WO 2011/ 117793PCT/ 1B2011/ 051156 1 OBJECT LOCATI NG AND TRACKI NG I N VI DEO
FRAMES USI NG SMOOTHNESS CHECK ALONG SPECI FI ED LI NE SECTI ONS BACKGROUND 1
TECHNI CALWBI2B11N1f®801] The present invention rel ates toPCFABB1PIEHSSI NQ.
More particularly, but not exclusively, sone enbodinents relate to |ocating
objects in an imge, and/or tracking objects in video streans. 2.

DI SCUSSI ON OF THE RELATED ART [ 0002] Tracki ng physical objects using video

data processiOBJESTHIOGATING ANIRTRA CRINGNATWIBEOWROMASS &ISINBUbI i cati on
Nunmber W)0141884 teaches a video processor configqured for ball tracking in
a game of cri cRMO WNE%I‘:I@EQ&KL%S(P EFAED TINE SEAKIONY | i s
identified by pixel analysis based upon prior know edge regarding the shape
and size of the cricket ball. The anal ysis uses inage processing techni ques
that are said in the aforenenti oned Patent Publication to be "so well known
to those BROK@ROUNIDhe art that detailed description hereinis believed to
be unnecessary". [0003] US Patent Publication No. U52005026689 teaches a
system and a nethod for object tracking. A hand-manipul ated prop is

pi cked- upittroduSiCALSRgDe Vi deo canera. Each video frame (inmage) is then
anal yzed to isolate the part of the inmage pertaining to the object for

mappi ng th Eosition and orientation of the object into a three-dinensional
space. EOOD } &be qufiéfﬁslpmi’éllondé@t?ﬁ itpimage procesimgohase pastisulstlyy b 1% nenory
and used Ay Gt 08 én%"re'lzﬂe s g@ﬂﬁ}gpgb?&tsam an H‘ﬁlg aa%dfoil@lqglglhgg of a

correspondl ng Vi tu I'n a scene Vi deo d hns for

deri vi ng bhea&hfaﬁadMﬁﬁﬁ&lonal descriptions for various props enploy
geonetry processing, including area statistics, edge detection and/or col or

transition locali i Qn, f] h sition and orientation of the prop
fromtwo- &Eﬁi@@iﬁ@ﬁq@Fﬁéﬁggéggeﬂ%Qgﬁﬁfia are proposed for the selection of
colors of stripes on the props which naxi mze separation in the

t wo- di rrenﬁmmalrr&tafn%rp ?@i@zﬂeobﬁf&:ksolﬁsﬁ%)ﬁ 8o d&Q phdtatsihdst@dGnah teedre ok ng
absol ute col ors, i cant ~col or ansitions are detected. Thus, the need
for cali bf:)gﬂnnqu W’fIP r{éatent Publication Number WO0141884 teaches a video processor

configured for ball tracking in a game of cricket. For each video frame (image), a

cricket ball is identified by pixel analysis based upon prior knowledge regarding the

shape and size of the cricket ball. The analysis uses image processing techniques that

are said in the aforementioned Patent Publication to be "so well known to those

skilled in the art that detailed description herein is believed to be unnecessary".

[0003] US Patent Publication No. US2005026689 teaches a system and a method for
object tracking. A hand-manipulated prop is picked-up through a single video camera.
Each video frame (image) is then analyzed to isolate the part of the image pertaining
to the object for mapping the position and orientation of the object into a three-
dimensional space. The three-dimensional description of the object is stored in
memory and used for controlling action in a game program, such as rendering of a
corresponding virtual object in a scene of a video display. Algorithms for deriving the
three-dimensional descriptions for various props employ geometry processing,
including area statistics, edge detection and/or color transition localization, to find the
position and orientation of the prop from two-dimensional pixel data. Criteria are
proposed for the selection of colors of stripes on the props which maximize separation
in the two-dimensional chrominance color space, so that instead of detecting absolute

colors, significant color transitions are detected. Thus, the need for calibration of the



WO 2011/ 117793PCT/ 1B2011/ 051156 2 system dependent on |ighting conditions
which tend to affect apparent col ors can be avoi ded. BRI EF SUMMARY [ 0004]
An aspectwofosioieroenbodi mnents of the present invention ecmaBinsoHiset hod of
defining a location of a given object? optionally a physical object, in an
i mge of interest, The image of interest conprises pixels, and the object
is characterized by having a specified pattern and an additional property

[ 0005] I nsyreneepapldantyorehgathigrenatitiohs @héechi ©nd ko ¥ffele dpparsmt dodsts campei si ng:
speci fying portions of the image; identifying anong the specified i mage
portions avaidadi dat e i mage portion conprising a portion of the specified
pattern; defining an inage region around the candi date i mage portion, the

i mage regRRIEPSUAIVOEPOosed of image portions, each conprising a portion of
the specified pattern, the inmage region being surrounded by image portions
not conprising a portion of the specified pattern; conparing the other
property HH00#hangispesh oﬁmmqmbwchmmtanétmrpwemt I}AVGIUOIIWQHWHM methed of egi on,

and identif if the im ¢ Pro erty of. the
G ven- obj SR dorasiadcyoh Hien: ARt e hay S BRakb RERro BhaRaRgs Fhe
defined i ma@est! €8¢ @ia ma@étl domprites PR dndlis0 objedpik i chesceapédiby ng t he
i mge of a physical %ject [ 0006] In an exenpl ary enbodi nent, the

speci fi ed ﬁaﬁgéﬁﬁxﬁgﬁém§W@dmﬁaﬁéﬂﬂ%@ﬁal%h@¥§rn the brightness and/or the
col or of each two adjacent pixels differ in less than a specified

threshol d[oﬁfﬂ}é'aﬁr ¥xd 1@h%hf%%dﬂﬁ&t5%@ere1qs@B@g@e&%m&%&ﬂéo&e&%%me e

enbodi nents, gi ven ject has a ‘cont our a given shap
above- mentpeoife gadditioneo oé thepmogrer idﬁn’lﬂSnrtgl‘lﬁnSﬂ[@ﬂIe specifibe imege pationsAnot her

exanpl e of an additional. pro is the c .L.he obje 0008] In
sone enboff C PR 5‘?‘“\‘}8‘{1?. CBE}PE‘ gﬁago@ogéﬁéﬁﬁl ¢\ 1?‘?8?1%4 ?Ef'cf &§" and the
| ocati on ghadehe, i%h‘é%hn‘&hh@%&ndlﬁht& 'ﬁﬁagé”fﬁcgﬁoh shéehihneohs Eeh?%ql:&ﬁﬁésls@n of the
defined inmage region only if the defined i mage region ha is second
addi t i onapf pragp@pttions, each comprising a portion of the specified pattern, the image region

being surrounded by image portions not comprising a portion of the specified pattern;

comparing the other property of the given object with same property at the identified

region, and identifying, if the image region has the additional property of the given

object, the location of the given object as the location of the defined image region.

Optionally, the method also comprises capturing the image of a physical object.

[0006] In an exemplary embodiment, the specified pattern is a smooth pattern,
wherein the brightness and/or the color of each two adjacent pixels differ in less than

a specified threshold. Exemplary thresholds are 5%, 10%, and 15%.

[0007] In some embodiments, the given object has a contour with a given shape, and
the above-mentioned additional property is the shape of the contour. Another example

of an additional property is the color of the object.

[0008] In some embodiment, the given object has a second additional property, and
the location of the given object in the image is defined as the location of the defined

image region only if the defined image region has this second additional property.

[0009] In some exemplary embodiments of the invention, the above-mentioned
specifying of image portions comprises specifying linear image portions, each having

a width of 1 pixel. Optionally, the image portions form a grid.



[0009] In sone exenplary enbodi nents of the invention, the above-nentioned
speci fying of inmage portions conprises specifying |inear image portions,
each haviwg@aumiigoh of 1 pixel. Optionally, the inmage pecriiBraihsinsm a grid.
WO 2011/ 117793PCT/ 1B2011/ 051156 3 [0030] In an exenplary enbodi nent, the
image of interest is a frame in a video stream Optionally, the | ocation of
the given object in a preceding frane in the video streamis unknown.

[0011] Al fe®ohtd uﬁleycmphey |eﬁﬁ)aﬂinQﬁht oﬂletlh&ggiofemte@ésjt ecta frima ipreecridong frane
in the video streamis Optional | t he nethod caonprises starting a
search fof'aafk (?Hq%ﬁﬂﬁéé%l%étﬂ@ ?ﬁ’r@ﬁé“i’i&rqbﬂ%ﬁ i f prasedipg éﬁametly th¢ vidge known

| ocation gf., ﬁuﬁﬁh&% in the preceding frame. [0012] An aspect of sone
enbodi nents o e invention relates to a nethod of tracking a given object
in a video stream the object noving froma first location in a first frame
to a seco[{wlﬂbédtbirmﬁwﬂm, éleslec@ttmh ofr theegivemlobject mmedirateding fhmerintthe fir st

frame. n e nt th opject.is character] by having a
Spectii edviEe FURRT krkeouf DRBPITBnte mRBERETrsh e SREERD A bR <es.
sear chi ngcdndidane i Leopsttibh Eiiif&h@vfchm@t oC BRULEREdcHRAE oP @l bjBctCiANBET Sing a
portion of the specified pattern; defining a region, in the second frane,

conposed bfecedinglftd@ee i mage portions surroundi ng the first candi date inage
portion and surrounded by non-candi date |nage portions; and defining the

| ocati on ﬁg)lki‘ﬁngé @&Oér;]’ Js(?[ﬁ% ehﬂ;ohﬂﬁetﬁ?%?qge 159%%09% fafis | ?%étﬂ({;'d Qf the

defined i hage region e 1 mage reglon Re additiona property
of the gi wedskindhp @blen O\M&fﬁi avidto kfaeank,i ths bbjeacabviag fiosn kﬁmﬂodahen$1earch for
the first candidate starts at a.location in the second frame, whic

cor r espontS {BMehE F $5c8pd [FRHPR dh2 POVLITBA é]é%‘e’é@m‘?ﬁlat%]dn%ﬁeéﬁ%f‘oaf%nt s of
the invenihop ﬁ%ce%ﬁ@laey SHBbEMenP TR biSikags c@?aatma 1S GE &)e&ﬁred

capturing an i mage of an’ obj ect characterized by a pattern-an [ east one
addi t i onapatpropedt s1y additiomirpreperty sindrtbgmethoti gompg seshecapatin emthanctontie at

| east one addlt onal erty of the obj.ect carried_. by the ohject and at
east onchdmai iohamdiSL e BLPaCoBPHS AR EHEORG Qe B B G or

wher ei Nt B&iRRO LSRN, ri%CﬁieVﬁe%ohJi‘eerﬁé L &pARd drheanadddtd iRl pBRRASTtY
stored on the conputer storage, wherein the processor recelves t he i mage of

t he obj ecsurtaiadimgtshe fire canﬂa@tmgnm\poaﬁeon anddswileendddrbyt ian-gandislatesiorage

identifi es | 1%% Ia% a(ﬁ f%?no etlrgg ob % n et:nh%b ect hlésslen r%mt hodhdescrl bed
above. P TI e sgy}} C%Vrp Sh K& 6 jec§ WRi%hPearri es

the patt eId&at@(S}ﬂ of Stlﬁfkwfal@a Qﬁiag@(ﬂeéwn 'fohgr ﬁTthl: qaﬁge eego@dds ttheonaditipioperty.
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property of the given object, wherein if the first location is known the search for the

first candidate starts at a location in the second frame, which corresponds to the first

location.

[0013] An aspect of some embodiments of the invention concerns a system
comprising: an imaging device, for capturing an image of an object characterized by a
pattern and at least one additional property; a computer storage, storing the pattern
and the at least one additional property of the object carried by the object and at least
one additional property characterizing the object and a processor, wherein the
processor receives the pattern and the additional property stored on the computer
storage, wherein the processor receives the image of the object taken by the imaging
device, and wherein the processor identifies the location of the object in the image
using a method described above. Optionally, the system further comprising the object

which carries the pattern and is characterized by the at least one additional property.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] For a better understandi ng of
enbodi nents of the invention and to show how the sane may be carried into
effect, rwbepanaeroai || now be nade, purely by way of exaopliB2011/051twe
acconpanyi ng drawi ngs in which like ndéimeral s designate correspondi ng

el ements or sections throughout. [0015] In the acconpanyi ng draw ngs:
[0016] Figure 1 is a high level flowhart show ng actions to be taken in a

met hod of BROEBRDHSTFARTUDN €Ol THE PRAWINGEEe W th sone enbodi nents of the
present invention; [0017] Figure 2A is a schematic illustration of an inmage
w th sonme. enbodi nents of the present

capturing_t bjects in accordance
i nventi on,lOO[VI\@bf@f] a ﬁ?ﬁ&&ﬁ@d@ﬁtaﬁ%{ngﬁ%@wéemenﬁ %fnﬁ_ﬁfriﬂe;‘@?flemz B4 %wowghgw the
vicinity gf @mel fdepbe fchﬁfid‘iﬁi%déf?&i,erefe%ﬁg WA dwPBe IhdBCHAERARE RaPickh some

enbodi nents of the present invention. [0019] Figure 3 1's a“scChenatic
i | lustrateompé, do thragecahpagthghydrawiggs dirandhisholkeignemeetsh debigest on a

non- snoot h background in accordance with sonme enbodi nents of the present
i nvent i On,correéari%{mg:%wgg Oﬁﬂqcﬁlén%&éo 8Wpl ary patterns in accordance with
sone enbodi nents of the present invention; [0021] Figure 5is a sinplified

bl ock di apyoas] ﬁi‘th@a&)b’iﬁ;ﬁﬁyﬂ‘ngrdré\@i@gg;i ng or tracking a given object in an
i mage of Iinterest, in accordance with sone enbodi nents of the present

i nvention; and_ ) ) ) ) )

[0016] Figure 1 is a high level flowchart showing actions to be taken in a method of

locating an object in accordance with some embodiments of the present invention;

[0017] Figure 2A is a schematic illustration of an image capturing two objects in

accordance with some embodiments of the present invention;

[0018] Figure 2b is an excerpt from Figure 2B showing at the vicinity of an
identified candidate image portion in accordance with some embodiments of the

present invention.

[0019] Figure 3 is a schematic illustration of an image sliced by a grid and showing
smooth object on a non-smooth background in accordance with some embodiments of

the present invention;

[0020] Figures 4A-4C are exemplary patterns in accordance with some embodiments

of the present invention;

[0021] Figure 5 is a simplified block diagram of a system for locating or tracking a
given object in an image of interest, in accordance with some embodiments of the

present invention; and

[0022] Figure 6 is a simplified block diagram of a processor useful in the

embodiment of figure 5.

[0023] The drawings together with the following detailed description make apparent

to those skilled in the art how the invention may be embodied in practice.



[0022] Figure 6 is a sinplified block diagramof a processor useful in the
enbodi nent of figure 5. WD 2011/117793PCT/ 1B2011/ 051156 5 DETAI LED

DESCRI PTIVON 2p00A%193W t h specific reference now to the drpamiBydi/siisiet ail,

it is stressed that the particulars shown are by way of exanple and for
purposes of illustrative discussion of the preferred enbodi nents of the
present invention only, and are presented in the cause of providing what is
bel i eved DETRLEDEDESSRIREEMNUI and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no
attenpt i to show structural details. of the invention in nore detai
than is nﬁwggﬁ§\l1§}1 FRECITE Fe{fEnGTetvalc (IFaEREIEdP 5tk 1k RSUCRPEAPHHS t he

descripti Eéﬁ%ﬁ&ﬁ%ﬁ%h%ﬁ Qretlb;ﬁw% @Nﬁﬁﬁ;l% 109 p@t LI 11 PraliRO8RRMiohlod 10 the
art how the several forns of  the invention may be enbodied in practice.

[ 0025] Befherpexipt ginmadgmertts loédkst prnentenbodionemtly,ofndt dre preseetetli ionthe n

detail, it i be undeyst.oqd that the i tion i t limited in it
appl 1 cati BT 6B HBEar 4 Bfo<ubHat LB b ang i S SHgbantCorothe -

conponent geseAptidiPbit the bAndipRs hd b&%?@aldﬁﬁ&ﬁé Ot the thvehtibd. I 8§ Al he t he
drawi ngs. The invention is applicable to other enbodi nents or of being

pract i cedagamptaisrinade ushav syaethglsietady of the dovention jig meye pistaihdensis ood t hat
t he phraseogl t i nol o . herein | .he ose, of
descript i Snean B4 EMey IRy SR b lohdnd Rselaforlillins® ¢

hi gh | evethefdrommlaaitaking dpphreat ionfoaskaltziehah@tu@ hodnat ¥siesal Fbrrh1e@s by
creation of a particular kind of a construct, which is sinpler than the

anal yzed inY&R#On Bay beembedindinpingticti ent amount of information for
perform ng the required analysis. The sinpler construct is referred to

herein as|@BRBLRLLe !(1)1?1} (a8 fea e ¥mbolfnd iR fire iflyifibh & Betgi]?,ri?‘ﬁ% Bt map

conprises informatio he exi stence (or non-exi stence) a specified
patt ern i nndeagbodftha the uinaénttop of npolitiiedsinofts tapeli¢atmgeto the dethids ofwor ds,

e et Bl T neahio & LRSSk, Bl BT R Er et
only over gs¢dRp@&ProeNERLtAOLdn Khb ddraé%mgﬁe ThBeingehtbnBP aﬁ]gl[lta@lenﬁ) ey a
fraction of tﬂe pi xel s of the image, the conplexity of the proposed

anal ysi s pabedigentsi ganftboyng prgdead. orptasriesl phieln| yaueys afays.ndlsgr itds te he pattern
of the pixels._al ach section of the grid ljnes, is. assessed, wherein

bt or knouray L N8 AR EEbEE At by melo R B IRE A e e
anal ysi s ef ddsbB€ptivat dn@rsRoil8pof Be G gaided d9 limit@. 2011/ 117793PCT/ 1B2011/ 051156

[0026] Figure 1 is a high level flowchart illustrating an accelerated analysis of
images by creation of a particular kind of a construct, which is simpler than the
analyzed image, but contains sufficient amount of information for performing the
required analysis. The simpler construct is referred to herein as a pattern parameter
map of the image. A pattern parameter map comprises information on the existence
(or non-existence) of a specified pattern in each of a plurality of portions of the image.
In other words, embodiments of the present invention provide a pattern parameter
map such as a grid map, wherein the analysis used for tracking objects is performed
only over the aforementioned grid. Since the grid map contains only a fraction of the
pixels of the image, the complexity of the proposed analysis is significantly reduced.
Along the lines of the grid, the pattern of the pixels along each section of the grid
lines is assessed, wherein prior knowledge about the pattern of the object-to-be-

tracked enabled the analysis of the pattern map (e.g. grid).



6 [0027] In sone enbodinents, at first an imge of the physi cal

obj ect-to-be-tracked is obtained. Optionally, obtaining the inage conprises
capt uri ngwohel/rarge Wi th an i magi ng device. AlternativelPgTaB2adostisonal |y,
obtaining the i mage conprises receivifig an i mage captured by an i nagi ng
devi ce i ndependently of the nethod. [0028] In an exenplary enbodi nent, the
specified pattern is the |ack of any pattern, nanely, snpothness. |In one
such enbofi028nin sonteerpiidi@ets i 8 firdantimhgest the peysicl objecta-baragkepakt i on
when the difference in color and/or brightness between each two adjacent

pi xel s i nopRBCHoPPligRnlys o8NS HaRL A CYPREIeH | @Rt RESAIMIZe [MUERa] A

pattern paf p c e pattern
e?g’ﬁ‘?% eviRR ﬁf?&-ﬁat'i\%;l & %ﬁ&%hilgyo %fnil‘e]% ?1;%‘ 31%1%29 c ﬂsQ?

in the enti mage. t1onal y, t he map tion egard|ng
certain r&gemngzmhnmgecmnmgébyanmnhgngdcwnénmhpmtmmﬂye@mcdwﬂgﬁother
regions. [0030] In sone enbodi nents, certain inmage portions are predefined,

and t he S not clud i nfor i on .r.egar th ortion of the
Mage. - opRUBRERT 31 St e B B pOEea P B e GRSy g on

t he i magenarhél SQH&)tEIE@@Q%%@ts%Ch ERBodifdedlt, 'tﬁ@bé{%{i iPrddRHRf totdXgstiiage pi xel s
or less. [003 ] In some illustrative enbodlnents the image portions are

| i near sednigsnportinawhen thewdidierense in @lweand/mbaghtaw betwasigeach éwpr ovi de a
_grl d. . [00%% %)klx%al’ll %ptotrtloglls%%% lér tﬂal?g O&Sﬂi‘u tﬁrregltﬂo g between the imges is

identifie e vicrni avi ng |fferent edge values in
the two i mages. [0033] An aspect of sone enbodlnents of the invention
concer ns [0828] Angt@rrgpar efetebinap doesna@metesegily mbpetheretibetceadfl tavpatteepl aci ng a
conpl ex shape-recognition algorithmthat may be required for recognizing
the obj ect” §esHPE HRehi RPHAREYmiltfe MaRi (HNREISST AYPERAIRA GaI R o Gor i t hm

[0034] In, 'ﬂ)rfs Olf%tlflﬁ &Va%d?mgﬂ{f[}ﬁﬁtlonr gar@i'ng%ﬂle?pé has a known pattern

and contou for exanpl’e, a snooth sphere 035] first group of image
portions is deflned, to be checked for snnophness. Optional ly, these inmage
portions HWBDhk some ieghbodimarits, i aguthindiesagZ 5%roens| @ssprodefinked, anvhtfe pagel s.

does not include information regarding any other portion of the image. Optionally, the
predefined portions are spaced to define a grid on the image. In some embodiments,

the grid includes 5-10% of the image pixels or less.

[0031] In some illustrative embodiments, the image portions are linear sections,

having a width of 1 pixel, which are arranged to provide a grid.

[0032] Optionally, the location of a difference between the images is identified as the

vicinity of the positions having different edge values in the two images.

[0033] An aspect of some embodiments of the invention concerns locating a given
object in an image. The method allows replacing a complex shape-recognition
algorithm that may be required for recognizing the object's shape within the image,

with a simpler and quicker algorithm.

[0034] In an illustrative embodiment, the given object has a known pattern and

contour, for example, a smooth sphere.

[0035] A first group of image portions is defined, to be checked for smoothness.
Optionally, these image portions define a grid, which includes 75% or less of the

image pixels.



WO 2011/ 117793PCT/ 1B2011/ 051156 7 [0036] The imge portions of the first
group are searched for the specified pattern. For exanple, the object is
known t o we 28mwiatty3 and snooth portions are searched foPCTABR201IVBR@SGOrti on
havi ng the specified pattern is identified as a portion that possibly nmakes
part of the given object, and referred herein as a candi date portion, or
sinply a candidate. [0037] Optionally, when a certain candidate is

i denti fi efd036] Thatiauge portioandi dat Rrsperdupans ssirthicaufod itig sgdaficdegattain)

candi dat e_and surrounded by non-candi dat e portlons is defined. [0038] In
some emboHPhERple. 61?f‘c‘§9J%Ftﬁ k%qwrb@rkﬁ Waosh.jagd d@PPH]e&Prtl%psSaé%wf@fiéarp of

| mage pork?ﬂﬂﬁgé ?oﬂﬂl'l{ﬁﬂl t@% RnpPls il 1f§%%9r58%c9{191‘1‘91a§§8ss%1¥ in the

vicinity o Irst can opt|ona y 1 nclude portions that are
not nmenbemsked parhef the goken @bgaaup andi refmmthqmlmtas anspdide@rpoltenh, bosihiphglat he

first cand%ptéla(%# This second group of image portions is sonetines referred
to herein ad- hoc group. [0039] Then, the defined contour is conpared
to a known contour of the object, and if they are the sane, the object is

i dentifi efhoo] %tlbﬁhlﬁyh%ﬂeﬂaﬂ%ertﬁh ¢hgidaRC At [RAtIRdd, theohtd@nbt fchedlagsent our .
[ 0040] Opti onal candi dates are checked for an additi onal gi ven property

of the obpeiiony ﬁa‘roueiximgﬁh@ certaig caslidaty and syirqunded bymongaadidate @ortidmat have
t he speC| 'c{%?m %ttern and first property, but not the additional property
of the objec or exanple, snooth spheres having a wong col or are
filtered out This filtering out optionally takes place before the contour
i s defi nef038] Iresdrae ievtdbyingantadare aoial tyndidad isedéfigd! akesondl @oep after a
contour is defined, to amend the defined contour in accordance with the
col or. OptTagsanorijonseis |d9%?q%éfhp§oe%%s.Oéaheoﬁﬂw%fég@&mﬁe A thendRingy of

addi ti onal,enQP&l¥datd, 91961 tioh lgsn\l’;ligl%e %rtﬁ%”%ha‘%%P@Hbt%%%er@fofttﬂ@ﬁhrt‘ve”t 1on

concerns tracking an objec deo ' stream In exenplary enbodi nents,
t he vi deogsupedmuoegepoiteas, scarted tc( dind ahe éfreranndidete. Abisfseamelsirotploén at a

rate of 25 images per second, for m nut es.
1mage p rtlonp S 1S sometimes ref%Pred tonl?erel as ana Xgroup.

[0039] Then, the defined contour is compared to a known contour of the object, and if
they are the same, the object is identified to be in the image, at the location of the

identified contour.

[0040] Optionally, candidates are checked for an additional given property of the
object (for example, its color) to filter out candidates that have the specified pattern
and first property, but not the additional property of the object. For example, smooth
spheres having a wrong color are filtered out. This filtering out optionally takes place
before the contour is defined. Alternatively or additionally, filtering takes place after a
contour is defined, to amend the defined contour in accordance with the color.

Optionally, filtering is carried out based on more than one additional property.

[0041] An aspect of some embodiments of the invention concerns tracking an object
in a video stream. In exemplary embodiments, the video stream comprises images
(also referred to as frames) taken at a rate of 25 images per second, optionally for

many minutes.

[0042] In some embodiments, tracking means identifying in each frame at least one of

the existence of the object in the image, the position of the object in the image, the



WO 2011/ 117793PCT/ 1B2011/ 051156 8 di stance of the object fromthe canera,
the position of the object in respect of the canera, and the orientation of
t he obj ecwOiznivEagpact of the canera. [0043] Optionally, PCiaBo&eHiIFg i S
performed online, such that the |ocatBon, distance, and/or orientation of
the object are determned in each frame in only a portion of the tine
between taking frames. [0044] In an exenplary tracking enbodi nent the

obj ect i sdisagad efl tienolfeadiclanae cwineh, dre pdaive- cegerdijed ienmbdpeitnd@nhei n t he
begi nning of the tracking process and each tinme a refresh is needed, that
i s, each FAR@a+aNd thy agyatism qf ke QRiveiin Bpest of HFCaMEE: . Bet ween ref resh
events, tracking is optionally carried out by a state of the art tracking
et ho_d. ! 029]73);55{{699@& ROt Sekibd & I RYMEENERD L& e e Q¥&RbA, HiBMAty es

| ocating the inmage as’ described above, but the search for the first

candi dat ealy¥gi oriengitioa df sbaobjoet aleteemined it eachdcondanaey wipoktigrhel thecat i on
of the obj.ec n the. chedlng frame. Exenplary pattern maps [0045] Figure
3 illustrdte® ‘ﬁﬁﬁﬁ%&%rﬁQF%neter map of an imge. The map shown in a
non-limting exanple of a grid indicating existence (or non-existence) of
the speci f0oad] pRir &lemplAySARRInG cRModEhdk RNt alobaté®th arerdansswak h
stationary triangle 290 are shown over a non-snooth background. In the

i |1 ustrat & abersedeseedsgrabodiment Wathe dieginnéngs plp iehiviecking pigeessHingd gl be
applied t P a f a
pluralltyagg por %ﬁéhd%bﬁhg&?%gfﬁab§§Er gﬁ%?EQOMA‘%gﬁﬁﬁﬁﬁfgag %b@ wher e
t he snoot Be@aeh |rﬁP@h@fveﬁtneracmges aptéonafbpesiricd oat by a sateostght he tlgt’:ltldg| i nes,
continuous line sections(ﬁsuch as _ 220) represent snoot h i mage portions,

broken | i Athedubhsonie gpkydinigpts; irkineghstwesdnie rﬁ%eeﬁﬁdpﬁolvea@éatﬁt&tﬂl? ons, and
cont i nuousnfRl & ddsBifcHol NS (RHGAdSo? 2 AFFRARAEAL bEEROS: RIBLLERS 1 hat
have beconme Snooth on the current i nage. the grTd, the snoothness

i s not detleemiinediin {c0Qd6icelvoittathiedgragingl of ﬂa@kymgmbhé prezé&ding frameangl e 290 nay
be achi eved by | ocating and tracking the continuous |line sections of the
grid representing the snooth object (or, in other enbodi nents, the object
with the E%@@PkLg@” SRSt hereon). In some enbodi ments, it nmay be

advant ageous to track the grid line sections that have become smooth on the
current i ougs] Fhgireg 1n@s’oramqiahe driBetBr @Y @ﬂSn afigee( THE MapShSwl)n as t hey

i ndi cate novenents - for exa at of ball 250. This may indicate the
cont our | Perelipnting @Wﬁ&)ﬂ%%%@&plﬂ%nw@ﬁ@m (opBperexistepgs) of the specified

2011/ 11778&&:91/ AR Qéﬁl'—g'éﬁor?ary ball 250 and a smooth stationary triangle 290 are

shown over a non-smooth background. In the illustrated case, the specified pattern is

smoothness, but this may be applied to any specified pattern. Thus the grid 300 shows
in each of a plurality of portions of the image, overlapping with the grid lines where
the smooth portions of the image are. Specifically, along the grid lines, continuous
line sections (such as 220) represent smooth image portions, broken line (such as 325)
sections represent non-smooth image portions, and continuous bold line sections (such
as 326) represent image portions that have become smooth on the current image.

Outside the grid, the smoothness is not determined.

[0046] Locating and tracking ball 25 or triangle 290 may be achieved by locating and
tracking the continuous line sections of the grid representing the smooth object (or, in
other embodiments, the object with the specified pattern thereon). In some
embodiments, it may be advantageous to track the grid line sections that have become
smooth on the current image, being non-smooth on the previous one (such as 326) as
they indicate movements — for example that of ball 250. This may indicate the contour

line of a smooth (specified pattern) object.



[0047] In the illustrated case there was no need to determ ned snoot hness
in nost of the area of the inage (hereinafter, the ignored area) because it
was esti nsibediirhatit he ball cannot be found in the ignoPet/1BIa0{1die to its
size, as it is nmuch larger than the gfid). This estimtion was based on
know edge of the location of the object a short while before the present

i mmge was taken and sone given velocity constrains on the novenent of the
bal I . Mor f00PRD fhedBhdtiptedidase theBg®ad So Aedd tdritdrmbiddamuotigessinreésnof and t he
ball was |ocated in_ a preceding frame, taken about 40 mlliseconds before
the presefte FeapfethGigageafbsicinafige the)isped dppderse devay srtinwvirdudatiget he
assunptio it Vs i re.l 048] In
some enbog?%gﬂngHﬁﬂ%ﬁh?ﬁé&%gﬁ%ﬁﬁgﬁﬁgek%gt%aggﬁmgﬁgmfﬂggégw gﬁpﬁﬁgred area
i s made spmd). dihisagntintaien ojseebed en &sawkeded of dre lonatfour dthibe obgxct 8 sbdrtt he

i mage. Exenpl ar thod of .l ocating, a given object in an inmage [0049]
Flgare 1 MOS Ortogt Bisaiteseahinitdhgy otk andd SrHoebERSHoF SoRURNsaT(800) of
defining gol@gatd SNhobaf Igl'oi/eegbe]c@ﬁicﬁﬁr,_th@ i@Rod M%agﬁs fhdh %rﬁ%é_o sttedm,

accordance with an enbodi nent of the invention. The given object is
char act er anxbtheiball hveasilpgptashini a gresadifeaitame, tglpaciboned) palliseqonds befdreitheat | east

one addi tional .propert I n.an _exenpl ary enbodi nent. (i|lustrated in figure
o the phEral PP Ty Hhshaud YRl Rt FERERE Bhisubs JRHEBRE ot oor o
the gi venuphjeReity oB¥HaOLNES mickd theh R&niNe patterns and additi onal

properties are discussed below Figure 2A shows the vicinity of a candidate
portion, w th non-candi date portions not being shown, for making the

i |1 ustrat [MH8E |1 spwe enphpgdsagnts; whanethe Rajlds gostmadde ithe imasgsthedendygdof an

i mage 200 all ' ' fe i f in the

met hod degg%?%g%k%%ﬁ#gﬁéﬁig%F%P%%%gggg%ggg%gi?@%§H§§§éfg&%?g%9exanple, 221
231, 232, and also 202, 204, and others), and captures two snooth objects
(250 and ESénplaryanetbod sfiivoatingpaghenabjett iman éhagor sinplicity is not shown
in the figure. A snooth object (red ball) on a non-snooth background (room

5 Usad” T IO R 17 £ Fodbvd bl 10T st bE ke, S eReA B0 Sy bo
used, for déMGad hNGeidheagtasgilay bbRcinhal insRRCdff ineeespahtREAN8ancéGyith an

2011/ 117793PCT7 1B2011/ 051156 10 the pattern characterizing the given
obj ect. | pmppdmengaf dhe gvientipn. x B glwarot&s@éﬂﬁl@?rasz@zmbmb%gvmé Qhés

specified i.0NS,.; e | e, d l.on e
specifiedm%%%%ﬁﬁ#%@ﬁ?ggggﬁggfmﬁga?t% fP§3d§§§@?5§P§8%%§§585%Fb§%%9(220) is
i dentifi eedmbodin@nt (idustgR i sty thé pahenfisrsiooghmesp and\ tianddidedat porti on
is optionally a portion that conprises the specified pattern or a part
t her eof . POPERY dhpihe coptous 96 thate winobiscts peBienABes IlusentiYre @2itging RAE t he

di fferencegyi:f I t dj t yRI i mller ¢ han a

gi ven i Sl GP FhpRRLYRED RERId MR IRER 2R SRR e b fhee i

col or bet waeidagy @ostionywovitd jpec-emidighitx glostions  tdtebgog tshown,i forsmakinerthehan t he
gi ven thrq hol d. I n another exanple, the pattern is checkerboard-Iike, and
a portionHsye4 de¥ndi date if it includes a sharp change from black to
white. In sonme enbodi ments, several candidates are identified, optionally,
several cad0fRigRTe 2A8is 8efehfatiediIsdtAMbA %!ﬂ%ﬁtiﬁiage 2D0O0RBichAtlustRifss @B | mage
region is defined. In the enbodinent illustrated in figure 2, image region
250 i s cotpased imerestgtperedde i basnahaddaspiebasipe digiieel Ipage ébhcwupiistindi ng
the first_c date | ti 2 d rrounde [ ortions
225 mhichpgggqﬁg%xgﬁgggg?%gggégggf&ﬁﬁ%%%%g%gﬁ%éﬁlﬁ%ﬁ?g%%xdfﬂ%%%%%ﬁ?nents
\é\h;a_r e Zevahabtht.‘ca)ﬁ&&sd@tse&narmoi) @e atdohi @thotls B¥Ezaduntle gihdhsfoasBnslpttyanal |y

efi ned.

not shown in the figure. A smooth object (red ball) on a non-smooth background
(room with a person holding the ball) is shown in figure 3. Although smoothness is
used in the example illustrated in figures 1 and 2, method 100 may be used, for

locating objects having other specified patterns.

[0051] At 102, image portions (210) of a first group are specified. Optionally, in a

first stage of the method, only portions that belong to this first group are searched for



[ 0054] Optionally, inmage region 250 is defined by checking a second group
of image portions (for exanple, 230, see figure 2B), all located in the
vicinity wb2ohe11f198st candi date (220), for the existencecofiBheospsci fied
pattern. [0055] In sonme enbodi nents, 0nmage portions of the second group are
defined irrespective of the definition of portions of the first group.
Accordingly, in sone enbodi nents, sone of the pixels belonging to i mage
portions efe pdiers eeonde it heddvarobbjeal tnghet fig@sysadhie pixelsi Fagxappid,i ons of
the first group. Alternatively or additionally, pixels in one inage portion
of the seé‘g%elg%@ﬁhﬁéwe&ﬁgedwwi Yisssoifm fRE eﬁampféo%%ép nok kelgrg tnlie gr oup.
In sone e le@%orddiR@ge portions of the first group are positioned to form
agrid, i Ich each two portions are either parallel to each other or

per pendi cul ar to each other, while portions of the second group cross
portions H052hAtfl0dsa figstoapdidate nongpeopendi220] &ridantifiedsamongthe image

2011/ 117793PCT/ 1B201.1/ 051156, 11 rtions of the second.grqoup are.checked
for smoot RHGSES OLfie THpaPHRe FIBTas BSHEp et Sl i it ABbEAnPEst on
(250), anthen@Rcisi® PaeRObit b Qs BFOPURSH Bniple, if NBe ARG s IsBobthet250)
includes the first candi date (220), and is being surrounded by non-snooth

i mage por d¢foned. in|thatsthe ldliféscanas! i, cobair kpgweasovery owel @diapent pexeke snsmadier snoot h
regi on an e s o) i on- th regio be | rpret a

cont our ofiabt PSR AR ShER PSR el SR i 3¢ ERLDEF P ERRT

addi t i onabetoead everattivondjasentgaktls @dthbgloetic ©aeiatlenthah higd gitvBie threkdotd. f i ed

object is the given object that should be | ocated. For exanple, the

i denti fi et ¥OYIcHSXYRPIG] He Patte Ry ehecksPodeliky. wmdahardehmapber cpndiget v.

[ 0057] Ings odi t I : N | owi

process. I'—fi frggﬁflﬁ{{%%egéﬁﬁg ec:flgrﬁ%%?rioﬁp%%lg%rtb;‘gﬁl%gﬂ Sg i %g%&gfn%@lls ?ééﬂf%g in the
first candirdatagespor identifidd? 2pdiormtg, &vaemtamdidaiex ale id2@ifjed simtisindeudihe

candi date portion but adjacent to it is evaluated. In sone enbodi nents, a
simlar eyal yati of difference bet ther variables is.determ ned. For
exarpi e, HOEAE e B imiage SFSOE fegrinesh B embed DGR rE e FrE A he

eval uat edjflidel R¥LHE 305 9 BRHpBEed MANIKAIR poeLE | 9fh theesRelrdd bhersecond
pi xel is part of a border between the snooth region and t he non-snooth

sur r oundi mgrounflingghe first ogtdidatedndas forgur @20) andrarnginfdedrighiowee poftound to be
b?' ow 1 heZ?i/).eGnliéﬁ ege %Qtr cSarr]2(1:)c|tf(:jrizegnbot {eer S elc)%leeld éa%t%%;).’magﬁlﬁ‘&ﬁﬁ‘qt ntts.o lthg second
pi xel and |VY1g alaong a I'The connecting the fiTst "and secon pl\%e Sis

checked. JdVeml PARERSS O MhMIS seNtirdllredoiodrdeptifRiIRtdefig&l) is found. Then,
the process is repeated with other pixels (for exanple, 233) adjacent to

the first candi date and opti onal | é'l %éf_ng along different |ines, Eventually,
a border [¥53] OpegdlynBageHsyen 2084t defined Do) chedipe p spepgdigkenr ofrigagg andi dat e
and a_nons SRt hrcs W EANRAnAY is Aelienss) AORBELI AL dO8icikity bf cRhapked i f

t he ident P??lagg ?feogi on Ea’s t@ﬁ’e adﬁ tﬂleona* apr operti oﬂf][ ?hcé ‘gt ven ogjﬁléct. I n
sonme enbodamiahites(228 pVartat exisghand the gpeciiedlpadernOpt i onal | y, the | ocation of
the given object is defined as the |ocation of the defined i mage region

ly if t I i th dditi I t f th i bj ect .
oY ST S A e SR B0 oIBPSE Ol 1% Y000
cont our, ﬁf@?éd’t\i@eidietﬂéicfe'ﬁﬁﬂiohe@ FAHIOREQY tRASirA &bt UN&IorGRS oM s6R82) , the

| ocation of the object is defined as the |ocation of the identified region.
| f, howevembodimengi saame ofbihe pixelssbedonyrgiei ishagh avitiogs af thei seaend gieugdat our ,

and the identified regio I[]}s. circuyl ar ouwr,. the identifi region is
not i dent Ig%[i té’aloé{g ttohglg%bojqfec%, 1113%%: tp(é}e{w%rs o%ggﬁse rlé%tulgﬁosupt o[ﬁ? a,ltw%pr O?i ndi ng a
second candidaialy, k120l dhd hfabl IETInlB20d 340hd Ehdup belong to various image

portions of the second group. In some examples, image portions of the first group are

positioned to form a grid, in which each two portions are either parallel to each other

or perpendicular to each other, while portions of the second group cross portions of

the first group in non-perpendicular angles.

[0056] In one example, the second group of image portions is made of portions (230,

figure 2B) emerging in various directions from the first candidate (220). The image



12 region (290). Optionally, the location of the given object is defined as
the location of the imge region that best fits to the additional property.
For exanpWwe,20iff1itty@ gi ven object is a sphere, and sever aCTaBo1psuishkal
regions were defined, the one with thd axial ratio closest to 1 is

determ ned as the given object, provided that this ratio is bel ow sone
threshol d, for exanple, 1.25. Exenplary inage portions [0059] In sone

enbodi menpsitiogach the xedondngrvlie ardrebieckied fonchdsdealedsn apder bordePIES0fist he
i mge portions of the first roug2r I n ot her embodi nents, sone of the pixels
are not i ARIMFHEEFFNENMAIN RPN GRE NOREOCHEPUT B eSURHBANG 1e IREi dat e i s

sear ched glﬂB@thtrQ%Sﬁ (B5008nE uﬂ%seg{e%@{ Efhdidatt ?ddeﬁ?‘#lﬁrouﬁée/& ng' ess of

the i mage portio are|nc in inmage portions o Irst gro
Opt i onal | yon-5i186thrintags spordmd. ilm sschrexamplediborlet 2525%eerihe dstvafent the | mage

pi xel s are included in inmage rtions of the first group. Generall when

| ess pi xeF@O%ﬁereantﬂ@ fher g‘im&né’d]ﬁ n%‘b%IPB‘P{FnYQgPBF f{l%/ % i PEPIESAASdAt e i s
more ef fi ghRBlr ofSinl RRAtASH tdBecPOl | 's@ﬁh% a{lb&hﬁleﬁﬂsr%bwgc&ugnaagdlﬁmed apart
densely enough to ensure that part of the give object is captured in at

| east onecoffirmaton oy tefoined bfffOIehiA;eCfdlmgthagﬂmuplent{fadm]]ecwﬁeths rga‘rﬁa @dfiectach
t e h t dt h
{0081 ThibsiR PElGRRE siokerymBe B % RRT SaBio e s BRGNS "bet ween

10 and ZOCth@&aorlﬁlgpe@(arrpl e, 16 pixels. Portions of other geonetries
and/or sizes are used in sone of the enbodinments. Optionally, the geonetry
and/ or size of the inma ge portions of the first group are determ ned in

accor dancE0a1 b tonee prabediment. theeopdar e fayngrusimgethgifoltayigpjpercess. Fdpt. exanpl e,
in sone epRQfiRALSint QoM &M | 1§st ohes %12‘?@{}% fléﬂ {;&ng,ﬂﬂte X%ﬁtslb;ggég%)po”' ons

of the first group are squares, or exa [ 0062]
At | east oika slecmsmhmmh(itﬁl) amtmalm@e cpnmdateponfonttime adlyacesnlt tcgrt@smvahsat@ptl onal |y

smal l er t anat size. of the obj ectd';ét% dlfetectedln ag}hlll ge For
exanpl e, Wh&H¢ bpisaty § e uatiph ©f |GATPRFCOTC TR e VHEIGS IR i s
opti onal | YeisighteFdrhalm El)fée dffféi‘&i%EQE Bfor! BRY& diffefonce Wbrightness. If the
2011/ 117793PCT/ 1B2011/ 051156 1
evaluated difference is greater than the specified threshold, the second pixel is part of
a border between the smooth region and the non-smooth surrounding. If (as illustrated
in figure 2) the difference is found to be below the specified threshold, another pixel
(232), adjacent to the second pixel and lying along a line connecting the first and
second pixels is checked. This process continues until a border point (251) is found.
Then, the process is repeated with other pixels (for example, 233) adjacent to the first
candidate and optionally lying along different lines. Eventually, a border (252)

between a smooth region (250) comprising the first candidate and a non-smooth

surrounding is defined.

[0058] At 108, it is checked if the identified region has the additional property of the
given object. In some embodiments, several regions are checked. Optionally, the
location of the given object is defined as the location of the defined image region only
if the image region has the additional property of the given object. For example, in
case the given object is a sphere, having a circular contour, and the identified region
(250) has a circular contour (252), the location of the object is defined as the location
of the identified region. If, however, the given object is a pyramid, having a triangular
contour, and the identified region has a circular contour, the identified region is not

identified as the object, and the process returns to 104, for finding a second candidate



equal dinension and shape, having two nutual |y perpendicul ar orientations
are illustrated herein, but other arrangenents are well within the reach of
a person w0 20ridiinm®msy skill Exenplary patterns [0064] | nPam/1B0anpdiasey

enbodi ment, the pattern is snoothnessi2 Optionally, every snooth inmge
portion is carrying a portion of the pattern. [0065] In sone enbodi nents,
the snoot hness is characterized in that in each two adjacent pixels, the

col or dif fegich d290ﬁ@pﬁi@hal}t hl@dlloaat[lme@fethé Igﬁdntdbjeesh(ﬂeﬁned:m’ theXadpibs oAC/ L<Xx,
where C stands for R, P&gRﬁGﬁBZ and x is the threshold,
for exanpths, impgg re&le@@@f bﬂﬁttﬁﬁfél}gﬁh ifignal paeperty. EQasnede pif dls 8¥an her ei n,

other col ?BJF&% QPRert [l s%%fé}ﬁ‘ipélﬁ sofdRY rd oo‘gé% Héﬁﬁédoﬁlevﬁle%}jh aRdiei CYM

are usefu ermning t Rttern. I'n sonme enbodi nent s,

snoot hnes mtuoscloi@elsteuoni me@bt¢M1micasr haretenvetjdrt dprbidee tice shis matia ghielowt ensity,
bri ght ness, and/ her %er S. In other exenplary enbodi nents, other
patterns &ag "?SP teﬁ%fgg]ﬁ Two possible patterns are depicted in
Figure 4A-4C.. [0068] In one exanple, each of the portions A B, and C

form ng t pRem8REe MnabEpeAider N of figure 4A is of a different color, for
exanpl e, redqd | éﬁe center (C), blue at the periphery (A), and green in
bet ween (B In such an enbodi nent, there are several different portions of

the patt ek 59hnén 808 ABbadMenisnesh NieH ih 8¢ ivwac iniarlyded | alr@necmén@ﬁ of hem For
exanpl e, part, g@goﬂaag ﬁﬂhé’ﬁ@f &S, rPohY: egﬁlf%ﬂné’ﬁt QL% Rl &él?ﬁ}e%oﬁmy be a
ons. er 0SSl

candi dat e por e candi e por ‘ions are Irons having a
shar p changtded daniyeel the pbftldﬁs dodttherafolrd, ywhepar danidatehiayéanched fshaligee change
fromred to gr een are not consi dered candi dates. %Cfptl onal Iy, portions

havi ng a BW&PpATEHERRJELf losRmeaMDedIsIanE. AR CRdesafalls HMHSE APrUqns gt
candi dat e;pafibd Qﬁ‘%ma%@g@m%{‘@f el prstnglll‘)%[).eOPﬁMnal?@ 964 fledsSaughRlkodLf ferent
pattern portions candi date i nRige portion’i s one that has a pattern
portion. eMBdGELs1IE77 98 RGST/of BROIIIP® 51486 atkdincluded in image portions of the
first group. Generally, when less pixels are in the first group, searching for the first
candidate is more efficient, as long as the portions of the first group are spaced apart

densely enough to ensure that part of the give object is captured in at least one of the

portions of the first group.

[0060] The shape of each image portion is optionally of a rectangle having a length
and a width.

[0061] The width is optionally of 1 pixel. The length is optionally between 10 and 20
pixels, for example, 16 pixels. Portions of other geometries and/or sizes are used in
some of the embodiments. Optionally, the geometry and/or size of the image portions
of the first group are determined in accordance with the nature of the pattern of the
given object. For example, in some embodiments the pattern is checkerboard-like and

the image portions of the first group are squares, for example, of 5 by 5 pixels each.

[0062] At least one dimension of an image portion of the first group is optionally
smaller than a typical size of the object to be detected in an image. For example, when
the image is circular, the length of an image portion is optionally smaller than the

diameter of the circle.

[0063] Optionally, portions of different shapes, orientations, and/or sizes are defined

for analyzing an image. For simplicity of the presentation, only image portions of



[0069] In one exanple, the checkerboard-like pattern illustrated in Figure
4C i s made of black and white squares. Optionally, different pattern

porti ons woeodetierdai ned, for exanple, sections with altecmasimgosiisck and
white pixels at sonme defined alternati3ng patterns. For exanple, an entirely
bl ack section may be a candidate, while a section where each pixels is of
sharply different color is not a candidate portion. Exenplary additional
propert|e5qkw0ﬂﬂ¢nﬁ@1nmﬂtﬂﬂp@dhabgy&wolﬂmamng pﬂﬁﬂﬂ%ﬂ@ntSmaﬁh&maddetlona
property is the colour. For exanple, if the given object is a snmooth red
bal |, smoBKyed et dut otharermgeemensners well ‘aléhlpﬁbe gwérp obpeieen of0071] In
sone enboghﬂ@9§§lﬂthe addi tional property is the contour. In the latter
exanpl e, a snooth red non-spherical object is not identified as the given
object. [0072] In sone enbodi nents, size is an additional property.. [0073]

I n sone ekbewplwmpatteaspect ratio is an additional property. [0074] In sone
enbodi nents, the additional property is that candi date portions mﬁthin t he

defined regi make together .the re |re attern.. For

ai 11 or ent (R BT A o BPBRG Spbiuf it iePEbe iRl SRS el ni ng a
regi on magfosth iinEBYSorAGH isi @ mgtahﬁ)ra@idbﬁme@aﬂter@r operty is that the various
identified image portions nmake together the specified pattern. For exanple,

when t he Bgftern is of the kind illustrated in figure 4A, it is checked if
the vari olMM6FEI pre cqrbeding st tthe AEOpHnetsels | diarmetefized i thag Héreédhlt‘f"%nged to

make togephe enE gﬁzeﬂr {h%Q:gﬁﬁﬂ?ﬁftfer S Rl F%%}?éc}e‘ﬂn%@ tﬁrgﬁlﬂg{‘ gﬁu ger, blue

at the periphe green in etmeen n some e tmo or
mor e addi ACHDad, wiepp€rdidnels far R, GS e B; LesqreRarpl2e B2 aindrx &nble shrzﬁold, mage
portions of the first group [0076] In sone enbodi nents, inmage portions of
the firstfQjesuprisr@lsections, having one pixel width and | ength of between
about 10 and 20 pixels, for exanple, 16 pixels. However, in sone other

embodi Mentgpee) M&MGBO{E%Q& iPEORE D1 SERTCILd Bre BN VR BlF &FstBhe (Ref 1 ned in

t he flrst group o ortions.
example, HSV (Hue Saturatlon Value) and/or CYM) are useful for determining the

pattern.

[0067] In some embodiments, smoothness is determined in accordance with
differences in light intensity, brightness, and/or other parameters. In other exemplary
embodiments, other patterns characterize the object. Two possible patterns are

depicted in Figure 4A-4C..

[0068] In one example, each of the portions A, B, and C forming the concentric
pattern of figure 4A is of a different color, for example, red in the center (C), blue at
the periphery (A), and green in between (B). In such an embodiment, there are several
different portions of the pattern, and a candidate image portion can include any one of
them. For example, portions having only red, only green or only blue pixels may be a
candidate portions. Other possible candidate portions are portions having a sharp
change from red to blue. Optionally, portions having a sharp change from red to green
are not considered candidates. Optionally, portions having a sharp change from red to
blue and then again to red are not candidate portions. More generally, there may be
defined several different pattern portions, and a candidate image portion is one that

has a pattern portion.



WO 2011/ 117793PCT/ 1B2011/ 051156 15 [0077] For exanple, in some enbodi nents,
| onger or shorter sections nay be defined. [0078] In sone enbodi nents, the
i mge porwOans/af798he first kind are rectangl es havi ng wcatiR2001/02,1563, 4, or
any ot her nunber of pixels. In some edbodi ments, the inmage portions of the
first group are squares. In sone enbodi nents, the inmage portions of the
first group are hexagons. In sone enbodi nents, sone inage portions of the

first gro[9eRhieoasasipa headhdclaiheid liRayatedh Narstrated peFigu®d 46]is hiadsone
enmbodi nents, the inﬁge portions of the first group are evenly. distributed
in the i nagRlack andswhie snsens rRptionally.hifferspt pAEEN BEORDHIE dateainey. for

di stribut %ﬁﬁeﬁs@@@oq@i&ﬁ}?al?écm&tﬁ%eﬂ%%gqﬁqd%ﬁté @%éls de st YefifbdOfifRflaiRar t s of

t he i mage. For exanp I n sone ment s e center of the I mge has
nor e port patesnsoffor heariplesin entoely hlidnsectien peuyi hghe cyndadatd, véhilenmgeetion

concentrating nore conputational _effort on findi t he gi ven object in the
center of“%W%‘?ﬁ%@@?“?@@%@?qﬁﬁggﬁﬁﬁn§WBBEFH§HF@FQ&H%P?r e portions of the
first group are arranged such that each two portions are either parallel to
each ot hegxempRey Raddicnal Brodepti®ch ot her. Optionally, the inage portions
forn1togeFﬁETHE_%ETT€§T5ﬁE§%¥%T'T0081] I n sone enbodi nents, the inmage
portions of the first grogg are arranged to forma honeyconb. [0082] In

some enboti0ffiht &s mprtiqnsdgéoysarinisems wbadiaerts.rihe agdidiapalaprepaity saheiom
| ocat i ons gndl @f, A nén ni?g}lee%%é%t SEG i Lrs%%thpl‘%{i HhRNSnRin bRE b e%%?%e group

[0083] In sone e mage“portirons of the 'second grou
sect i ons, nhadéemigiedne tha giedn otijetith and | engt h of between about 10 and 20
pi xel s, for exanple, 16 pixels. However, in sonme other enbodi nents, inmage

portions her geonetries and/or si.zes are defined in the second group
of inmage ﬁﬁpifoi%?‘FSFH§§QHBVE%téﬁag%ﬂﬁn%d38@¥ﬁéﬁt ?CPWﬁﬂﬁrndﬁeiﬁ6¥ter
sections gpynhe Aeiddlebd non-spherical object is not identified as the given object.

[0072] In some embodiments, size is an additional property..
[0073] In some embodiments, aspect ratio is an additional property.

[0074] In some embodiments, the additional property is that candidate portions
within the defined region make together the required pattern. For example, if different
pattern portions are defined and searched for, after defining a region made of image
portions, the additional property is that the various identified image portions make
together the specified pattern. For example, when the pattern is of the kind illustrated
in figure 4A, it is checked if the various red-blue-green portions in the identified area
are arranged to make together the arrangement concentric rings with red in the center,

blue at the periphery and green in between.

[0075] In some embodiments, two or more additional properties are used, for

example, color and size.

Image portions of the first sroup

[0076] In some embodiments, image portions of the first group are sections, having
one pixel width and length of between about 10 and 20 pixels, for example, 16 pixels.
However, in some other embodiments, image portions of other geometries and/or

sizes are defined in the first group of image portions.



WO 2011/ 117793PCT/ 1B2011/ 051156 16 Optionally, an inmage portion of a second
group is shaped as a rectangul ar circunference, surrounding the candi date

i mage i n wocertarm™3idi st ance therefrom [0085] In sone erb@dBImNdI1560NE,
two, or nore of the inage portions of15the second group energe froma pixel
in the candidate inmage portion in an acute angle, for exanple, 30, 45, or
60 degrees fromto the candidate portion. Optionally, various inmage

portions [077he Foeeamspll aupoareegBodimemsdildifger @ntshpitaeksctions tikgy eandi dat e
i mge. Exe Iary starting points for searches of candi date portions [0086]

Optional | 96 ngdcandi dat e portion is searched for. The search for a candi date
portion optionally starts at a point where the chances of finding the given

obj ect ar ﬁ)(ﬁﬁ}t 6 UbRE ! mtdddentsOhe %agg) Smo'nE‘ o?QH@ fidtaGHd A RpQdicpents, if
the location of the given object a shor | e before the i nmage of interest

was t akenhigngmadih, off Hr3, e‘b;emmlne otlﬁaramndoepméwchmdnfspmneemhddan@ﬁartbh for the
candi dat e. porti on star nown afl on.

erbod meni"BEEe HRBR) Ei(Th AL GHRr T AUERy Y GPTEE TPOSBRE I Qe dPeian i n

ot her pl ag&sion§ef th@)fﬁfgﬂ)ér@up haf@ &Q@n@nﬁmﬁ&dﬁ&ﬂs ORIfRCimaes pBRIoak! i ¢, and
it is known that are sone magnets captured in the inmage, an he search

begi ns neaf the figsteroupHye opagrer snd phesdlave athsopapenbodi ment s the object is
searched for near the floor before it is searched for near the ceiling.

tind poi i@ 0ol P SR TO M imdeRCp PR by I RGO e SRS ar o
| ost. Exedptribuyedt irnckd i@agy Sihesdme embodiments, the portions are more densely

distributed in some parts of the image and less densely in other parts of the image. For

example, in some embodiments the center of the image has more portions of the first

group than the periphery of the image, concentrating more computational effort on

finding the given object in the center of the image.

[0080] In some embodiments, the image portions of the first group are arranged
such that each two portions are either parallel to each other or perpendicular to each

other. Optionally, the image portions form together a Cartesian grid.

[0081] In some embodiments, the image portions of the first group are arranged to

form a honeycomb.

[0082] In some embodiments, the image portions of the first group are at random

locations and/or random orientations.

Image portions of the second group

[0083] In some embodiments, image portions of the second group are sections,
having one pixel width and length of between about 10 and 20 pixels, for example, 16
pixels. However, in some other embodiments, image portions of other geometries
and/or sizes are defined in the second group of image portions. For example, in some

embodiments, longer or shorter sections may be defined.

[0084] In some embodiments, the image portions of the second group are rectangles

surrounding the candidate image, for example, adjacent to the candidate image.



[0090] Figure 5is a sinplified block diagramof a system 500 according to
an enbodi nent of the invention. System 500 is shown to include an object
(505) to we2dentrisBi ed, a camera 510 for capturing obj eeCTABH11/651d56a
processor 515 for processing an inagelét aken by canera 510 to | ocate object
505 in the inmage. Also shown in the figure is a storage area 518, which
stores specified characteristics of object 505 WO

2011/ 117703R611L/B24 1nQld IRhtidy dfnal sdond @ospesi thapdd pat taeidctanRari ng on
t he object, and one or nore additignal properties characterizing the object.
[0091] CaREFMSIHCE SUBREIGRRINE Fardidig gaag@dﬁ@rcsrtaleai&tws ferefrndeo stream
conprising, for exanple, about 25 frames per second. Optionally, processor
510 has apog8put, §@he ERBEIMRE, 5&9%&&%%?&ﬁe59§w1ﬁﬁg@ﬁmﬁé&?&wﬁ¥s&%ﬁdcanﬁra
and a software nodules (not shown in Figure 5) configured to | ocate object
505 i n angiowpgandred drom ahpixelext tHer@méldaE: ﬁmgel prrgon he apr avogs sugle, for

Opti onal | [OCEsS has an out for putti ng.the ] ocations of the
obj et i nAHDPIEGHT i A Tt Porr gt By g SRU Ao DBEEaLy - G s 520)
adapt ed t Qnid¢NpR+iSRTBf BRNSCHRT ighh télﬁel‘géltfﬂﬂﬁtd@ﬂerlsﬂkcﬁ&bl@rlﬁ thé QA8HAHatEl gure 6
is a sinplified block dlagran1of processor 510. The figure shows input 605
for recei VN3g§- i mges from canera 505. Optionally, the received inages are
digital. Optionally, processor 510 has a digitizer 610 for digitizing

non-di gi t i o] 3l cThe digital image goes
into a CaE emPREY StlrRhf! Y)ﬁﬂsM aL ggti}’(ln chi ng modul e is
optionally a softmare nodul e t hat checks predefined portions of the inage
for a spefi0B6oEd Quaibdhaly) actuadaateepardomis sajehed 60 The[B0NGH |foCardndidite

sear chi ng nodul e .62Q out puts an identi ed cand e i tionto
expander B0 GptiPRHY| %t%fp S YaPURG WE°! Fléané%ooig%%gg 18?#) H@e?toarfe

addi ti Onagaﬁ&ﬂgﬂﬁﬁi@s Feﬁé?drﬁ;ﬁé ﬁlosoh{éetra[d&ﬁl%' é?ﬁ’od?iﬁm&%?%@?erlo@%ﬁm $0RS5]

Expander 625 is optionally a software noddl e, adopted to define inage parts
near the gd@mUﬂerd.dumﬁm@dﬁéwﬁatﬂhonnmahwfah@aktnmmtmb@enﬂhmg@np@wts carry

Bxpander BYSREpRAS PRECareH D [Re Aahdrblie PHERT PoBa by hoadls 620 o

a larger e@i®mbcatidi.ch conprises the candidate and is surrounded with inage
parts that do not carry a part of the specified pattern.

[0087] In some embodiments, the object has higher tendency to be in some places
than in other places. For example, in some embodiments, the object is metallic, and it
is known that are some magnets captured in the image, and the search begins near one

of these magnets.

[0088] In some embodiments the object is searched for near the floor before it is

searched for near the ceiling.

[0089] In some tracking embodiments, the object's trajectory is analyzed to find

points where it is most probable to find the object if its tracks are lost.

Exemplary tracking system

[0090] Figure 5 is a simplified block diagram of a system 500 according to an
embodiment of the invention. System 500 is shown to include an object (505) to be
identified, a camera 510 for capturing object 505, and a processor 515 for processing
an image taken by camera 510 to locate object 505 in the image. Also shown in the

figure is a storage area 518, which stores specified characteristics of object 505,



[ 0096] Expander 625 optionally outputs coordi nates of pixels that belong to

the identified image region to validating nodule 630. Optionally, after

out put t i nyotzhet/lexpanded regi on to validating nodul e 630pCEARZNUEI1I1E25

recei ves anot her candi date portion fridm searchi ng nodul e 620 and expands it

whil e validating nodul e 630 validates the outputted region is associ ated

with object 505. WD 2011/117793PCT/ 1B2011/ 051156 18 [0097] Validating

modul e 63thchiingoBadpkyifiedh @aksmi dppelnend BAGRe rodgiconnd devt érf ineck bydigumander for

anot her property of the given object. In one enbodi nent, validating nodul e

630 is adBpPedict shargieizifg thefobiask contour of the identified area matches a

specified contour of the given object. Optionally, validating nodule 630

consi der syggoi ¢ Kﬂﬁﬁn?ﬁ%saﬁﬂﬁ%hQQﬁ&'BVQREBF&nﬁﬁﬁo%%xMﬁﬁgQQR&Q% Lhatmt he

i mge region i1dentified by dul e”625 1's indeed associated with the given

obj ect. [ C@9giisihgy fsoemngibadoned samaheer seabndl ptivgalhp qubees§B X 10dlak dat es

t hat object.502 i aocat in the given i it si?nals ear ¢ ugg nodul e
S

I
620 and eXbad Orgrf%eli“élg tYp FUfiri ng oy ee%)ﬁ(ﬁﬂ?ﬁ TErat"res to

ot her pr oaREGINGndHRhdWn &f FETE FNcORPquredtd loce BBkt 50RHGLard Snde@thetdit 0 sear ch
nodul e 620. [oogb] Althougﬁﬁﬁhe met hod and systeﬁ%mere descrfged above by

way of sp#irext frexariplessinta teypregessaioOpiipillyesrocessphabehescampitest foFor
| nstance, oatglei\tti ttﬂ oc%ﬂgnssgfs Eh%nabiéc? iff %Qf:a(%p%urgzl fla At n()(!hé”}nnq o@ssdik %%kl ng two
n mag of

or nore gliv opjects 1n an 1 and I'n"a video strea n anot her

i nst ance, ptddessfigsiits 05308 atlapi®@y/tolren afgame Y ofdiddrthcQhe 6@BLGad loconke only round
and triangular contours were described in detail, other contours, either of

si npl e geoq&%ric,shapes or. any ot her shape may be used. More generally put,
the i nventl033] ;i Figrefuisresinwlifipdiblach dizgremedt dkagepias [Br TG HeMCHBP®S n, ~ and

covers any, 3 664 RALLAES IR .irﬁﬁéek %n@@ﬁﬁ&@%ﬁ? Qemﬁorﬁﬁg,l ﬂh@‘i’ed%?\fe%l_ciﬂlag@sagé ng the
du h I no

present disclosure an In IS genera edge of the field and his
common sedizgtalafptiondhy, ipwacessor ahthar edigitimet 61D tonldygibying menfdidifabwnaggs cl ai ns.

[ 00100] As mjlé bgwg preci ated by one skilled in the art, aspects of the
present i FRFENES R gcﬁﬁm@nbodied as a system nethod or conputer program
product. Accordingly, aspects of the present invention nay take the form of

an entir e[QoIBpTHVE St A WBBY intéh eiidided Yesoihyahed@dieodi Temdiddt ncl udi ng
firmvare, resident software, mcro-code, etc.) or an enbodi nent conbining

sof twar e &echineg ohpevle 1y opieeially tahwftwiay madplegb#ethathsyprpdefingd @orteas o her ei n
as a "cirgui.t, " ¢ P iy "L E e, aspects of the present

inventionﬁ%ﬁ§mg%&g%g§%§?%fﬁ$%fyg@%%%%ﬁ@ﬁ%&ggggpgnlproduct enbodi ed in one

or nore conputer readabl e nmedium(s) having conputer readabl e program code

enbodi ed {0094 CandidMOseddHing inddBBRCT/ohBReklA idbdtlfted candidate image portion

to expander 625. Optionally, searching module 620 keeps searching for additional

candidates parallel to the running of expander 625.

[0095] Expander 625 is optionally a software module, adopted to define image parts
near the identified candidate portion, and check if these image parts carry a part of the
specified pattern, which characterizes the given object. Expander 625 expands the
area of the candidate identified by module 620 to a larger region, which comprises the
candidate and is surrounded with image parts that do not carry a part of the specified

pattern.

[0096] Expander 625 optionally outputs coordinates of pixels that belong to the
identified image region to validating module 630. Optionally, after outputting the
expanded region to validating module 630, expander 625 receives another candidate
portion from searching module 620 and expands it while validating module 630

validates the outputted region is associated with object 505.



19 or a conputer readable storage nmedium A conputer readable storage
medi um may be, for exanple, but not limted to, an electronic, nmagnetic,
opti cal , wbheeotwuanmgnetic, infrared, or sem conductor sy®CeaB2appansst us, or
device, or any suitable conbination of8 the foregoing. Mre specific
exanpl es (a non-exhaustive list) of the conputer readabl e storage nedi um
woul d include the follow ng: an electrical connection having one or nore
W res, a [(9I7pNaRdaoPrbele 3o Kkaitiodally cheokd iflitlsk imager ARttaMdeaiRss byrenor y
(RAM, a read-only nenory (ROM, . an erasable progranmabl e read-only menory
( EPROM or S¥R384¢1 108 m@P{er Paepesptofcthe givpepbiedt: dorangmngbadyhgtcvalifagiag
read-only r %%&%, i k oy i or age
devi ce, ogﬂgﬂ§ %ﬁ%%ﬁ% C&ﬁﬁ@ﬁ@?ﬁ&ﬁq% %%ﬁéﬂggfgg%?%§9ﬁ?%g?%2&%%ﬁ?§it of

t hi s docusmuifiedaconomp utf ehe reesdadilject s Optriagpdlynedliidatnpayodide &3§ coasidérbl e

nedi umthat can contain, or store rogram fqr use. by or .in.connection
Wi th an i FOET B BA Geionth wRPapebele iy that s inftegireeion igratesy A
conput er peatable 8l gRAL-dRIGHMIBY HiRCLNER BB OPagat ed data signal with

conput er readabl e program code enbodi ed therein, for exanple, in base band

or as part of a carrier wave. Such a propagated signal nmay take any of a
vari ety of0098} Hssomqembedimgntspwhen galidating eeule 03 @ Velidatas -thetgrveadt 805 opt i cal ,
or any suit conbi nat i on. t hereo ut er, l.e. si I i um may
e any coporas FENR.PY RluieuR Rl RarRTR hSLuR TR0 Fulallf 02858, age
medi um angtop hainiead GaFBMhEAial REORagbtheprédeadisP onits 6 Preer 500,f or use
by or in connection with an instruction execution system apparatus, or
devi ce. [ Botileglexpiegednicddate sersbaoddled?Oa conput er readabl e nedi um may be
transmtted using any appropriate nedium including but not limted to
wirel ess, [0099FA|1t'hB§%h ﬁlgtﬁlgﬁbdfahges?stgﬁblv@re &EeriflCabo R by2 WYy D hBlE

conbi nation ot the Toregoing. [00104] Conputer program’code for carrying
out oper atxamded, dreyaspeatlsnitfd toheesp ersepits. iHov entanon tiayethedwnd syseam i n any
conmbi nati on of .one.or nore progranmm ng | anguages, .i.ncludi ng an ohj ect

o ent od BEsaruioh per iRyl AL aate S tirl: AR RdF ke ana
convent i ofah RAQL edkHAl InPARBKER ML BEkel ARIYAGE Sobj&¥ GhayaBe tdfeanyGhapé @gr amm ng
| anguage or simlar progranmm ng | anguages. The program code may execute
entirely eontodre Whikr oslycionpditaad , tripaguldrycamtourh eveys descsibed ripdetatl, other a
stand- al one sof t war e Fack Y290 (grhgn ugtﬁr'sr%agg autggusaeta?ll\gartly on a

cont([)urs, elther of Sih qg%gOI%Fritcl ¢ IR
renote conputer’ or entir y “0n er te conpute server. n e latter

scenari o, géfeeallyViat202 knvechi89 363 hd BRI 1iBHEASS tROeaiPMsCpovidpdihetkinTRy be
connected to the user's conputer through any type of network, including a

| ocal ar edheQwRsY }Y UmKpatiye o4 opfige aapaéﬁltﬁ@t%mlﬁd(mqan, repging e pISHAECt i on
may be ma r r 0 I net

sy ng- an [t el sERTR R TP TRAEud B Sork o

i nvent i onc@ngvideaad aleduniel cnly by the fokdweimertems.o fl owchart illustrations
and/ or bl ock diagrans of nethods, apparatus (systens) and conputer program
products according to enbodi nents of the invention. It wll be understood

that each bl ock of the flowchart illustrations and/or block diagranms, and
conbi nat i BBk Asi yelk dei 3pprasinted Suctngr tkilled i theapitoagpestidpioheppigegat

di agr amns, ; . i b er I I I e
Computor | B e R O ol b b RP pro S
pur pose cowputimgly, speaitalof phe gosenc dmputien moyr takehthe formgofammeditiecldat a

pr ocessi nﬁ gg,par atus.to pr odu.ce1 a Fachi ne, .such .thlat.t e instructions,

whi ch exeBYAEA EREENEHAULILETY SPIVHE CHIRgIRY (GFlugingd ey st e dat a
processi NgrARRAr #ids.colé eaks SreanenitRtiremR! @mIMihE Sokthard YRS tHapsdract s

specified in the flowhart and/or bl ock diagram bl'ock or bl ocks.
aspects that may all generally be referred to herein as a “circuit,” “module” or

“system.” Furthermore, aspects of the present invention may take the form of a
computer program product embodied in one or more computer readable medium(s)

having computer readable program code embodied thereon.

[00101] Any combination of one or more computer readable medium(s) may be

utilized. The computer readable medium may be a computer readable signal medium



[ 00106] These conputer programinstructions nmay al so be stored in a
conput er readable nediumthat can direct a conputer, other programmble
dat a procEezongliappar at us, or other devices to functi onPCH/IB20p&03MISUI ar
manner, such that the instructions st¥red in the conputer readabl e nmedi um
produce an article of manufacture including instructions which inplenment
the function/act specified in the flowhart and/or bl ock diagram bl ock or

bl ocks. [001@émpihiee remaputsesragy ogdiam. iNsbmpetel engatitaytig&ombéiuhoaded onto a
conput er, other praogranmmabl e data processing apparatus, or other devices to
cause a sBfifes CWIS%&%PPBH@NC% teps etl‘%FUl%leé?agBﬁ"t%?eéIP ol e tOgMseE: . ot her

progr ammgl B?‘E?ﬁf&%n&ﬁctd}t Semd Gy to‘i‘ dR(REUGE T sﬁlﬂﬁiﬁllétc%hbhﬁ%ﬁ”em ed

process suc e Instru t|ons | execute on’the conputer or other
pr ogr ammabf dleaﬁqmegcam&sMpreovpedfﬁcpemmﬂ%@ hom-ekimquisevee hist) g theheomputer

functi ons/a specified in t and/ or bl ock di agr.am bl.ock or
bl ocks. g@%ﬁ‘ m%earre&fwmlr %ﬁ% {ngaﬂaela?tgg%%n GIPBSEYAEe t he
archit ect Bh&or ﬁly@%&&n@bbﬁme @&ﬁp&aem&elu@rh Rfra RS PlnBoinRt&TBRA ons  of
systens, methods and conputer program products according to various

embodi mentRAM, & headpordy mmowmnlanlazmmbgﬁm@ﬂ@56.@@5361132 meimpyent i on.

I'n thi k t k t
2 rodu e, dadgn 8 SR SRSeb. of el R an Sahle ElmBhg AL FediBnd oPT e5"
execut abl geifdsy (GDLRONS), hRToptioRl asRBE Ideqlc& he nsd@etid k@ehdeOdividl of WAgt i on(s).

It should also be noted that, in sone alternative i | enment ati ons, the
functi onssmt@bbdcqmbltlﬁ@nb@fo@iz fﬁ@gomgcm theugongsgxt toff éhie deevmenst aFompuiche

figures. E tfi {E}%ﬁ%l mEéﬁmehB tzﬁ{}’ t‘ﬁﬁgb{%@@%ﬁ&s 120 Ba B taih " of gt%&'be

executed su y concur en ocks may sonet I nmes

execut ed progtdne ferawe ibgeoran detinecdep evithi amginktpatioh keedutiog tsyaedl agpardtinyol ved.
It will also be noted that each bl ock of the block diagrans and/ or

f1 owchart ©f#9vifSt r ati on, and conbi nations of blocks in the block di agrams
and/or flowchart illustration, can be inplenented by special purpose

har dwar e- (g e8! SV stap®: elt maam@rsfgﬁamn%@ﬁnﬁﬂﬁgIlﬁa@& f WRSHae 08 d9fa @6daS. OF
conbi nations o speC| al purpose "hardware and conputer i nistructions. [00109]

I n the abowth cdewoter pradalrle pareranivodé cmhodlc@ tl@mlmﬁanpvlampiq:, in ipdecmpdtoat i on of

the i ti Th " b
e ot ments PBFof L B SR SR AEREy S e SR S b ep s Pt ne same

enbodi mentRluding, but not limited to, electro-magnetic, optlcal, or any suitable combination
thereof. A computer readable signal medium may be any computer readable medium
that is not a computer readable storage medium and that can communicate, propagate,
or transport a program for use by or in connection with an instruction execution

system, apparatus, or device.

[00103] Program code embodied on a computer readable medium may be transmitted
using any appropriate medium, including but not limited to wireless, wire-line, optical

fiber cable, RF, etc., or any suitable combination of the foregoing.

[00104] Computer program code for carrying out operations for aspects of the
present invention may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural programming languages, such
as the "C" programming language or similar programming languages. The program
code may execute entirely on the user's computer, partly on the user's computer, as a
stand-alone software package, partly on the user's computer and partly on a remote

computer or entirely on the remote computer or server. In the latter scenario, the



[ 00110] Al though various features of the invention may be described in the
context of a single enbodinent, the features may al so be provided

separ at elwoan1yn7m®ay suitabl e conbi nati on. Conversely, &CThBgivoiing

i nvention may be described herein in 20he context of separate enbodi nents
for clarity, the invention may al so be inplenented in a single enbodi nent.
[00111] Reference in the specification to "sone enbodi nents", "an

enbodi menteémoté @dtpatdd adhyrdet Condectédttbahe anbixdcompiitss threagts ahhaypa of
particul ar feature, structure, or characteristic described in connection

with the BFVOH: AREding 3 logat pigy agtwork hANB g5 WadteR REVATHENANY). Buhe not
necessari kafnn%&honeﬁgg)% r}ﬁ&festlo ) exfté}gaﬂ é?)\éfﬁﬁ%érqub? ex[a%ﬁf%ﬁlroﬁ%h R hRRe

understood that t phraseol ogy and term nology e yed herein is not to
be const r ugdg as [dtenett SemgicaBcbvades). f or descri ptive purpose only. [00113] The
princi pl es and uses of the teachings of the present invention nmay be better

under st 00 i reference to the.acconmpanyi n escripti o figures and
oxanmt oo TOURRSD a3 S S B patr ERS AR 0N 2 85 PER IR vl cepfingE o
UnderStOOHpWBﬁﬁtHhﬂu@%hﬁi$ﬁV&€Mp&@Hl rﬁﬁggfﬂﬁﬂﬂxﬂphpﬁﬁﬁﬁiKﬁﬂmﬁmbhﬂatati0”
to an application of the invention. [00115] Furthernore, it is to be

under st oogompier pregrinmpegructsnacsardinge te amppaignestst ofothepinzeittionedt wHl vari ous
d that i t j g | i t t th
vays and {ate LBE o DEARN, SPHOE TRLETEOLGH DueIPRULTRRLF R hER | han

t he ones ned i n escription above. €’under st ood

that the t@hbBatidmCdfUlbdlg"in the ElsRIch it MdstratiCNSEidsdri Bleck angragisaonmbe cal
variants thereof do not preclude the addition of one or nore conponents,
features,“%R%%@9W6PYFﬁ@@@@FBﬂﬁﬁﬂﬁﬂﬁﬂbgﬂﬁﬁéF@%?C%meFh@Pgﬁﬁ%H¥€Wﬁ§nére to be

construed s SPHRVidING §PIBYIEN S6 af RALMT Garpott ©BhpBler) BB Parpose
computer, or other programmable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of the computer or other
programmable data processing apparatus, create means for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

[00106] These computer program instructions may also be stored in a computer
readable medium that can direct a computer, other programmable data processing
apparatus, or other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce an article of
manufacture including instructions which implement the function/act specified in the

flowchart and/or block diagram block or blocks.

[00107] The computer program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other devices to cause a series of
operational steps to be performed on the computer, other programmable apparatus or
other devices to produce a computer implemented process such that the instructions
which execute on the computer or other programmable apparatus provide processes
for implementing the functions/acts specified in the flowchart and/or block diagram

block or blocks.

[00108] The aforementioned flowchart and diagrams illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and

computer program products according to various embodiments of the present



[00117] If the specification or clainms refer to "an additional" el enent,

t hat does not preclude there being nore than one of the additional elenent.
[00118] Iwoie1yia7198 under st ood t hat where the cl ai ns or PepaBofii/ecatseon refer
to "a" or "an" elenent, such referencd is not be construed that there is
only one of that element. [00119] It is to be understood that where the
specification states that a conponent, feature, structure, or

char act er irsentfon’ M@yhis reghidgbich, blodkain thoflowelait 6 'blsk dinghund@thy fep@tent

particul ar conmponent, feature, structure, or characteristic is not required
to be i nchuBedle.[GEMSBYE RN @O FhICPERnYRICh AoMPEiIEh 08t & AP LFFEHRbIEf | ow

di agrarms ﬂfstrﬁp&otﬂs | Béiaﬁ)zedfe?ﬁﬂgtﬂ?e ﬂa%éﬁi%h@@gi@ﬂ?ﬁg%ﬁ%&‘j St stddf A1y 6OhLRH 1S not

limted to those ns or ‘to the correspo descriptions. For
exanpl e, fHagwun semd ahahatmevienplémeugionsathh fulddtiost netté th thexblark mbyadesuror i n

exactly the s or der .illystrated and described. [00121] Methods of the
present | ﬂ%‘?\fﬁggr‘?r‘ﬁﬁ)}l%%%’inn%!:g}%mse Olbf%x%%lﬂ?’otr“’rﬁ ﬁ@g@rs[heﬁ’ﬂplpesﬂlf“fﬁ‘jm%nual ly,
aut omat i Calah Yin 198, B CRMIAAbAM IS BREuTAY €6 BE bRIRP a9 sohREkRs bk 00122]
The term "net hod” may refer to manners, neans, technique$ and procedures

f or acconptdcutedny the yiversn otdes kdeipprdinglivpen theutnetmalityninveded. dt wilhalse

manners, ans,, techni ques, a rocedures either kno t or.. readily

dovel oped™t P A ratiRE T R HRER PagRRR (el Re . Do ignp g

practiti opehbin@iodsher Bbtkst @ 1 KIHcK BRgiamseid/ N BedRRISIustraon, can be

2011/ 117793PCT/ 1B2011/ 051156 23 [0012%] The descriptions, exanples, nethods

and nat er iraplsmpnted dit paciphpyrpesechadareahnded retepetint perdoieaipeciied to be
constr uede@l%ti!)ﬁsmoE | %, b(HI cgﬁgﬁ%{io&s 0%' Jpgéig.f ?)Mp\{)%e Olpalré’Ware and computer

instructions.

[00109] In the above description, an embodiment is an example or implementation of

2 "

the inventions. The various appearances of "one embodiment,” "an embodiment" or

"some embodiments" do not necessarily all refer to the same embodiments.

[00110] Although various features of the invention may be described in the context
of a single embodiment, the features may also be provided separately or in any
suitable combination. Conversely, although the invention may be described herein in
the context of separate embodiments for clarity, the invention may also be

implemented in a single embodiment.

[00111] Reference in the specification to "some embodiments”, "an embodiment",
"one embodiment"” or "other embodiments" means that a particular feature, structure,
or characteristic described in connection with the embodiments is included in at least

some embodiments, but not necessarily all embodiments, of the inventions.

[00112] It is to be understood that the phraseology and terminology employed herein

is not to be construed as limiting and are for descriptive purpose only.

[00113] The principles and uses of the teachings of the present invention may be
better understood with reference to the accompanying description, figures and

examples.



[ 00124] Meanings of technical and scientific terns used herein are to be
commonl y understood as by one of ordinary skill in the art to which the

i nvent i orwbebangs793unl ess ot herwi se defined. [00125] ThecCpnByandslifwenti on
may be inplenented in the testing or Practice with nethods and material s
equi valent or simlar to those described herein. [00126] Any publicati ons,
i ncludi ng patents, patent applications and articles, referenced or

ment i oned[00114hilsSisSfebd unéatiood thstethBeleeiil dendottip degliredoi dottda@ktfucenti rety
into the specification, to the same extent as if each individual

publ i cat i BRIRES ©wapplieaionpt Sidn¥FMioRi dual |y indi cated to be i ncor porat ed
herein. In addition, citation or identification of any reference in the

descri pti bel@@]n%ﬁﬁﬁel‘ﬁ{g?&q't et Hdetdbod MULHEIiRErSBRIChn BRlcaRRICAASL T UEd as
an adm ssion that such reference 1s available as prior art to the present

i nvent i onprapQ@U2A7 [vakiid wayshandi thateth¢ iromnterscdnemningdeuentékth embdidimestpect to a
i mted nupber of enboditﬁn%s,tht Hese shoutl) d not be construed as |limtations
on the scB8PE" BT HELNCHOUHPPGHY thh GFsCHREARIONE exenpl i fi cati ons of sone of

the preferred enbodi nents. O her possible variations, nodifications, and

appl i cati R 16Y & i3ts Be Whddrbdod liRrt SEORANOTintl0Gink NV @BIpARingACCondtngry, the
scope of the invention should not be limted by what has thus far been
descri bedandy grarpppatiesd pigaisddgreef dompotamepctuds the| adghtione @fii apgl enteore WD

2011/ 1177 géﬁggggllgggeﬁ%gsg %E 56 o% Qnt%éggc tg/lsgl?glgg t}f.eﬁ:oﬁS laﬁlcii t .est.ermslare '%b g‘gt hod of

defining a ven o n 1mage of 1 nterest that
construed as specifying components, features, steps or integers.

[00117] If the specification or claims refer to "an additional" element, that does not

preclude there being more than one of the additional element.

[00118] It is to be understood that where the claims or specification refer to "a" or

"an" element, such reference is not be construed that there is only one of that element.

[00119] It is to be understood that where the specification states that a component,
feature, structure, or characteristic "may"”, "might", "can" or "could" be included, that
particular component, feature, structure, or characteristic is not required to be

included.

[00120] Where applicable, although state diagrams, flow diagrams or both may be
used to describe embodiments, the invention is not limited to those diagrams or to the
corresponding descriptions. For example, flow need not move through each illustrated

box or state, or in exactly the same order as illustrated and described.

[00121] Methods of the present invention may be implemented by performing or

completing manually, automatically, or a combination thereof, selected steps or tasks.

[00122] The term "method" may refer to manners, means, techniques and procedures
for accomplishing a given task including, but not limited to, those manners, means,
techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the art to which the

invention belongs.



conprises pixels, the object being characterized by having a specified
pattern and an additional property, the nethod conprising: obtaining an

i mge of wophugilc®B obj ect; specifying portions of the PERYB2011/051156

i dentifying anong the specified i mage3portions a candi date i nage portion
conprising a portion of the specified pattern; defining an i mage
regi on around the candi date i mage portion, the inage regi on being conposed
of image [OMRBPMhe deaaiptionspixdiphy, deMods beh ndterfahepep@edd inele patier n, t he
i mage region being surrounded by image portions not conprising a portion of

t he speci fiEde pegaifégation are not tobnpriistragd #HEbing drt wéhspas Hipseativeralyi ven

object with sane property at the identified region, and deternlnlng

the |ocat pﬁﬂz@f M&%r&’s \6¢ rt‘ec‘ﬂﬁic%?&ncﬁésclédﬁ%c OSRALhRA Hefeid R Hafl d&%ﬁnéﬂ?
region, it the inageTregion has the additional property of the given

obj ect, understhat &by ate dfeadinarynkilbiin thdaert cbwhichitiginvenrt@ndpéwigh pindeggs t he
identifyin t.he %,flnlng the conparing, and the determning is perforned
by at |ea8?18%mF% Htiter. 2. A nethod according to claim1, wherein the
specified pattern is a snooth pattern, wherein the brightness of each two

adj acent @125 Thefrédeni Mve@ss ARMeangletddié®th thareshel 6 practice with

methods and materials equivalent or similar to those described herein.

[00126] Any publications, including patents, patent applications and articles,
referenced or mentioned in this specification are herein incorporated in their entirety
into the specification, to the same extent as if each individual publication was
specifically and individually indicated to be incorporated herein. In addition, citation
or identification of any reference in the description of some embodiments of the
invention shall not be construed as an admission that such reference is available as

prior art to the present invention.

[00127] While the invention has been described with respect to a limited number of
embodiments, these should not be construed as limitations on the scope of the
invention, but rather as exemplifications of some of the preferred embodiments. Other
possible variations, modifications, and applications are also within the scope of the
invention. Accordingly, the scope of the invention should not be limited by what has

thus far been described, but by the appended claims and their legal equivalents.



3. A nethod according to claim1l, wherein the specified pattern is a snooth
pattern, wherein the color of each two adjacent pixels differ in |less than
a speci fiwo2otwasteel d. WO 2011/ 117793PCT/ 1B2011/ 051156 p2%/1BZD11/#5 18t hod
according to any of the preceding cl a4ns, wherein the given object has a
contour with a given shape, and the additional property is the shape of the
contour. 5. A nethod according to any of clainms 1 to 3, wherein the given
obj ect has a color, and the additi ooBAIMSoperty is the color of the given
object. 6. A rret hod according to any of the preceding clains, wherein the
gi ven obj §@{ aecond addi tional property, and the location of the

gi ven obj atier 4ipEdiltrage is defined as the Iocation of the defined i mage
region only if the defined image region has the second additional property
of the given object. 7. A nethod according to claim®6, wherein the first
additional properties is the color of the given object, and the second

addi ti onall.pr op%meﬁlquoftdﬁéinislﬁaaplecaﬁontq{@ Lot ehjectah an ﬁi@a@ Qfeintemﬁ} dat. 8. A

portons: oo Sus el i S GgEbParEa OB St BRESH 8P TR
1 pixel. additional property, the method comprising:
obtaining an image of a physical object;
specifying portions of the image;
identifying among the specified image portions a candidate image portion
comprising a portion of the specified pattern;
defining an image region around the candidate image portion, the image
region being composed of image portions, each comprising a portion of the specified
pattern, the image region being surrounded by image portions not comprising a
portion of the specified pattern;
comparing the other property of the given object with same property at the
identified region, and
determining the location of the given object as the location of the defined
image region, if the image region has the additional property of the given object,
wherein at least one of the obtaining, the specifying, the identifying, the

defining, the comparing, and the determining is performed by at least one computer.

2. A method according to claim 1, wherein the specified pattern is a smooth
pattern, wherein the brightness of each two adjacent pixels differ in less than a

specified threshold.

3. A method according to claim 1, wherein the specified pattern is a smooth
pattern, wherein the color of each two adjacent pixels differ in less than a specified

threshold.



9. A nethod according to any of the preceding clains, wherein specifying

i mage portions conprises specifying inmage portions that together forma
grid. 10OwoAonmtihmd according to any of the precedi ng clParaB2oiwh@ansi n t he
image of interest is a frame in a vid®o stream wherein the |ocation of the
given object in a preceding frame in the video streamis known, and wherein
the nmethod conprises starting a search for the first candidate in the
vicinity of tha kedes atacdihp enanf of the Péjedily dainikshehgechdighgnfobgre. 11. A
met hod according to agg of, the preceding clains, wherein the inaqe of
interest iMgsa $oMARH WD @ givereshaper achiheadtdliionel PERpatty dh tht shape hithen obj ect
in a precedj,pg frane in the video streamis unknown. 12. A method of
tracking a given object in a video stream the object noving froma first

| ocation in a first frane to a second location in a second franme, taken WO

2011/ 117793PCT/ 1B2011/ 051156 26 i i.at el fter the first frape, wherein
t he object”is éh@?%@%éf?? .g59aﬁé&?ﬁ&N&S?ﬂééﬁﬁﬁ&ﬂﬂﬁé&%éPﬁHQHEChﬂghﬂditiona
property, &, fRiAOHdGAIRI bSdpRELY is the color 0B @RI HNMBidcn the second franme a

first candidate inage portion conprising a portion of the specified
pattern; defining a region, in the second franme, conposed of

candi dat e } nag ortions surroundi the first .candidate.imge portion and
St oundec by RORCEabAr B BE aBe0 bR el iR Whénnk YRRR difkc

has a second additional property, and the location of the given object in the image is

defined as the location of the defined image region only if the defined image region

has the second additional property of the given object.

7. A method according to claim 6, wherein the first additional properties is the
color of the given object, and the second additional property is the shape of the

contour of the given object.

8. A method according to any of the preceding claims, wherein specifying image

portions comprises specifying linear image portions, each having a width of 1 pixel.

0. A method according to any of the preceding claims, wherein specifying image

portions comprises specifying image portions that together form a grid.

10. A method according to any of the preceding claims, wherein the image of
interest is a frame in a video stream, wherein the location of the given object in a
preceding frame in the video stream is known, and wherein the method comprises
starting a search for the first candidate in the vicinity of the known location of the

object in the preceding frame.

11. A method according to any of the preceding claims, wherein the image of
interest is a frame in a video stream, and the location of the given object in a

preceding frame in the video stream is unknown.

12. A method of tracking a given object in a video stream, the object moving

from a first location in a first frame to a second location in a second frame, taken



defining the location of the given object in the second frane as the

| ocation of the defined imge region only if the inmage region has the

addi ti onavopopuapartg of the given object, wher ei RCITfiB2theof1isest

| ocation is known the search for the %irst candidate starts at a | ocation
in the second franme, which corresponds to the first location. 13. A system
conpri si ng: an i magi ng device, for capturing an i nage of an object
char act er iingaeddtels afeat therfivsafiidhé twheeeis theostde @ ddthar aitalizep by paKing; a a
conput er storage, storing the pattern and the at | east one additional
property ogrPC‘Elﬁ@dBﬁfeé%ﬁn‘%ﬁ??4déféPI}§‘§/Plfolﬁér%lﬁl%%%ethﬁﬁ&oﬁl&mﬂ@&st one addi ti onal

property char aCts&[r!:}ﬁhgﬁl P& QRLEH gn&ﬂﬂrs@c &geﬁﬁﬂ% ortion com ein the

processor receives t pattern an e additi operty tored on the
conput er sipont@ge)fthe spec1f1edpxﬂdttene| n the processor recel ves the imge of the

obj ect taken by e im ce, he. processor
i dentifies the M5EENRAGN e@fo H‘?—J t%%f%@quWW%éom&gqﬁéFﬂ@%%é@?ﬁd according
to any of %)&lt@hMur%oﬁrﬁnﬂglthe e cdi¥BdRY $hes® Pértieh aind shdouhddt Behogonpri si ng

the object carrying the pattern and being characterized by the at | east one
addi t i onatangidagreimage portions; and

defining the location of the given object in the second frame as the
location of the defined image region only if the image region has the additional
property of the given object,

wherein if the first location is known the search for the first candidate

starts at a location in the second frame, which corresponds to the first location.

13. A system comprising:

an imaging device, for capturing an image of an object characterized
by a pattern and at least one additional property;

a computer storage, storing the pattern and the at least one additional
property of the object carried by the object and at least one additional property
characterizing the object and

a processor,

wherein the processor receives the pattern and the additional property
stored on the computer storage,

wherein the processor receives the image of the object taken by the
imaging device, and

wherein the processor identifies the location of the object in the image

using a method according to any of claims 1 to 11.

14.  The system of claim 13, further comprising the object carrying the pattern and

being characterized by the at least one additional property.



