-1 - "Tracking nethod" TECHNI CAL FI ELD 5The present invention relates to a
met hod for tracking at | east one object in a frane sequence, each frane
conpri si ngoaofoseiszarray, wherein a depth value i s asso®catErdotom7esach

pi xel . BACKGROUND OF THE | NVENTI ON 10 In order to track a

real -world object, it has | ong been proposed to use data processing devices
connected to inmagi ng devices and programred so as to track the object in a
vi deo sequence produced by the inaging device and conprising a sequence of
successive franes, 15 each frane conprising a pixel array. For
instance, the article "Tracking by Custer Analysis of Feature Points using
a Mxture Particle Filter", by Wei Du and Justus Pl ater, disclosed a nethod
for tracking an object in a video sequence, using the Harris corner
detector and the Lucas-Kanade tracker. However, 20 since this nethod is
applied on a bidinensional video sequence w thout pixel depth information,
its performance is |imted despite considerable data processing
requirenents. Some ot her rel evant papers disclosing nethods
for tracking one or several objects in video sequences w th bidinmensional

pi xel arrays 25are: -2 - “Tracking method”

TECHNICAL FIELD

5 The present invention relates to a method for tracking at
least one object in a frame sequence, each frame comprising a pixel

array, wherein a depth value is associated to each pixel.

BACKGROUND OF THE INVENTION
10
In order to track a real-world object, it has long been
proposed to use data processing devices connected to imaging devices
and programmed so as to track the object in a video sequence produced
by the imaging device and comprising a sequence of successive frames,
15  each frame comprising a pixel array.
For instance, the article “Tracking by Cluster Analysis of
Feature Points using a Mixture Particle Filter”, by Wei Du and Justus
Piater, disclosed a method for tracking an object in a video seguence,
using the Harris corner detector and the Lucas-Kanade tracker. However,
20 since this method is applied on a bidimensional video séquence without
pixel depth information, its performance is limited despite considerable
data processing requirements.
Some other relevant papers disclosing methods for tracking
one or several objects in video sequences with bidimensional pixel arrays

25 are:



S. McKenna, S. Jabri, Z. Duric and H Wechsler, "Tracking G oups of

Peopl e", Conputer Vision and | nage Under st andi ng, 2000. F.
Brenond awwl2dvhiesthennat, ' Tracking mul tiple nonrigid objm®esplon/isao
sequences”, IEEE Trans. On Circuits and Systens for 5 Video Techni ques,
1998. | Haritaoglu, "A Real Tine System for Detection and
Tracki ng of People and Recogni zing Their Activities", University of
Maryl and, 1998. G Pingabi, Y. Jean and A Opalach, "Ball

Tracki ng and 10 Virtual Replays for Innovative Tennis Broadcasts”, 15th
Int. Conference on Pat t&rMclRenmmjrﬁtiJale Z. Duric and H. Weabgker, “TTaokiagt hese

t racki ng net hqds ar arrl ed out .0 vid seq ces W thout any direct
pi xel depth |(§ &PPI] hEPMILeH ‘Isf?éh%'é‘fﬁﬁ bé@@éﬁtﬂ‘@mgl%@@%d si nce
imge. Seprant ton car P”Bbén%&w@%ﬂaaﬁdeﬁﬁnr%th@Tr% Inidhiplel RoGGasuch as

col our, shape or texture al r eady “been propose for
i nstance in Iotljea:taam\odm sPguentesip [ EEalraos. WG@%MQ&ESSSystenws&)BD

i magi ng syst rovidin p sequences wherein a depth value is

associ at e %ggﬂoeﬁh?@l”gﬁf %@"h frame. Such a tracki ng nethod generates
nore and nore 20 usefull prgitddghnal-ai reu rm;m@nsgggm Br tpadeganohhgct than
one based on _purely two-di mensi ‘onal i mages. particul ar, the use of 3D
i magi ng syst etrgckiggi pf tReeyet aed dRecpymizingt |T(B1|¢Irbé’t0t%!§ﬁ8’1‘ obsiyessibd afnd
backgr ound. %ﬁYaGHd 1§5§ di scl osed net hod does not address the probl em of
tracki ng nore an on bject, and in particular that of 25 tracking an
obj ect at | east parti alG. ypﬁfgdhud\ed‘j@an adraf rer Ophjaeat “Bautmcf(ingl dnaf Vi ew

of the 3D.i ma g system_ |In WO 2008/128568, a nethod for recaognising a
Vol ume wiilhi ViEtHALBRalaverer dnavaliyaclennis dirgadensts, i1hthwhte onference

t hr ee-di rrenswpp ttéﬂ?ﬁalﬂécé@t fgonprises a plurality of points within the
t hr ee- di nensi onal space ese points are clustered and a cluster is

sel ected as a poi nt of HowereessincEhibepeitracking trigtinodshears eheiddedutbost er are
re-grouped i b-cl usters ch of whj.ch, havin centroid and a - 3 -
vol ume associ%[?e %ﬁ’ts'r‘?qf"ﬁgc%%ﬁ’{"ﬁ'tﬂ‘{ﬁ L fHneF R &G@Q E‘g‘?fﬁ&tto@dq?@'rf orma
network i ndi qirfot@apteas r@aeggémyrmnw Sinéé Gabb S gRiénthfieh idahl &4yas being

a centroid that is connected to only one other Centroid. Oher trackl ng
met hods U$i ndpesipasacien oy nbira sittributesssuohi ashcslair, shepaddtexdsra.he occl usi on

probl em have been di scl r ng_ a | -Time
3D Tracking of the Hu tﬁﬁ%%w%aé}grkﬁ?cze% B?&h%ﬁggek%roﬂgta%ﬁd”qﬁh%r‘ﬂ r’\éa} d son
and F. Brill PateiifvbappizalbhewCRe08cissssanth Eysﬁﬂtmeqmgl ogysfb@eri t his
For Smart Caneras"”, Proc. |mage Understandi ng Wor kshop, 1997. 10A nurrber of

ot her di scl oRIPWEiINgLVideq feouebees whiesein a depth value is assomated to each
pixel of each frame. Such a tracking method generates more and more

20  useful positional information about a tracked object than one based on
.purely two-dimensional images. In particular, the use of 3D imaging
systems facilitates the discrimination between foreground and
background. However, the disclosed method does not address the
problem of tracking more than one object, and in particular that of

25 tracking an object at least partially occluded by anothér object in the field
of view of the 3D imaging system. In WO 2008/128568, a method for
recognising a volume within three-dimensional space is disclosed in
which three-dimensional image data comprises a plurality of points within
the three-dimensional space. These points are clustered and a cluster is

30 selected as a point of interest. The points within the selected cluster are

re-grouped into sub-clusters, each of which having a centroid and a



occl usion problem A nunber of various nethods has been presented by Pierre
F. Gabriel, Jacques G Verly, Justus H Piater, and Andre Genon of the
Depar t mentygoforzbgpesgy i cal Engi neeri ng and Conput er Sci enceCDEPI0@0708A1Ver Sity
of Liege in their review "The State of the Art in Miltiple Object 15

Tracki ng Under QCcclusion in Video Sequences". A. El gammal and
L.S. Davis in "Probabilistic framework for segnmenting peopl e under
occlusion", Proc. of IEEE 8th InternatioRal Conference on Conputer Vision,
2001; 1. Haritaoglu, D. Harwood and L. Davis in '"Hydra: Miltiple People

Det ecti on and vlumik asgociatédrkisth tre oéni2didVCeatrofisreari bé anoaecteage for®  Khan

and M Shah in "Tracki_ng People in Presence of Cccl ysi on” t% Conf erence
on Conputer Visnetwworkdpdigatiye jof agpbigrd ag h‘:?_@é‘trpﬁ""t‘%laf?d#%n Spf

Tracking Usi ng oy ARBRACRIIAE: RodfheBRaee Gy BRERARG dilcd. . | cFnat ona

Conf erence on ern Recogni AW Senior, A Hanpapur, L. M
25 Brown, Y. Tian, S. Bah&antackagd niethdtis Bodihg 3D VlAppesewﬁrEewbdmts for

Cecl Handl 2nd I nt er pat Vor Pr ef luat
of Tr acki . aliELf4iLH PAHSSHe BHRUSIODGRDREY 4P dAess SR CLREERNAA met hods

addressi ng t hiss,q wégﬁhp%nw eblefen MEVWRAILTIAE SbITiderRe BPUOdwumas based

on 2D or stereo sequences conprising 30only bidi nmensional pixel
arrays w t houtBoalyy, Riept bf thaage’ cortn\enegﬁeam@:bga'lhc,@lsos aridnfr £ Bull in “Maving

A. F. Bobick a The Ki,dsRo rce tua .ve and
i rnnersive st ﬁ@e@@?qe&?\%ﬁf‘d%vﬁé\?gﬁfﬁgﬁf I9RH r\%? F §§5ﬂﬁ{p

1999; R T. C:OfFfrb!‘JSIm elUndeidtaitingWdorkshé@neBR I n "A System fOF V deo
Surveil |l ance and Monitoring"! Proc. 8th Internatic.nmal 5 Topi cal I\/Eetl ng,

on Roboti 8 and Rem)te Bysmumber 190 0other Edisclaguress ohaver, adgpssed, thig

. ;
et it oo i nogobSfo Broplsh A RS, ACBRITBHAR HeBaA AR %L

Pattern Recogipiéir@F. @abné Ua@g.le% GBargriyadosias H. Pl@teﬁtaffdaAndmﬁGeRonTazzarl
in " People tracking using a 10 tinme-of-flight dg(éh sens 5%
| nt er nat i onal ofdhe Bleparenesit 0?5!1%‘3”9%5@‘@%%’['”93&@ CE[]P‘&“@F B6,

di scl osed obj gk dLAckS PO PRNAES BERGA-AR. BRI IUAEFPNH e

as aresult, thei1n aval l'a over the trac edobjet ih
parti cul an5whahatcking & ralch Oantusisein Video $Sequettesl5Dan Wt zner Hansen, Math

Syska Hansen, Martin Kirschneyer, ar.sen,a Silv in
"Cluster tracking wi t h & egamnmal; ﬂﬁﬂgré?‘% th Pﬁ&ﬁqa%ﬁge%ﬁ‘ffﬂf forSom ety
Conf erence on % gé?l@nmﬁﬂgr RRELRIdh R@@Q“'o‘f'lE'EENUtKSIfh%}ﬁatléhéid osed
ng rre

an object trac ch the objects are also tracked in a 20
honogr aphi c pIGm'EferarLce on Emrjutep\/dmm 200 Hantapghat Botanyeed and L.

e or oStV 5 OB PeobR LBl abf 2880l L WhkGRRLY L
20 Video Surveillance, 1999; S. Khan and M. Shah in “Tracking People in
Presence of Occlusion”, Asian Conference on Computer Vision®, 2000;
H.K. Roh and SW. Lee in “Multiple People Tracking Using an
Appearance Model Based on Temporal Color’, International Conference
on Pattern Recognition, 2000; and A.W. Senior, A. Hampapur, L.M.
25  Brown, Y. Tian, 8. Pankanti and R. M. Bolle in “Appearance Models for
Occlusion Handling”, 2nd International Workshop on Preformance

Evaluation of Tracking and Surveillance Systems”, 2001 have disclosed
tracking methods addressing this occlusion problem. However, as all
these methods are based on 2D or stereo video sequences comprising
30 only bidimensional pixel arrays without any depth data, their performance

is limited.



Leila Sabeti, Ehsan Parvizi and QM Jonathan Wi al so presented an obj ect
tracki ng nmethod using a 3D video sequence with 25 pixel depth data in
"Vi sual Wwa@ediingp2sssi ng Col our Caneras and Ti me- dFl i ght Rapgeold®@es119
Sensors", Journal of Miltimedia, Vol. 3, No. 2, June 2008. However, this
met hod, which uses a Monte-Carl o-based "particle filter" tracking nethod,
al so requires consi derabl e data processing resources. 30US 2006/ 239558
di scl oses a three-di mensi onal imaging s;istemthat produces an inmage of a
scene. Pixels within the inmage of the 5 - scene are | abelled according
to which object in theAsderigobiitieyt al i Mleaak@itRoom:aAtheaceptaatly basedwi th a
val ue. Groups of pixels having the sane | abel azfﬁ!%r oEHped to form"bl obs’
OR%id

each bl ob corPEEHINE: Fl fBmer V?ﬁé?"&rﬁ”"('fl?jnmﬁ”t tagp BY ¥eidef i ned,
they are modgt] \ﬁr%nﬂ'hegfaﬂ‘%@eﬁ'f”bbllré /Ul }Qﬂoﬁe?}ﬁﬁqd Réhé@é' eg, such

as, circles or rectangles et'c. or St h prede jects, suc as a
person, an arBystemofor &/idebi Sueeill@hos taad Ngamtbrlpgxeﬂ’mm r8tln Hetesoatiomaind t hei r

associ ate d th valpyes. are u odet nevvh h ngstoa
parti cul ag %3:! Mj?ei'@SoPHarslu%g’ ?haf‘ gﬂﬁtﬁ 3 S'I ﬁgéﬁe ‘B&l'-z is at
the sane dept(ﬁ\*lr%oﬁ el ge@yr M RePhaRd, ) ahhd thelekoie “@sfigReptike sane

| abel as the cluster to which the nelghbourlng pi xel bel ongs.

US 6771818 ditreskingeto glassifyicand oroniige radtivifiea gnaa csitedc Soimigy tpe §sicetand

it co- di mens TP 55, R CEEP Yid8h HibL MR mCRUEATIAR AL BRI Ay che 15
"bl ob" cl ust EBéS.uIIan@a nD.d e St@ﬂ’an@bath r'esoani In @'People itRicking using a
t hr ee- di nensi onal Bth i mge of a scene of interest is generated. The

spatial dBor dimgroEdigst ‘%Q*Pr“éeﬂetﬂisﬁ'éﬁsﬂ'éﬁgl IntaEgdiopak Slodfepenpe on nddeo
h -
three-di ”E”S'ﬁ?ﬂs@ml ngea%{rﬁé;ﬁﬁﬁd&jerm hgj‘jsdba%eo@&ﬁrh&sﬂé 'nf\ét@a&éon and

| ocation of peoplé€ or Jects is Yy processing a- wor ki ng
i mage obt ai nérasédomn a tbpaayrosoenes vidw.ddowereprasca sesulgithg ibioemiahon i al

t hr ee- di mensi th depth i t hat i
he- i ve. depEHaTREEeR4e RPKEH CoBch i PR T, AT Bk § ROWRPR AT B o

t hr ee- di nensijgqgld dept h i mage becones part of the working |mage t hat
contai ns a nunber of distinct three-dinensional regions or "blobs". The 25
"bl obs" dPe processed @n d¥fitzney tHansench Mads obyeka oHJjaétSBﬂeaMﬂrbm t he

bl obs bel Ong%rs%HMVj?‘(eX l‘i’anTqUE Lla'\rléleEr%\rr altr%\l Davide Silvestre, in “Cluster tracking

with time-of-flight cameras”, 2008 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition Workshops, disclosed an
object fracking method in which the objects are also fracked in a
20 homographic plane, ie. in a “top-down” view. This method uses an
Expectation Maximisation algorithm. However, it is also insufficiently
adapted for gesture recognition if the tracked objects are human users.
Leila Sabeti, Ehsan Parvizi and Q.M. Jonathan Wu also
presented an object tracking method using a 3D video sequence with
25 pixel depth data in “Visual Tracking Using Colour Cameras and Time-of-
Flight Range Imaging Sensors”, Journal of Muliimedia, Vol. 3, No. 2,
June 2008. However, this method, which uses a Monte-Carlo-based
“particle filter’ tracking method, also requires considerable data
processing resources.
30 US 2006/239558 discloses a three-dimensional imaging

system that produces an image of a scene. Pixels within the image of the



which reliably tracks even partially occluded objects, and sinultaneously
provi des informati on about the tracked object shape in a three-di nensional

space whi glp rayodeesappl i ed for gesture recognition. PCT/EP2010/070821
enbodi ment, a conputer-inplenmented nethod according to the invention
conprises the follow ng steps: grouping into several

regions at |east sone of the pixels of each frame of a frane sequence
conprising pixel depth information: grouging said regions into clusters of
i nterconnected 10regi ons; and determ ning that at | east
one cluster whtehe ase ktielee aicctalimnty Whichadhjsttdn the seenavhayi arerrsladeddl

proj ection belongs to an _object partially occlude % sai d ot heréagil ster if
said at |east t@rfé‘%@'iﬁ’s@%ﬁigﬂ‘ﬁgswﬁh@eYﬁ‘Hevﬁ}lq}EPSh?fgq%‘?5 A% NS SAPe S0 ot her
cluster. "de Vi i I | ue

per pendi cul ar Ia}r/et%royﬁéd pﬁaﬁ;erhqof stoglﬁd ?%"ﬁ'ﬁ%@ﬁ%‘?’fon Iﬁggfc%jégt?gﬁf,f&_e“@

i ndependent | y obfecth®npe<he indobsohreadefinedi thgy derei roedeligst ar qngnisadiini® deo

. The depth value is.the dist f i xel f the imagi

dovi ce. Thdr eNgFeusly 1shapes: BDENES: SYChAS CIGEscs” fesiangiss £15- O R ¢ hat

20 cluster) C%.’ﬂe&?ﬁ\%tdaoﬂti]h%? u¥Rladen bR, hp SRRI oral wenieke. @@stheng ! ust er
I N a (0] er

(or pixel wt uster) due to it being further away fromthe
i magi ng devi cef pixels in the stend and theit hesowdiedcderth valuepraieented f@enti on

to join clusters that belong ta si,ngl e riial 0 j 25For
thi s purpose, dﬁ?erﬁ%@e H@‘e&g‘?e?nq'ﬁ db%ﬂg?%éﬁ% %R@L@tcg%stgaﬁ? gﬁ%@%bge

adj acency to saindit9depth ghiet ETtherpigdl id dtWhedidime eplitlaspa apipbioaringnd have
hi gher depth values than said other cluster belong to a single object

parti al | y19cclpixadditgherfow aswgnedltbgtwaéa@%a%&%ﬁ%@f ke whigh dhei gher

dept h val ues %re?ghvgowiinﬂ p%(é?rb%?o%g%r.m ned range Adl 30 of each other. - 7 -

US 6771818 discloses a method for identifying and locating
people and objects of interest in a scene by selectively clustering distinct
three-dimensional regions or “blobs” within the scene and comparing the

15 “plob” clusters to a model for object recognition. An initial three-
dimensional depth image of a scene of interest is generated. The spatial
coordinates of three-dimensional image pixels within the three-
dimensional volume represented by the image. The identification and
location of people or objects is determined by processing a working

20 image obtained from a background subtraction process using the initial
three-dimensional depth image and a live depth image so that any pixel
in the live depth image that differs significantly from the initial three-
dimensional depth image becomes part of the working image that
contains a number of distinct three-dimensional regions or “blobs”. The

25 “blobs” are processed to identify to which person or object each of the

blobs belongs.

SUMMARY OF THE INVENTION

30 The object of the present invention is to provide a method

for tracking an object in a frame sequence with pixel depth information



It may al so be determ ned whether two clusters which share adjacency to
said other cluster in said two-di nensional projection and have higher depth
val ues t lvam2@@iogh20i her cl uster belong to a single objecgcpapioh@dioy210cc! uded
by said other cluster depending on whether, in at least 5 one axis of said
t wo- di nensi onal projection, each one of those two clusters overlaps with
the other one of those two clusters over at |east a m ninum | ength.

These two conditions nmay be applied ingbyidually or concurrently. Each one
of these two conditions may be applied as an 10 inclusive condition, so
that two cl usiisicls reliable trasksleven paetidliyl coduder] ebjgictyg laddadimedtanedusdine
condition is fulfilled, but this is still not excluded if the condition is

not ful fill eProYdGeyEFOmMaatiqn ARoYraihel Kacksd QRyesleshapeadn ercitiEeye

condi tion, MeARLRE; i rs belong to a
singl e object i Pﬂtglﬁégpéo%éér?o%#h??%fbtgﬁwg&;ﬁoﬁqﬁ%&m@ﬁs Mggﬁ'ti cular 15
enbodi ment, each condi tin omnmegmbudimdrd, sapacmpityr-applerehted cimethoel y and
exclusively, using different threshold values for inclusion and exclusion,
W th thi o5t 1 ROEPHENGR Hiscinventiah Fameripes GiesolowRgERs+ r acking an obj ect
even when it is partially ocghysad i 3BOLRE TeGBHECA 1eHRPSBNRD of 48k ONS

poki ng out from behind an occl uding cluster which can, through their

rel ative posipixelasof wachefriaais yofl Bnkathea segaehcet ¢emprising paehtddgdted as

bel onging to ﬁf E ri.i al ly occluded object. Mdreover, this is achieved with a
limted conpd 0 @a '@our ce consunption and whil e providing, through the
clusters of interconnected rRgigiRg. saith edgibns Mitero@ste@NotPEsRbNEGetihe 25

t hr ee- di nensi onal shape of the tracked objects. In contrast, US
2006/ 239988 JPOiGE&Et@nd he sane | abel to pixels within a scene in accordance
with their depth values. Thi t pl b ' o, 6t ff e ent

di stinct objects within the %é%ﬁgﬁﬁ]gnqgﬁ o%%géé?ty%br%n?%g%tel}fwgg’jhagébei ng
one or the sadjacHitdotanother&luster in a two-dimensionbSpfettidhheldings talent i fi ed

o ¢ AL BEFS 0 SIS L0 el el Bl °
TRy De or OUPfhl RLGoHAIARRICHE h tall 8F LA SHANEILERE! On al gori thm I

particular, in salid vector ntization al gori
first frdfre, the pixel Syndgepid yamgieshouwldob& vegersteodisi nigpdh value

| eader-fol | Omy;’%rp@%cﬂgﬂllalt'l{f]mto the plane of said two-dimensional projection,

in a

independently of the position of an imaging device capturing said video
sequence. The depth value is the distance of a pixel from the imaging
device. Therefore, the depth value of one cluster (or a pixel within that

20 cluster) can have a higher value than the depth value of another cluster
(or pixel within that other cluster) due to it being further away from the
imaging device.

It is a further object of the present invention fo join clusters
that belong to a single partially occluded object.

25 For this purpose, it may be determined whether two clusters
which share adjacency to said other cluster in said two-dimensional
projection and have higher depth values than said other cluster belong to
a single object partially occluded by said other cluster depending on
whether said higher depth values are within a predetermined range Ad,

30 of each other.



in a subsequent frame: 10a constrained K-nmeans algorithmis used to group
pixel s into the regions of a previous frame, wherein a distance constraint
is used twoentlesds2pi xel s beyond a predeterm ned di st anae1@erbioo7esnt roi d
of any of these regions; Lia |eader-follower algorithmis used to group
15any remmining pixels into new regions; if finally, a
regi on of the previous frame has not been assigned any pixel in this
subsequent frame, this region may be deleted, reducing the nunber K by one.
In particular, in said | eader-follower algorithm 20if a pixel is beyond
said distance 0 of a remmy Ql%btbendel'ermlmadIWhemeoItwos:iustmtvddch|shar€errent| ng
t he nunber K by one; arid pi xel is W‘thleﬂ said _di stance 0 of

a region cent Adiagengy to ssaéfiélt@ﬁeﬁluﬁtﬁrt 'ﬁes%'grtr"‘é%ﬂmﬁﬁw JYPIEsion NG he
Pg; :jtelr 0?Of?g&g%@%pg{erge%'tﬁjvé'@lggttﬁ% a5ostHEPalLkter. belon to a smglt-,SH

a consistent distri ut| on %e pi xel s
i nto regions, pahiallg o@crmleﬁamesaxelchenclusmrrdep@ndlrrgjmmmmmm Ilryatlmst ant
granul ari t% of the regi ons, ensyrin onti nyous refreshi i ons,
g

o o 18 pre Sehoh SR MaSSUMeBYioRAL FRHELTN. sBahvaTA 1 csdsel B
be det er m nedq{ il (g¥RrIEEYWARSIHY GthePBRBWIRA0sS tio IdlistersdbvBrnitieadt! a space,

it -9-
minimum length.
These two conditions may be applied individually or
concurrently. Each one of these two conditicns may be applied as an
10  inclusive condition, so that two clusters are considered to belong to a
single object if the condition is fuffilled, but this is still not excluded if the
condition is not fulfilled. However, each one may aiso be applied as an
exclusive condition, meaning that it would be excluded that the clusters
belong to a single object if they do not fulfil that condition. In a particular
15 embodiment, each condition may even be separately applied inclusively
and exclusively, using different threshold vaiues for inclusion and
exclusion.
With this tracking method it is thus possible to keep tracking
an object even when it is partially occluded by another object. Those
20 regions poking out from behind an occluding cluster which can, through
their relative positions, be reliably linked to each other, are identified as
belonging to a partially occluded object. Moreover, this is achieved with a
limited computing resource consumption and while providing, through the
clusters of interconnected regions, useful information concerning the
25 three-dimensional shape of the tracked objects.
In contrast, US 2006/239558 allocate the same label to
pixels within a scene in accordance with their depth values. This means
that pixels belonging to different distinct objects within the scene can

erroneously be identified as being one or the same object.



- at least one pixel in one of those two regions, and another pixel in the
ot her one of those two regions are adjacent in a two-di nensional

proj ecti ewp 2@andsc@ase aver age di fference in depth in pairsp@f/E@dj@eesh 5

pi xel s of these two regions is bel ow said predeterm ned di stance Adi.

Two pi xel s may be considered adjacent in a two-di nensional projection if
they are within a predeterm ned distance in at |east one direction in said
t wo- di nensi onal projection. _g. Wth these criteria, several
regi ons grouping pixels 10 representing points of a single body or several
connect ed bodi es in spdcd)8aBVHS16; dupadentified ausienylate danspaaed with

Even nore advan eously, 1n a subsequent frane, it y be determ ned that
a new region rﬂgéggrtgs‘iﬁ{érm'ﬁeawﬁ?éﬁ(?uE'xﬁl Qﬁ%”ﬁél@n@% r&’dﬁ‘%ﬁh@&myi B cluster
of interconnegiffidgedi ons which was already 15 present in said previous
frame if it is connected in said three-di nensional space to a region of
sai d existing cluster, Adivestadepusly, tthe opigblsamalyebstgranpetianta eggions The
content of each cluster may thus.be contjnuousl dat ed taking into
cecount afly” AN ¢t el ARG AagHY 1T oiBUBhedn S FrtRe
20Advant ageoufilantizatioh 8lgefitteg: enbodi ment of a nethod according to the
invention may conprise, before grouping said pixels into regions, another
step of del eting, from-each ifraniEst amg dhe dixringeay decrgipest inkddSe dept h
val ue does n i £.f | erm ned amount Ad2 from a depth
val ue of a cgéggb%ou%mgﬁéI%dféﬁglﬁ*’%aﬁé$%ﬁénnce 25 frame. The foreground

obj ects are thus isol ated frgadutechaskikared whi ch was al ready present in

the reference frane, further reducing the conputing requirenents of the

conmput er 4Prpl enent ed tracki iy metthganstrained K-means” algpaitiragisoussd 0 sai d
frame sequence ma vide e i TR ey : turing a
real -worl d scene. @Fﬁgp %y%lgrrgﬁﬁgtﬁgl %%érgéﬁpe ?‘Eg!:%ng%%]e%h%‘égeéﬁg%di ng to
t hi s enbodi ment ofdisthace nwensiraint misy tubed e wsebideorpixelal -heyomdi naer acti on

with a computer _pr%(?et_ermined distance Q of a centroid of any of these regions;

O a leader-follower algorithm is used to group
15 any remaining pixels into new regions;
O if finally, a region of the previous frame has

not been assigned any pixel in this subsequent frame, this region
may be deleted, reducing the number K by one.
In particular, in said leader-follower algorithm:

20 » if a pixel is beyond said distance Q of a region centroid,
a new region is created, incrementing the number K by
one; and

» if a pixel is within said distance Q of a region centroid, it
is assigned to the corresponding region, and the position

25 of the centroid updated accordingly.

Such a leader-follower algorithm provides a consistent
distribution of the pixels into regions, while simultaneously maintaining a
substantially constant granularity of the regions, ensuring a continuous
refreshing of regions, and limiting the computing resource consumption.

30 Advantageously, it may be determined that two regions are

connected in a three-dimensional space, if;



system for instance for inputting instructions or data, in applications
such as, for exanple, video ganes, simulations, virtual environnents,
renot e coWiy M Heg0sd2C, Even nore advant ageoustityEr2omn/d70823

enbodi nent of the invention, before the step of grouping the pixels into
regions, a coordinate transformation may be carried out froma coordinate
system|linked to the imagi ng device, to another coordinate systemlinked to
a point in said real-world scene. Wth tgis step, the pixel coordinates may
be transfornmed to another coordinate system sinplifying the subsequent 10

steps of the tracking method at neastconas pinet invidne ohthqeeetvanregiongnamndn.
A further object of the

he present invention is to nmanage opj ect . activation
and/ or deact i vapthed pixel dn the pihes aneodf thesadve rﬁ%@ﬁ%@%?@idﬂqe&&m AdWar | east

one object in L0 Efe[l AN vi deo sequence conprising a sequence of
successi ve frgﬂneé&gtgﬁ%ﬂh aﬁgﬂbgﬁn%ri sing a 15pi xel array, wherein a depth

val ue is associated to each pinxelerage difference in depibt inopaisx ob adijangnt oan
advant ageous enbodi pent of the inve us further conprjse, for at

Eti on y tg _ _
| east one Prakixelt obihiegedwgeqioas 1¥ Relovt s3jd Ripdeterningd JsENGS A% obj ect i n
said frame if it fulfilg,2 1 hgsl Shhy ObeACiindidro Giddciitain aad wetivating

a pro-activated object I's a second set of activation criteria
under a predetlémensiedalaptdjectionoifi they are Withir iar predeternvhedclistanee dmatriteri a

thus acts as ? first absalute filter.. The.su secgu nt activati on of
pre-act i vat ed A5t QRELJICGI0R Y §AlMORYIBIFIR PRIFYALh pre- acti vat ed obj ect

fulfils the second set qfyRcthecal i eftefibl t 86dral brégiBhs O pouping aitdlyation
rul e. Advant ageously, said first set of activation criteria
and/ or salld secepnedesiing pbirds of @ strigkn bedy oF Favergy Codmgated 80dies| iB4RECANe of

deact i vat ed: *58BtJcwo0ped it MGl UUBEL: e, **bof et motion: object shape:
Even more advantageously, in a subsequent frame, it may
be determined that a new region not present in a previous frame belongs
to an existing cluster of interconnected regions which was already

15 present in said previous frame if it is connected in said three-dimensional
space o a region of said existing cluster, directly or through at least
another region. The content of each cluster may thus be continuously
updated taking into account any candidate region newly present in each
subsequent frame.

20 Advantageously, a preferred embodiment of a method
according to the invention may comprise, before grouping said pixels into
regions, another step of deleting, from each frame in said sequence,
each pixel whose depth value does not differ by at least a predetermined
amount Ad; from a depth value of a corresponding pixel in a reference

25 frame. The foreground objects are thus isolated from the background
which was already present in the reference frame, further reducing the
computing requirements of the computer-implemented tracking method.

Advantageously, said frame sequence may be a video
sequence from a 3D imaging device capturing a real-world scene. The

30 computer-implemented tracking method according to this embodiment of

the invention may thus be used for real-time interaction with a computer



obj ect col our; a maxi mum nunber of successive
previous frames 5 during which the object has been inactive; or user

sel ecti ow0 2011/080282 Advant ageously, said activati orpdkoi@yopga one of
the follow ng set of activation rules: a forced activation rule which
activates all pre- 10activated objects which fulfil the second set of

activation criteria; a ranked activation rule which
activates an object fulfilling said secgpd set of activation criteria only
if an active object is deactivated; a sinple

activati on r gystennifohirsétinoedfoe sipattirabjnstructidvinorcdatbest applicatibss sachl second
set of activatign criteria; . . . i npl e swap actiyation

‘Ul e whi ch adi el @Empleofdes; 93 mesreiHations. vidhal EVseRMEats JPIalE ¢ o i
i's deactivat @dntrols etc. an occlusion activation rule which
activates an object if it is or has been occluded by anot her object; or 20a
contact swap activati ofrveal exakhi etivantapeatsly, ém tbig emobédiment contbet s

anot her, acti.ve qbject The activation.criteria and rules
open & wi B iIRSEORy Brre g eBe sRuRBTE Poeis Dl B I EABPBRe { acki ng
met hod of t herdmawsiidtion mapy Beedhri®d eubtvpnhagerlifhte sydtenpRel reke of a

met hod according to the invention nmay al so conprise, for at_ |east one

subsequent f i@RGINGf dewre. keguethes, caprdinate eystaandnkedhie iy raindrievsaris| y
cetivet et oblcatbol ot g7 o S bR BBkt b
transformed to another coordinate system simplifying the subsequent

10  steps of the tracking method in accordance with the present invention.

A further object of the present invention is to manage object
activation and/or deactivation in an application using a method for
tracking at least one object in a three-dimensional video seguence
comprising a seqguence of successive frames, each frame comprising a

16  pixel array, wherein a depth value is associated o each pixel.

A method according to an advantageous embodiment of the
invention may thus further comprise, for at least one frame of said
sequence, the steps of pre-activating an object in said frame if it fulfils a
first set of activation criteria, and activating a pre-activated object if it

20 fulfils a second set of activation criteria under a predetermined activation
rule. The first set of activation criteria thus acts as a first absolute filter.
The subsequent activation of pre-activated objects nct only depends on
whether each pre-activated object fulfils the second set of activation
criteria, but also on the activation rule.

25 Advantageously, said first set of activation criteria and/or
said second set of activation criteria may comprise at least one of the
following criteria:

- a maximum number of objects to be activated or
deactivated;

30 - object position;

- object size;



30Sai d set of deactivation criteria nmay conprise at |east one of the
followng criteria: - 12 - a maxi num nunber of objects to be activated or

deact i vatwe 20Phis8sy Position; object shape; 5object col guEm®bjeazbs2nanki ng;
a maxi mum and/ or m ni mum nunber of successive previous frames during which

t he object has been active; or user selection. 10Said deactivation rule may
be chosen fromanong the follow ng: a forced deactivation rule which
deactivates all active objects fulfilli NG said set of deactivation
criteria; B

- object motion;

- object shape;

- object colour,;

- a maximum number of successive previous frames

5  during which the object has been inactive; or

- user selection.

Advantageously, said activation rule may be one of the
following set of activation rules:

- a forced activation rule which activates all pre-

10 activated objects which fulfil the second set of activation criteria;

- a ranked activation rule which activates an object
fulfilling said second set of activation criteria only if an active object is
deactivated,;

- a simple activation rule which activates an object

15  which best fulfils said second set of activation criteria;

- a simple swap activation rule which activates an
object if another, active object associated to it is deactivated;

- an occlusion activation rule which activates an object
if it is or has been occluded by another object; or

20 - a contact swap activation rule which activates an
object if it contacts another, active object.

These activation criteria and rules open a wide range of
interaction possibilites based on the object tracking method of the
invention.

25 Even more advantageously, an embodiment of a method
according to the invention may also comprise, for at least one
subsequent frame of said sequence, a step of deactivating a previously
activated object if it fulfils a set of deactivation criteria under a
predetermined deactivation rule.

30 Said set of deactivation criteria may comprise at least one of

the following criteria;



a ranked deactivation rule which deactivates an object 15fulfilling said
set of deactivation criteria only if an inactive object is activated; a

sinpl e deasbiiyesoz9n rul e which deactivates an object wWy@Ehe®esdohahfil s
said set of deactivation criteria; a sinple swap activation rule which

deactivates an object if 20another, inactive object associated to it is
activated; or a contact swap deactivation rule which deactivates an object
if it contacts another, inactive but preactivated object. The present
invention also relates to a conputer-readabl e data storage nedi um

conprising conputer-execut akd enaisiuviaiinaesr bbrobicts abr yé ngctivateda oret hod
according to any one of the enbodinents of the invention, as well as to a
conput er syst@ﬂ‘%’@@dan i nput for a three-di nensional video sequence
conprising a sequence of sucd.h&é&i \bgitfarnarres, each franme conprising a pixel
array, wherein a depth value rs associated to each pixel, and programed so
as to carry out a conputer- dfedtrghbpeepnt ed net hod according to any one of

t he enbodinments of the invention. - 13 - By "conputer-readabl e
data storf2ge nediunt, it is {COlMF: conput er - r eadabl e support cont ai ni ng
digital data, including, bmoﬂ?&trﬁﬁl&'ﬁ icted to, a solid state nenory such
as a random access nenory, a fI ash nehory, or a read-only nmenory, but also
a magnetic data storage 5 nedimarimuchaad/aa minirduoh skmibeirvof succassmagnet i ¢

tape, an optical; 0848 SICEAU% TR AL Bkt Bs HLePPida! of! SK. ete.
- user selection.
10 Said deactivation rule may be chosen from among the
following:
- a forced deactivation rule which deactivates all active
objects fulfiling said set of deactivation criteria;
- a ranked deactivation rule which deactivates an object
15 fulfiling said set of deactivation criteria only if an inactive
object is activated;
- a simple deactivation rule which deactivates an object
which best fulfils said set of deactivation criteria;
- a simple swap activation rule which deactivates an object if
20 another, inactive object associated to it is activated; or
- a contact swap deactivation rule which deactivates an
object if it contacts another, inactive but preactivated object.
The present invention also relates to a computer-readable
data storage medium comprising computer-executable instructions for
25 carrying out a method according to any one of the embodiments of the
invention, as well as to a computer system with an input for a three-
dimensional video sequence comprising a sequence of successive
frames, each frame comprising a pixel array, wherein a depth value is
associated to each pixel, and programmed so as to carry out a computer-
30 implemented method according fo any one of the embodiments of the

invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS 10These and ot her objects of the present
invention will becone nore readily apparent upon reading the foll ow ng
detai | ed dep®fii/pob@n and upon reference to the attached grgmpresoioseiwhi ch:
Fig. 1 shows a roomwith a human user standing in front of a 3D i magi ng
device; 15Fig. 2 shows three-dinmensional inmage data of the sanme room in
the formof pixels distributed in the three-dinmensional space, as captured
by the 3D inmaging system Fi 3 shows a bi di nensi onal
projection of a clipped volume within sal'd i rage data, and containing a

cluster of interconnect @Sjl fcﬁﬂﬁﬁlﬁt@r-?ééc[ﬂ‘mwmaﬂ@ sttvagpi peediingrit éspogatitng to
the human user after a background elim nation; 4A 4B,
and 4C show h@nyctamspeiesreadatie suppaRcontaininggiigial data, lﬁ\ﬁi&r‘&j byt no

i or connect edor G s BRSO AR e aS e astéer )

occl udi ng anotflagh rhéﬁ‘@?( ,Used read-only memoryFbgisals64 niignatid CWBSW@QGOW an
obj ect may _be activat and deactivated usi n% ROSI El on crit a nd
si npl e act Pvatmegiuahguele &6t 2 \are gisk griwg; or g magnetic tape, an Pﬁ%ﬂ' dand 7B

show how a fi r$ agp'rﬁ&éhuﬁ?%d Congl%lo\b@lkgpdlsﬁrgca segond obj ect deacti vated

usi ng pOSI ti on cr erira an act 'swap rules; an

BRIEF DESCRIPTION OF THE DRAWINGS

10 These and other objects of the present invention will
become more readily apparent upon reading the following detailed
description and upon reference to the attached drawings in which:

Fig. 1 shows a room with a human user standing in front of
a 3D imaging device;

15 Fig. 2 shows three-dimensional image data of the same
room, in the form of pixels distributed in the three-dimensional space, as
captured by the 3D imaging system;

Fig. 3 shows a bidimensional projection of a clipped volume
within said image data, and containing a cluster of interconnected regions

20 grouping the pixels corresponding to the human user after a background
elimination;

Figs. 4A, 4B, and 4C show how clusters of interconnected
regions are updated in successive frames of the 3D video sequence; and
Fig. 5 shows a cluster of interconnected regions

25 representing one human user, and partially occluding another human
user;

Figs. 8A, 6B and 6C show how an object may be activated
and deactivated using a position criteria and simple activation and

deactivation rules;



Figs. 8A, 8B and 8C show how a first object is activated and 5 deacti vated
using position criteria and sinple activation and deactivation rules, and a

second oRy@si1ikso2ect i vated using position criteria and gy 7ashi vation

rul e. Wil e the present invention is susceptible of various
nodi fications and alternative forns, specific enbodi nents thereof have 10
been shown by way of exanple in the drawings and will herein be described
in detail. It should be understood, hOV\F er, that it is not intended to

limt the invention to the particular forns disclosed, but on the contrary,

the intention is to cowgys. JlA anddE shawi e a fgtiobidcemisy Badoalhridnat i ves
falling within the scoFe of the invention as expressed in the 15 appended

cl ai ns. DETAIAMR BE plriechidepctivated NeiamRasitiameriigfiaiand pdachiwaRses of
an enbodi rrentru%fs. gng 20 conputer-inpl enented obj ect tracking nethod and
conput er systemaccording to an enbodi nrent of the invention is illustrated
in Fig. 1. In this applFigsatBA@B amd SCssisive hoardfirst bbiadt & activast ind t he
recognitiqgn o estures of an _obrj ect of interest, in this ,caﬁe a human

th ,
user 1, iR o _t“?%tgid HERLPSHIPD iprienia Apd SEPPs ¢ BiFioN Fdedeastivglian vi r t ual
envi ronnent Zpidi Splayededdhd %&%ﬂ”@”a&ﬁ%@e&-usin position. critBA@ %Al UFT

recognition system conprises a i magl ng syste Inthis particular
enbodi ment a rahked a€tivdtiogirilel TDF) 3D canera 3. This TOE 3D canera 3 is

connected to the conputer. system 2 wiith which the human user. 1 i.s to
interact. In this enbo&?%tt?'et rRrESLYmiastiogy dg eﬁﬁ"‘felp%‘btét i #aPHgr armed

to carry out,mbdifieRRR ahd eemdtivet foemsOepStifis aifBbadimentd thatebl Fave
recognition nethod of the invention. Alternatively, a - 15 - separate data

processi 1§ ddaede shewhrymway tof exampleoin theidramingso@ndowilt heeeipob@ect ed

bet ween the TOEAD.§aREAR-AN% LB, EOTRUL Al SIS Ans0AYbP (ERAE 1 he

human user to Tnterac h" sai conput er Systie canera 3

capt ures sucdetesitigéd td limethedovantiopi toghd Rartiade faahe didcldder], badon4hén whi ch
t he human user 1 stands, conprising a 2Daﬁi xel array and a deI%th V§| ue for
each pixel cdOEEphnHientEREOT; it ich@VED dlhanadificalisnsg Rarivalelds B8R poi nt

I mged by thafibhaifkes rlIRGEwitHIA tNE dcbpa!ofaRd iR HtNs@lexPRYEHGATHE! the

pi xels in
15 appended claims.

DETAILED DESCRIPTION OF THE INVENTION

One of the possible uses of an embodiment of the
20 computer-implemented object tracking method and computer system
according to an embodiment of the invention is illustrated in Fig. 1. In this
application, this system and method are used for the recognition of the
gestures of an object of interest, in this case a human user 1, in order to
inferact with a computer system 2 generating a virtual environment

25 displayed to the human user 1.
The volume recognition system comprises a 3D imaging
system, in this particular embodiment a time-of-flight (TOF) 3D camera 3.
This TOF 3D camera 3 is connected to the computer system 2 with which
the human user 1 is to interact. In this embodiment, this computer system
30 2 is itself programmed to carry out, in cooperation with the TOF 3D

camera 3, the volume recognition method of the invention. Alternatively, a



10 the 2D pixel array thensel ves correspond to zenith and azinuth angles of
the points they represent with respect to the TOF 3D canera 3, each frane

can be il{ygsioipdseskas in Fig. 2 by a three-dinensional olcauge0fo@oseel s 5
corresponding to visible points of the objects in range of the TOE 3D

camera 3. 15These successive frames forma three-dinensional video sequence
which is transmtted to the conputer system?2. In a first step, a data
processor within said conputer system 3 14 ansforms the pixel positions
relative to the camera of the three-dinmensional cloud of pixels 5 of each

frame in the “bggeuts g Nrecesting devicdi pragesmimedatoc oanrgioudtsaid hetiped em 6
anchored in the scene_ This coordinate sistem 6 conprise tégr ee ort hogonal

?_xlets: a lat gr gpulgkbe sonneciepthetwres the AR SThépgrraaan QPRYtef his, a
ilter may be_y o.elin f%;qt- i idf it h
i nsufficient F’X%%ﬂ?‘rgt?ooﬁgiqé%g}égllé gﬁﬁﬁgp 4 I cﬁ 1Hn%§§%cgh|§ﬁ§§|td0&§5ngﬁgﬂgf noi se.

251 n a subsequgstenspep, the pixels 5 in each frame corresponding to a scene

background may al so be elim_nated by conparjng the frame with revi ousl
captured r®ference franmdhg@ tHobndp t%“gg?ckgr gﬁﬁg’.reil PULTSEENE gﬂ%ﬂ?ﬁh ar ey

not beyond a tcelfrg,zigﬂ{é 3@3&?@%%&9% %ﬁﬁ&nd&ﬁﬁ hwigigh Sthe RliBhauser 1

correspondi ng p . erence anme is subtracted fromthe inmage.
Al ternati vel y stdraisewmmpriding a 2D1ixel lzarygand nal deptivwaluenégr each ¢axe!be

Subsequent |y SPHeapatiny dnB SiRIBEck Ho Cuad &pP BoeuBeiry? eLgtk PaiFBoelie
;gfn‘;: ;: 28 Lrg'eqygthgﬁibim. SlrcRP@E Jetidalsad Ihoriz¥alay pBsifioRs WRhe Pixdstine

10  the 2D pixel array themselves correspond to zenith and azimuth angles of
the points they represent with respect to the TOF 3D camera 3, each
frame can be illustrated as in Fig. 2 by a three-dimensional cloud of pixels
5 corresponding to visible points of the objects in range of the TOF 3D
camera 3.

15 These successive frames form a three-dimensional video
sequence which is transmitted to the computer system 2. In a first step, a
data processor within said computer system 3 transforms the pixel
positions relative to the camera of the three-dimensional cloud of pixels 5
of each frame in the video sequence into coordinates in a coordinate

20 system 6 anchored in the scene. This coordinate system 6 comprises
three orthogonal axes: a lateral axis X, a depth axis Y, and a height axis
Z. After this, a filter may be used to eliminate from the frame those pixels
for which insufficient information is available, or which may be due to
Sensor noise.

25 In a subsequent step, the pixels 5 in each frame
corresponding to a scene background may also be eliminated by
comparing the frame with a previously captured reference frame with only
the background. All pixels 5 which are not beyond a threshold distance
Ad, in said depth axis Y from a corresponding pixel in the reference

30 frame is subtracted from the image. Alternatively, however, this



Those remaining pixels 5 are then grouped by the data processor into a
plurality of regions Rin a conputer nenory, wherein , K. The pixels are

advant agepy'séiy/ogneyped using a vector quantization al gogdf/RpRodco @1l ows:
10ln a first frame of the video sequence, the pixels are grouped into K

regions using a |l eader-follower algorithm In this algorithm if a pixel is
beyond said distance Q of a region centroid, a new region is created,

i ncrenenting the nunmber K by one; and |{ a pixel is within said distance 0
of a region centroid, it is assigned to Q’he correspondi ng region, and the

posi tion of tB!ﬂ:kngHﬁdOﬂéﬁtM@tﬁ@ﬁlm ge @riormEaunzphiaaty by ubﬁgﬂngiof irst

pixel in said first frame, since no region has yet been created ( a
first region the refesencscbadkaraunstin iegliimet o one, and t he p05| tion of the

introid of this first r, f t he next
pixel, if it is Wit SUsRRushey, BE %{38 B sbicd 8!, B 3&‘]""@%’"

i ncor por at ed reglipeibats ithe regudiing imags ntéwbeaﬂtppe@mo@‘smbnercmwmﬁ of the
first region will change. If it is however beyond said distance Q a new

region w Pl H@T@P'&WQH‘%W@(”WQIH'X?JE' S%et equal to two. In each
subsequent frame, a cor-v[shtorS%hlté]aei%a i ?%glf,ggpé thay :Tqﬁ'f)[lbéétb}“%@ ddftagroup at

| east sonme of the pixels orith s an I'terative
algorithmin pnbcedrsoraﬁtoea mefality of regtens riR,tma!l cpmmuterannsntbry),f whieeigent r oi ds
of K regions,. 3‘\/m ch h| s.case are those which have been determ ned for a

previ ous frafgl in diddhe & r?f&ué‘g"%mﬂgaf’\é%yogrotué’ﬁﬂoPﬁtngcéhé{P‘étr?ée each

pi xel j of a(ﬁfgntlggt,&l‘ g|g>6ﬁh-§nla§f5"(5v§§ associated to a region Rs of said K
regi ons desi gnated by the equation: 30s argninOP. - 17 -

wherein MO is the p03| tilhoa st trempi gblthg videe heequsswenehei pixets @ or di nat e

system 6. In thi ar ns i ned o] i xel s
whi ch are beﬂfﬂﬁsg‘g' gdé?%'%ﬁts 54‘8%&' ﬁ@ggwpﬁﬁﬁ éfgéﬁﬁ o] QR gI eft
unassi gned. Adlg&rithhav @91)@[ iosey@d esahligthned J sfla Negionaretrofd, sanelvK
regions, the positions G of the centroids of those K regions are updated

by cal cul ati n§9iReispersrtad inefememiinge e BUBIDERS SYoPNa: h%ncbl'fx@I@X%I Bocat ed
to each regi qpinin 104HC Rk 'G b NUBRA RhtBldx ek Sisalds9gRkgdid ankegi on R

15  corresponding region, and the position of the centroid updated
accordingly. Thus, starting from a first pixel in said first frame, since no
region has yet been created (K=0), a first region is created, K is set equal
to one, and the position of the centroid of this first region will be that of
the first pixel. For the next pixel, if it is within said distance Q of the first

20 pixel, it will be incomporated into the first region and the position of the
centroid of the first region will change. If it is however beyond said
distance Q, a new region will be created and K will be set equal to two.

In each subsequent frame, a constrained K-means
algorithm is first used to group at least some of the pixels. The K-means

25 algorithm is an iterative algorithm in which, after defining the initial
positions C; of the centroids of K regions, which in this case are those
which have been determined for a previous frame, in order to introduce a
degree of temporal coherence, each pixel j of a set of N pixels is first

associated to a region R, of said K regions designated by the equation:

30 5= arg mm(”P -C ”)



These two steps may then be carried out iteratively until converging on a
stable allocation of pixels into K regions. Then, the pixels |eft

unassi gne@oCei/dxergar ouped i nto new regi ons usi ng the sarreTa@veweetioned

| eader- 15 follower algorithmin which if a pixel is beyond said distance O
of a region centroid, a newregion is created, increnenting the nunber K by
one; and if a pixel is within said distance Qof a region centroid, it is
assigned to the correspondi ng region, a_n1d,_t he position of the 20centroid
updat ed accordingly. Finally, if a region of the Kregions is
left enpty, without anywpiexsih aBsiignatet qasitiom bhi she r pimel §hiis tlegi on R1
i s del eted, reducing the nunber K by one. The l:],esult,i ng set ?f_reg' ons R,
in a frame i sabpreentiored jgeordigatexgystem 6. In this partigylar capstraings Koy each

frame invol ve i on eqi ' a (F?{ga')e,t roupi ng
t he regions Hﬁéﬂﬁo%&%ﬁ@@r éﬂés%f‘s'lf%%g‘%%ﬁ]ngg%e roggi g%g n a ecrgﬂrrg%?er
menory. A dat gifaneeSseomaetentnio ese tdfatunaswgmeyi ons Rap Rb (wherein a and
b are two different - 18 - nupbers between 0.and K) are connected jn the

t hr ee- di mefsi onal spaceAftef having allocated each p'xegi‘ﬁveas @n%neppﬁg?'gi regi on
R3 and anot her. ghKel (jen,dSMANCRSY HePodraaees thase npihmasipnabd
proj ection on e X-Z plane; and an average difference in
depth in the Yyadlsulatingtie posifiomdf Hueoentpd oémassfofithe pixalnelleeajpdia Ra, Rb
is below a pr edeherm’ ned di stance Adl. Two pi xels are

consi dered adj®8€BAPIPH a t wo- di mensi onal 10 projection if one of these two
pi xel s is the next, second m2>j;t or third next pixel of the other one in at
| east the X or the Z axeg. J

_ jeR,
, =

n
10 wherein n is the number of pixels allocated to region R;.

These two steps may then be carried out iteratively until
converging on a stable allocation of pixels into K regions.

= Then, the pixels left unassigned can be grouped into

new regions using the same abovementioned leader-
15 follower algorithm in which if a pixel is beyond said

distance Q of a region centroid, a new region is created,

incrementing the number K by one; and if a pixel is

within said distance Q of a region centroid, it is assigned

to the corresponding region, and the position of the
20 centroid updated accordingly.

Finally, if a region of the K regions is left empty, without any
pixel assigned to it in this frame, this region R; is deleted, reducing the
number K by one.

The resulting set of regions R; in a frame is illustrated in Fig.

25 3.

The next step for each frame involves the creation of a
region adjacency graph (RAG), and grouping the regions R; into clusters
B of interconnected regions in a computer memory. A data processor

determines that two regions Ra, Ry (wherein a and b are two different



When two regions Ra, Rb have pixels adjacent in a projection on the XZ
pl ane, but the average difference in depth of these pairs of adjacent

pi xel s i svdeyandi2sai d predeterm ned di stance Adi, the lfctepioe®eroRa and Rb
may be flanged as probably connected. In this case, whether to group them
into a single cluster Bo as interconnected regi ons may depend on a set of
additional criteria. A nunber of clusters Bo is created in a
first frame, each cluster incorporati ng1%_set of interconnected regions.
For subsequent 20 franes, a newregion Ro will be incorporated into an

existing clustemb@s bbtwden 0 erinedt etk cehhbeteddin ¢isd | Hrreediridrisiogdl at
| east another regign Rd, to a region of the existing cluster Bo. This is
det erm ned bys%cﬁatfa processor executing the following algorithm For each

region R 25 - If it was al rﬁalg)éspgﬁé‘?ﬂ%el'iﬂ Fegf‘orPRe"érRP% Bfr%?fpi &ng thus
associated to an existing cluster Bo, 'then, consi déring Pen’po Al coherence,
an indi cat or redicst Bpaes @Rjdceat int hewdiditn@nsmnal pRjectidrnen theiXt2mplaree;whi ch it
bel ongs i% set to zero, an indicator 'object (R is set to "Be", and Ris
stored inva 1% H sorted by increasing value of "distance (R )". 30lIf pot,

‘distance (R)» is set 1o I FLILEES difobrchefdo M thd ¥ 288 i BaidULL" . -

19 - Then, as long as the list His not enptied, repeat: ract fromthe
list Hthe redfiahagntpixdis idhesnbae regicne Ry, Runidi kalowra paedatamiaedRh) " .
For each regi ej ghbouring region Rh: 5 Calculate d = distance (Rh) +
di st anceRAG (%{a%%dw\her ein

Two pixels are considered adjacent in a two-dimensional

10  projection if one of these two pixels is the next, second next, or third next
pixel of the other one in at least the X or the Z axes.

When two regions R, Ry, have pixels adjacent in a
projection on the X-Z plane, but the average difference in depth of these
pairs of adjacent pixels is beyond said predetermined distance Ad, the

15  regions R, and R, may be flagged as probably connected. In this case,
whether to group them into a single cluster B, as interconnected regions
may depend on a set of additional criteria.

A number of clusters B, is created in a first frame, each
cluster incorporating a set of interconnected regions. For subsequent

20 frames, a new region R. will be incorporated into an existing cluster B, if
it is connected, either directly, or through at least another region Ry, to a
region of the existing cluster B,. This is determined by a data processor
executing the following algorithm:

For each region R

25 - If it was already present in the previous frame, and thus associated to
an existing cluster B,, then, considering temporal coherence, an
indicator “distance (R;)” of the distance of R; to the cluster to which it
belongs is set to zero, an indicator “object (R;)” is set to “B,”, and R; is
stored in a list H sorted by increasing value of “distance (Rj)”.

30 - If not, “distance (R;)” is set to “INFINITE", and “object (R))" is set to
“NULL".



di stanceRAG (Rh, R')=0 if Rh and R', are connected, and di stanceRAG (Rh,
RV)=INFINITE if Rh and Rv are not connected; and If d < distance (R ): 100
Set the wlouweipfsozsdi stance (R )" to the value of d; Setpdinp2vmlores20f
"object (Rv)" to the value of "object (Rh)"; and if the region R, is not
inlist H then insert it into 11; if the region R is already in list H,
then extract it 15from H. After all regions which can be
connected to existing clusters have thu_sl yeen i ncorporated into them any
remai ning regions are checked for connections, and additional clusters

i ncorporating such regi Thenadslongess e list Hieard saiptied-rgseat4A, 413, and 4C
illTustrate this 20 transition between two_sug¢cessive frarres: . In
the first frame BHEAG fom the lisyld thexsgion By with the lawgsselde of dicipl . g1
conprises the in‘H%ﬁ&r?éH‘@%{)'ed regions R, R2, R3, R4, Rs, and R6, whereas B2
conprises the interconn ed regions R7, Rg, Rg, R10, and R11l. In the next
frame, ill ustratfs éachfiegiondB, nBighbodriB? regien®Rei | | 25 present, but R7 has

di sappeared. On the ofher hand, new regjons R 4, 5 .,R16 d
RL7 have appeared. "RI |P§|a<§%t%€c‘ﬂ‘§@W8g®8i+o§}5$@'%ﬁ%@§hhe@i Whespi :m
connect ed 10 regi on RikiapbeRSHR, B)=0TF Rl 4 roBReUdtthebfadXldnd RIS,

R16, and R17 are interconnected, bu 0 not connect to any other region or
cluster. Thus, as candisianseBAG n(fi,g.RIEGBNRERIER i IR band nEer goeat@d i nt o
cluster Bl, R13 and R14 wi ||, be jincorporated into cluster B2, and Rl5, R16,

and RL7 will forma rerlRb&Mdss. - 20 -
o Ifd <distance (Ry):
10 o Set the value of “distance (R,)’ to the value of d;

o Set the value of “object (R}’ to the value of
“object (Ry)"; and
o ifthe region Ry is not in list H, then insert it into H;
o if the region R, is already in list H, then extract it
15 from H.

After all regions which can be connected to existing clusters
have thus been incorporated into them, any remaining regions are
checked for connections, and additional clusters incorporating such
regions are created if necessary. Figs. 4A, 4B, and 4C illustrate this

20 transition between two successive frames:

In the first frame shown in Fig. 4A, two clusters B and B;
are present. By comprises the interconnected regions Ri, Rz, Rs, R4, Rs,
and Rs, whereas B, comprises the interconnected regions Rz, Rg, Ra, Rio,
and Ryi. In the next frame, illustrated in Fig. 4B, By and B, are still

25 present, but R; has disappeared. On the other hand, new regions Rz,
Ry3, Ri4, Ris, Ris, and Ry7 have appeared. Ryz is connected to region Rg
of cluster By, Ry3 is connected to region Ry of cluster B;, and R4 is
connected to Ris. Rys, Ris, and Ryz are interconnected, but do not
connect to any other region or cluster. Thus, as can be seen in Fig. 4C,

30 Ry will be incorporated into cluster By, Rqy3 and R4 will be incorporated

into cluster By, and Rys, Ry, and Ry7 will form a new cluster Bs.



In the next step, a duster relationship graph (CRO) is established. in this
CRG pairs of clusters adjacent in a two-dinensional projection on the X-Z
pl ane, t Iwad 2018080880 ch each conprises a region with at |gaskpeNgyRs e

adj acent in a two-di mensional projection on the X-Z plane to at |east one
pi xel in a region of the other cluster, are linked vvith a first type of
I'ink tagged " 20 connecti on". Then, pairs of clusters wherein both clusters
have a 2D connection” link to a conmol d’lel ghbouring cluster, but have a
dept h val ue hi gher than that of the conmon nei ghbour, and W|th| n a

predet ermi ned di st ance I rthd1lnekt eaﬂh at tlaster nrdld‘tmn&ﬁ:pd@mﬁh aCiRG) age |inked
with a second type of link ta 3D, connect ab Clusters
li nked by " 3siatlisbed b tis ﬁﬁqﬁ,spe&ef B'I'J;?t%%laéllﬁfe%"hﬁ erdeensianalal | y
occl uded by ] 1 r o]
determ ne wh ﬁjb?ﬁ‘ts%g@ @E UFSBll n%'eeéﬁ qsqugtgggag:p e@iﬁ“l%fbeéa%g%%?%grwatﬂ_

bel onging toa leastgbreae qiyedcddjacantiis & hwn—dﬁﬁtenbmlabqbrmbemdrelont tney Xaf e

st ackab

" | | t hat whether th
over | ap. wht R4 e hBRet ARG PHeLIL R BHEca) egtneEPlsliat (e Wi,
proj ection by, fist hRSH lﬁtkrthg%éﬂ“ﬁﬂi%ﬁﬁeéﬂcﬁ'fﬂ ’Tﬁé‘rﬁltﬂhu%rét'@ust&sfwhétéﬁ? of the

nornmal i zed overlap | ength wherein O is the absolute overlap |length
in that axis,bodinclustess haeelasngDhC@ineduen okt ter awommmheeohbouemg

connect abl e" ste s, i,n. t hat xample in
which a franéf"é Ht éﬁveo% a%ﬁ’éq GY%U%] hlgggr tﬁ?" 1'%;{ 021 tz@ngoﬁb@ﬁ'esent| ng
two objects, ﬁe@gl’ﬂidur and Wihin Byratieles®indd divithce gep@néaéwmmﬁehe U2
partially occl uded by the first human user UL, It will readily b

under st od8 t Kigpth pEispAEsiEHEd wslth arecend sypeneinik tageed { P mﬁneet@hte of the
second hunan user U2 e 3 on nt o
clusters 82, 81 64, an?l@%&t Since odl?%eﬁl%aé{‘]g?tgﬁ%zWﬂ%g%%blﬁsﬁédoﬁé dz)are al |
adj acent to tame objacst partiBily | occudedlibyersiotiveal objeat eeprasented tihe theid pl ane,
and theft average de h |nteY s are syperior to that of by nore
P BT et SRESPLPHGy 10atelinina  BhSlRE h 1y 1510u8h iBdrFbcbsan-
links 7. Si n%%sbelﬁiéoarté S0 otherzlas b&bh&i‘nge&) %] %ﬁ%}lﬁrdoﬂt d it %‘Qﬁehr om each

other in the depth axis Y, they can be | d to eac er with'
connect afbe" dhiepked 8thether they are "stackahlaeimssid twoe:bmansmnel prmecttmrec ked

whet her thos clusters B d | i,nked i,nks of th
connect abl e" tp§ ?ﬁﬁ'egztw rqvgﬁélg\nvf% 88@?} Oé)l?‘?{elp Aeget ?'éeaéf"so?f aﬁ% S of
sai d two-di rmwatdmehswn@t pefjéstionblyy at Idaetatmmirilim mrmamzeaaém%mcbrtrﬁngth
omn In the illustrated exanple, 63 overlaps with B2 a sufficient

normal i zed | it Naligy of 25e nswmalized (auerirpalength HvD/Ba Vﬁ?ﬁieBSOal'%dhéverl ap
i th, ty 4,2)>
\anl in ;ﬁngg(d??égﬁe anéﬁﬁﬁger@g @thﬁ%%g C%ﬁﬁﬁrhleqhgﬁ%r% over ﬁag eng % h

0)] 3, 2) =043, 2héhdo "I evanactak(E3,ch)sters mhbatcnmsl ap of BB W|th B2 in the X

axis and Lx3 is the le t;‘élopl BSinthef( nor zedoerlap
length o z(4, 2):Oz(4 29]:?9_ SNQWeri ﬁx@@@eznw 'Gthn@ GUBE| “@fa@\ﬂth 82 in

the Z axis, apkibain %@3 I ngi B% %r%/@hﬁﬁt@??ﬂjécts Fhé‘ﬁtleg’a fiRg

normal i zed overl ap Ieng 0z(5, 3 wher ei n (5,3) is the
overl ap of BHhuwwarh user Lh aritk aZsenang|, humanlusa W5 par@lly eragivdesf bp3hen the Z
axi s. n t hus be jﬁlgned in

82. .. B4

The: comput er ThRLPa0 §sit B 1l Bggailfive Sraediod that 3k et i her
obj ect Upscomfipsti Rumant isercUyShefroft of 2Vekend mdMas dderugs refeetively
enbodi nent, these "3D connect abl e"

divides the second human user U, into clusters B,, Bs, B4, and Bs. Since

the clusters B, Bs, B4, and Bs are all adjacent fo the cluster B4 in a bi-

dimensional projection in the X-Z plane, and their average depths in the

Y-axis are superior to that of By by more than a minimum distance, they

30 can be linked with By by “2D connection” links 7. Since they are also



and "stackabl e" tests are used in conbination, wherein it is excluded that
the clusters belong to a single object if they do not fulfil both

condi ti ongio $0iEusoBdY. i n alternative enbodi nents, be usegci/nedpeedent |y
fromeach other, or in parallel to each other. Each one of these two

conditions may 25 be applied as an inclusive condition, so that two
clusters are considered to belong to a single object if the condition is
fulfilled, but this is still not excludeghif the condition is not
fulfilled. Each condition may even be separately applied inclusively and

excl usively, ugithy sdpfddeteniinetireste fidny alachsother in tre depthnadisdy ethelyusi on.
30For a subsequent frame, the data processor wl| ,,c“r ate a new CRG and
r

first check, 'y intedigracernFowEl "BRONNRRE P - 22 - new
clusters may be assignedn e aRex%t 1i0% ARIsCEleckEaCRnEfhatithbse BREtersUS N9

[
t he sanme test, whether any renal nl% new clusters may ﬁ;e ar oupegﬁl nto a new
obj ect. A pl urtgl iBsy B apbj Bstliokedrbyt hiniss Beot theckK&d ddnmeatgidelt typkealSof r ane

sequence, even when ope of .the objec is partially occluded. by another
one. Such 8bj éﬁ’@é'aﬁay't‘aee?q}l(@éf‘%{%@gﬁﬁﬁst &ﬂ%na’f'ﬁiéf i) e&q'gm%ﬁ'?l@alrret hod
s used Tor | iefeafbn Y Miblsts FAAMURMOARRIEER R GRiCIh B Rutaled gane,
a simulation, 'or"a virtual reality application, each one of the tracked
obj ects may bexanpleaBedvertapsowitiol adiy & atiffidient conmialized engbveasd sti®maet s of

tivation/d i i i i tivation/d ti,. i |
M o par o1 cur bttt Br epidaisd aieriah vaRt FEaeVal: RSSO BYacki ng
at |east an ohyjggdiehthdrsfase MaRytes of ) in SBRCEL {4008, Pty Z aidsg a pi xel

array, wherein a depth value is associated to 15 each pixel, also
conpri ses10for at |east Thee rormatized hevestagp dergthp pez atPrwatling WA ®Bj ect in

said frame if At fulfil fi F [ .0 i teny jvating
a pre-activat e(g’“% Seﬁ}e ﬁ?\feafla[p éflsﬁ? ?’Iﬁb éa)? |§Zt§%r%g%§|est&gﬂ_ c'? itb/%tl i h(;%?itgt3eri a
under a predetjgrifi nedast Th@tnopmalizé e ovBrigh deadiny o b0 fmibad wheyeial so
conprise, for at |east one 20 subsequent frame of said _seﬁu?nce 6?Bstep of
deact i vating Lpzis hesoyerae ohBe with &ty i8dhei4 axis: and,Le4 i5dhg length gf Bs

deactivation Gpif.arba gadedi,aPredehsimhned d6aahp MBhaRN ol 80, 2/Lzs,

15 wherein Oys 3 is the overlap of Bs with Bs in the Z axis, and Ly is the
length of Bs in the Z axis.

The clusters B,, Ba, Bs, and Bs can thus be assigned in the
computer memory to a single object U, partially occluded by another
object U; comprising the cluster Bs.

20 While in this illustrated embadiment, these “3D connectable”
and “stackable” tests are used in combination, wherein it is excluded that
the clusters belong to a single object if they do not fulfil both conditions,
they may, in alternative embodiments, be used independently from each
other, or in parallef to each other. Each one of these two conditions may

25  be applied as an inclusive condition, so that two clusters are considered
to belong to a single object if the condition is fulfilled, but this is still not
excluded if the condition is not fulfilled. Each condition may even be
separately applied inclusively and exclusively, using different threshold
values for inclusion and exclusion.

30 For a subsequent frame, the data processor will create a

new CRG and first check, using the abovementioned test, whether any



The first set of activation criteria may conprise at |east one of the
follow ng: 25QCbject position: Wth this requirenent, a tracked object wll

t hus be wwe2achsiggted if it is within a certain rel ati vigemweshid@dsiiange
with respect to (or even in contact with) a nobile reference, such as for

i nstance anot her tracked object and/or a fixed reference.

hj ect size: Wth this requirenent, a tracked object will thus 30 be
pre-activated if it has at least a predgjerm ned m nimum size and/or at
nost a predeterm ned maxi num size in one, two, or three dinensions. - 23 -

Cbj ect not i omew\ttustersi may duuassigred toart eriskirg obictcThen il wilhusedie
preactivated if i t resents at |ea redet erm ned m ni rum noti on and/ or

at nost a préiférf%r néfd e %Mhﬁﬁ?b@ FRMARYNG ReW oClysters 498y ohe

previous fra d oS q.p%,@ ot 5Cbj ect shape: Wth this requirenment, a
tracked obj ecrq? \/\FIe thus be p eactivated if its shape can be matched to a

pr edet er m ned patter n, Aspdurality, of objeeteamﬁhethua ipatitackad rtbpriegent ithg a human
body. ct col our

. t t k bj ect
w1t husoe TVBSGFOVRTED For WEBrPar oL TR ELES By BRmIay o 5eif PX co our

val ues 10 wi tdHdher QﬁédSh@h neujests Ciplag We FRBECsr mobile. When thl@blﬁ@&t—
persistence: Wth this requirénent, a tracked object will thus

preact i vat ed trgcking ﬁ@éhqﬁa@nuserdafmeﬂtea%ctmwa aogormpaier |a{oell¢atloratsubbast a
rames. 150 S0telsdhe FRlmAelPY FMER R SPHREERR.Baf BBy i1 (hus
be preacti vatthd trdckedd bbiecheamypbevactisiyd beevorf Hegaretdy a@aoﬂmﬁg itgl t user
sel ectl O% Suv%rrlloﬁg seftso E)f Iagﬁég%cn?degctlvgﬁléﬁ ccr)i?ejrﬁacgng Iascltl\?zlﬂt?onlcciggg:{ﬁ/g%on

rules.

[n a particular embodiment of the present invention, a
method for tracking at least an object in a sequence of frames, each
frame comprising a pixel array, wherein a depth value is associated to

15 each pixel, also comprises, for at least one frame, the steps of pre-
activating an object in said frame if it fulfils a first set of activation criteria
and activating a pre-activated object if it fulfils a second set of activation
criteria under a predetermined activation rule.

Preferably, this method may also comprise, for at least one

20 subsequent frame of said sequence, a step of deactivating a previously
activated object if it fulfils a set of deactivation criteria under a
predetermined deactivation rule.

The first set of activation criteria may comprise at least one
of the following:

25 Object position: With this requirement, a tracked object will
thus be pre-activated if it is within a certain relative position range with
respect to (or even in contact with) a mobile reference, such as for
instance another tracked object and/or a fixed reference.

Object size: With this requirement, a tracked object wili thus

30  be pre-activated if it has at least a predetermined minimum size and/or at

most a predetermined maximum size in one, two, or three dimensions.



Maxi mum nunber of active objects: Wth this requirenent, a tracked object
wll thus be activated if the nunber of active objects does 20 not exceed a
pr edet er myreg1{7HRobETUM This second set of aati/Eedhi@Eosniteria
is used in conjunction with an activation rule. This activation rule my
be, for instance, a forced activation rule which activates al

pre-activated objects which fulfil the second set of activation criteria, a
ranked activation rule which activates _% _an object fulfilling said second
set of activation criteria only if an acfive object is deactivated, a
sinple activation rule \@hjett motional/¢ith e reqursemenala dxiaicked objddtokilibest
fulfil said second set of actjvation criteria, a Si swap, actj vation

rul e which actthysithes PaRRGAiRT Ifi t RIGSERS: ahdgasted JHE % r HPEHTG it s
deactivat ed, E}Hofgééflaﬂa)é)?%t?ﬁ&éttiéiéﬁbbé%lﬁew}h%nﬁﬂﬁgﬁbﬁﬁ fRhaBspadtast [fit

is or has been ano | ect contact’ swap
activation rulailmtdmeem’evmasérmnmtb]eezﬂquefncet contacts another active

obj ect . The set. of deact. on criteri ri.se chterla
anjal ogous Po those of t@@%%’?@%e‘(\){@f{%{?%f%ﬁa& ¥@Fﬁgg WeGYllal so
conprise an thggt g%?dma@d frefd %ﬂapzé’%é}h b hlatéHdd Ciﬁ??édétéﬁmi%do“ an

active obj ect ects ranki ng bel ow a m ni mum The object ranking
may be det er mipadgn fmhmsstfe:rmamm arpeltterlmﬁpreaemﬁﬂg:a hunarsleedyof acti ve

obj ects were activated. The de ctlv 0 e forced
10 deactivation rule whi¥ PP(/ W ﬁ]'? f%‘&‘ﬂ'r eraﬁlaeirlagkeiaq@%cﬁl ‘?@ sai d
set of deactivahs @B p?ébétﬁfdt@d ifat EQRKRE SIRast seadrhPpixels! withvebr daresi vat es
an object fulfilling said set of deactivation criteria only if an inactive

obj ect i s18ct iwithira, pradeiaiminecieciour vmgeon rul e which deactivates an obj ect

Bt ivation rule 15 whi ciouEscrrRELs MRS ek Eitherf 7 AR, oy

associ at ed to Wifl thgs Betgreatittedif inhaoheanttraiken ateactivevat inaotivelfar athi ch
deactivates an object jf it contacts apnother inactive hut nge activated
obj ect . least av4RiNENYMs JuiabPeo ANV 1ty &aflaf| SRENUREPANEPRG Fn t he

o e, T R RRAARAERSL L 2 on o L2, Tl s 2P
15 User seiectlon. With this requirement, a tracked object will
thus be preactivated if it has been previously been flagged by an explicit

user selection, such as, for instance, a “make object visible” command.

Maximum number of active objects: With this requirement, a
tracked object will thus be activated if the number of active objects does

20  not exceed a predetermined maximum.

This second set of activation criteria is used in conjunction
with an activation rule. This activation rule may be, for instance, a forced
activation rule which activates all pre-activated objects which fulfil the
second set of activation criteria, a ranked activation rule which activates

25 an object fulfiling said second set of activation criteria only if an active
object is deactivated, a simple activation rule which activates one or
several objects which best fulfil said second set of activation criteria, a
simple swap activation rule which activates an object if another active
object associated to it is deactivated, an occlusion activation rule which

30 activates an object if it is or has been occiuded by another object, or a



entered, in a pre-activated state, a circle 10 centred around a fi xed
reference 11, fulfilling a position criterion for activation. The object Ul

i s consequ@ndihysoagsi i vated according to a sinple activatp@nepMi@orosl Fi 0.
6B, the object Ul has exited the circle 10, but because the position

criterion 25 for deactivation is a position beyond the larger circle 12,
it remains active. Only when the object Ul exits a larger circle 12, as
shown in Fig. 6C, it may be deacti vat e 4.1_nder anot her sinple deactivation
rul e. In Fig. TA, two objects Ul and U2 are shown not in

contact. In tddnfactasRap taRiveon oRjecitiion Saddivatsd 262 obfct € AP Rdntarts
respective users, 30User 1 and User 2, The first object Ul is active, and

t he second olfinetierngetivg obiecd pre-activated state. Since the first object Ul

fulfils a position - - i Ler] for deact .vat | j I S~tQcont act
wi th an inactive, but ﬁ?’g- g%{fiégtdeegézzg&%%r?, i%h%{railﬂa&; Cﬁgﬁc |éva%rg§”‘%nder a
contact swap athedadusatol thoseubfetheQpeddnet séhef abiralionsenitedat hemagcsigs obj ect
U2 fulfils a position cri,teriol?, for activation which is contact with an
active obPect®CMRNSR 71 C}?@_Qﬁ rag ngé_{rggn%d\ghlc wilf Allowt d?ﬁﬁtﬁ’aé'é’f‘i?fa?'? on rule.
The resul ti ”%cﬁ%é‘t@oéé&aﬁ the. 59@%3%%,5?8%- is7Beiov‘t).a minimum. THe Bbfect /B

under the contract swap activation ru when object U2 conmes into contact
wi t h obj ect UWankiopjreay beZldbemmined, facinstanes hyathei ardead whizbtthesdb of

pre-activat e\%{.and object Ul be%orres deactivated 10as it is now in contact
with an acti V&t"éd© lﬁ"l&‘("e[ﬁé?‘c’t'va ed. In Fig. 8A a first object Ul is

shown whi ch has ent er edthel MedcBYAGHCrLkALALY Sbal Gor aegdmglee 40fgieadr ed
around a fixed reference 11, fulfilling a position criterion for

activati dA. Tisastiyation rugjvdieh deactivaies adpdivel gbjeesifullitlies said ¢etiofig to a
sinple activag] e. A sec obj ' .ch L thin_circle 10
remai ns i nac?}fé@%ﬂv#t}#rﬁcaér%&é’{}%g%%i rcg“itaecgig?g%q % p’sﬂl%ovqﬁ t@&&%tgé %’ﬁr cle 10.

However, becaigecttfhiillipgsicid est of désdtivatioh exitalzaoihly \ibah dmadtive bpegiisi on
beyond t he Igcger circle 12, it remmins active, Al though the second object

U2 is now pr@h¥atedapedimi dgachyafian réeevhigh WY?@S?%I@PEG&&W'G'&H on
ruie 1tocan gt f@ﬂsgﬁide $Bt BflaghciloR. Clignid | &SmOl Sodp HLiFABY Aeact ! ve-

Only when the first t Ul Ts deactivated a exiting t ar ger
circle 125 asvhithhweactivaieg.anBthjeshif drivtherinantvebpict asgoteteslctd itdsed under
this ranked ?égiiivation r i reciated that nore

than one. obj GEIVHIAY: Bba sorfiR seapeastiyatis e ihich ogRENAtES AR Solet
activati on/ degigbbiviabisiahdthéeinadtiveoMut grlactivated object.
Various scenarios are thus available, depending on the
combination of activation and deactivation criteria and rules.

20 For instance, in Fig. 6A an object U; is shown which has
entered, in a pre-activated state, a circle 10 centred around a fixed
reference 11, fulfilling a position criterion for activation. The object U, is
consequently activated according to a simple activation rule. In Fig. 6B,
the object U; has exited the circle 10, but because the position criterion

25 for deactivation is a position beyond the larger circle 12, it remains active.
Only when the object U, exits a larger circle 12, as shown in Fig. 6C, it
may be deactivated under another simple deactivation rule.

In Fig. 7A, two objects Uy and U; are shown not in contact.
In this case, the two objections U, and U, correspond to respective users,
30 User 1 and User 2. The first object U, is active, and the second object U;

is in a pre-activated state. Since the first object U, fulfils a position



25 will enable two or nore users to interact within the same
t hr ee-di nensi onal space viewed by the three-dinensional imging systemin

accor dancgoWoifosh@ Present invention. Although the pressnyep0wantsen has
been described with reference to specific exenplary enbodinents, it will be

evident that 30 various nodifications and changes may be nade to these
enbodi ments wi thout departing fromthe broader scope of the invention as
set forth in -26 - the clainms. For exanpl e, the steps of preactivating,
activating and/or deactivating an object“may be performed i ndependently of

how or whet hegyidriohsfoied@idtivaash tWieith seviar edntatiusitar an Hehctive, tautaprei ngl e

partially occluded object. Accordingl the description and, dr z%wn ﬁgs are to

EZEAIr E/gar ded i activated jobiratait may l@%ﬁ@é?e{\éﬁtﬁ@ﬂmﬁﬁ&ﬁ confaed S deRPWEHGE. - 27
| east one obj &¢F &q,théﬁtﬁ?f\?‘gﬂ éé%LngﬁgEeggsP&ﬁ@ dpréded ff?Ff"SI Lapéiisn at

Fames, each frame conprising a

pi xel array, wWhfsrRinnfor lgnklionagsioh egertntact withian astioe ichjed, Wi will kach
pi xel 5(5), said method conprising the follown eps: .. a)
groupi ng av | estivategrndsy asgpriapt RWAR gatiyaen é'é'gh%?arﬁé”‘t'ﬂgds@g\/@?’%ﬁ

regions (ReRLY) ¢ 0K in Fig. 7B.
In Fig. 7B, under the contract swap activation rule, when

object U, comes into contact with object U,, object U. becomes activated
(as it was inactive but pre-activated) and object U; becomes deactivated
10 as it is now in contact with an activated object U,.
In Fig. 8A, a first object U4 is shown which has entered, in a
pre-activated state, a circle 10 centred around a fixed reference 11,
fulfiling a position criterion for activation. This first object U is
consequently activated according to a simple activation rule. A second
15  object U, which is not within circle 10 remains inactive. In Fig. 8B, the first
object Uy is now outside circle 10. However, because the position
criterion for deactivation is a position beyond the larger circle 12, it
remains active. Although the second object Uz is now pre-activated and
within circle 10, under a ranked activation rule, it can not be activated
20 while the first object U; remains active. Only when the first object U, is
deactivated after exiting the larger circle 12, as shown in Fig. 8C, may the
second object U, be activated under this ranked activation rule.
It will be appreciated that more than one object may be
activated at any one time if the activation/deactivation rules allow. This
25 will enable two or more users to interact within the same three-
dimensional space viewed by the three-dimensional imaging system in
accordance with the present invention.
Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that
30 various modifications and changes may be made to these embodiments

without departing from the broader scope of the invention as set forth in



b) grouping said regions (R, ..., R17) into clusters (Bl, B5) of

i nterconnected regions, said clusters (131,B5) of 10i nterconnected regi ons
corresporgd Be1hsn2eni d at | east one object (Ul, U2); chag@ghoidedsiin that
t he met hod further conprises the steps of: c) determining if
at | east one cluster (B2,B5) having at least a first depth value and which
is adjacent to another cluster (Bl) 15 having another depth value in a

t wo- di nensi onal projection belongs to ak.object (U, ,) which is partially
occluded by said other cluster (Bl) corTesponding to another object (Ul) if
sai d at | eastthéi claimglepoh exahipe 0thes atepsabf Ipe@adtivating Cladtivating( 8Ad/dBS) s
hi gher than that of said other cluster (Bl): and 20d) determning if two
clusters (B2,4gactivating @p Rhiedlemdy e Par@Bededargsdently B hpw 4 d

t wo- di nensi o | ' t ' ' sl with
said first d%ﬁnégftﬁgtgeg%}"gﬁéﬁ%?am%&éﬁ%ﬁ%'gcéggbﬁé?ﬁﬁé)mb%Fﬁ‘?ﬁ?ﬁ%ﬂﬁa

pr edet er mi neld)ocwc@eldbbwct.ohcoaildim(ijylethe description and dﬁhwingh afe to bg)
conput er -i_npl enent ed net.ho ccording to claiml, 25 erein step

further conprFg8 %PMH&F@’%@@?@W%t N pdasicEYR SRS of said

t wo- di nensi onal projection, each one of said two clusters (B2, B5) overlaps
with said other one of said two clusters (B2, Bs). 3. A
conput er -i npl enent ed net hod according to claim1l or 2, wherein at |east
sone of the pixels (5) are grouped into regions (R, 30Rl7) with a data
processor using a vector quantization algorithm



- 28 - 4. A conputer-inplenented nethod according to claim 3,
wherein, in said vector quantization algorithm in a first frame, the

pi xels (6) are grouped into Kregions (RL Rii) using a | eader-follower
algorithm in a subsequent frame: a constrained K-nmeans algorithmis used
to group pixels (5) into the regions (R, ..., R11l) of a previous frane,
wherein a distance constraint is used tg-,exclude pixels (5) beyond a
predeterm ned distance 0 of a region 10Centroid (Cl, ..., Cll); a

| eader-follower algorithmis used to QLAlmsany remai ning pixels (5) into
new regions (R12, , Rl4; and if finally, a re (R7), of the revi ous
frane has not been ass|1g|/?e@)faﬁ9tq5r'm|em§'5'teﬂr{“9ﬁ1°§i f§DH§6‘&U§rﬁt §3S4RBE 15t hi s

regi on (R7) | I e folal-R 5. A
conput er - i npl Z) t@ﬂ m?J LngL%écdgHe gl ngwgm%a Bif mheFomr?rIS]nrg aém((jel
| eader-foll owrayalv@wmihm”depth fneasprembn( @alueds egocidteshwith diashapiosd 0 of a

region 20centr0|d . ew re R12, ..., Rl7) is created,
i ncr ement Png (Phéaf W@éhokcwpﬂﬁ'é‘g tﬁﬁ IIowm steps(

a) grouping at least some of said pixels (5) of each

frame into several regions (Ry, ..., R47); and
b) grouping said regions (R, ..., Rq7) into clusters (B,
..., Bs) of interconnected regions, said clusters (B4, ..., Bs) of

10 interconnected regions corresponding to said at least one object (U4, Us);
characterised in that the method further comprises the steps
of:
c) determining if at least one cluster (B, ..., Bs) having
at least a first depth value and which is adjacent to another cluster (B1)
15 having another depth value in a two-dimensional projection belongs to an
object (U,) which is partially occluded by said other cluster (B1)
corresponding to another object (U,) if said at least first depth value of
said at least one cluster (B, ..., Bs) is higher than that of said other
cluster (B,); and
20 d) determining if two clusters (B, ..., Bs) sharing adjacency
to said other cluster (B4) in said two-dimensional projection belong to said
object (U,) in accordance with said first depth values of said two clusters
(B2, ..., Bs) being within a predetermined range Ad1 of one other.
2. A computer-implemented method according to claim 1,
25 wherein step d) further comprises determining whether, in at least one
axis of said two-dimensional projection, each one of said two clusters (Bz,
.., Bs) overlaps with said other one of said two clusters (B, ..., Bs).
3. A computer-implemented method according to claim 1 or
2, wherein at least some of the pixels (5) are grouped into regions (R,
30 ..., Rq7) with a data processor using a vector quantization algorithm.



isif a pixel (6) is within said distance Qof a region centroid, it is
assigned to the corresponding region (R, Ryi), and the position of the
centroid (Cl1, ..., Gi) 25updated accordingly. 6. A

conput er -i npl enent ed net hod according to any one of the previous Sins,
wherein it is determned that two regions (Rl, ..., R 7) are connected in a
t hr ee-di nensi on& space, if: at | east e pixel (5) in one of those two
regions (R1, ..., 30and another pi er'?@) in the other one of those two

regions (R, R7) aremdj %ﬁiﬁutéﬁm@pléménfﬂmh@d‘adccBFdlhgotb' Q@imagd - 29 -
an aver age d| fference in depth in pairs of adjacent pixe of 't hese two

regi ons (R1,wherein mwldn@wmrﬁlzauprpametmnm ned di stance M 7. A

Commut e TP Srent efh A3Ae AR bRt Ba e lpe T S es Ry o

present in a previous, R{;\Enang%l leagsr-fao@@r argosithg cl uster of
i nterconnected regions ich was already present 1n said previous franme if

it is cofnected im YhdgubpeUENyfidsiRsi onal space to a region (R5; R11) of
said existing cluster,, direct)y. q%rddkaccor Ehﬁérlihﬁ?%t u?&?é&ﬁ{ou@ﬁc&kﬁﬁe( R13) .

10 8. A conmputer-inpl enented et 0 an Vi ous

clai ms, which, before gr (Bipintg tsairdgipinse(R, (5) Ryt of reprevisuy Rame,., R17),
conprises another step of deI eti g%&from each frame in said series, "each

pi xel (5) whose depth vaWu@“’dB& NGR FERFIAUYL igr usechiq eXClideRIX@IF i ned

amount Ad2 from a depth n 56P) reference
frane. 9. ter-| %Femente dng’tlﬁélg%c%oéglané g any one

of the pPevious cl ains, mbletlr@dr(CsaldGﬂi)arre sequence is a video sequence
froma 3D imaging device C%)aouer-foﬁ’ov‘?}err e"’\go}’ﬁ” dlsscuesed to group any
remaining pixels (5) into new regions (Riz, ..., R7); and

= if finally, a region (R7) of the previous frame has not

been assigned any pixel (5) in this subsequent frame,
15 this region (Ry) is deleted, reducing the number K by
one.

5. A computer-implemented method according to claim 4,
wherein, in said leader-follower algorithm:

= if a pixel (5) is beyond said distance Q of a region

20 centroid (C4, ..., C41), @ new region (Ry2, ..., Ry7) is
created, incrementing the number K by one; and

= if a pixel (5) is within said distance Q of a region

centroid, it is assigned to the corresponding region (Rj,
., R11), and the position of the centroid (C4, ..., Cqy)
25 updated accordingly.

6. A computer-implemented method according to any one of
the previous claims, wherein it is determined that two regions (Ry, ..., R17)
are connected in a three-dimensional space, if:

- at least one pixel (5) in one of those two regions (Ry, ..., R7),
30 and another pixel (5) in the other one of those two regions (R,

., Ry7) are adjacent in a two-dimensional projection; and



10. A conputer-inpl emented nethod according to claim9, 20 wherein, before
the step of grouping the pixels into regions (R, ..., RL7), a coordinate
transformation is carried out froma coordinate systemlinked to the
i magi ng device, to another coordinate systemlinked to a point in said
real -world scene. 11. A conput er-inpl enented net hod accordi ng
to any one 25 of the previous clains, further conprising, for at |east one
ersarrp of _sgi](cj sequ_e][lc_e, the foll ow ng 'S#Jébs: preactivating an object (U,
in sai rame _i : i St i j i i Yaf and
activating a preacti ?/g{agél-god% %@F ??r{&ler 'ﬁu%f‘ﬁf'f'ﬁubta ﬁ?flﬂf}é?l?dsd@;ht ggg‘cﬁ({?)%set of
activation criteria tnedertwo pegides dRyi ned Ragk isvhelown saigd gredetergained 12A
conput er - i npl enent ed ,r’rFt hod, according to claim 11, wherein said first set
of activation criter?5@§42F1 sai d second set of activation criteria

gg.”’p” ses at |east one gg’fA EhfpupbLiftiiagentdd fidtRod SadEBdify Monslabers, of
jects to be activated; object position; object size; object notion;
5 wherein, in a subsequent frame, it is determined that a new region (R12;
R+3, Ri4) not present in a previous frame belongs to an existing cluster of
interconnected regions which was already present in said previous frame
if it is connected in said three-dimensional space to a region (Rg; R11) of
said existing cluster, directly or through at least another region (R13).
10 8. A computer-implemented method according to any one of
the previous claims, which, before grouping said pixels (5) into regions
(R, ..., Ry7), comprises another step of deleting, from each frame in said
series, each pixel (5) whose depth value does not differ by at least a
predetermined amount Ad, from a depth value of a corresponding pixel
15  (5) in a reference frame.

9. A computer-implemented method according to any one of
the previous claims, wherein said frame sequence is a video sequence
from a 3D imaging device capturing a real-world scene.

10.A computer-implemented method according to claim 9,

20 wherein, before the step of grouping the pixels into regions (Ry, ..., R17), @
coordinate transformation is carried out from a coordinate system linked
to the imaging device, to another coordinate system linked to a point in
said real-world scene.

11.A computer-implemented method according to any one

25 of the previous claims, further comprising, for at least one frame of said
sequence, the following steps:

- preactivating an object (U4, U) in said frame if it fulfils a
first set of activation criteria; and
- activating a preactivated object (Uq, Us) if it fulfils a second
30 set of activation criteria under a predetermined activation

rule.



obj ect shape; object colour; 10a m ni mrum and/ or maxi num nunber of
successive previous franes during which the object has been active or

i nactive; or user selection. 13. A conput er-inpl ement ed

met hod according to claim 11 15or 12, wherein said activation rule is one
of the followi ng set of activation rules: a forced activation rule which
activates all preactivated objects fulfilling said second set of activation
criteria; a ranked activation rule whith-activates an object fulfilling

20sai d second set of aot A\ AeRYIBHIEAD ethid ABoAGHY & BRIACH 1 S

deactivated; a sinple acti vafﬁﬂon rul e whi ch}éactl vat es e or sevér al
Obj ects whi okhdrest sﬁald fiirst seti df setivatibrs eriterfa aotiorasaidnsecandersieq;of25- a
sinple swap a

obj ot aseocdtalsh e compRes 3l dgan oned (e Geviom oHiaByat  on' ral e whi ch
activates an obj ect_i fa paxinfu@nUiaSetseshjeas kv dehdayaaot her obj ect; or
a contact swap activation rule which actl vates an object if it 30cont acts
anot her, Sacti ve obj ectabject position;
- object size;
- object motion;
- object shape;
- object colour;
10 - a minimum and/or maximum number of successive
previous frames during which the object has been active or
inactive; or
- user selection.
13.A computer-implemented method according to claim 11
16 or 12, wherein said activation rule is one of the following set of activation

rules;

a forced activation rule which activates all preactivated
objects fulfilling said second set of activation criteria;

- a ranked activation rule which activates an object fulfilling

20 said second set of activation criteria only if an active object
is deactivated;

- a simple activation rule which activates one or several
objects which best fulfil said second set of activation
criteria;

25 - a simple swap activation rule which activates an object if
another, active object associated to it is deactivated;

- an occlusion activation rule which activates an object if it is
or has been occluded by another object; or

- a contact swap activation rule which activates an object if it

30 contacts another, active object.



-31 - 14. A conputer-inpl emrented net hod according to any one of
Sims 11 to 13, further conprising, for at |east one subsequent frane of

sai d sequence, a step of deactivating a previously activated object if it
fulfils a set of deactivation criteria under a predeterm ned deactivation

Srule. _ 15A conput er-i npl enent ed net hod according to claim 14,
wherein said set of deactivation cri tergﬁg conprises at |east one of the
foilowing criteria: a Yraxi mum nunber of objects to be

activated or 10deacti V%’%;Cﬁﬂﬁ%ﬁ&%mﬁ@éh{érﬁéﬂ mggtaﬁo@hgqgjw of@ape;

obj ect col our; 15object ran X1 mum a m ni mum nunber of
su;:cessl ve proédams 1 o8, flithiengoniprising, Her abjeast ohasubsequenitfrarse or user
sel ecti on.

Lot 8™ qontenid seanpeniates SESEVAE STFRHECoT AR DR o
deacti vati onqiils a set of deactivation criteria under a predetermined deactivation
5 rule.

15.A computer-implemented method according to claim 14,
wherein said set of deactivation criteria comprises at least one of the
following criteria:

- a maximum number of objects to be activated or
10 deactivated;
- object position;
- object size;
- object shape;
- obiject colour;
15 - object ranking;
- a maximum and/or minimum number of successive
previous frames during which the object has been active; or
- user selection.
16.A computer-implemented method according to claim 15,

20 wherein said deactivation rule is one of the following set of deactivation

rules:
- a forced deactivation rule which deactivates all active
objects fulfilling said set of deactivation criteria;
- a ranked deactivation rule which deactivates an object
25 fulfilling said set of deactivation criteria only if an inactive

object is activated;

- a simple deactivation rule which deactivates an object
which best fulfils said set of deactivation criteria;

- a simple swap activation rule which deactivates an object if

30 another, inactive object associated to it is activated; or



rules: a forced deactivation rule which deactivates all active objects
fulfilling said set of deactivation criteria; a ranked deactivation
rul e which deactivates an object 25fulfilling said set of deactivation
criteria only if an inactive object is activated; a sinple deactivation

rul e which deactivates an object which best fulfils said set of
deactivation criteri a; a sinple swap activation rule which
deactivates an object if 30another, i et i ve obj ect associated to it is
activated; or -39 - - adfitasivapaBacifafibhY AllbOWhidH QiaMetigdtedeant i vates
an object if it contacts another, inactive but preactivated object. 17. A
conput er - r eadabl e dat aohjectritiy eontestamnalbet inadtivg beb ppradivatedeehjeab| e

instructions for carryj ut C ter- i npl enent ed et hod . ording to
any one of the previ oyfsﬂglng&ei'gé%]@g%ﬁﬁ?@rsqg@teem %r%ﬁ@ﬂgéé as to
igrry out a PIPUHEeexeEibBRENIrREUEBOMDT fOE C afiyMg t eudnya orenefutéf-aims 1 to
' 5 implemented method according to any one of the previous claims.
18.A computer system programmed so as to carry out a

computer-implemented method according to any one of claims 1 to 16.



