol ogy graph, a graph creator and a graph
correl ator. TheAtditibuallyyinl doopaiangy withatite third pregfesetisembedimenfitof thghi ps of

t he background objects af the arena.wth. each.other, . wherein. the

ol at | onan piieat Evntsth, tig orsediel it dekdlR Y relodEh g romlepta ORGP he 15
arena. Thedgtemplnet irdstermintgy Which dftAeEnitoRed seyments Worekpomdsitd 84ighi ps of
segnents of the frane. The aEh correlator correlates the franme topol ogy

gr aph surfage, to ke HMQ% 0B e implanter dneludes & HANSIOTBAN. o8 ect s
of thegre it n f pr Nhefd CPARERS h :

Addi ti 05ﬁal gfmllséniogcbchg?léaanncde %\n@ﬁéﬁ p.?g?er r ezfmehrgﬁodl rren'tﬁfsg%a{tdhgnéé%ggnt 20
i nvent i on, aceardancecwith isaish perspeetiveciarnsiormationthereby realing & Aran d

t opol ogy g . ] ' ph, a
second gr aFo r e‘l&e&efﬁ%&?&%ﬁ@%@%ﬁa l:'l{:jaraap ggrr"rﬁéeﬁq%?@r% g@ﬁ%ﬁ%@éﬁ%ﬁnd

t opol ogy gsegrentscorespondieg $0 saidaudace to be implantashypagr. aphe ixgririxes andar d

el erent, XSgi e JinBeRildine 7888 F oo win s obisgprifedl S
o oS gl S EARRF by S St Al i SRR
each franmeopthetgresent inverition] & aethod! f5r impRanting an iabl intb @ sdiédtéd one dtopol ogy
O A L O e i plrBliN Ofvidan.fraen rerasenting & Stream of aslion oceuring within - '+
y which sBYM&RIA Ruralifyofvideodrames rep g g
a background space, the space having fixed planar surfaces and being scanned by
at least one video camera. The method includes the steps of a) providing an initial
15  model, independent of the plurality of video frames, of a selected one of the fixed
surfaces, the initial model comprising a graph of the relationships of the background
objects of the selected fixed surface with each other, wherein the relationships are
those which change minimally from view to view of the background space, b)
generating a background model of objects of the background space from initial
20 frames of the video frames which view only the background space and the initial
model, the background model comprising a graph of the relationships of the
background objects of the background space with each other, ¢) utilizing the
background model for identifying the objects viewed in each video frame and d)
perspectively implanting the image into the frame into the portion of the frame
25  viewing a previously selected one of the fixed planar surfaces.
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mhlch ObJECtS of the frane should be added to the background t opol ogy

. : 5 6 pamE> St at-es t he -background
topoI ogy graph fromthe out put of the graph correl ator.
WD 97/ 12480
PCT/1L96/ 00110
Mor eover, i WQ¥E3#M%ance with a preferred enbodi ment of the”(p‘i”é'gré'ﬂ‘lm
i nvention, the graph correlator includes an occlusion evaluator, a graph
mat cher and a perspective evalualor. The occl usion eval uat or
det erm nes whi ch segnents of the frarre m ght represent occl uding
obj ects. The graph nmatcher matches the frame topol ogy graph to the
backgr ound t opol ogy graptﬁ%?ﬁ@ﬁﬂ!ﬁﬂ%@&r'&ﬁ@m renovi ng one or

nore of the segnents represent| ng g033| bly occl uding objects from

the franme topol odhe auﬂmwﬂmremqjeﬂlumemmﬁbnﬁhd

tus Béaﬂ! the
gggﬁ[y?ound tf%"po %9&351&5& “BH%'%gqy uro ucﬂgmoﬁ%&ﬁﬁw obj ect s
f 't he back t Th
per spect | ve_cval g '%teéﬁﬁt@gﬁ%*%@?%ge%%m‘m tfséﬂ?t HeERR B8t ween

t he mat medﬂwpmeet mrehudme mat ched segnents.

Fig. 1B is a two-dimensional illustration of a section of the soccer stadium of
Fig. 1A;

Fig. 2A is an isometric illustration of the soccer stadium of Fig. 1A with the
objects therein labeled;

10 Fig. 2B is the same two-dimensional illustration of the section shown in Fig.
1B with the labels of Fig. 2A;

Figs. 3A and 3B are graph illustrations of the ob;ects of Figs. 2A and 2B,
respectively,;

Fig. 4 is a block diagram illustration of an orientation and implantation system
16 utilizing the graphs of Figs. 3A and 3B, constructed and operative in accordance
with a preferred embodiment of the present invention;

Fig. 5 is a block diagram illustration of the elements of a mapper forming part
of the system of Fig. 4, wherein the mapper creates the graph of Fig. 3A;

Fig. 6 is an illustration of pixels on the boundary of two segments, useful in
20  understanding the operations of the mapper of Fig. 5;

Fig. 7 is a block diagram illustration of the elements of an orientation system,
forming part of the system of Fig. 4, which matches the graph of Fig. 3B to that of
Fig. 3A;

Fig. 8A is an illustration of an exemplary background scene having 11
25  segments, useful in understanding the operation of the system of the present
invention;

Fig. 8B is a graph of the topology of the scene of Fig. 8A;
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Further, in accordance with a preferred enbodi nent of the present

i nventi on, the relationships include at | east one of: the adjacency
rel ati onshi ps of nei ghboring segnents, the textures of each segnent,
and the boundary equations of each 15 segnent. There is al so

provi ded, igodssaasgiance with a second preferred enbodi menpcrarssnwodé t he
present invention, a frame description unit for describing a frane view ng
an arena. The frane description ynit includes a texture segnenter
whi ch segnents the frame into segnments of uniformtexture and an
adj acency determ ner which 20 creates a graph listi ng whi ch segnents are

he second pr of iR RHEAIon;of 4, porton 6 e BB of g, DA THAY BHASH 7 1

descri pti onoccuringathepeinncl udes a boundary anal yzer whi ch determnes
whi ch pi xels of each segnent formits borders and which determnes if

t he border pi xelmg,ggmesfalgrgpﬁormqqmlogyofmbr@egbtofHg;leAand a quadratic 25
curve and what their coefficients are. There is further

provi ded, in acqEgdeyiFa Nibwsharttihistrétioh of #e'Rrecesshs ghateiihg graphs, aefuhe
present invention, an inplantation unit for inplanti nqggan Image into a

frane § ingip ar%mdmm%mtpmrp theprientationy system, ef Fign7 apd m%mapﬁer
i mpl ant at i ogy g I udes an orientation unit, as described
her ei nabove, fOr orlentlng the frame within the 30 arena and for

i ndi cati ng wher g bt Bial foRird f
inplanting the i rrggr;e{ !&?\a% the' B}our???%%{ro tﬁ%??gpnlgmﬁtrl%f?{ég?ed By%arto
ori ent at i orthersystem of Fig. 4.
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Additionally, in accordance with the third preferred enbodi nent of the
present invention, the orientation unit additionally includes an

I mpl antation | ocation determ ner for determ ning whig f"é\‘ﬁi‘) mat ched
segnents corVeIHBMS to said surface to be inplanted Eﬁﬁﬁ t he

i npl anter includes a transforner, a 5 perm ssion nmask and a m xer. The
transformer transforns said image in 9 accordance with said perspective
transformation thereby creating a transforned I mge. The perm ssion
mask creator creates a perm ssion mask from said mat ched segnent s
correspondi ng to saEFAIERQESCRIPTIONDE JHE PRESENTINVENTION i xes

said franme with said transfornmed i nage in accordance with said perm ssion
mask. 10 Retereace is riaw made tpFigsi tAd1B,i2A, 2Bc3A and 3B wiicim are aselviher

preferred erm‘?ﬂhg}as%ndir{%thae @,&Ingg@ggﬁbgﬁéﬂgqitwsg*gpprmt hod for

i npl anting an 1nage I n ne of a plurality of

video franes rep i.0g - f . i on . urri it,0i.0.
backgr ound spacefm? ma}%%gé@ a‘\S/ri?ﬁ@] l?él Qggﬁgﬁgﬁ@?&s%ﬁ@gggagﬁb%ﬁ r?é’c%%anned
by 5at damwstit beingvundersioodethat thehpresenhinventior isdefedtive for afisactiona)

providing an inifial. 15 del . .ndependent of the pluraljty of video
Frames, | of - ocirg, i aay §piaialy fisebfons, sucries » 2pels Sviat A enha e
conpri si ng angdréditment, efte rel ati onshi ps of the background obj ects of
the selected fixed surface with each other, wherein the relationships are

Fig. 1A, to which reference is now made, illustrates an exemplary
professional soccer stadium 58. The stadium includes a field 60 on which are
10 painted lines 62 and curves 63 which mark the various boundaries of interest in a
soccer game. The lines and curves are typically in accordance with the official
rules of soccer. Also on the field are two goals 64 and a series of signs 66 onto
which various advertisers place their advertisements, indicated by the many
different patterns on signs 66. An advertiser can utilize one or many signs; for

15  example, Fig. 1A shows two signs with the interconnecting circles on them.

In addition, the stadium 58 includes bleachers 70, a fence 72 marking the
borders of the field 60, flagpoles 74 for supporting flags 76 and a camera viewing
stand 77. Fence 72 often includes many posts 78.

When a camera views the stadium 58, it rarely sees all of the arena of Fig.
20  1A. Instead, it sees a smali portion thereof. Fig. 1B illustrates such a frame view
of the arena, taken from camera stand 77 and viewing one of the areas near the
left goal 64. In frame 80 of Fig. 1B, the curve labeled 63a of Fig. 1A and the lines
labeled 62A, 62B, 62C and 62D are visible as are a few of the signs 66, labeled
66A and 66B. Other elements which are partially visible are the posts 78 of the

25 fence.

As mentionied hereinabove, Applicants have realized that there are certain
characteristics of the static objects in stadium 58 which are preserved in frame 80.
These characteristics are the “invariant” characteristics of the arena. In both the
stadium 58 and in frame 80, curve 63A meets line 62A at exactly two points;

30  however, from one Figure to the next, the shapes of curve 63A and of line 62A
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t hose which change mnimally fromview to view of the background space, b)
generating a background nodel of objects of the background space from
initial 20 frames of the video franes which view only the background space
and the initial nodel , the background nodel conprising a graph of the
r el at i onshiyag oniagdone background objects of the backpermpegomprce wth
each other, c) utilizing the background nodel for identifying the

obj ects viewed in each video frame andgqd) perspectively inplanting
the image into the frame into the portion of the frane 25 viewing a
previously sel ected one of the fixed planar surfaces. WO

97/ 12480 = haye changed. Nonetheless, curve 63A remains a curve and line 62A remai
PCT/ 1196/ 00110 o 7mams a

BRI EF DESCRirgiphtlinerinTpeth the\stadismn 58 and in frame 80, sigr6pA douohesisignedéB.on wi | |

be understood and appreciated nore fully fromthe foll ow ng detailed
descri ption takémaceordangdemith acpreferted erhbodiment ofjthei presdntdiwention, prior

ot 516 hel SR e g, 456 HRdeRTinblndbr RESE ine bl Ba 57 fdboind s
5  static objects, their adjacencies and other characteristics of the objects which

change minimally when viewing them at different angles. Each object is defined as

a planar domain having a single texture and having a shape defined through a

listing of the edges.

Examples of the labeling of the objects within the stadium 58 and the frame

10 70 are provided in Figs. 2A and 2B, respectively. For simplicity’s sake, only the
-objects on the field of the stadium 58 are mapped. Each separate object on the

field is labeled with a number from 1 to 53, where a field marking fine or curve,
being, in reality, a band and not a line, is considered as an object. The grass
bordered by the marking lines is also considered o be an object. Each sign is

15  shown as a single object, labeled 41 - 53, though the patterns on the signs can,
alternatively, be divided into separate objects, one per portion of the pattem
thereon. Fig. 2A shows the full set of objects, since Fig. 2A illustrates the entire
stadium 58, while Fig. 2B, which illustrates only frame 80, has only a few objects.

The corresponding topologicat graphs are illustrated in Figs. 3A and 3B
20  where an open circle indicates an object with the texture of a marking line, a dotted
square indicates an object with the texture of grass, an open square indicates an
object with a texture other than grass or marking fines, a thin line indicates that the
object is bounded by a straight line and a thick line indicates that the object is
bounded by a curve. Each object is labeled with its number from the corresponding

25  Figure.

For example, consider object 4, the grass in front of the leftmost goal. It is
bounded by marking lines 1, 3, § and 11, each of which is a straight band. Thus,
object 4 is marked with a dark square (grass texture), and connected with thin lines
to each of the other objects, all of which are open circles. Consider object 40, the

30  grass outside of the playing field. It borders each of the signs 41 - 53 with straight
line borders and also borders the outer marking lines of the field, labeled 1, 20, 21
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5 the present invention; Fig. 1B is a two-di nensional

i ' ' ' Fi g—1A——

Fig. 2Ais an isonetric illustration of the soccer stadiumof Fig. 1A wth
t he obj ects therein | abel ed; 10 Fig. 2B is the sane

two-di nensignal illustration of the section shown in Fig. wth
the | abel s W?P@@ZA; Figs. 3A and 3B are Jﬂgﬁgm}l%
illustrations of the objects of Figs. 2A and 2B, respectively;

Fig. 4 is a block diagramillustrationldf an orientation and inplantation
system 15 utilizing the graphs of Figs. 3A and 38, constructed and
operative in accorgdance | referred enbodi nent of the present

wth a : [
i nvent i on; and39. The map ofFig. 34 reflects B’!i%c kinally, gopsider ebjest 18, iths, ledk; field,
el enents of IR ; f ' ein
t he mapper g%esg? glg&{rﬁéé@gr aph @?ﬁdﬂgglfneg,bgg’ 7. 158d %Y%G‘ﬁﬂé&%d;vﬁ%ﬁﬁ%k 'g‘tnég
i | | ustrat i oandstrgight marigng fines 80216a13; 19, 20/and; 8§ teonnectegswithy khin fines).
under st andi r.atl : O iRs Fig. 7
i s a bl ock %%?g?n | |ﬂé§‘§§??%%‘9ﬁ$%ﬂ%%@%@ﬂ?§"@ St lF'ls'or ientation system
form nagpart of {iéigakiiof Bréti for fran 808!l Bk s thimg 66 Ris ir b 35 1°
objects within it. In frame 80 we view a portion only of object 16. Thus, the graph
of Fig. 3B has only some of the connections for object 16, those to objects 1, 2, 9,
13 and 15. Similarly, object 40 (the grass outside of the field) is only connected to

three of the signs, those labeled 43, 44 and 45.

10 By matching the topology graph of Fig. 3B with the topology graph of Fig. 3A,
the present invention can orient the view of frame 80 within the world of stadium 58.
This orientation is performed by using the information in the topology graphs of
Figs. 3A and 3B; it does not require pattern recognition as in the prior art.

For the purpose of the implantation embodiment, the topology graphs can

15  also include information regarding which signs are to have their advertisements

replaced. If so, once the topology graph of Fig. 3B is matched to that of Fig. 3A,

the graph of Fig. 3A can be reviewed to datermine if any of the matched objects are

to be replaced. For example, in Fig. 3A sign 44 is marked with an X, indicating that

it is to be replaced. Since, after matching, it is determined that frame 80 includes

20  sign 44, the advertisement on sign 44 can be readily replaced, as will be described

in more detail hereinbelow. Alternatively, if Fig. 3A indicated that only sign 50 is to

be replaced (which is not present in the graph of Fig. 3B), then, for frame 80, no
signs would have their advertisements replaced.

Reference is now made to Fig. 4 which illustrates, in partial block diagram

25  format, a system which implements the concepts outlined hereinabove for replacing
advertisements seen in a video stream. The system comprises a video digitizer

100, such as the Targa2000 manufactured by Truevision Inc. of Indianapolis,
Indiana, USA, an orientation unit 102, an implantation unit 104, and a host
computer 108, all connected together via a bus 105, such as a peripheral

30 component interconnect (PCI} bus. The host computer 106 typically aiso is
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Fig. 8Ais an illustration of an exenplary background scene having 11 25
segnents, useful in understanding the operation of the system of the

pr esent i nventi on; Fig. 8B is a graph of the topol ogy
of the scene of Fig. 8A WD 97/ 12480

PCT/ | L96/ OGWd $7/12480 PCT/11.96/00110

Fig. 9Ais an illustration of a portion of the scene of Fig. 8A with action
occurring therein; Fig. 9B is a graph of the topol ogy of the
scene of Fig. 9A Fig. 1077s a flow chart illustration of the
process of matching graphs, useful 5 I n under standi ng the operations of

the orient gsksated Wit inplit Govices’1 76 Sukch s B RBMoard andF aFnBuseandf a
tablet, and a monitor 108.

The video digitizer 100 receives incoming video frames for television
broadcasting to many countries. The video frames can be formatted in any one of
5 many formats, such as NTSC (National Television Standards Committes) or PAL
(Phase Alternate Lines) formats, and can be either analog or digital signals. The
video digitizer 100 processes the video frames as necessary on input and on
output. The output signals are those altered by the present system, as will be
described in more detail hereinbelow, in the same format as the incoming video
10  frames. The orientation unit 102 determines, per frame, what static objects appear
in the frame and where they are, if and where there are occluding objects, such as
players, which static objects are to have new advertising images implanted thereon
and the perspective view of the frame with which the implantation can occur. The
implantation unit 104 utilizes the information from the orientation unit 102 to
15  transform an advertisement, input through the host computer 108, to the correct
perspective and to implant it in the proper location within the present frame. The
altered frame is then provided to the video digitizer 100 for output. For real-time
operation, orientation unit 102 and implantation unit 104 are implemented on one
or more paraliel, high speed processing units, such as the HyperShark Board,
20  manufactured by HyperSpeed Technotogy Inc. of San Diego, California, USA. For
non-real-time operation, such as might occur when the sporis game is not televised
live, the orientation unit 102 and implantation unit 104 can be implemented on
standard platforms, whether with a single or muitiple processors, such as personal
computers {PC), or workstations operating the Unix or Windows NT, of Microsoft

25  Corporation of the USA, operating systems.

The host computer 106 controls the operations of the units 100, 102 and 104
and, in addition, provides user commands, received from input devices 1186, to the
units 100 - 104.

The orientation unit 102 is divided into two processing units which share
30  similar operations. The first unit is a mapper 110 which receives the initial video
sequence in which, typically, the stadium 58 is scanned. Mapper 110 determines
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Fig. 11 is a block diagramillustration of the inplantation unit form ng
patr+—ef—-the—syst-emof—g—dd— W9+ 12480——

PCT/ 1 L96/ 00110 9

DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON Ref erence is
now made to Figs. 1A 1B, 2A, 2B, 3A and 3B which are usef | N
under st andi %O?HWH entation concept of the present inventi 6%.’"“"““'

The present invention will be described in the context of a tel evised
soccer 5 game, it being understood tifat the present invention is
effective for all action occurring within any relatively fixed arena,
such as a sports event, an eyeni nt I npent ,

which objects in the stadium 5 mgét be part ofet%%E . tum in a rc?atn%e with the
official rules of the game and which objects are present in this particular stadium.
The standard elements are available in a standards database 118 and the
remaining objects are placed into a stadium database 114. Both the standards
5 database 118 and the stadium database 114 store the invariant properties of the

objects of the stadium in the form of a topology graph such as is described

hereinabove.

The second unit is a frame orientation unit 112 which receives the video
stream during the exemplary soccer game, determines the objects in a current
10  frame, and utilizes the topology information in database 114 to determine which
static objects of the stadium 58 occur in the current frame and what the projection
transform is for the current frame. In addition, orientation unit 104 determines
which foreground objects, such as piayers or the ball, are in the current frame and
how and where they occlude the sign to be repiaced. This information is provided

16  as output to the implantation unit 104.

For every object of interest in the stadium, stadium database 114 lists the
texture, neighbors, boundary pixels and boundary equations. Objects to be
replaced (e.g. some or all of the signs) are so marked.

The elements of mapper 110 are iliustrated in Fig. 5, to which reference is
20 nowmade. Mapper 110 comprises a segmenter 120, a boundary analyzer 124, two
correlators 128 and 130, a graph builder 132 and a database updater 134.

The segmenter 120 segments the current frame into its component
segments, in accordance with any suitable segmentation operation, such as those
described in the article “Application of the Gibbs Distribution to image

25  Segmentation®, in the book Statistical image Processing and Graphics, edited by
Edward J. Wegman and Douglas J. DePriest, Marcel Dekker, Inc., New York and
Basel, 1986, pp. 3 - 11. The book is incorporated herein by reference.

The segmenter 120 divides the frame into segments by determining which

connected sections of neighboring pixels have approximately the same texture,

30 where "texture” is an externally defined quality which describes a group of
neighboring pixels. For example, texture can be color and thus, each object is one
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Fig. 1A, to which reference is now nade, illustrates an exenpl ary

prof essi onal soccer stadium 58. The stadiumincludes a field 60 on which
are 10 pai nted lines 62 and curves 63 which mark the various boundaries
of interest in a soccer ganme. The lines and curves are typically in
accordance waéwmése of fici al rul es of soccer. Al so arciihesdeiswl d are
two goals 64 and a series of signs 66 onto whi ch various advertisers
pl ace their advertisenments, indicated Ry the many different patterns
on signs 66. An advertiser can utilize one or many signs; for 15 exanple,
Fig. 1A shows two signs with the interconnecting circles on them

I n addi ti onwithhg skrighs!ich m%%mﬂpwagsnéuﬁw%ﬁuzpcm& f?&ﬁﬁrJ%aﬁ“Hlé‘d Bg the

borders of the fiel'd 60, flagpoles 74 for supporting flags 76 and a camera

vi ewi ng lumigangajleye! or aoamapiey degaription atthecslor fange ¢fen abject, where the

When a cane Hﬁ’Y@ e I @55@ gf Fig.
20 1A |nngi§d [ éﬁ?&%ﬁé%&oﬁ’kﬁﬁfmﬁ%%ﬁﬁﬁ@ {heO%ol&hff trates such
a frame vi esombinationiof praena iyeliow and lbzowr ipixelsc afiee averagedolor ofiadgreiipwif ng one
of the grea e .. 4. fr 80 of, ki 1 he curve
el od %30 PRERH rass witlhe relaflbly Bifisah’ as e B0 dhts Bt el mpbBents B 51
are vi si bl ettesceloevectérew of the signs 66, |abel ed 66A and 66B. O her

el enents which are partially visible are the posts 78 of the 25 fence.
As nenti oned herShoehba@res%pphﬂmﬁm operates’ o lfianwes ¢fhat:tdobeand/armdnert ain

h t t bj ect 58 d
rame 80, actviyz e it HepiRn Lt e, Fobish wih esoet dp JohERG: FoRTIaG ¢ | o5
of the arengthetWisB&ad thé'8un changsd aﬂgmmé@ 19 @bjedts’ INARE gféha Will ERarfgd”\ neet s

i ne 62A at exactly two points; 30 however, fromone Figure to the next,
the shales dhe averagesoler apd the covasianceaf the coiors within a group of color provides

this robustness, as does the consideration that textures are equal if they differ
within a prescribed tolerance.

1t is also noted that, if the signs 44 have pattemns of more than one texture,
the signs will be separated into separate segments which, as described
15  hereinbalow, are later marked as belonging to the same object. The segmenter
120 provides, on output, the texture of the segments and which pixeis belong to
each segment.

It is noted that, prior to output, the segmenter 120 searches for "parasite”
segments, which do not correspond to real objects but result from noisy pixels of
20 the frame. Criteria for identifying such segments are: the size of the segments and
an extraordinary texture (i.e one not previousty seen, one previously defined as
extraordinary or a texture out of place, such as a few pixels of one texture within
a segment of another, completely different texture). When the segmenter 120
determines the presence of such noise, it smooths it out of the original frame and

25 reperforms the segmentation.

The boundary analyzer 124 reviews the segment data and produces
mathematical equations describing the imaginary curve which approximates the
boundaries between neighboring segments. To do so, boundary analyzer 124, for
each segment, identifies the bordering pixels, namely those pixels belonging to the

30 texture of the segment but having neighboring pixels which belong to different
textures. This is iflustrated in Fig. 6, to which reference is now briefly made. Pixels
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RSH—=061-004+40- 16 have
changed. Nonet hel ess, curve 63A renains a curve and |line 62A remains a
straight line. In both the stadium58 and in frane 80, sign 66A touches
sign 66B. In accordance with a preferred embpgdiBghe t he

pr esent inve‘ﬁ??gﬁw’pri or to the start of the gane, tﬁg*.preségd: )

i nvention maps the stadium 58 by nmappi 21% its 5 static objects, their

adj acenci es and ot her characteristics t he obj ects which change
mnimally when view ng themat different angles. Each object is defined as

a planar domai n having a single texture and having a shape defined through
a | i stofriyosreoments#3fand 138 are illustrated whesesaek segmerkhas,g differgntor t he

objects withj l"dé@'u -,é&d?t htd$3 | 34hd I gS.
2A-and 2B, :}ggtgié%méepg Og%lSI rrpfiécélgtn{/e'rs sa%g?dgﬁlg;ﬁ% ﬁg@feﬁw obt} E%Jtr_’s on
the field ofrespectivelydi um 58 are mapped. Each separate object on the

field is labeled with a nunber from1l to 53, where a field marking line or
curve, bei Bpundaryr analyzey, 124 typically udilizast cantoun égllowing: technigyes toas an

obj ect. J he dbtéiine the locations of the bordering pixels. One such technique is described

on pages 290 - 293 in the book Pattern Classification and Scene Analysis, by
Richard O. Duda and Peter E. Hart, John Wiley and Sons, New York, 1873. The

book is incorporated hersin by reference.

By using regression techniques, the boundary analyzer 124 attempts to fit

10  straight lines or quadratic curves to varying-length sections of the bordering pixels,

- where the section length is a function of the quality of the fit of the bordering pixels

to the straight or quadratic curves. Boundaries which match straight lines or
quadratic curves are so marked.

It there are a large number, for example, more than 10, varying-length

15  sections and/or many of them are quite short (describing the shape of just a few

pixels), the segment either is poorly defined or it has a non-simple boundary. For

non-simple boundaries, boundary analyzer 124 indicates to the segmenter 120 to
repeat the segmentation in an attempt to smooth the boundary.

Boundary analyzer 124 produces the coefficients describing the boundaries
20 onoutput.

Graph builder 132 creates the topology graph for the current frame, such as
is shown in Fig. 3B, from the segments and the boundary equations. Since the
boundary analyzer 124 also provides the adjacency information for each segment,
graph builder 132 can create the topology graph and add to it the information

25 regarding the texture and boundary specification for each segment. The graph
typically is not drawn as shown in Figs. 3A and 3B but appropriately represented
with each segment as a node and, for each segment, its neighbors, texture type
and boundary equations are represented by connected nodes, node labels and
edge labels.
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bordered by the marking lines is also considered to be an object. Each sign
Is 15 shown as a single object, |abeled 41 - 53, though the patterns on

t he signs can, alternatively, be divided into separate objects, one
per portion of the pattern thereon. Fig. 2A shows the full set of
objects, siwo0e7i248p 2A illustrates the entire st adi heT/BIsOMED | € Fi Q.
2B, which illustrates only frame 80, has only a few objects.

The correspondi ng topol ogical graphs agge illustrated in Figs. 3A and 3B 20
where an open circle indicates an object with the texture of a marking
line, a dotted square indicates an object with the texture of grass,

an open square igigli ' ' r rass or
1118 h6idti ¥satdBgmenter 186) &ﬁba%{g,aﬂfzb? ¥é4(;%:j€‘de @ia'&ﬁ bufidér™ %

marking lines, a thin l'ine I'ndicates that t I' s bounded by a
strai ght | ifA@n a-@raph creater 14Gwhichdireduces a iepplogy rap)) tor@ frame. bounded
by a curve. Each object is labeled with its nunber fromthe corresponding
25  Figure. Correlator 128 is-gr prexioup| frame eapplatar whick qnatghes the guwent i n

front of t i A | i 3, 5
b 117 eadfanisr Wi pdiRUs trinel i frames ty BBiHRGe WhicTBEgihOfte ard Eraton”, o
Wi tE afsia[] mosmhmfrgmusmeteﬁy}m?mﬁmmmmsmm\m :mewmeg' n’aérﬂﬁiﬂ theb to
each of the_ot gbj ects, a i ch are open circ ., consi der ] ect
7ot he 50 culteRtlaRe) PR Sraniiie, i pifSaf{ e m ahofrhnyt s BRB3AGS. Ob: he
signs 41 - ond ofivilicthdsnalivet been sedri it theedsf whicnweR! stenliw adrine whichout er

mar ki ng Iirjea‘of the field, laheled 1, 20, 21
is three frames previols to the preserit one.

Correlator 128 operates by comparing the topology graph of the current

10 frame with those of the previous frames. The comparison involves first matching

the topologies of textures between the current frame and each of the previous

frames. For the matched portions of the graph, the correlator 128 then matches the

topologies of the boundary types. [f the texture topology and the boundary type
topology matches, then the two portions of the graphs match.

15 it will be appreciated that changes in perspective do not affect the graph
matching operation since the graph lists the relatively perspective-invariant
elements of the arena.

The graph matching operation can be performed in accordance with any
suitable graph matching techniques. A pseudo-isomorphism operation can be
20 performed as described hereinbelow with respect fo Figs. 7, 8A, 8B, 9A and 9B,

From the matched portions, the correlator 128 then determines which of the
segments of the current frame have not been matched to any of the graphs of the
previous frames. These segments indicate new segments which may have to be
added to the stadium database 114 and are so marked on the graph for the current

25 frame.

Correlator 128 provides the marked graph for the current frame to the
correlator 130 which determines which, if any, of the segments form pan of the
standard objects of the playing field. To do so, correlator 130 matches the topology
graph of the standard elements of the playing field, as stored in standards database

30 118, with the graph of the current frame. The correlation operation is similar to that
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and 39. The map of Fig. 3Areflectsgthis. Finally, consider object 16, the
left field grass. It borders curved marking lines 9, 7, 15 and 17
(connect ed \Mi&?_liz%ck | i nes) and straight marking |] 1?0 6, 13,
19, 20 and 2 connhected with thin |ines). Not e al so al nost of

t he signs have two nei ghboring signs. 5 The topol ogy graph for
frame 80 is nuch smaller as frame 80 had far fewer objects withinit.
In frane 80 we view a portion only of object 16. Thus, the graph of

Fig. 3B has only s of . the connections for object 16, those to objects 1,
2,9, depctiper hereingbhye wherebyfistdbe torgurerta oigay ssmaiehed apd fen

field) is orﬁdmaa@rlapbag,{ i’matched, fop ttRematchebSextuts fopolddy Sacticie! ed 43, 44
and 45. 10 By matching the topol ogy graph of Fig: 3B wth the

t opol ogy graph o ' i | statdary ¢ Vi ew
of frane 80 wt hrl’rl]ﬁ?ﬂgeg:\fg?rlltg o(f)]gh es‘%dgﬁnﬁfr{]ﬁg‘gwmbﬁ]mT tlﬂg or | g?g g‘?fﬁgﬂ@@

performed byhestandards databaseal1® are isor markeshol lbgvill dheapppreciated that thegs. 3A

and 3B; (t ' as Ln t |

For the ur pLaReds afiEbitd f1e bl e e RaoH i WhoB wif o BF obbaloy b, 15
al so i ncl udebjestpintheifield fremawhichmtp bégio o mapnthesstadium 8&ve t heir

adverti senents replaced. If so, once the topology graph of Fig. 3B is

mat ched to that JheFdatabase updater 13¢ receipés ahe FingrkedAgeaph, brearkedi withd t o
exanpl e, i n SBent olnFin RaviOR Pt i plifents sorfpirBingZo FARAAR Hements
of the playing field, and determines which segments are new. Updater 134 then
10 determines which of the new segments are likely to be “interesting” objects, such
as by not including segments having non-simple boundaries, and which segments,
of the segments conforming to the standard elements of the playing field, have not
already been added into the stadium database 114. Updater 134 then includes
only the selected segments as objects in the stadium database 114. The process
15  invoives providing the selected segments corresponding to non-standard objects
with object numbers, defining the adjacency relationships of the new segments with
the segments already in the stadium database 114 and listing the boundary
equations and textures of the new segments. The updater 134 also marks the new
segments for replacement if the user indicates as such. In addition, there might be
20  objects, such as signs, which are a combination of a plurality of segments. If the
user indicates that these segments all belong to one object, then the database
updater 134 indicates as such to the stadium database 114.

If some of the segments of the current frame form part of the standard

elements of the playing field {for which exact relationships, sizes and lengths of the

25  various elements are known), updater 134 creates a perspective transformation
from the perspective of the standard elements (which are typically provided as a top

view) to that of the corresponding segments in the current frame. The perspective
transformation is created utilizing the boundary equations of the standard objects

in the standards database 118 and the boundary equations of the corresponding

30  segments in the current frame. The transformation can be produced in any suitable
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it is to be replaced. Since, after matching, it is determned that franme 80
I ncl udes 20 sign 44, the advertisenent on sign 44 can be readily repl aced,

as wll be described in nmore detail hereinbelow Alternatively, if
Fig. 3Aindicated that only sign 50 is to be replaced (which is not
present in woerntiseph of Fig. 3B), then, for frane 80, no pcraALséseigms woul d
have their advertisenents repl aced. Ref erence is now nade to

Fig. 4 which illustrates, in parti al ﬁCk diagram 25 format, a system
whi ch i nplenments the concepts outlined hereinabove for replacing
advertisements seen in a video strean1 The systen1conpr|ses a video

digitizer ﬁé& ) .
of I ndi anapoFYs B?ndl ana )
i npl ant at i otefenenced bareinabove, ﬁmnbes how t@ dapunme pam)ewve traoafnanamns

together via a bus 105, such as a peripheral 30 conponent interconnect
(PCl) -bus. The hipsny obﬂmsagmen&sot thei auteny framecare ot of standard objecty\dor

S1/ 12450 i, ey ool o sl 94, o g, e B 01
nouse asd/ osegnents with the perspective transformation thus determmed, thereby to provide
these other segments with the same perspactive as that of the standard objects of
the field. Since the perspective transformation relates the actual field to the field
as defined by the official bodies, updater 134 can optionally determine, from the
transformation information, the sizes of the standard objects and, of course, of the
10  non-standard objects.

It will be appreciated that the entire operation is repeated per frame, for the
entire initial video sequence. By the end of the initial video sequence, the arena
has been fully mapped.

Reference is now made to Fig. 7 which generally illustrates the elements of

15  the orientation unit 112. The orientation unit 112 operates on frames of the video

sequence of the game and comprises a graph creator 140, an occlusion evaluator

142, a graph matcher 144, a perspective evaluator 146 and an implantation

identifier 148. The operations of occlusion evaluator 142, graph matcher 144 and
perspective evaluator 146 iterate until a match of a desired quality is reached.

20 As described hereinabove with respect to Fig. 5, the graph creator 140
reviews the current, game frame and creates a topology graph for it. As described
hereinabove, the output is a topology graph indicating the segments in the current,
game frame, their boundary equations, neighbors and textures.

it will be appreciated that, in game frames, there are additional objects
25 {segments) in the frame due to the activity of the game. Thus, there might be
piayers, umpires, balls, spectators, etc. which occlude, partially or completely, the
static objects of the background whose information is stored in the stadium
database 114. This is illustrated in Figs. 8A, 8B, SA and 9B to which reference is

now briefly made.
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tabl et, and a nonitor 108. The video digitizer 100 receives

| Fe-o-Rg— e o—f+aRes—for—t-et-evSt-of———mmp-gadeast+ng t 0 Many—coeunt+i es.
The video franmes can be formatted in any one of 5 many formats, such as
NTSC (National Tel evision Standards Commttee) or PAL (Phase

Al ternate Li mats, and can be either anal og or digi | s. The
vi deo di giti9§§)”l processes the video franes as necessarﬁ@%ﬁé and on
out put. The output signals are those altered by the present system as wll
be described in nore detail herei ngl ow, in the sane format as the
incomng video 10 frames. The orientation unit 102 determ nes, per frane,
what static objects peat .in the frane wher the are, it and
where there are og'gl' gg ﬁ.&trgﬁs&ggp?%a@paa@vmg ?{1 BF&*?&S q}\;{ﬁl@‘?‘%?af‘l"c

obj ects are fafd fﬁgeaaemwdésrtheus Itmlagvaﬁe@h ﬁpé:enmedcxﬁdw &%) squares and t he

perspective view of the frame wth mpl ant ati on can occur. The

i mpl ant ati on ’lﬂﬂglesllﬂgf'cﬂﬁlq'ffelw texuresy Fig. 94 l"Bﬂf#tF%?nﬂ’laﬁ'@ view ghthe argna ohi ¢
102 to 15 t FRHAPhENIAG f@d\bﬁ{l Vemasﬁé(]ﬁ . labBleH{A LIE Opf) dehﬁ the Torresppnding 106,

to the correct pers to | nplant it 1nt roper calon

within tHe psmrtpﬁga% ﬁweotedthatqmcéeednmwvlaeman ampajestﬁcssthe
video digiti ﬁﬁocleggl dése@daeét# oper ati on, or| entation
np

unit 102 and | ant n unlt are ement ed on one nor e
parallel, high s sr?,“p S 0
manuf actured by per pegg ﬁ‘auPogy Itauﬁao? S% ﬁggplhrg\?ﬁlé%m

For nooeclusion evaluatopd42withrthe segments uﬁtbbtgame:ﬁamehﬁnirttbntumms game

104" can be | RRTHADY, bppst, Octusiol eyl 72 s bach ot R e ingy o ' '

or mul tivwl e whichesfthem fulfillscanyor gome ohthe followingoeoiadingrobjédPCriteriar
wor kst ati ons operating the Unix or Wndows NT, of Mcrosoft 25

Cor poration of t ha) sdfife ofdhebetndugies vétherobject are non—srmple (i.ehrotistaight fimexut er
106 control o t he Gadra rgttulvgs Sasosfht}wnem |gt3A }or dbjec(g% 104

b} its texture is one not seen in previous frames or one defined in previous
frames as being of an occluding object.

15 The occlusion evaluator 142 provides the list of segments which are possibie
occluding segments to the graph matcher 144. Graph matcher 144 also receives
the graph for the current game frame from the graph creator 140. Graph matcher
144 attempts to match the small graph of the current, game frame to the topology
of the stadium database. To do so, it operates in a number of ways, depending on

20 the state of the video sequence.

Graph matcher 144 attempts to match the current game frame to the
topology of the stadium database 114. For this matching, graph matcher 144
operates similarly to the previous frame correlator 128 of Fig. 5.

Initially, graph matcher 144 just matches the current graph to that of the

25  stadium database 114 and produces a match quality measurement. Subsequently,

since the graph of the current game frame includes occluding objects, graph

matcher 144 removes the suspected occluding segments one at a time and, if

desired, a group at a time, and produces a match quality measurement for the
graph with the removed segment.
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and, in addition, provides user conmands, received frominput devices 116,

to the units 100 - 104. The orientation unit 102 is
divided into two processing units which share 30 simlar operations. The
first unit is a mapper 110 which receives the initial video sequence

i n which, twpiowad4e/, the stadium 58 is scanned. Mapper 11eCt@EiseOdtithes

WD 97/ 12480

PCT/1L96/ 00110 20 13 whi ch
objects in the stadium 58 nust be part of the stadiumin accordance with

t he official rules of the game and which objects are present in this

particul ar Stad'lﬂmllbeappre&%diﬁﬁ@@ﬁtﬂmﬁidh@?%p@ﬁ&n@@hﬂa@ﬁ bpbration
st andards dat abase 118 and g objects argrsgl aced into a

st adi um dat %!B"é!ébt‘llm %Mﬁ%’ %@%mﬁﬂe&é'calyv th%lﬁaé%emi‘l ademats & adi um
d b 1 f h
at abase : for H}%Id{?ﬁ%ﬁf %ﬁ%%&gﬁmg chéb?zt rame BJ ﬁﬁtétaalfun{ e

stadiumin pol ogy gr as Is escr
her ei nabovedatabase 114. The number of segments matched out of the total number of
5  segments in the graph indicates the quality of the match. For the matched portions
of the graph, if any, the graph matcher 144 then matches the topologies of the
boundary types. If the texture topology and the boundary type topology matches,

then the two portions of the graphs match.

Once the graph, with none or only some of the occlusions included, has been

10  matched, the graph maicher 144 identifies which segments of the current frame are

part of the background and which segments occiude the objects of the background.

The graph matcher 144 provides this information, as well as the boundary
equations of the segments as output.

The perspective evaluator 146 operates similarly to part of updater 134 and
15  determines, from the boundary equations of the segments corresponding to objects
of the background (received from graph creator 140), the perspective transformation
for the current game frame. The perspective evaluator 146 can utilize all of the
boundary equations or only some of them, for example, the boundary equations
corresponding to objects forming part of the standard elements of the field. The
20 transformation produces a transformation matrix M whose parameters are provided
as output of the perspective evaluator 146. The transformation matrix M will be
utilized to transform the image to be impianted from the perspective of the standard

field elements (i.e. top view) to the perspective of the current, game frame.

The perspective evaluator 146 typically tests the perspective transform on

25 the objects of the arena which have been identified. The resuit shouid be a frame
which closely matches the game frame. However, since the perspective
transformation describes the transformation of the background elements of the
frame (which occurs only due to the movement of the camera viewing them), it will

not successfully describe the movements of a human being who moves of his own.

30  Thus, any segment not well matched via the transformation is considered a possibly
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The second unit is a frame orientation unit 112 which receives the video

' obj ects—m—=a—
current 10 frame, and utilizes the topology i nformation in database 114 to
det erm ne which static objects of the stadium 58 occur in the current
frame and what proj ection transformis for the GEmhEseeifeane. 10
addi tion, o?*%ﬁ%gﬁpon unit 104 determ nes whi ch foreground g%jects,
such as players or the ball, are in the_current frame and how and
where they occlude the sign to be replagﬁd. This information is provided 15
as output to the inplantation unit 104. For every object of

i ghbor s, bRGHERG opieFLend B nbRlcY e b B ekPBiop svalyald 142 6

repl aced (e ﬂhe et Redtion) | of the si gns) are so marked. The
el ements of mapper 110 are illustrated in Fig. 5, to which reference is 20

now made. Mapper AdgfeptitiddiRsroMabOBiE Siclusich evailRRomie®, graphahatcher 144, t wo
correlators 128 and 130, a graph bui'l der 132 and a dat abase updater 134.

The segnent eand perspegine evaluater 146 Rerale untiltae prarh ofthe cyFaRl game frame,
Segnentsg | ”e@&ctﬁ%d?élﬁﬁt r\t’ﬁnblbni&?ﬁs 5#6&6%’8%%&1@5@?@ gbéton GPMedhiaph ob e as

t hose descri e article [1cation of the G bbsS strlbutlon

to | mage 25 stad;ygndatabmm‘t Thetmée@dbktc@tﬂédlﬁ:%tﬁ that theneureent, garee d@me and
G aphi cs, FANR" gl atdy cel
Dekker, 1nc. ﬁﬁ{lge3¥( n'éend rgs;# \éﬁ%@%@ﬁﬂn%’ @ c% of%gbt@éim
i ncor por at edmtimamsthatythe eamesmisshowing something wm is ogtpart ofitha stadium saes t he
frame into se er |ch connected sections of
nei ghbori ng ?)%EQ%S%Q’P p“}ﬂ&‘ﬁ@ﬁ% the same texture,
10 For the implantation embodiment, the orientation information is provided to

the implantation identifier 148 which reviews the matched objects, provided by

graph matcher 144, and determines if any of them are marked for implantation in

the stadium database 114. For those that are, implantation identifier 148 provides,

on output, the segments which are to be implanted and their boundary equations.

15 It will be appreciated that signs with patterns on them are formed of many
connected segments, all of which are marked for implantation and all of which are
marked as being part of the same sign. The implantation identifier 148 determines
the outer boundary of the collection of segments forming the sign and provides the
boundary equations of the outer boundary of the sign on output.

20 Fig. 7 indicates that the output to the orientation unit 112 is the
transformation matrix for transforming the image to be implanted into the current,
game frame, and the areas to be implanted.

Reference is now made to Fig. 10 which illustrates the operations of graph
matcher 144 and back to Figs. 8A and 8B which are useful for understanding Fig.
25 10

in step 150, the current game frame (or other current frame) is reviewed to

enumerate its interior cycles and isthmus edges. A cycle is interior if it is the union

of segments in the frame corresponding to nodes which are a 1-connected set.
Thus, for the graph of Fig. 8B, the interior cycles are (2,3,4), (2,4,5), (3.4,5), (3.5,6),

30 (3,6,7) and (6,8,9). Isthmus edges are edges (i.e. connections between nodes)

SUBSTITUTE SHEET (RULE 26)



30 where "texture" is an externally defined quality which describes a -

group of nei ghbori ng pixels. For exanple, texture can be col or and
t hus, each object is one WO 97/ 12480
PCT/ 1 L96/ 00110 14 W th

a single cowproragest th colors near to a central col or. Tewcaapsémeridal so be
| um nance | evel or a conplex description of the color range of an object,
where the col or range can be |istamd as a col or vector. For exanple,
the color of grass is a conbi nati on of green, yellow and brown
pi xel s. The average color of a group of 5 pixels of grass wll be
re: atively ww‘eaehwvasnc@a&éetmmh ber vt eonfiedied coMPOmEIRS ofthefgraph. ]g\nt he
col or vector, t he present invent rates on franes
of , out door ‘%hﬂWérEdﬂﬁcRSBY'desa""“ﬁ@!‘?\;’ﬁwe"cw@ﬂ%‘ﬁ rtged?égﬁ’ ition must be
robust with respect to lighti condi tjons ot herwi se, as the sun
changes bri ght ne?ge cPﬂP’Q?g &ggntﬁmft%‘eara@#astmmﬁ e@aaﬁgete@wes mefaﬂ)‘erage
color and t hpiginar ua@ﬁs':dafmhmvrféﬁ GedtinY databage 914 ReGhteRiSl Syctdy SlV!h es
t hi s robustness, "as does e consi deration that textures are equal 1t they
differ 5 database are aiso determmed and listed in accordance with a step similar to step

150. Step 150 involves determining all cycles of length 3 and selecting those which

are interior.

Steps 152 - 159 form the method of searching through the graph to find
matching graph sections and are performed per interior cycle and per isthmus
10  edges of the graph.

The current interior cycle is compared {step 152) to all interior cycles of the
database. If, for one interior cycle of the database, the textures at the nodes of the
two cycies match (step 154), adjacent cycles to the current interior cycle are
compared (step 156) to the adjacent cycles of the interior cycle of the database.

15  If the adjacent cycles of the current interior cycle match the adjacent cycies of the
interior cycle of the database (step 158), then the set of adjacent cycles of the
current frame are marked (step 159) as having matched the database. In any case,
the next interior cycle of the current frame is now considered. The process is
repeated until all interior cycles have been reviewed.

20 Analogous operations are performed for all of the isthmuses of the current
frame and the database. The matching of adjacent nodes to both nodes of the
considered isthmus is checked.

Reference is now made to Fig. 11 which illustrates the elements of the

implantation unit 104 and to Fig. 9A which is useful in understanding parts of its

25  operation. Unit 104 comprises a segment filler 180, a transformer 164 and a mixer
166.

Segment filler 160 receives the information of the implantation areas from the
orientation unit 112 and determines the pixels of the current, game frame which are
included therein. Itis noted that the implantation areas inciude in them information

30  of where the occluding areas are. This is illustrated in Fig. 9A. i segment A is an
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within a prescribed tol erance. It is also noted that, if the
S GRSl i Bl Bt -B A S— O F D0t R R—aRe—te)te————1t he s+gﬂs~ﬂk++—be
separated into separate segnents which, as described 15 her ei nbel ow, are
| at er narked as belonging to the sane object. The segnenter 120

rovi des, the texture of the segnents and which Iong to
gach segnent 8%%8“&i It is noted that, prior to outpﬂ@bﬁghgnsegnenter
120 searches for "parasite" segneg s, which do not correspond to rea
objects but result fromnoisy pixels of“20 the frame. Criteria for

I dentifying such segnents are: the size of the segnents and

e 20T Pl R, Fapdegt s g o S ardle s e °“S'fsf’°§€ 4 o

one texture weditding object B Wﬁé pilels8PséghentCA R Rétchsiude fang pikdls of

texture). VWen the sg&ﬁ&o 120 determ nes the presence of such
noi se, it snBsRiudl f the original frame and 25 reperforms the
segnent ati on. The boundary anal yzer 124 revi ews the segnent

data and producesFrom the filedrsegments, segment filsrs160-produees g PeFmissioAgMABK v
curve whigch eomah%rrmbe&nbhe : gae pﬁ@%ﬁ%ﬁé% Bt DU b BRIEGIONL Tanié BNt s.

To do so, boundarty‘ anal yzer each segment , |dent|f|es t
bordering pi Which, ﬂam!aymneg@" pesus| SThiscinvalyes glacing & &l yeluetleﬂhm:eela)pfthe

fggtnﬁptesbu%'h??\ll S | st rate g‘?‘dﬁhi‘-‘%?"'\éw,a"f%aﬁﬁ'? gﬂﬁrrgp(giryem@ F@ﬁ w:l ?el efly
made. Pi xel simplanted onto the pixels of value ‘1'.
The transformer 164 utilizes the transformation matrix M to distort each of
10  the advertising image into the plane of the video frame. Optionally, a blending
mask can be provided for the advertising image. If so, transformer 164 transforms
the biending mask also.

The mixer 166 combines the distorted advertising image with the video frame
in accordance with the blending and permission masks. The formula which is
15  implemented for each pixel (x,y) is typically:

Output(x,y) = P(x,y)*image(x,y) + (1 - P{x,y))*video(x,y) (1)

where Output(x.y) is the value of the pixel of the output frame, image(x,y) and

20 video(x,y) are the values in the transformed, advertising image and the current,
game frame, respectively, and P(x,y) is the value of the permission mask multiplied
by the blending mask. The output, ocutput(x,y), is a video signal into which the
advertising image has been implanted onto a desired surface.

It will be appreciated by persons skilled in the art that the present invention

25 Is an orientation system for orienting a frame of activity data within a mapped
background scene. The orientation system operates through creation of a topology
graph of the relatively invariant elements of the background scene. This orientation
system can be utilized in many systems, one embodiment of which, shown herein,

is an implantation system. Other systems which can utilize the present orientation
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two segnents 136 and 138 are illustrated where each segnent has a different
texture. The bordering pixels of segnments 136 and 138 are | abeled 135 and
137, wespReto vel y. Boundary anal yzer 1PCH/HAGROEH) |y
utilizes contour followng techniques to 5 determ ne the | ocations of

t he bordering pixels. One such technigpge is described on pages 290 -
293 in the book Pattern C assification and Scene Anal ysis, by Ri chard
O Duda and Peter E. Hart, John Wley and Sons, New York, 1973. The

book is i ncgyshshairebyBRings forhighlighting nctanging the color or dﬁitlﬂ@béﬂ(df@ﬂid?SSi on
t echni ques, the boundary anal yzer 124 attenpts to fit 10 straight |ines or
guadratic C'EPJ to varying-length sections of the bordering pixels,

where the sectiaon |Le is a functi n of the Jty of th fit of the
bor dering pi xel dtWi l'&%ﬁbbﬂ?epm%tﬁg @'H%ﬁ ﬂ!ﬁjﬂfﬁ?ﬂ"

whi ch mat chingéntRind® nbt Niptited” to what w%aﬁl;sarﬁm:ﬁﬁ sﬁbﬁnsaadr&féseabed
If there are a | arge nunber, for exanple, nore than 10, varying-|ength
5 hereinabove. Rather the scope of the present invention is defined by the claims

which follow:
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15 sections and/or many of themare quite short (describing the shape of
| S t—a—fe———————te =y g e At ther—ts—poorty—def | ned—or+—+t—has a

non- si npl e boundary. For non- si npl e boundari es, boundary anal yzer 124
indicates to the segnenter 120 to repeat the segnentation in an
attenpt to YPSiBadene boundary. Boundary anal gz oghopfreP’ 0duces

the coefficients describing the boundaries 20 on out put.
Graph builder 132 creates the topol ogy aph for the eurtent frane, stch as

is shown in Fig. 3B, fromthe segnents and the boundar ' | nce
t he boundary anal yzer 124 al so provides the adja w@b“{ﬂﬁ for
L

each segnent, graph buil der 132 EpAIgeat e the t add
toit the information 25 regarding the texture and boundary specification
for each segnent. The graph typically is not drawn as shown in Figs.

3A-and 3B bujy, appaaRirientation drﬁl%ﬁéﬂéﬁt?@ a frame/ibWirkP&r) afdtia M Whias aetibiwde
and, for each segnent, its ne@g hbor s exture type and boundary

equations are repﬁ@%’éﬁt@ﬁ opgn Whéﬁﬁéﬂmﬁﬂﬂég node | abel s and edge

| abel s. 8 . .

PCT/ | LO6/ 00110 & avﬁc%fob%ﬂ Q)pology graph of relationships of the background
5 objects of said arena with each other, wherein said relationships are

those which change minimally from view to view of said arena;
b. a graph creator which creates a frame topology graph of relationships
of segments of said frame; and
c.  agraph correlator which correlates said frame topology graph with said
10 background topology graph to determine which objects of said arena,
if any, are represented by segments of said frame.

2, An orientation unit according to claim 1 and also comprising a background
topology graph creator which includes:
a. astandards topology graph of standard elements known to be present
1§ in arenas of a type similar to said arena;
b. means for receiving an initial video sequence of frames viewing said
arena;
c. a second graph creator which creates a frame topology graph of
relationships of segments of each frame of said initial video sequence;
20 d. asecond graph correlator which correlates said frame topology graph,
for each frame of said initial video sequence, with said standards
topology graph to determine which standard elements, if any, are
represented by which segments of said frame; and
e. a background topology graph creator for determining, at ieast from
25 output of said graph correlator, which of said segments of said frame
are to be added to said background topology graph.

3. An orientation unit according to any of claims 1 - 2 and wherein said graph

correlator includes:
a.  an occlusion evaluator for determining which segments of said frame
30 might represent occluding objects;
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16 It is noted that segnenter 120, boundary anal yzer 124 and

graph buil der 132 forma graph c roduces a topol ogy
graph for a frane. Correl 4mmum1mmlmuE' ous frane
correlator which matches the current * franmetwth previ ous franme or
frames to dwberm4ee Whi ch segnents are common 5 t o t hercwaLYsoeIes,

t hereby determ ning which segnents are new segnents in the current
frame. For exanple, the presentfrane nmgg show many field markings, only
one of which has not yet been seen but three of which were seen in a frane
whi ch Is three franmes previous to the present one.

Correl ator 128 ober ategraph matwher forgmatehirigo saidofyamgr tepblogy draph dor saidt 10
frame with those of th revious franes.. The conparison involves first

mat chi ng the tbﬁéf@%‘f'@st%fm%mg‘c@g%en the current frane and
each of the previousj, meahémmoﬁmgdmrm@fwéaﬁ iridhts Riprésemtiagaph,
the correlator 128 then matches the pol ogi es of the boundary types.

If the texture topol ogy Hﬂ%ﬁ'@ﬁé’%@gma9l}le¥t§ﬁﬁ°m said P@BOPBS&QQM"EHQ@ t hen
the twogportions of the grapds rediced: ffarﬂéto °|oggrgrhﬁh%d be appreci at ed

that changes in perspective do not affect mat chi ng

operation since the #raptneans for maiching aaudmlqnegémr@t@pplmym onsaid
el ements of the arena. ' rat be
performed in accordance \tlzma?l?gr%%nf mpo%s%s@g%n%?%ﬂﬂﬁg@g@n%&?gﬁﬁﬁ?ques
A pseudo-i sonor phi sm opepbjectsnoicsaid background ahdrthe cegmenits matdhed by to
her ei nbel ow with respect s&g o'f:'j&?s a%d 8A, 8B, 9A and 9B.

10 c.  a perspective evaluator for determining a perspective transformation

between said matched objects and said matched segments.

4, An orientation unit according to any of the previous claims and wherein said
relationships include at least one of: the adjacency relationships of
neighboring segments, the textures of each segment, and the boundaty

15 equations of each segment.

5. A frame description unit for describing a frame viewing an arena, the unit
comprising:
a. a texture segmenter which segments said frame into segments of
uniform texture; and
20 b. anadjacency determiner which creates a graph listing which segments
are neighbors of which segments.

6. A frame description unit according to claim 5 and also including a boundary
analyzer which determines which pixels of each segment form its borders,
which determines if the border pixels generally form one of a straight line

25 and a quadratic curve and which determines the coefficients of the equations
of said straight line or quadratic curve which said border pixels describe.

7. An implantation unit for implanting an image into a frame on a surface within
an arena in which action occurs, the implantation unit comprising:
a. an orientation unit for orienting said frame within said arena and for
30 indicating where in said frame said surface is; and

eet Has Been Reﬁaced
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Fromthe matched portlons the correl ator 128 then determ nes which of the

o any of- +he—graphs of

t he previ ous franes. These se nts |nd| cate new segnents whi ch may

have to be added to the st#ﬂlﬁ”,ﬂlﬂt’"ﬂmﬂw and are so marked on the

graph for tt\g §#|r e 25 frane el at or ;%%Ig‘ﬁs t he
PSRL current frame tS the ™ S correl ator

mar ked graph
determ nes which, if any, of the segnen&i formpart of the standard
objects of the playing field. To do so,<Correlator 130 matches the topol ogy

graph of the standard el enents of the playing fieI d, as stored in standards

dat abase 30 118, o t By heatloF R Mloiditio alid igs £ie PiMfor BF E5h el
7

operatlon S S|mPar FB

PCT/ 1196/ 00110 indicated by said orientation unit, 1
then the | "bound Wy‘reeﬁrﬁb o aon Sk uibege, °PoL0%Y 13 Tt ched and
topol ogy sections. i a background topology graph of relationships of the background
5 objects of said arena with each other, wherein said relationships
are those which change minimally from view to view of said
arena;

il. a graph creator which creates a frame topology graph of
relationships of objects of said frame; and
10 iii. a graph correlator which correlates said frame topology graph
with said background topology graph to determine which objects
of said arena, if any, are viewed by said frame and when said
surface is present in said frame.

8. An implantation unit according to claim 7 wherein said orientation unit also
15 includes a background topology graph creator which includes:
a.  astandards topology graph of standard elements known to be present
in arenas of a type similar to said arena;
b. means for receiving an initial video sequence of frames viewing said
arena;
20 C. a second graph creator which creates a frame topology graph of
relationships of segments of each frame of said initiat video sequence;
d.  asecond graph correlator which correlates said frame topology graph,
for each frame of said initial video sequence, with said standards
topology graph to determine which standard elements, if any, are
25 represented by which segments of said frame; and
e. a background topology graph creator for determining, at least from
output of said graph correlator, which of said segments of said frame
are to be added to said background topology graph.

9. An implantation unit according to any of claims 7 - 8 and wherein said graph
30 correlator includes:
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Those segnents of the current franme which match the stamﬂ

i

|
L

t he standards database 118 are so marked. It will be ap

s . standards dat abase 118 provides the present inventi

al ready known objects in the field fromwhich to begin to map 't hé

st adi um 58.wo0 97/12480 The dat abase updater 134 recei vesraideosres ked
graph, marked with segnents found in previous frames and segnents
conform ng to standard el enents e the playing field, and determ nes
whi ch segnents are new. Updater 134 then 10 determ nes which of the new
segnents are likely to be "interesting" objects, such as by not

i ncludi ng segnments hanioeglusion evaltiator fvadetemiining, wiictt sedmerits of gaii frame
of the segnents confor.rp'gg,g to the standard elements of the playing field,
have not alrea pres uging @hiectsi adi um dat abase 114. Updat er

134 then include I i h ol
st adi um dat abase§'114.a q_rﬁgﬁp!?igfgggg‘f?g%%g sgigeg%@\?i dpgigb?ﬁéeﬁgglqgcﬁ%

segnents correspondi REckasoshiopeleay sraphoippiuding: with object nunbers,
defining the adjacengy r ' AT} [ﬁtf'rw e ' . & he
segnents already in ti:he ﬁ%ﬁ%ﬁgg?glggs?gbﬁ anc???igstl g‘em%ﬁé%sr? a{?é/
equations and textures opossikly wseludingnebjects fme sajstiframe topalogy grapltis t he
new segnents for r c Iyf ' g ] as such. In
addition, there m ghE b_es%& So Jeék’s"“t@ﬁ%%‘i@é} h@%ﬁl ch are a

cgnbl nati on of aI lol E"‘F" i mean$ faergag_hhg.said redoeed frag:e tugolbgy gwhpiﬁtoeméd hat

t hese segnents a el ong_to one, object, then the database updat er
134 indicates as such tog?ﬂ@'%‘f’gdpghf"gﬁt%&@"g%ﬁf producing, on outpyt, I%g‘?)me of
the segments of the curr objectsréfngaid datkgroind @hdithe sehmiefty fhatched bgltenent s
of the playing field (fo rel ati onshi ps, sizes and | engths of

r _which exact
the 25 various el enent SS%!\fgh&mem, updater 134 creates a perspective
transformation g, az?'e%ﬁddi\% BPLISROE tor \Ritdtinilg aSpatspbittive YaAERMnaLIéNNI Ch

are typically provided as a top view) to 'that of the correspondi ng

segnents in the currbBfiweensaid matched objests-and said matched segments; and

d. an implantation location determiner for determining which of the
15 matched segments corresponds to said surface to be implanted upon.

10.  An implantation unit according to any of claims 7 - 9 and wherein said
relationships include at least one of: the adjacency relationships of
neighboring segments, the textures of each segment, and the boundary
equations of each segment.

20 11, An implantation unit according to any of claims 9 - 10 and wherein said
implanter includes:
a. a transformer for transforming said image in accordance with said
perspective transformation thereby creating a transformed image;
b.  a permission mask creator for creating a permission mask from said
25 matched segments corresponding to said surface to be impianted
upon; and
c. a mixer for mixing said frame with said transformed image in
accordance with said permission mask.

12. A method for implanting an image into a selected one at a time of a piurality
30 of video frames representing a stream of action occurring within a

This Sheet Has Been Reﬁlaced
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transformation is created utilizing the boundary equatlons of the standard

ns—of
the corresponding 30 segnments in the current framel mﬂmtunﬂmﬁm& on can

be produced in any suitable WO 97/ 12480
PCT/ 1 L96/ 00

Pages 386 l‘igf" %’m{ he book Pattern C assification and Scené gna' )’%ol S,

ref erenced herei nabove, describes how ttafet erm ne perspective
transf ormati ons. I f any of e segnents of the current franme

are not of standard objects, for exanpl e, they m ght be signs, the

updater 134 then tyaR8{ahd® S?hé)trsggé rﬁvm ﬁﬂé(?'b’iﬁa\“ét{ﬂhab@? é)ﬁlﬁgﬁlﬁt've

transformation thus determ t he
segnents with the ssgneegpby gbleasticm u@eq mtueref thermetbod campdsiogjthe steps of:

e 1 5" S ARSRARE S Viud AL Bl P LAk Bl Afdalaned © 1 ©
optional |l y deterni ne, dfracselédied one of said Jined sumespsaldriilﬁalrmédemomphemgl zes
of "the St?ndar d obj eCt S an ’off?\ reﬁ!tlons%lp fﬂt'ne gaékgroundno%%cstég ga% gelgg{egm >
fxxed surfaca with each other, wherein said relationships are those
which change minimally from view to view of said background space;
b. generating a background model of objects of said background space
from initial frames of said video frames which view only said
10 background space and said initial model, said background model
comprising a graph of the relationships of the background objects of
said background space with each other;
c. utilizing said background model for identifying the objects viewed in
each video frame; and
15 d.  perspectively implanting said image into said frame into the portion of
said frame viewing a previously selected one of said fixed planar
surfaces.

way.

18. A method for orienting a frame viewing an arena in which action occurs, the
method comprising the steps of:

20 a.  previously generating a background topology graph of relationships of
the background objects of said arena with each other, wherein said
relationships are those which change minimally from view to view of
said arena;

b.  generating a frame topology graph of relationships of segments of said

25 frame; and

c.  correlating said frame topology graph with said background topology
graph to determine which objects of said arena, if any, are represented
by segments of said frame.

14. A method according to claim 13 and wherein said step of previously
30 generating a background topology graph inciudes the steps of:
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It will be appreciated that the entire operation is repeated per frame, for
t he entire initial video sequence. By the end of the initial video

sequence, the arena has be l"’]mummﬁmn Reference is
now nmade to Fig. 7 which general e elements of 15 the
ori entati onwgRi2486l2. The orientati on unit" 112 Oper at es orctmasesief the

vi deo sequence of the gane and conprises a graph creator 140, an

occl usi on eval uat or 142, a graph3@atcher 144, a perspective eval uator
146 and an inplantation identifier 148. The operations of occlusion
eval uator 142, graph matcher 144 and perspective eval uator 146
iterate until a mat clhayingsa stendardd tepaidgytgraph of stantiand. elerdénts known tébe
descri bed herei nabov .30 t | Qs creator 140

reviews the current, r%'?f'i g’%ﬁgr%ta%%g'ggagé gg&%ﬁ@*gr aph for it. As
descri bed lber elrwlmgantlhuahﬂdwseq&naetoﬁmhwswmm@baIMQa,t| ng the

segrrents in the current rre, the| r nd uat i ons
nei ghbors and t et ur gherating a R 1o %?‘%’H 8 seaments ofgane

frames, ghere are adéathdame ebsmtrﬁtnaﬁdebwﬁéé‘f) in the frame due to the
activity of the %W{r]re Thus, there m yers, unpires, balls,

ht
spectators, etc. (99“8[9&'!"9(?@' BﬁW%W'?QbSWPémefaﬂﬁeOf said initialat i c
obj ects of the backgifiéd | W, oS
dat abase 114. This is | I I us ra?%d s%&k?dss aﬁrgbgg t%&\%‘ﬁiﬁ%

reference is n&igh %ﬂd%‘dmﬂfs any, are represented by which segments
of said frame; and
10 e. determining, at least from output of said step of correlating, which of
said segments of said frame are to be added to said background
topology graph.

15. A method according to any of claims 13 - 14 and wherein said step of
correlating includes the steps of:
15 a. determining which segments of said frame might represent occluding
objects;
b. matching said frame topology graph to said background topology
graph including the steps of:
i removing one or more of said segments representing possibly
20 occluding objects from said frame topology graph to create a
reduced frame topology graph; and
ii.  matching said reduced frame topology graph to said background
topoiogy graph and generating, thereby, the objects of said
background and the segments matched by to said objects; and
25 c. determining a perspective transformation between said matched
objects and said matched segments.

16. A method according to any of claims 13 - 15 and wherein said relationships
include at least one of: the adjacency relationships of neighboring segments,
the textures of each segment, and the boundary equations of each segment.

30 17. A method for descrlbmg a frame viewing an arena, the method oompnsmg
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Fig. 8Aillustrates a sinple are mmf\mm‘mmu!ﬁm ts therein, labeled 1 -
11, and Fig. 8B provides t ph where the circl es,

x's, squares and triangl es i ndi cate" différent text m@a 0 9A

i lustrates™OYAIM view of the arena of Fig. 8A having tive objects

therein, labeled A- E Fig. 9B is the grrespondl ng s graph to Fig. 9A
It is noted that objects A - D match ob? cts - 5 and object Eis an
occl udi ng obj ect whi ch occl udes objects 2 and 4. Ref erence is

now made back to |g s egne séi% {'r%rmt]o‘l%edﬁ?érﬁgég?ﬁn &ﬁ\t Qﬁpl usi on

eval uator 142 wt the me xtures and
boundary types. GCbcl ugenerating laugraph lisﬁﬂg rwhiche segmeants mgnojghbcuacbfdulwehm nes
10. which of themf uI fills any or sone of the follow ng occluding object
criteria: seg ’orre of t he boundari es of the object are

non-sinple (i.e. not straight |in qguadrati c curves) as shown in
Fig. 9A for dﬁj ecl lgethgﬁ@ocordmgtoclalm 17 E§'d ﬁ!SS’ ipeluging dhe stepdfinot seen in

g;g}’hgﬁgf ggj”gzt Oh. ONGefdfhinitizCwhich PbiYd Ot'Sach segmdrit 3Mbits!Borerglg Of an
determining if the border pixels generally form one of a straight line
and a quadratic curve;
c. determining the coefficients of the equations of said straight line or
quadratic curve which said border pixels describe.

10 19. A method for implanting an image into a frame on a surface within an arena
in which action occurs, the method comprising the steps of:
a. orenting said frame within said arena and indicating where in said
frame said surface is; and
b. implanting said image into the portion of said frame indicated by said
15 orientation unit,

wherein said step of orienting includes the steps of:

i. previously generating a background topology graph of
relationships of the background objects of said arena with each
other, wherein said relationships are those which change

20 minimally from view to view of said arena;

ii. generating a frame topology graph of relationships of objects of
said frame; and

iii. correlating said frame topology graph with said background
topology graph to determine which objects of said arena, if any,

25 are viewed by said frame and when said surface is present in
said frame.

20. A method according to claim 19 wherein said step of previously generating

includes the steps of:
a. having a standards topology graph of standard elements known to be
30 present in arenas of a type similar to said arena;

b. receiving an initial video sequence of frames viewing said arena;

Sheet Has Been Tilaced
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15 The occl usion eval uator 142 provides the |ist of segnents which
are possible occlTudi ng segnents to the graph matcher 144. G aph

mat cher 144 al so receives , lcurrent gane frame from
the graph creator 140. G aph rratamnmm“mlﬂﬂm enpts to match the small
graph of tRgoowiksent, game frane to tthe't opol gy of p&trasgb@es um

dat abase. To do so, it operates in a nunber of ways, depending on 20 the

state of the video sequence. 32 Gaph matcher 144 attenpts to
mat ch the current gane frane to the t opol ogy of the stadi um database
114. For this matching, graph matcher 144 operates simlarly to the

previous frame ceyrel tatihgSa dantd opofogy graph of relationdhips oflsbymefitsaen
mat cher 144 just matc eg t he Cré?rigm" raph to that of the 25 stadium
dat abase 114 and prof#cBdrame g IR VGO $90U8PEHent .  Subsequent |l y,

since the graph ¢f th@reltingNaid #lifhe’ HpBRgY YraplsFor 866 HaiMOoPBAiB Ghitial 97 aph
mat cher 144 renoves the suspected occl udi ng segnments one at a tine and, if
desired, a group at &idaocgequangepmith said sia topriooy: graphatou detesminef or
t he graph with t ts .
et/ 1 LogS 00100 WiicH SBRUSHS SI6MBRE! if any, are represented 'y wHich $8GFents

of said frame; and

e.  determining, at least from output of said graph correfator, which of said
segments of said frame are to be added to said background topology

graph.

10 21. A method according to any of claims 19 - 20 and wherein said step of
correlating includes the steps of:
a. determining which segments of said frame might represent occiuding
objects;
b. matching said frame topoilogy graph to said background topology
15 graph including the steps of:
i removing one or more of said segments representing possibly
occliuding objects from said frame topology graph to create a
reduced frame topology graph; and
ii.  matching said reduced frame topology graph to said background
20 topoiogy graph and generating, thereby, the objects of said
background and the segments matched by to said objects;
¢c. determining a perspective iransformation between said matched
objects and said matched segments; and
d. determining which of the matched segments corresponds to said
25 surface to be implanted upon.

22. A method according to any of ciaims 19 - 21 and wherein said relationships
include at lsast one of: the adjacency relationships of neighboring segments,
the textures of each segment, and the boundary equations of each segment.

23. A method according to any of claims 21 - 22 and wherein said third step of
30 implanting includes the steps of:

This Sheet Has Been Remlaced
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20 . It wll be appreciated that graph matcher 144 perforns a
Nad-ei-ng—operat-+-ef————m~s+mar— 28—Speetft+eatl y,
the matcher 144 first attenpts to pol ogi es of textures
bet ween the current frane and the jmumxi Jli aﬂ base 114. The nunber of
segnents matched out of the total NS ments i SIS ph

i ndi cates t hWQfT4P488y of the match. For the matched portio g’r}ntb lgf t he

graph, if any, the graph matcher 144 th mat ches the topol ogi es of the
boundary types. If the texture topol ogy d the boundary type topol ogy

mat ches, then the two portions of the graphs match. Once
the graph, with noge o . . fr‘tagie Cla!éﬁb- | d g 10
mat ched, the graphg‘nat{é%%r?&@i&%ﬁtf I sols\lhic @gggcg% éﬂoégghgafzsl#r%rent
frame are part ofransiermiatiok dherebyl creating/a tran: rimageccl ude the
Dot o "2k SuPiarg, i AOISBR BB bl S PEREAED: s,

out put]-c g 134 Tgmidgpbgmﬁg&é;ﬁd@uﬂauewbﬁ lantegrzmwaaﬂm larl yftoh
part of updater and, erm nes, fromthe boundary egpations of, the
segment s gorresporﬂi ngmpquﬂxg%@rgewﬁﬁsa aﬂ%"ﬁ&d@ﬁgﬁlﬂ%”?%e@?\‘fg%sﬂdom
graph creator 140), thgerRfidsidiematike transformation for the current

gane franme. The perspective evaluator 146 can utilize all of the

cauat ons. AR pi bp PATEE ol 3, TR steslalCHE SR, apa

el ements of the fiddstribddhe@ihabovensformati on produces a transformation
matri x M whose paraneters are provided as out put of the perspective

eval uat or 14625 Theapgarambacssingfo Eﬁ* bf elaiMs'd 1 11 Substantially a8 ilbstraed inany

transformthe image to be inplanted fromthe perspective of the standard
10 of the drawings. .

26. A method according to any of claims 12 - 23 substantially as shown and
described hereinabove. ‘

27. A method according to any of claims 12 - 23 substantially as illustrated in
any of the drawings.

15

et Has Been Re‘laced
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field .elenments (i.e. top view to the perspective of the current, gane

f . ' eal |y tests—the—
perspective transformon 25 the objects of the arena which have been
identified. The result should be a frane whi ch cl osely matches the
gane franme. wd¥3Weug’ . Since the perspective t r ansf orpginLssmoriescri bes
the transformation of the background el enents of the frame (which
occurs only due to the novenent of the canera viewing them, it wll

not successfully describe the novenenfs/dt4a human bei ng who noves of his

own. 30 Thus, any segnment not well tched via the transformation is
consi dered a possibly WO 97/ 12480
PCT/ 1 L96/ 00110 21
occluding object and this information is provided to the occl usion
eval uator 142 for the next iteration. As menti oned
her ei nabove, the occlusion evaluator 142, gra her 144 and
perspective evaluator 146 iterate unti apk_of t current, gane
frane,
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5 | ess the occludlng elenents perfectly natches a section of the graph
htm-date 4 ' Rei cat es—that—the
current, gane frane has been orlented with respect to the stadi um 58.
A lack of a perfect match i ndi cates that the canera i s show ng
sonet hi ng wwiodt1eeeonot part of the stadi um 58, such rexaBs6worieo of an
advertisenent. 10 For the inplantation enbodi nent, the orientation
information is provided to the i }‘ilon identifier 148 which
reviews the matched objects, provided géyan graph matcher 144, and
determines if any of themare marked for inplantation in t he stadi um
dat abase 114. For those that are, inplantation identifier 148 provides,
on out put, the segnments which are to be inplanted and their boundary

equations. 15 It ,wl/l pe appreciated that signs with patterns on
them are fornmed of man onngct ed segnents, all of which are marked
for inplantation and ch fare mar ked as being part of the
same sign. The inplantatfop ifdentiffi er 148 det erm nes t he outer
boundary of the coll ectfi o] egfents fform ng the sign and provides the

boundary equati ons of e jou
Fig. 7 indicates tha
transformation matrix ritda
current, gane f . an

bpundary of the sign on output. 20

ef orientation unit 112 is _the

g ft he image to be inpl antef@ nto the
efis to be inplanted. -~

r
u
S

Ref erence i s now madeftfo [Fi illustrates the operatlonS}of graph
mat cher 144 and back i gs. gB which are useful for unﬁg¢stand|ng
Fig. 25 10. _ I 59, the current ganme frame (Or other

current frame) isr
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enunerate its interior cycles and isthnmus edges. A cycle is interior if it

| s—the—omomr—of—segrents—+A—tire—frane—ecorespondi ng t 0 -rodes—which
are a 1-connected set. Thus, for the graph of Fig. 8B, the interior
cycles are (2,3,4), (2,4,5, (3,4,5, (3,5,6), 30 (3,6,7) and (6,8,9).

| st hnus edgwe smmsedges (i.e. connections between nodes) PpCT/IL96/00110 WO
97/ 12480

PCT/ 1 L96/ 00110 22

whose renoval increases the nunber 03>6gﬁﬁécted conponents of the graph. An
I st hnmus edge provides an isthnmus between two parts of the graph

The conplete list of interior cycles and isthnmus edges determ nes the graph
uniquely. It is noted that, when creating database 114, the interior cycles
of the 5 dat abase are al so determ ned and listed in accordance with a

step simlar to step 150. Step 160 invol ves determning all cycles of
| ength 3 and sel ecting those which are interior. St eps
152 - 159 formthe method of searchin e gr to find
-
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mat chi ng graph sections and are perfornmed per interior cycle and per

| st+his—1—edges—eof—the—gt-app—————————Jhe -cuUrr ent. +pteriorcycle
is conpared (step 152) to all interior cycles of the dat abase. |If,

for one interior cycle of the database, the textures at the nodes of the
two cycl es wuleetinaget ep 154), adjacent cycles to the currepcriyeooner cycle
are conpared (step 156) to the adjacent cycles of the interior cycle
of the database. 15 | f the adjacent cles of the current interior cycle
mat ch the adj acent cycles of the 4£/f%?$rior cycle of the database (step
158), then the set of adjacent cycles of the current frame are marked
(step 159) as having matched the database. In any case, t he next
interior cycle of the current frame is now consi dered. The process is
repeated until all interj ye¢l es have been reviewed. 20 Anal ogous
operations are perforng pf the isthmuses of the current

frame and the dat abase chf ng of adjacent nodes to both nodes of the
considered isthnus is Ref erence is now nmade to Fig.
11 which illustrates t ent g of the i npl antation unit 104 and to
Fig. 9A which is usef Her ¢t andi g parts of its 25 operation. Unit
104 conprises a segne S ransfornmer 164 and a m xer

166. Seghy ] receives the information €the

i npl antation areas fr il gntation unit 112 and det &ines the

pi xel s of the current h are included theg&n. It is
noted that the inpl ay : ude in theminformation of where
t he occl udi ng areas i d strated in Fig. 9A If se nt Ais an
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object to be replaced, its shape is not a triangle but a triangle | ess nost
of occl udi ng object E. Thus, the pixels of .segnent A do not include
any pixel s yaf 9742480 OCcCl Udi Ng obj ect E. Fr ororings/dotiol ed

segnents, segnhent filler 160 produces a perm ssion mask 5 whi ch, for the
current, game frame, masks out all but phe areas of the franme in

whi ch the inplantation will occur. y{‘ Aol ves placing a '1' value in all
pi xel s of the filled inplantation areas and a '0' value at all other
pi xel s. The inmage wll be I npl anted onto the pixels of value "1'.

The transformer 164 utilizes the transformation matrix Mto distort each of
10 the advertising image into the plane of the video frane. Optionally, a
bl endi ng mask can be provided fo he—argyet+sing i mage. |f so,
transfornmer 164 transforns € bl endi ng smask al so.
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The m xer 166 conbines the distorted advertising inmage with the video frane
I raccortarce—nt-h—the—btrergtng—antpetfiseter—asks—Ihe forimilawhich i s
15 inplenented for each pixel (x,y) is typically: Qut put (X, y)
= P(xy)*image(x,y) + (1 - P(xy))*video(x,Yy) (1) wher e

Qut put (X, y) woetibgmoval ue of the pixel of the output franmepdriBabiieoy) and
20 video(x,y) are the values in the transforned, advertising inage and

the current, gane frane, respegtiyely, and P(x,y) is the value of the
permi ssion mask nul tiplied by Pi4ndi ng nask. The out put,
output(x,y), is a video signal into which the advertising i mage has
been i nplanted onto a desired surface. It will be appreciated

by persons skilled in the art that the present invention 25 is an
orientation systemfor orienting a frane of activity data within a napped
background scene. The orientation system operates through creation of a

t opol ogy graph of the relatively invariant el enents of the background
scene. This orientation system can be utilized in many systens, one
enbodi nent of which, shown herein, is an inplantation system O her

systens which can utiff} ze the present orientation

FIG.3
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PET11961 00116 24— SYySt em-ar-e—syst ens
for highlighting, changing the color or deleting background objects.

It will further be appreciated by persons skilled in the art that the
present i nweobieee S nNot limted to what has been parti cupeFdiyeviwn and
descri bed herei nabove. Rather the scope of the present invention is defined
by the clains which follow 25
1 An orientation unit for orﬁ%ﬂ(ﬂmﬂ a frame viewing an arena in

mhich action
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occurs, the orientation unit conprising: a. a background

objects of said arena with each other, wherein said rel ationships

are those which change mininmally fromview to view of said arena;

b. a gr apBesifaad or which creates a frame topol ogy gr aparase/oo1io

rel ati onshi ps of segnents of said franme; and C. a graph
correlator which correlates said frane to gtaﬁy graph with 10

sai d background topol ogy graph to deteéﬁ?ﬁ i ch objects of

said arena if any, are represented by segnents of said frane. 2. A
frame description unit for describing a franme view ng an arena, the unit
conpri si ng: a. a texture segnmenter which segnents said frane
into segnents of 15 ® muriformtexturg and b. an
adj acency determ ner mmTEh\create§'gn;?aPh Iistir&?ﬁWﬁQP
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segnents are nei ghbors of which segnents. 3. A frame description

: . . : : _ b I .
anal yzer whi ch determ nes which pixels of each segnent form 20 its
borders, which determines if the border pixels generally formone of a
strai ght |vearasMdea quadratic curve and whi ch determ nes pciraLsmefidi ci ent s
of the equations of said straight Iine or quadratic curve which said border

pi xel s descri be. 4, An inplgnptatign unit for inplanting an image
into a frame on a surface 25 t4hin an arena in which action
occurs, the inplantation unit conprising:

26 a. an orientation unit for orienting said frame within

said arena and

137

7

135 ——\\ /\/ .
< /: % 1 - 138
777/ NN

136 135

FIG.6
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for indicating where in said frane said surface is; and b.

f sard
frame indicated by said orientation unit, 5 wherein said
orientation unit includes: . a background topol ogy
graph of rglgbieshi ps of the bachapmasmdi®bj ect s of
said arena wth each other, wherein said

rel ati onshi ps are those which change mnipgally from
viewto view of said arena; 10 I(Z/ya . a graph creator which

creates a frame topol ogy graph of rel ati onshi ps of
obj ects of said frame; and iii. a graph correlator
whi ch correl ates said frame § opol ogy graph with
sai d background topol ogy grgbh to determ ne whi ch
obi.ects of said arena, if &), are viewed by said 15
frame and when said surfacég present in said frane. 5. Appar at us
according to either of claiBgdl and 4 wherein said grientation
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unit also includes a background topol ogy graph creator which includes:

a: s—known t e—He——
present in arenas of a type simlar to said arena; 20 b. nmeans
for receiving an initial video sequence of frames view ng

sai d ar ena; wo 97/12480 cC. a second graph creator whichrcanesstoenea frane
t opol ogy graph of rel ati onshi ps of segnents of each
frame of said initial video sequence; 25 d. a

second graph correl ator which correialﬁﬁgﬁyﬁ d frame topol ogy
graph, for each frane of said initial 'video sequence, with said
27
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standards topol ogy graph to determine which standard elenments if

a background topol ogy graph creator for determining, at |east from

out put of said graph correlator, which of said segnents of said 5

frame are tgg@nsgsled to said background topol ogy graph. PCT/AL96/60110
Appar atus according to either of clains 1, 4 or 5 and wherein said graph
correl ator includes: n occl usi on eval uator for

determ ni ng whi ch segnents of saldiig 14 frame m ght represent
occl uding objects; 10 b. a graph matcher for matching said frane
t opol ogy graph to said background topol ogy graph

i ncl udi ng: C. nmeans for renoving one or nore of said
segnents representing possi bly occl udi ng objects from
sai.d frame topol ogy graph to create a reduced frame

t opol ogy graph; and

B
D
c
A
E
FIG.9A
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oﬁtéut, t he
mat ched by to said

obj ect s;

perspecti veyo oipldeat or for determning a perspective
transfornmation between said matched objects and sai d nat ched

segnents; and f.
determ ni ng which of the
said surface to be inplanted

an i?? ia.ion | ocati on determ ner for
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according to either of clains 1, 4, 5 or 6 and wherein said
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28 . nei ghboring segnents, the textures of each segnment, and the

poumdary eguUat T ors of — €aciT ScyITert 8. AT—

i mpl antation unit according to any of clains 6 - 7 and wherein said

i mpl ant er includes: 5 a. a transformer for transformng said

| mage i n agewrdadeee Wwth said per spectricraLssoerisf or mat i on
thereby creating a transforned inage; b. a perm ssi on mask
creator for creating a perm ssion nmask fr sai d nat ched
segnents corresponding to said surf afef £]4 i npl ant ed
upon; and 10 C. a mxer for mxing said frane with said
transforned i mage in accordance with said perm ssion
mask. 9. A nmethod for inplanting an inage into a selected one at a
time of a plurality of video frames representing a stream of

action occurring wthin
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a background space,
scanned by at | east one video canera, the neth
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Jy graph of relation%%ncpggtr)f) %H]ed b%gﬁﬁl%u%ﬁd

objects of said arena with each other, wherein said relationships

are those which change minimally from view to view of said arena;

b. a_graph creator which creates a frame topology graph of

relationships of segments of said frame; and

a graph correlator which correlates said frame topoloay graph with

fo

said background topology graph to determine which objects of

said arena, if any, are represented by segments of said frame.

A frame description unit for describing a frame viewing an arena, the unit

comprising:

a. . atexture segmenter which segments said frame into segments of

uniform texture: and

b. an adjacency determiner which creates a graph listing which

segments are neighbors of which segments.

A frame description unit according to claim 2 and also including a

boundary analyzer which determines which pixels of each segment form

its borders, which determines if the border pixels generally form one of a

straight line and a quadratic curve and which determines the coefficients

of the equations of said straight line or quadratic curve which said border

pixels describe.

An implantation unit for implanting an image into a frame on a surface

within an arena in which action occurs, the impiantation unit comprising:

»
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background obj ects

ot her;
obj ects vi ewed

a.
perspectively inpranti

comprising & arapt & 4 sackor ound TIRSHITINIARLLAN
d. utilizing said ba%?(ground nmodel for*t i dentif¥ying the
_an orientation LRit%8 Qriéhﬁ_rgéf gﬁi@ﬁ%ﬁimp"n Said arena and

of said frame viewng foipdéhftWheReIFadiadeniesaid Sittdbelib stk

pl anar surfaces.

ot T o —ortTentTnNg—aTTrant vew ng an arena

in which action ogcursan implanter for imBRrAEhesdCRRIRIe MBtH PoftidiPof Yaid 10

a. previously TQenerattng —a —background topotogy—graph— ot
rel ationships of the b@akw pditatadbbpshil SHiertafich ahgna W th each
ot her, wherein said refarronships are those whiTh Thange

5 wherein said orientation unit includes:
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i. ‘a background topology graph of relationships of the

background objects of said arena with each other, wherein

said relationships are those which change minimally from

view to view of said arena;

ii. “a graph creator which creates a frame topology graph of

relationships of objects of said frame; and

iii. a_graph correlator which correlates said frame topology

graph with said background topology graph to determine

which objects of said arena, if any, are viewed by said

frame and when said surface is present in said frame.

Apparatus according to either of claims 1 and 4 wherein said orientation

unit also includes a background topology graph creator which includes:

a. a_standards topology graph of standard elements known to be
present in arenas of a type similar to said arena;

b. means for receiving an initial video sequence of frames viewing
said arena;

C. a second graph creator which creates a frame topology graph of
relationships of segments of each frame of said initial video
sequence;

d. a second graph correlator which correlates said frame topology

graph, for each frame of said initial video sequence, with said
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;nr girrerm!t.l)gor (r)g;n \éir:\pl)vht ngir:}Naﬂ oﬁgihidpgr gpaéegmants of ”lﬁ"””l’?ﬂl’f lm“m sal d
frame; and C. correlating s dfranetopbloy‘gra'phsvmth sal

backgr ound standardd RPISHYo3pARE deferdfh stNdaPy BRIGE

said arena, if any,

frane. 11. A meghodapoepréidied By Wt sdgmBRE m.&wﬂan%'a%dstep of

correlating 20 nctudes—the—steps—ot &et er m ni ng

WEI Cht segment s of esai gafﬁa%ﬂ@rdﬂrﬂﬂopb Ry §raph creator for determining, a?%é ‘#OW
obj ect s; '

backgr ound t opol ogy output of said graphgécﬂfﬂilaio'ﬂCWhiHmﬁf i %bgﬁﬁan‘?g of said

C. renovi Nng one or nore of—sard segneEnt-s-representt+hg-PeSsst 5 Y
5 frame are to be added to said background topology graph.

6. Apparatus according to either of claims 1, 4 or 5 and wherein said graph

correlator includes:

a. an_occlusion evaluator for determining which segments of said

frame might represent occluding objects;

10 b. a graph matcher for matching said frame topology graph to said

background topology graph including:

c means for removing one or more of said segments representing

possibly occluding objects from said frame topology graph to

create a reduced frame topology graph; and

15

|

means for matching said reduced frame topology graph to said

background topology graph and for producing, on output, the

objects of said background and the segments matched by to said

objects;

o

a perspective evaluator for determining a perspective

20 transformation between said matched objects and said matched

segments; and

P

an_implantation location determiner for determining which of the

matched segments corresponds to said surface to be implanted

upon.

25 7 Apparatus according to either of claims 1, 4, 5 or 6 and wherein said

relationships include at least one of: the adjacency relationships of

REPLACEMENT SHEET

10 MAR 198




occluding objects fromsaid frame topol ogy graph to create a
reduced franme topol ogy graph; and

30 d. mat chi ng sai d reduced frame topol ogy graph to said
background - . topol ogy graph and generating, thereby, the
obj ects of said- ' D ‘background and the segments matched by
to said objects; -and e. deternlnlng a perspective
transformation between said matched 5 . ' obj ects and said
mat ched segnents. . 12. A nethod according to an of clainms 10 - 11
and wherein said =~ =~ . .relationships include at |east one of: the
adj acency rel ationships of : nelghborlng segnents, the textures

of each segnent and the boundary ' . .-equations of each segnent .



10 13 A net hod
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segnents of unifo
l'i sting which seg
15 14. A nethod

rmtexture; and b. gener ati hig 'a draph
"FRAGRbSHIYy 88 .%

a. det erm ni ng @ioﬁgmlegcﬁfse@ﬂ@htsegnent for mits borders .
b. determ ni ng ng“t“r‘rmm"s—'general |y formone of a straight line

and a quadratjc c
equati ons of I d
sai d border pi xel
into a frame on a
occurs, t?e met ho
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urve; determi ning.the coefficients of the

Eracmﬁdmg to any of claims §» {; and wherein sajid ¢

s, desqribe . 15. A nethod for |rrplant|ng an i nmage
l@ﬁi@ﬁ%ﬂﬁﬂ% an ' arena in which action
%, COMRY 3hBRrindf 137 f83sBfrming said image in accordance with said

perspective transformation thereby creating a transformed image;

b. a permission mask creator for creating a permission mask_from
said matched segments corresponding to said surface to be
irﬁplanted upon; and _

. a mixer for mixing said frame with said transformed image in

accordance with said permission mask.

A method for_implanting an image into a selected one at a time of a

plurality of video frames representing a stream of aétion occurring within

a background space, the space having fixed planar surfaces and being

scanned by at least one video camera, the method comprising the steps

of:

a. providing an initial model, independent of said plurality of video

frames, of a selected one of said fixed surfaces, said initial model

comprising a

o

graph of the relationships of the background objects of said

selected fixed surface with each other, wherein said relationships

are_those which change minimally from view to view of said

background space;

C. generating a background mode! of objects of said background

space from initial frames of said video frames which view only said

background space and said initial model, said background model
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a. or'i'enti ng said frane within said arena and i ndi catliuﬂ i '
frame said surface is; and 25 b. 29 npl anti ng ”’Mﬂﬁ, he
portion of said frame indicated by sai d orlent ats on

unit, _ comprising a graph of the relationships of thelbackground objects
wherein said step of orremnttngtHctudes—thesteps—of- :

i . previously gener abf §didbaeRgiciindsphceanith ea¥h atah of
rel ati onshi ps of ,the background Objects of sard arenma with :
each other, wheredn sautflizind shidobackground enddsisfor Vdurtifying the objects viewed
change minimal | y™Tom View to View of ~Said arena, ™.
generating a frane topiv eaph gdepfranie;raridat i onshi ps of
obj ects of said frane; and

5 e perspectively implanting said image into said frame into the portion

of said frame viewing a previously selected one of said fixed

_planar surfaces.

10. A method for orienting a frame viewing an arena in which action occurs,

the method comprising the steps of:

10 a. previously generating a background topology graph of

relationships of the background objects of said arena with each

other, wherein said relationships are those which change

minimally from view to view of said arena;

b.  generating a frame topology graph of relationships of segments of
15 said frame; and
o comrelating said frame topology graph with said background

topology graph to determine which objects of said arena, if any,

are represented by segments of said frame.

11. A method according to claim 10 and wherein said step of correlating

20 includes the steps of:

a. determining which segments of said frame might represent

occluding objects;

b. matching said frame topology graph to said background topology

graph including the steps of:

25 c. removing one or more of said segments representing possibly

occluding objects from said frame topology graph to create a

reduced frame topology graph; and REPLACEMENT SHEET

10 MAR 998




i'ii: correlati ng said franme topology graph with said
t opol ogy graph to determ ne which objects 3 said ar et ﬂ milrm “III“IIII
any, are viewed by said frane and when said surface iss ¢ L ® 5 =

present in said frame. . 16, A, nethod according to _any of clains 11
and 15 wherein safid st Hgtefing said feducedhg;ﬁmtoaefqu geanby ot sald bagkarewrd ¢ he
st eps of: a. havi ng a standards tqpol ogy graph,of standard
el eﬁents known to 15 lopology grapf &n pg?ﬁ?%@gﬂgr 1 er?%gna'g‘eof’b!fq‘?/p‘éfa | ar
to said arena; I IYI iniLtial videg nce, of
frames view ng said argg%lggroend and?ﬁgseg 3 -3 o,

: FEHEe--HL SAE--LO0RU-0gy
graph of relationghips . . h frane.qf said
initial video seq%éncem—fg———e@mg—gmwﬁﬁg@q Eefg .the Iansiorapat QAM

graph, fer each frane gf: sai. g4 Qi vi deo sequence,
w th said standards topél—eg-y—qpapg-ﬁéa—gegemﬁe——%eéﬂuéjnd el tehe Segments. whi ch

standard el ements, if any, are represented by which ] i
A method according to any of claims 10 - 11 _and wherein said

relationships _include at least one of: the adjacency relationships of

neighboring segments, the textures of each segment, and the boundary

equations of each segment.

10 13. A method for describing a frame viewing an arena, the method

comprising the steps of:

segmenting said frame into segments of uniform texture; and

a.
b. generating a graph listing which segments are neighbors of which

segments.

15 14. A method according to claim 13 and also including the steps of:

determining which pixels of each segment form its borders;

a.
b. ' determining if the border pixels generally form one of a straight line

and a quadratic curve;

determining the coefficients of the equations of said straight line or

o

20 guadratic curve which said border pixels describe.

15. A method for implanting an image into a frame on a surface within an

arena in which action occurs, the method comprising the steps of:

a. orienting said frame within said arena and indicating where in said

frame said surface is; and

25 b. implanting said image into the portion of said frame indicated by

said orientation unit,
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segnents of said frane; and e. determ ning, at |east from

out put of said graph correlator, which of sai d segnents-
of said frame are to be added to said background 25
t opol ogy graph. 17. A nethod according to any of clainms 15 - 16 and

- wherein said step of . ~ correlating includes: the steps of:
32 a. deternlnlng whi ch segnents of said frame m ght represent
occl udi ng objects; - b. © matching said frame topol ogy graph to
sai d background topology graph including the steps of:

5 i, - renoving one-or hore of said segfent s representing

e e
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possi bl y occl udi ng obj ects fromsaid frame topol ogy graph N
to create a reduced franme topol ogy graph; ajd .
mat ching said reduced frame topol ogy graph to said

background topol ogy gr aiar&ind a5 BR
obj ects of sald backgro- 0—arTo

SS\B

and d.  deter rrrélaﬁ@wsmw lof Qlf1e td&kgzém%,ée&n@%@ gm
to said 15 tpon : rrethod

according to any of clai mS ééch dtheRN WHeeinC sBidS #Btionships _are those which
rel ati onshi ps include at |east one of —Theadiacency Tetattonrshrps—ot

nei ghborisng segnents, the tehagg@mam‘inamrﬁ%wmwewwtéat?@awdary
equations of each segnent. A method according to any of clains

17 - 18 and wherein saiid thgedeﬁtlﬁg a frame topology graph of relationships of

>3*

objects of said frame; and

li.  correlating said frame topology graph with said background

topology graph to determine which objects of said arena, if

10 any, are viewed by said frame and when said surface is

present in said frame.

16. A method according to any of claims 11 and 15 wherein said step of

previously generating includes the steps of:

a. having a standards topology graph of standard elements known to
15 be present in arenas of a type similar to said arena;
b. receiving an initial video sequence of frames viewing said arena;

c. generating a frame topology graph of relationships of segments of

each frame of said initial video sequence;

d. correlating said frame topology graph, for each frame of said initial

20 video sequence, with said standards topology graph to determine

which standard elements, if any, are represented by which

segments of said frame; and

e. determining, at least from output of said graph correlator, which of

said segments of said frame are to be added to said background

25 topology graph.

17. A method according to any of claims 15 - 1_6 and wherein said step of

rv—

correlating includes the steps of:

ULl
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i mage in accordance with said perspective 33

of ihpldnting includes the steps of: = Eﬂmm lmﬂ’m
M

thereby creating a transforned inage; b. gefier &t 1ng

perm ssion mask f H0m Seferiihinde WHEW "EdiMerR of said_frame. WBBES%%?%‘&&& to

said surface to bE"“1 nptarnteda—uforr—atd :
with said transfornmed ig@RRingoleeRf dance with sai d

per m ssi on mask.
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b. matching said frame topology graph to said background topology

graph including the steps of:

i. removing one or more of said segments representing

possibly occluding objects from said frame topology graph

to create a reduced frame topology graph; and

. matching said requced frame topology graph to said

background topology graph and generating, thereby, the

objects of said background and the segments matched by

to said objects;

¢.  determining a perspective transformation between said matched
objects and said matched segments; and
d. determining which of the matched segments corresponds to said

surface to be implanted upon.

A method according to any of claims 15 - 17 and wherein said

relationships include at least one of: the adjacency relationships of

neighboring segments, the textures of each segment, and the boundary

equations of each segment.

A method according to any of claims 17 - 18 and wherein said third step

of implanting includes the steps of:

a. transforming said image in_accordance with said perspective

transformation thereby creating a transformed image;

b. generating a permission mask from said matched segments

corresponding to said surface to be implanted upon; and

C. mixing said frame with said transformed image in accordance with

said permission mask.
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