-1 - "Tracking nethod" TECHN 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 ngoaopioseiszarray, wherein a depth val ue is assoecatrpdoive@7@ach

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 inmaging device and conprising a sequence of
successi ve franes, 15each frame 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 - “Tracki Mig&gnna, S. Jabri, Z. Duric and
H Wechsl er, "Tracking G oups of ) er Vision and | mage

Under st andi ng, 2000.
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 sequence,
using the Harris cormner detector and the Lucas-Kanade tracker. However,
20 since this method is applied on a bidimensional video s'equence 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:



F. Brenond and M Thonnat, "Tracking nmultiple nonrigid objects in video
sequences"”, |IEEE Trans. On GCrcuits and Systens for 5 Video Techni ques,
1998. WO 2011/0802821 Haritaoglu, "A Real Tinme System f orchatresiviooss2and
Tracki ng of Peopl e and Recogni zing Their Activities", University of

Maryl and, 1998. G Pingali, Y. Jean and A. Opal ach, "Ball
Tracking and 10 Virtual Replays for Innovative Tennis Broadcasts", 15th
Int. Conference on Pattern Recogniti on._o_ However, since these
tracki ng nethods are carried out on 2D video sequences w thout any direct
pi xel depth informationS. Mokennge S alaiveinZe Dwicrmnxiaﬁséﬁsléblysleli Ml takingsi nce

B L B
instance in Internationgl gratRink éﬁ@'McalfHdehawﬂﬁgékuﬁé&%@ﬁrplé GhorpRid3D

i magi ng systens providing video sequences wherein a depth value is
associ at ed t oobjgets i xideoosequericest, dEE Soats. 00 r@mushsgaMtSy@tBrgerfer ates

nore and re ef.ul. p05| nal information about a tracked object than
one basedn% Bﬁfeéqu'?e?%q :??gonal i mages. In particular, the use of 3D

i magi ng systens facilitptiggritaBgludi Scr REENALIRN Hiptameford WareEMmnd
background. However, the disclosed nmethod does not address the problem of

tracki ng nore IfaRindrd Hesoela ,anshResogmizing cTneiF Astties’, Anivemdki 8 an

obj ect at Ieama %H %éé/ occl uded by another object in the field of view
of the 3D inmagin r@ systeém’ In WD 2008/ 128568, a nethod for recognising a

vol ume wi thin three-di mensPingali, ¥pakan andi ACI@;saidc}n n“Bdﬂl dhacking and

t hree- dlnen3|onal i mage data conprises a plurality oints wthin the

t hr ee- di mb s‘?ﬁgéys Torelnaoysiivet Jeppis Bragsicas 1\% It ch-gaieEenGes

30sel ect ed as F'%ﬂfe’?ﬁ F%fcopﬁft%h?St The points within the selected cluster
are re-groupe |nto su usters, each of which having a centroid and a -
3 - volune associ at ed wHblvevee siece thesh tré‘ekingohdthodarer‘eecardﬂdemﬂemh to form

a network indirative of an object and the extremtje ntified as
being a centr ﬁ) videg: s ?%U%Qﬁﬁ#e&@‘bau{]@%ﬁyf n8! rd&pﬁ% ﬁ ﬁond“FF’éF
tracking met hg@ﬁoHﬁbrﬁ& @néb@%r%qmge%inc@uﬁn bgﬂ‘hefnt’éﬂont @aﬁdﬁﬂ;ﬁss the
occl usi on probl em have been di scl’osed ayerjani and C. Wen in

" Real - Ti nid 3Dbgrgskdmy ethet nbjema’érnbtﬂgawch asomlouff shansyer ’E%tﬁi’91996 and by
K o S0P and - BT L e RS iy BRS80S BERARReL 7
10A nunber of petditr APplichtisrr WODEOS 128568 s<6d uski BD imaging systems

providing video sequences wherein a depth value is associated 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 mrenyoebiidsestbri cal Engi neeri ng and Conput er Sci eneerafp2é10@7ddpi versity
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 Internatiopal Conference on Conputer Vision,
2001; 1. Haritaoglu, D. Harwood and L. vis in "Hydra: Miltiple People

Det ecti on andv&ua@(émciatwwmp cemi2 . \Celdmidsicaribd coroectdd®Ofori8.  Khan

and M Shah in Trackl Peopl e in Presence of Occl u i.an Conference
on Conputer \RSIH K ssheative, R aoRbigR0 B80\heLeg e R AT \s@ﬂﬁ%%ase _
Tracking Usi no SLARAIARER R0Fhe a3 SR JRRRLetRbEr | Nt e nationa

Conf erence on ecogni tion, Senior, A Hampapur, L.M
25 Brown, Y. Tian, S. P@tﬁea[ntraciangl rReterSBuBIrg i3 Vldﬂmeaeauem%dbluts for

Qccl usi on ndl i 2nd, I nterpati on Prefo nce, Eval uati on
e O e B Sk e Rl AR50, 0 Ereh ofmpcsy Fualuati on
addr essi ng thA§e|‘B‘é%H§hIOQn@r@bWr@h FOVRY AL TinRsS 3@1 rradi@ss JrethBodanpine based
on 2D or stereo vided sequences co?rl sing 30only bidi nensional pixel

arrays wt houBod}n”y Pd@@tfbf lonaoe canmel 9&)@1ﬁdpwﬁn@ésqnsam iri- Baid].in “MOHIHQ

mer si ve. st obpihAdterkreRd EREREEh e uBhE RRiat oS 1 S Al ShBRE  To0o:
R T. Collins, Phcl imbpaithitierstafidihg Wankehop, N9YA System for Vi deo
Surveill ance and Monitoring”, Proc. 8th International 5 Topical Meeting on

Roboti cs Hhd Renote Sysf\er?#mq&}Q@f wieer, diggloses, r@VeStaéiSif“?%ﬁe RhisRonmano,
dL L ti
sand L Lee BecbBpAT KRN X By b Ui s Hiau hof oRTILL Bt V1 o

Recogni ti on; EmrmFl Gabridl, &quéamu‘derly, JlﬁtueSt-leﬂ:aakaraamtj P\nd’f@&”ran in"

nter nat | STU G Bt ok Elsehicah Engasa b EIE GO Rp FHEER Of Yo,
di scl osed obj g tﬁrveié.gcéﬂ' ﬂ@ g%} qds ﬂ@?\gdm@ SalcOr BRIt 3¢ BNBtME pjebiovever ,

as a result, ein rrrat on a_val_ ) over the tracked object, i'n
parti cul atb whéradking gndehQnalusiondn Viileo Sequeaces’15Dan W t zner Hansen Mads

"G it or tracking wth & RSP PORL SaRErser PAona el EaRME IO Sori et y

Conf erence Onsé@rﬁ'éﬁﬁr‘iz{ pdcplenumi Fedlision’, RRrrUNGt IEPE Véihk siteatatiodtas cl osed
an obj ect tracking hod in which the Obj ects are al so tracked |nLa 20

honogr aphi ¢ planterence on; (ﬁOféqutﬁfﬁﬂﬁ'@WnQOQ'lelNHﬂ"Hﬂ@QWEpné'EﬁrW@@g
, |
Expectation Ml saty oganﬁ“ Aé qi@‘ﬁfé’t ior] tan Eﬁﬂg' "Rk dHopeat | Y

adapted for gesture r ed 0 jects re hunan users.
Leila Saly i, Videsa8uRailisance, aQGQQSMKh}mnamdhan Phahlis 0 Tpackien Pedpknirobj ect

tracking met hIg(rjesueshlcggofao%g)lu\é;o%}OAgle (fllu gﬁ erc\%ée 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 AW. Senior, A. Hampapur, L.M.

25 Brown, Y. Tian, 8. Pankanti and R. M. Bolle in “Appearance Models for

Occlusion Handling”, 2nd [nternational 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.



25 pi xel depth data in "Visual Tracking Using Col our Caneras and

Ti me- of Fl i ght Range | magi ng Sensors", Journal of Miltinmedia, Vol. 3, No. 2,
June 2008wyoHovwosersy this nmet hod, which uses a Monte- Car lpoTha@d’@arti cl e
filter” tracking nethod, also requires considerabl e data processing
resources. 30US 2006/ 239558 di scl oses a three-di nensional inmaging system

t hat produces an imge of a scene. Pixels within the inage of the - 5 -
scene are | abelled according to which object in the scene they are rel ated
to, and are assigned with a value. G oups of pixels having the sanme | abel
are grouped to form "blAbE' Bobakhetdldb “dberlddsladimd perceptliciliydrased obj ect .
Once the bl obs_ are.defined, the re nodel | ed gr antised intq, .5
variously shalp&@ PYWFB\/E@e@l}y@n&Qg egwgrprggn@r Tg%&pg PESSGQ% 8('“5?] ot her
predefined obEggisnrmidHth 18892 T SOBIINGN AANI MRtoR! afdVENiKdradeCiisperi ng of
pi xel s in the scene and their associated depth values are used to determ ne

whet her a pi x8ysteal dorg¥idep Supegiiansel and dViasit@ing’n Paee oBiaidernational t s

depth valye. Lf th ixel is af the s as i.gh N 10pi xel ,
't therof ot e 5oighdiEFRls (SneRebefiss 1R AL TOETE0 I ML

nei ghbouri ng girglonbetorstauffer, R. Romano, Wark7 1.181&e dhstligifgsadapiichod for
identifying and | ocating people and objects of interest in a scene by

sel ectivel y cirackiegitagclassity ape mpniser aritvfies dha sitegi GadPeier $PEBY" " wit hin
ocogni 1 on. STEEog N Gmpbihr Vshih afd WEERT RabniRA®es BEI 88141

Dl X6l 5 i { i Bl e ae df romes al vol Ut apr esent ot byt hoi mae.  The.
Cdent | £1 Gt i OAMETRETGEa0Pel SPNHaap| ERk IBiBRiad CCagetnenen Wieo
processing a &Hﬂ?i%lt%éﬁgﬁleﬂ b”QQoé,rgigb%sQﬁ%&qr&kwﬂ%%dson

process using t ree-di nensi onal dept ge and™a live depth
i mage so t hat basgd phxeltop-dowhesdeneevideptovwausgeas matesditf fher micimption cant |y

f the initial. three-di ' |, .depth im b ] t of the. Ki
| mage that comtalAe QUarIGar el pueEn i PREder ATTHENL RoRLE LRl Sor
"bl obs". The Raijte®! obs" are processed to identify to which person or object

each of the bl obs bel onlgs. SUMMARY OF THE I NVENTION - 6 - ]
15 an Witzner Hansen, Mads Syska Hansen, Martin

Kirschmeyer, Rasmus Larsen, and 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 tracking method in which the objects are also tracked in a
20 homographic plane, i.e. 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 Multimedia, 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 whiwb 20myosbs2appl i ed for gesture recognition. In pormrbedionssi, a
conput er -i npl enent ed net hod 5according to the invention conprises the

foll om ng steps: grouping into several regions at |east
sone of the pixels of each franme of a frane sequence conprising pixel depth
i nformation; grouping said regions intoglusters of interconnected

10r egi ons; and determning that at | east one cluster

whi ch is adj asmsme dre |labelidteacardiagdo whickaobjsot mi frerssieoadheyp Aoy sdatedn

bel t bj t tially | ud b Ld. .cl t i f id at
et Sone ol v 8hdrae BaSapBe DT Yalle: Grrotios R AElsiavife 13K ShmeabdLl ot or
15By "depth vgﬂegg'f?%éaé&g BEMUMISEST QAhapRBPERIEab&RIiRG teeBdHfFeratl Y to

t he plane of sa -di mensional projection, independently of the position
of an i magi ngohjest. @neeatiteublohy arai difinede thayeaie neslellgd ordpprtisedline i s the

di st ance a pixel fromthe i. i n evice, Therefare he dept hh val ue of
one clust o (uaaiRly 3hABtd ARttt 4 (S oF Trhloiss ) Bhathdfal Le
than the deptfredetingd objenotdiRh 44 BSibof 0dn BhiBAl oV & NeRiddatiuetdhiag
cluster) due to it being further away fromthe i magi ng device.

It is a furthek ptejsedt tie acreepard dngir iassepeierch depth) yalias am eegdtRat

bel t ' . Lal | ' i S it b
ot or i ned whieBarirEaiheera BEE) BRGNS harfellief oL8lel RARBRRnge' Y, 27
in said two- divitRnisi deysth g dethopi@nis hatre bageedepth pshavadigldsourimgn sai d

ot her cluster belong to a single object partially occluded by said other
cluster dkébenBiXgal 'bﬂ"%&fﬂé‘ssﬁl@lﬂj Fﬂ‘fbﬁ@med@%’@ﬂ agaihgeslugies Qi ‘{"Hicﬁ 'g‘e

pr edet er m ”Ednéi@HQSUMg E&e%el@ﬁﬁ@. 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 “blob” 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 hgo 28|doher cluster belong to a single objectcparkémdlobos2occl 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 indigidually or concurrently. Each one
of these two conditions may be applied as an 10 inclusive condition, so
that two cl uswhich r@liablgdreikdervenh partibly osglutied abgecty) andbjredltaricouslye
condition is fulfjlled, but this is ﬁtill ot excluded if the condition is
not ful filledPr éPfor@éEﬂnoﬁgo%yt 81 dRckEd ﬁﬁcgds FPanMext| TLese

condi tion, Meagnhde j : 's belong to a
si ngl e obj ect&ﬁ&%ﬁiﬂﬁﬁgbﬁ%\t@ﬁ#ﬁﬁﬁaﬁ bﬁﬁéﬂ(@gg? pié%tr‘fwfénﬁgﬁg?ﬂi cul ar 15
enbodi ment, each condi tinonramagmbosimget, sepacampuierdppieraentedc methast y and
excl usi Velfi/’ usi ng. di ff@rent t[.hreshol d vg‘_lu%il for inclusion and excl usion.
Wth this raf®$HGNGdPARG Hentign RMPrses Ihg rdlaving S65S r acki ng an obj ect

even when it is partially ocglougaty Mtoasldhar refibestat 1digtseor sfedieons
poki ng out from behind an occl uding cluster which can, through their

rel ative posi pixglss of beagte|frampeyof ighKeame oSeausncs: wemprigng inkelt deptd as
bel onging to ﬁf e%lf gl | y occluded object. Mreover, this is achieved with a
limted conpu ‘ﬁﬁ{ &Sour ce consunption and whil e providing, through the

clusters of interconnected rﬁgiutpmg saigakygionsnihty ohkiers of dnteezomnegidde 25
t hr ee- di nensi onal shape of the tracked objects. In contrast, US
2006/ 239568 aledens @ghe sane | abel to pixels within a scene in accordance

with their depth values. Thi §of@Ralsn hﬂ{atpia’fele%'spegﬁég' ﬂ@téro_vﬂj(ljélﬁ efent
sly be’i

di stinct objects within the scene can erroneou entified as being
one or the saawdjackptint anotheBcluster in a two-dimensidital prajeetid, belvagsderan fi ed

clusters are conpared. with dels to deternn et her | xel bel.ongs to
an obj ect t hanﬁﬁngg’amacﬁG@Ea by said other mugerﬁﬂ}?ﬁ*f%%@&@?_C?"f?ée’bi xel s
may be groupegag Bldephie $hRBiGHS! tEnAhNESRiid Bt il on al gorithm In
particular, in said vector quantization algorithm : in a

first frahe, the pixel sBymaidapth gralupedhonico he rungiessioodspngepth value

leader‘fO”OV\Eérpaeln Pcrullérwm to the plane of said two-dimensional projection,

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 to join clusters
that belong to a single partiaily 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 cther.



In a subsequent frame: 10a constrai ned K-nmeans algorithmis used to group
pi xels into the regions of a previous franme, wherein a distance constraint

i s used twoestlgse2pi xel s beyond a predeterm ned di st anger@peéiromdreent roid
of any of these regions; a |leader-follower algorithmis used to group
15any remmining pixels into newregions; if finally, a region of the
previous frame has not been assigned any pixel in this subsequent frane,
this region may be deleted, reducing the, nunber K by one. In particular, in
said | eader-follower algorithm 20 if a pixel is beyond said distance Q of
a region centroid, a nelnagalen besdaterained whetheetventiusters dhictustane K by

one; and if a plxel Is wthin said distan f a re on centroid, it is
assigned to t%aﬁ%'ﬂqyegb@ﬁ RS e HBler '%rﬁ?"gﬁ\é’gﬁﬁmq"‘?m BEPICEHRN @ r o d

updat ed accor her depth \]galu%st %Tla JHEASstbPbbR ‘ﬁ@rtoad Qﬁgietd%]'é@tr ovi des

a consi st ent |str| ut|o s into regions, i mul’t aneousl y
mai nt ai ni ng apanibiy anciudbd)bycsmémtmr ejusieudapéngingfont Wlaet’r@; iorat, leastsuri ng a

S e T NI R A S
connected in gukftrevEHABRNYitARRE StRECENe bof those two clusters over at least a
minimum length.
These two conditions may be applied individually or
concurrently. Each one of these two conditions may be applied as an
10 inclusive condition, so that fwo 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 also 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 values for inclusion and
exclusion.
With this tracking method it is thus possible to keep tracking
an object even when it is pariially 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.



-9 - at | east one pixel in one of those two regions,
and anot her pixel in the other one of those two regions are adjacent in a

t wo- di nenspeoalosprsej ecti on; and an average difference i pcaawpbévoiomspai rs of
adj acent 5 pixels of these two regions is bel ow said predeterm ned di stance

Adi . Two pi xels may be considered adjacent in a two-di nmensional
projection if they are within a predeterm ned distance in at |east one
direction in said two-dinensional projecgion. Wth these

criteria, several regions grouping pixels 10representing points of a single
body or several connectedUSo8irésdid ’Ema'tdentiﬁed lmdusjer@up&jcbnrlpar@d siithg| e

cluster. Even .nor dvant ageo in a subs nt frane,
may be det er iMRY§!S FadeETRNE P’@tﬁ%ﬂ ﬂd?'g% @8’?@3 it ag BH’ Gfﬁlf’z PRYDE pel ongs
to an existingc@lysger of interconnected regions which was already 15

present in said previous franme if it is connected in said three-di nensional
space to a region of safdvatbgeouslycthestpiels dnaydid greuwpachintagiegans east

paat ea 1 ki ngoTh 8 SBETnpudy RN AT, oY Pt g ool Yot

subsequent frqn@nnz%@ieﬁ\mgﬁmgﬁpusl y, a preferred enbodi rrent of a net hod
according to the invention nay n?rlse before grouping said pixels into
regi ons, anot her step of deletﬁn'@' fiiagne cHeh Pelman bsagroupedueic & each
pi xel whose d d nat | east a predeterm ned anmount
Ad2 froma dep va? 'HS Iggﬁgﬂﬁ)ﬂlggfeg%lgormpi xel in a reference 25 frane.
The foreground objects are thasuBQé@Ieeﬂfrfahwnthe background whi ch was

al ready pyresent in the reference frane, 'Q%CL&? reduci ngtthe conput i ng

requirenetfls of the corrput er i rrpl @n%‘?ﬂ%r@ Megnietlggtthm is used to
Advant ageous! y, sapfhfy HIRISSANERGE BBIMRCof & IHBAOREIERES V@A 2D
i magi ng devi ce cap uring a rea scene comput ér-i npl enent ed

tracking nethod acdistatioeg camsrttalm eleddsedento oéxctlhde i poait | beyory tthus be

used for real-ti rre | (}e?er?ncl}rle rc]jlsvtmaﬁge StABSFid of ang 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 conbroiizsosdtc. Even nore advant ageously, in thisperirpdowmniszpof the
5 invention, before the step of grouping the pixels into regions, a
coordinate transformati on may be carried out froma coordinate system
linked to the inaging device, to another coordinate systemlinked to a
point in said real-world scene. Wth thig_step, the pixel coordinates may
be transfornmed to another coordinate system sinplifying the subsequent 10
steps of the tracking net hodai least omedpirekeirbhé dfitbope deentegionse r@ridon.

A further object  of th?. resent invention js to nmanage oQbject. activation
and or deact | FBSERPIT hNSRINBE QI GH T BVO SR AS BRUACPALRI RST | east
one obj ect i”d%éﬁ&&?&lﬂir?ﬁ%ﬂﬁéﬁ)%d vi deo sequence conprising a sequence of
successi ve franes, eac rame ‘conprising a 15pi xel array, wherein a depth
val ue i s associated to each phxalerage difference in depiietithgdirscefoadjangnt o an

advant agequs enbpdiJtent of the invention r t hus f.urther comprise, for at
| east oneo$1_raPrB<e OlarY g%%%ﬂ%? 'Stetﬁeélo‘é/ts r@&‘?‘r}eﬁ‘?fé‘-"ﬁ‘é% fj\'lsé?'ﬂ nth obj ect in
said frame if it fulfilpwd fdixsé 78y Obe aGbh¥ider® Bdjakent ain andnaeti vating

a pre-activated object if it 20 fulfils a second set of activatjon
criteria undedimeniendtppiectien ihdwawats withinug eredpierminesk diséances inggt i vati on

criteria thus .a f1rst - L: T ubsequent activation of
pre-activat edle%%’} §E$§’"§8@‘5’Efﬁ‘| %ﬁgi‘gémeéﬁ'hhﬁ@’ﬁééﬁgﬁm pre-activated object
fulfils the second set Wwfithacthevat i@iterdd i tsvietal belgiorss og@upiie pixelsvati on
rul e. 25Advant ageous|y, said first set of activation criteria,  and/ or said
second sel0 of reRFeseAtidopPIats 9t $iRgivRoBopRteveEalaonnestad pdiesin shace
follow ng cri ha: [ objects to be activated or
deacti vat ed; %@B?g?u%%%!@?nﬁﬁ’g@%ﬂuﬁégl ze; obj ect noti on;

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 to 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 newiy 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 ailready 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 shape; object col our; a maxi mum nunber of
successi ve previous franes 5during which the object has been inactive; or
user sel ewbdI2011/080282 Advant ageousl y, sai d acti vatirap2e¢gioeosypy be
one of the followng set of activation rules: a forced activation rule

whi ch activates all pre- 10activated objects which fulfil the second set of

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

rul e whi ch acsystemefordnstabpe for inpuiinglinstastionaldridata gaiappieatsmg sieh of
activation criteria; . a sinpl.e swap activation .ru I ch
activates an Bbj {QEtekﬁ'fnpé%o‘f'ﬂ%? ,gaH&%’\?émg%“%% ‘&E[%c?'a\{'%%"ﬁ%”t?t Lé?gm
deactivated; controls, etc. an occlusion activation rule which activates an
object if it is or has been occluded by another object; or 20a contact swap
activation rul e which atyérvanees advebtagaousty,iin doat agbedinrenhaf, thecti ve

b Bt s oLy S B BRI ML B SR BRI, 2o
I nventi on. transformation may be carried out from a coordinate system linked to the
imaging device, to another coordinate system linked to a point in said
real-world scene. With this step, the pixel coordinates may be
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 sequence
comprising a sequence of successive frames, each frame comprising a

15  pixel array, wherein a depth value is associated to 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 acis as a first absolute filter.
The subsequent activation of pre-activated objects not 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;



25Even nore advant ageously, an enbodi nent of a nethod according to the

I nvention may al so conprise, for at |east one subsequent frane of said
sequence,we 28t1agodb deactivating a previously acti vat edpolpjrpedtoiofoski
fulfils a set of deactivation criteria under a predeterm ned deactivation
rule. 30Said set of deactivation criteria may conprise at |east one of the

followng criteria: - 12 - a maxi num nunber of objects to be
activated or deactivated; object positigg, object shape; 5object colour;
obj ect ranki ng; a maxi mum and/ or m ni num nunber of

successi ve previous framres dobjengmetionh the object has been active; or

user selection. 10Sai d deacti v.at{ on rule may be chosen from anong the
fol l owing: a forced deacti vaPPISAt $RARE whi ch deactivates all active objects
fulfilling said set of deact ki @hoGriteria;

- 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 possibilittes 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 fulfls 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
si npl e dewot2omaish®d® rul e which deactivates an object whipch/pesiv/ofoshf i1 s

said set of deactivation criteria; a sinple swap activation
rul e which deactivates an object if 20another, inactive object associated
toit is activated; or a contact swap deactivation rule

whi ch deactivates an object if it contagbs another, inactive but
preactivated object. The present invention also relates to a

conput er -readabl e dat a st or agemainumm comber sifngbjectypin dre exteatedbbre
instructions for 25 carrying out a nethod according to any one of the
embodi ment s ofie??ﬁé’q’[‘?ﬁﬁenti on, as well as to a conmputer systemwi th an input
for a three-di mensional _vi deg,zRfHE&EN.COMPri sing a sequence of successive
frames, each frame conprising a pixel array, wherein a depth value is
associ ated to each pixet, andbjecbghapared so as to carry out a conputer- 30
i npl enent met hod accordi ng Bo NYioone of the enbodi nents of the
invention.” - 13 - B © Jeﬁgc 88F1put er-readabl e data storage nedi uni,
it is meant any conput er-reaggjébg;@qua,rt containing digital data,

i ncluding, but not restricted to, a solid state nenory such as a random
access memory, a flash menor §, M@KinUPeL/Oh NYiNiRRDr JUMBEE ohisyecessMegnet i ¢

o % BB FRg e hebglPhay bR B ILIE Loe
OF THE DRAW NGS - user selection.
10 Said deactivation rule may be chosen from among the
following:
- a forced deactivation rule which deactivates all active
objects fulfilling said set of deactivation criteria;
- a ranked deactivation rule which deactivates an object
15 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
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 to any one of the embodiments of the

invention.



10These and ot her objects of the present invention will becone nore readily
apparent upon reading the follow ng detail ed description and upon reference

to the atweebagsotsawi ngs i n whi ch: Fig. 1 shpowxpaoioomivth a
human user standing in front of a 3D i mgi ng device; 15Fig. 2 shows
t hree-di nensi onal image data of the same room in the formof pixels
distributed in the three-di nensional space, as captured by the 3D i magi ng
system Fig. 3 shows a bid _ijgensi onal projection of a clipped
volume within said image data, and containing a cluster of interconnected
regi ons 20 groupi ng t heBpi‘sehputarrreadpbleddalg sorade nediam’uies meaet a
background elim nation; Figs. . 4A, 4B, and 4C show how c] usters
of inter conneéﬂ%@owt@n@%ﬁgl%m%cgwaﬁu%Q%Wgag‘%d’ﬂgﬁg'&g’ BH&”@{) vi deo
Sequence, a”dré:étﬂﬁeé t519%%1i@ <t %%@Fnoﬁ’{/ shEﬁ%fsCf’rﬂ §IdrRhdcRgs MeméR), a
representing one human user, and partially occluding another human user;
Figs. 6A, 6B fiash 8@rebywohawemd-oily eeemory bud adsr avaagoetimdatadestordgeat ed
using a position.criteria anﬁ s%gpl e,activation and .deactivati OEdr | es;
g g

14 - mediurg; ich 35 3 SKLAWYh By 2 MAANSEC dBPR ¢ N FRFCR i vat ed,

and a second gRjrggd niRAGh N(RheR MSbplcNefid bR criteria and contact swap
rul es; and Figs. 8A, 8B and 8C show how a first object is activated and 5

deactivated using position criteria and sinple activation and deactivation

rul es, and a second obj eﬁhléﬁﬁéﬁﬁgﬁe)WgF”?HB%hhb\ﬂﬂlC%i teria and a

ranked activation rule.

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

deactivation rules;



Wil e the present invention is susceptible of various nodifications and
alternative forns, specific enbodi nents thereof have 10 been shown by way

of exanplwoi2011td3esdr awi ngs and wi Il herein be descri bedpihi/gpes@iobos2] t
shoul d be understood, however, that it is not intended to limt the

I nvention to the particular forns disclosed, but on the contrary, the
intention is to cover all nodifications, equivalents and alternatives
falling within the scope of the invent i_gg_as expressed in the 15 appended

cl ai ms. DETAI LED DESCRI PTI ON OF THE | NVENTI ON One of the possible uses of
an enbodi nent of the 20FigenpAtarrd VBpiteve hbeda diogteahject mealyibeyaotinaied, and
conput er system according.to an enbodi nent of the invention is.illustrated
TR o 17wt Acsargp dhis PR dySRG PSin rek e Ah Soplky P ho
recognition of ddegestures of an object of interest, in this case a hunman
user 1, in order to interact with a conputer system 2 generating a virtual
envi ronment 25 di spl ayefigso8AhSB lamaedC sbow How Fifiesheljaciss mstvaiadtansh syst em

conpri ses 3D i Lng system..in thi.s particul ar.enbodi Ao

1o of <119 gnietaruRIsaSta s otia ARisile HeuP R il deafivation (o «ne
conputer systgeg uhd M HaiceRdt Bisiebl i@actested] ubingt Posifid R @Réria land 1l s _
enbodi ment, this conputer system30 2 is itself programmed to carry out, in
cooper at i on wartkedrastiva@orsmileanera 3, the vol ume recognition method of the

i nvention. Alternatively,. - 15 - p > daf a L ng. deyi
programmed to carry outwgélgdﬂ?‘r%t a%eéegguﬁ&ghgorgofﬁnegg{sgéﬁ%g%wgfen@i{'}r'\e OF 3D
camera and t hgyoeifreatibes asidsaleemativ® faisnd, osprvifid entboelirhemtenthessof have nt er act
with said cor‘rBut er system 2. . . . .

10 een shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that it is not
intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents and
alternatives falling within the scope of the invention as expressed in the

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
interact 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



5The TOF 3D canera 3 captures successive frames conprising 3D i mage data of
the room4 in which the human user 1 stands, conprising a 2D pixel array
and a depwb 29alogeshor each pi xel correspondi ng t he di st eogapbeotohd21OF 3D
canera 3 of the point inaged by that pixel. Since the vertical and

hori zontal positions of the pixels in 10 the 2D pi xel array thensel ves
correspond to zenith and azimuth angles of the points they represent with
respect to the TOF 3D canera 3, each fraee can be illustrated as in Fig. 2
by a three-di nmensional cloud of pixels 3 corresponding to visible points of
the objects isepanae dafa phecetifg3dedeanpragramméd Hesmrguoskesaidveethaghes form

a t hree-di nensi vi deo se ence ansmtted tq th t
system 2. In 8°‘FIH é? %qr@recte(gq giue ng%hggg %\{)t fRe 5%%(5“1 g?ﬁ) il gt::n 3
transforms thg %Q%Pﬁe? 054 %d Qﬁéblbe(h@tﬁdfﬁaﬁ Qsbh & fRsRIcRwith 4di€ computer

t hr ee- di nensi oha oud of pixels 5 of each franme in the video sequence
i nto coordi nasgsterm2.a coordi nate 20 system 6 anchored in the scene. This

coordi nate_system 6 co i S hree orthog Xes: | at I is X a
dept h axi LY, and a hei"gﬁ? j@ﬁs éﬁ ARE4 ﬁ{] CaplUifgy t%400%§ %ef%ﬁe;s to
elimnate frogyipasingasp dﬁtﬁ@f&hé%owhmm wsdH the iremban niser mation is
avai l abl e, or which may be due to sensor noise. 25In a subsequent step t he

pi xel s 5 i n eal@ndsr samprisinde8pdAdPiNg atay akredepibkyribaner machaprixe! be

Frame wi th onPyTERE IR G dIbkAtGR 1 8 BB & cRiRn 8Pt ot R
threshol d di shankgt k@l i Sinsaitide deptidal @xdshdfizontan ;aosmnsrrespmm@lqmmel in

the reference 30 frane is subtracted fromthe image. Alternativ
however - T Sthe 208! g5 JhBTHE MeB RSTRSPREY 1P REPER AN G2 FRTPATRS of

O oY PR ol PEoGRLS! S REEKOIOMY TOF UENCalE 3, cnch

resul ti ng i mafranmeagyarbbe diusppestl &9 iraFgralbyea tivebwdimensional 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



5conprising the remai ning pixels 5. Those remai ning pixels 5
are then grouped by the data processor into a plurality of regions R in a

conput er weroryusomberein i =1, ..., K The pixels are adpamnimg®osisyr gr ouped
using a vector quantization algorithmas follows: 10ln a first franme of the
vi deo sequence, the pixels are grouped into K regions using a

| eader-follower algorithm In this algorithm if a pixel is beyond said

di stance Q of a region centroid, a new_ yggion is created, increnenting the
nunber K by one; and if a pixel is within said distance Q of a region
centroid, it backassiughesmboal inay insteadbeeppdominad) dyeanamally dydupdedingosi ti on
of the centroid updated accordingly. Thus, starting froma first pixel in
said first frﬁ}?eﬁefgﬁﬁﬁ%bﬁékgré’@f‘gﬁ" WRE. peen created (K=0), a first

region is created, Ki s§ﬁg%eeqqﬁmk gﬁ ?E“;er ddfeePesd tdaa gfodelggir@ent roid

of this first region w first pixel. For the next 7pixel,

if it is wthieguireimkerdssthenmesulfngfimage ray die clippasi toed smalleniviolunpe
[ ncorporatid into the éi rst region ﬂs(r;%et he position of the centroid of the
first regihn GRTPIEREIHE remainigg pie ver beyond said distance Q a new

region will be created pRgd BindiniRg FigélseslU@t fHent Wouped by the data | n each
subsequent frane, a constrained K-neans algorithmis first used to group at

| east sone of ptdvespdix#ite.a Phisality refaegionssRairg8rGamphies REMPEYe vEigIew

algorithmin which, gfter definingt AT jtions & O

centroids of wregi’oﬁs,f%i%'ﬁelle’na%ig&@ggéeéééﬁ?“}to%ié@%i%sf%%a%/e\} Z%rn
det er m ned foaugnﬁgaemhcg@oﬁtﬁmfdu@mfder to introduce a degree of tenporal
coherence, each pixel j of a set of N pixels is first associated to a

region Rs1®f said K regitos figdsfighg «f Bip tilecegearrBee. Jte PiXelargarin( |, K
'ItDIhe- zli%)ov;amgt %onu(?(?dcg%trodi'(na isysglt%rﬁ%. bf#}é%rﬂ&?gﬁrﬁ%&@g}tﬁ@gnm )r(tgllisnledl "
K- means al gor alganithrh hid sepirébkie lbeyehd chiddistdregol dbf safegiqr eeletrad nd mesw
di stance Q fr_om_a centroid are %e%%inuqﬁgsglﬁgggf K5 fto%[e_ g%\éi RY, allXIePcl:Sat ed
each pixel j=I1eQPR ds SFeatsel, dKrgmrnting y one; P
within said distance Q of a region centroid, it is assigned to the
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 incorporated 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:

min(|P, -C,)

..... K

30 § = arg
i=1



regions, the positions C, of the centroids of those K regions are updated
by calculating the position of the centre of mass of the pixels allocated
to each rngpi201v086f8d C = n 10wherein n is the nunber of pexalrsomlob@ent ed to
regi on R1. These two steps may then be carried out iteratively
until converging on a stable allocation of pixels into K regions. Then,
the pixels | eft unassigned can be grouped into new regions using the sane
abovenentioned | eader- 15 follower algqrithmin which if a pixel is beyond
said distance Q of a region centroid, a newregion is created, increnmenting
the nunber K by one; andhifeia [;xa$ itlse Wipidsitionsaofd thest piree Q of ther egi on

centroid, it is assigned to the correspondi ng. region, and the position of
the 20centr oi abam?@t!pr&dc@;@atwtﬁ.systgm 6! thisgnﬂrﬁfam'ﬁp,conﬁt@ﬂﬁag'%bn of
the K regionsj e Y thidd R i h@Nefq ttebbidrmitdd S
frame, this r(raﬁgelsac?lr? Efgoﬁgﬂ?ﬂ,eit%c‘t%gj, re%lﬁ@?ﬁﬁg %%Iebgzﬁber K b@egﬁgﬁﬁﬁy

resul ting set dstanegdrem A, ceniroad Braaleft ursmssignesit rated in Fig. 253.

The next step for each a i.nvol ves the creati.on of reqgi on adj, acency
graph (RAG . "and or oupi RSt REVREGIBREteH Sach el 63 or o Geah S K moct e
regions in a ¢ heBIRIohs & Sadha ﬁ@%@ﬁ%h%b%%@@ﬁs%ﬂéhpﬁ%od €gl ons

Ra, Rb (wherein"a and b are two different - ers between and K)
ar e connect edbycalduating be-phsitiors pbihel cantegcef mags of the pixels allocated to
each region:
2.,
C =2f
' H
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 R, Ry (wherein a and b are two different



at | east one pixel in region Ra and another pixel in region Rb are adjacent
in a two-di nensional projection on the X-Z plane; 5 and an average

di fferenogoi20119pish i n the Y axis in pairs of adjacent picxalpsoofo7éshese two
regions Ra, Rb is below a predeterm ned di stance Adi. Two
pi xel s are consi dered adjacent in a two-di nensional 10projection 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 Ra, Rb
have pixels adjacent in a projection on the X-Z plane, but the average

di fference i nndembiehs dietivben el pand sKpfaradgamentediinethe tlwebelimedsioanh
predeterm ned di stance Adi, the 15 regions Ra and Rb may be fl agged as
probably conn&B®&.MIn this case, whether to group theminto a single

cluster Bo as interconnected f g a i ol
o o g?'bae”gbkeﬂﬁp?é&oﬁm af@taRithédgi gmp

criteria. ters BoIs create |na |rst frame,
each cluster ragion ;Rgrarmaﬂ_]aeerﬁen eofwa-dineensiomal qrej@ctieg ioorthe Xdr planbsequent
20 frames,_a new region RO will be incorporated into an existing cluster Bo
if it is c%nn@ﬁ'f’ed either directly, or through at |east another region Rd,

to a region of the existing Qth'ife%g?@@lffeTQh& irﬁdseﬁﬁh%eefd a5 i ﬁé\fsa _
processor executing the follow ng algorithm For each region Ri: If it

was al r eady po‘éeémenhpv(ae pir aneseutwor regiens RadRb hmbehmecmredetserw%
exi sting clus Sk hen consi dering tenporal coherence, an indicator
"di stance (R 6[4\1 di stance of R, to the cluster to which it belongs is

set to zero, an i ndl cat Pivo" piRERChrd BhhsidersdadjarenBaii ,a avd-dinensional
stored in a list H sorted by increasing value of "di stance (R

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, Rp 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 Ad4, 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 subseguent

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 (R)”.

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



30-
to

| f not,
" NULL" .

distance (R )" is set to "INFINITE", and "object (R" is set

19 - Then, as long as the list His not enptied, repeat:

Extract fwonoiiwoisest H the region Rh with the | owest vatwgpediojonshcat or
"di stance (Rh)". For each region R' neighbouring region Rh: 5 Calculate d
di stance (Rh) + distanceRAG (Rh, RA wherein distanceRAG (Rh, R )=0if Rh

and R are connected,

and di stanceRAG (Rh, RV)=INFINITE if Rh and R, are

not connected; and |f d < distance (R,_)1'9_100 Set the value of "distance
(R )" to the value of d; Set the value of "object (R')" to the val ue of

"object (Rh)"; and if Then,rasgiong aR thedishdtis not empticd], repeall | nsert it

H

then extracgt it

Cfth : R i : ) .
! © reg ci’-_nxtra’ct Ifrsc'Jmal[hreeﬁlsc{yH Iti‘rlle lrégsign r with the lowest value (1)15 fnrdcl)cngtcljr

10

15

20

25

30

“distance (R)".
- For each region R, neighbouring region Re:

» Calculate d = distance (Ry) + distanceRAG (R, Ry), wherein
distanceRAG (R, R\)=0 if R, and R, are connected, and
distanceRAG (R;, Ry)=INFINITE if Ry and R, are not
connected; and

» Ifd <distance (Ry):

o Set the value of “distance (R,)" to the value of d;

o Set the value of “object (Ry)’ to the value of
“object (Ry)"; and

o if the 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
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 Iillustrate this
transition between two successive frames:

In the first frame shown in Fig. 4A, two clusters B and By
are present. By comprises the interconnected regions R4, Rz, Rs, R4, Rs,
and Rg, whereas B; comprises the interconnected regions Rz, Rg, R, Rip,
and Rq4. In the next frame, illustrated in Fig. 4B, By and B, are still
present, but R; has disappeared. On the other hand, new regions Ry,
R13, R14, R1s, R1s, and R47 have appeared. R;; is connected to region Rg
of cluster B4, Rq3 is connected to region Ryq of cluster By, and Rq4 is
connected to Rya. Rys, Ry, and R4z are interconnected, but do not
connect to any other region or cluster. Thus, as can be seen in Fig. 4C,
Ri2 will be incorporated into cluster By, R4z and Ri4 will be incorporated

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

into



After all regions which can be connected to existing clusters have thus
been incorporated into them any remaining regions are checked for

connect i one,20aM@oRadi ti onal clusters incorporating suchptegiposnsagse: Cr eat ed
if necessary. Figs. 4A, 4B, and 4C illustrate this 20 transition between
two successive franes: In the first frame shown in Fig. 4A, two
clusters Bl and B2 are present. Bl conprises the interconnected regions R1,
R2, R3, R4, R5, and R6, whereas B2 comphphses the interconnected regions R7,
R8, R9, R101 and R11l. In the next frane, illustrated in Fig. 4B, Bl and B2
are still 25 present, blat ti& res stepappetuster rﬁhtiom@iptg@phhéﬁﬂﬁ)nisw

i R121 R13, R14 ted t
fegion R6 of e¥ab @}eog.ﬁmﬁ& s dutets pOBRER R P imBatenats. Cand
R14 is Conneceﬁ@eﬂ%n%@theﬁﬁz rpﬁﬁeu tﬁQﬂisR%:@H éabiﬁ‘fcéﬁﬁﬂ@%%{ ReioWiithdo not

connect to an region o ster. Thus, as can be seen 1n Fi % 4C,
30R12 wi || beai feast poeapixel adjaseot i irs tee wa-gimenmsignainprofection o the X-

ncorPorted LAk 8lTast i oaBeh P 5151 AU B PO DAY, St

(CRG) is est ajlfirshiggle of ink tigyedRBD denrcttioh” CiHeH, phis 2 cReEE whersin
t wo- di mensi onal projection on the X-Z plane that is, which each conpri ses

a region withbeth Fhistars digvepaxelD sgnaeshen’i finkg te v -coMmraaR | neigbytidect i on
the X-Z 5 | | ust
on the %2 SHLADE A, Ayl CoShoRle LIS A 581 AR 1 G V50

cl usters wher geighboul) sfldugitieinsa baadetermla@dcmﬂaacéwm oflgank dtheainctimmon
nei ghbourl ng cluster, but have . a deéth val ue hi hergﬁp%’ht hat of the common
nei ghbour 0 andlenineais ate frkedndina peerns Yps i dnkiag FORIGHEALIeN ¢ he 10

depth axis, are |inked wj i@ mg%gm %Yﬁ@orﬂfec'tétﬂ%” ﬁﬂ@ﬁ&’ssdﬁgb% e abl e”.

Clusters Ilnked by " 3D connecta | inks possibly bel'ong to an obj ect
partial ly occhndebijeby pamtallyerocobidedt by epnethent @getly represeniedmbyntivesi ghbour .

To deternine whether they should indeed b td h, oth
bl ongi ng 1o SOBITHG gl T2 WEETL WA BRECRSY SNGY ol Rel T o

"stackabl e” i Bss@igtelVRy @aﬁﬁnéﬂhféﬁaés P Rfifid qa at Qiﬂgié %bjé@ﬂe'ith%r tHdrey
overlap with each other in at |east one axis of sai di mensi onal

proj ecti oth byclaQCHeeiawheféJem‘thﬁmm isdactable’'dn aaedng'd%dﬁﬁeinSIOﬂaiepr@@lCu@ﬂof t he

" Chat axi 5. a0 VFERE Lo R g bheL 17 F 5t o, iElos Bid °not”

connect abl e" gldlgirRessibRaltgrafectish by at least a mlnlmurﬁlr@rméhzéwmm ogxampl e in
which a frame_shows a set of clusters Bl, B2 and B5 reg Fehentlng
e

two objects, mhAgeYalue of thesnornatized Sueriep |§ﬂﬂtha059élenlﬂ’hﬁ[ﬁfﬁn u
tiall
Eﬁ(rjelrgt ogdofﬁgpg@ﬁteéo%\fée@ncegg# TH{E%%@P&H‘T&E@%Y&U@? of I n ﬁ%ﬁ?f of the

second hud@n tieetwdJBetbrmddtalelky cllistard s tHataxsecond human user U2 into
clusters B2, B3, B4, anlgig % Since the cluster B4, and B 2]g;\re al |
1

adj acent to the cluster FNAVH i FEHEPIEHE) wﬁl,cg %érlap%shﬂw?t?e pl ane,
and their ave&@gferé@ I3, 'EQ Bt}eak{daag foRESorifRERM bofertd, Aimall,. Blirgy more

than a m ni num |stance
human user U and a second human user U, partially occluded by the
first human user U,. It will readily be understood that the presence of the
25  first human user U; in front of the second human user U, effectively
divides the second human user U, into clusters B;, B, Bs, and Bs. Since
the clusters B,, Bs, B4, and Bs are all adjacent to the cluster By 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



30can be linked with Bl by "2D connection” links 7. Since they are also -
21 - within a predeterm ned range fromeach other in the depth axis Y, they
can be | iwbeditt@omach other with "3D connectabl e" | i nksp8T/EP2010/070821 I n
the next step, it is thus checked whether those clusters B2, B3, B4, and B5
i nked by links 8 of the "3D connectable” type also 5 overlap with each
other in at |east one axis of said two-di nensional projection by at |east a
m ni mum normal i zed length min. In the iblkustrated exanple, B3 overlaps with
B2 by a sufficient normalized length ox(3,2)> omin in the X axis, and B4
and B5 al so owithinap puedétermésgkrnigeetrgm B2chantheB3n thg deapftl iaxiseMt they mal i zed

| engt hs o0z(4, 2)>, orn nd o 3) > n1 inth 10 The normalized
overl ap Iengtﬁ %Q&é’”&?d&(eém%’at%() Epﬂn@%?é i(mfssst he overlap of B3
with B2 inthe X axis aWtHeXﬁektSsthelth@rtHE@ chbcke Whelther thod¥i Austdhe
normal i zed overlap | ength o z( zj Ir‘& £ f-z4 wherein OZ(42) is the

¥, ing/do DY

overl ap of B4bBw Bh, B2 ahdtBBelllﬂ(@:b( thei"'SDx nennegigele” dypsBalsc the Z

S5 o T o MRS TP R R, 5o s S B e

of B5 in the Zrakttion by at least a minianthosi&zedB8ngthRSe,,,B4n th@dluBiratan t hus
be assigned in the conputer mem)r% to a single object U2 partially occl uded
73

by anot her ob}eé@mp@l %&Vﬁ'ﬁ@ﬁ#@tﬁ btB@f@@lemnormwéengihtq»m)a Phiust r at ed
nbod | d
gongi Ingfinz)n \U\ﬁ@%@f%%sggﬁge% é’r{PA gég?%&h \f&ta%g%@lpu'% r S bgf %ﬁea'j{bgg 53an| e

object if t heyuﬁmuemhofmhtﬂzdd leayihsanndi>t opnand blg@wrm.y, |n|tlme Zlam native
enbodi nents, be used |ng gendentl from each ot her, I?ar allel to each
d3s

other. Each one of thes wBoRRRITRed; SMeriaRylepgth 6@(33}5943@& WheTeHt | usi ve
condition, Sodalis'the o%ﬁ?bgfffae,ﬁg.ﬁq RO Kok anbal OROHe9eAgH Sidbe obi ect

if the condltlo fulfi |s Is stil not “ex c uded” | f
condition is imothed K Bikis| die Eawmalzeddovearap lemgthever dyeanﬂé.&aat\ethea'ppl i ed

el usi velY g Sxgl g Bt of By Vbl LR A S ARl PO Bct Lot
new CRG and fjq $he Cheblis. PRaNg, tHe rabMearEntidvened leegth G%S)H@a;g;’i[‘z\é, 22 -
15 wherein Oys3) is the overlap of Bs with Bs in the Z axis, and Lz is the
length of Bs in the Z axis.
The clusters B, B, B4, and Bs can thus be assigned in the
computer memory to a single object U, partially occluded by another
object U; comprising the cluster By.
20 While in this illustrated embodiment, 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



new clusters nmay be assigned to an existing object. Then it will check,
using the sanme test, whether any remai ning new clusters may be grouped into
a new objwot2i1/spisoral ity of objects can thus be trackegctrmrosghost: t he 5
frame -sequence, even when one of the objects is partially occluded by

anot her one. Such objects nmay be fixed or nobile. Wien this object-tracking
method is used for interacting with a conputer application, such as a video
gane, a sinmulation, or a virtual reality-application, each one of the
tracked objects may be activated and/or deactivated according to 10vari ous
sets of acti vaeworilistess mayabemassighacetd anaanisting object. oiete dowill vateickn rul es.
In a particul ar. enhodi nent of thﬁgﬁ{eﬁsent i hvention, met.hod for tracking

at | east an oHF‘é‘gt % an%‘:éqtﬁéhc r A ERAORY P&H‘g C&%ﬁsi @% be pi xel

array, wherei graupgdeiihtd ¥ abWegbjsctassoci ated to 15 each pixel, also
conprises, for at |east one frame, the steps of pre-activating an object in

said frame if it fulfild pluralitgtofsehjeets ean ithg ibentrackad thrpughautadia vat i ng

inder a priodelrfi Redoelses ehakhbhies® BFERCPUBRLS R nATe BreiRsi pL 0"
conprise, forapbtheeasie. Bt ObfEdls SAE e fii@d@r%osi@é.d\l\ﬂﬁmuﬁﬂ@&)bg@ctﬂ ep of
deactivating a previously activated object if it fulfils a set o

deacti vati on HarFkipgiraeiiedds usedfan biterasting qvithea comrutteappligadion, such

The first set ,of i i 0 i Vi i %@1 e

fol | ow ng: 25&%jae@§é%§gmé?o%n:§ﬂﬁﬁdlﬁhl S \f'gg%ﬁegﬁ n@pl%ﬁﬁ?rlgc ed %{Iﬁ éﬁt wi ||
t hus be pre- athle wracked i dbjedisi mawi bdiactisaicer sadfor radeativatedpascdrding taange
with respect to.(or even in contact with) a_nobile reference, such as for
st ance Thot HEHOR selec aBj@deniicariyaton fidHaatk AehAsondEactvation

Cbj ect size: Ykd this requirenent, a tracked object will thus 30 be
pre-activated 1f it has at | east a predeterm ned m ni mum si ze and/ or at

nmost a predetern ned mali rumpasiiadan reraedimend, ofothe resenti mevesitions.a - 23 -
Qbj ect notion; a, tracked object wll thus b

oreacti vat ed e PotBei@8ae! BT 3piechdr & sfRLEin A AART: P8 and) or
at nost a pregghR BbMpAsgXA IPBINata R whérielh BegaRthtvdlGe a8 dseasibtelN®d
previous franme in the seqguence.

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
predetérmined 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 will 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.



5Cbj ect shape: Wth this requirenent, a tracked object will thus be
preactivated if its shape can be matched to a predeterm ned pattern, such
as, for exemplimsom®2pattern representing a human body. pcT/EP2010/07082b] ect
colour: Wth this requirenent, a tracked object will thus be preactivated
If it contains one or several pixels with colour values 10 within a
predet er mi ned col our range. bj ect persistence: Wth this
requirement, a tracked object will thus-ae preactivated if it has been
tracked as active or inactive for at |east a m ni mum nunber and/or at nost
a maxi nrum nunber of sucObéfesitveotoreW\ithsthis eetpereniditis artracdesicobjent wWth thi s

' t, t ked ject wiJl th b ti dif it h b
o1 ovi ouSl y belis PROGEACHYAEH b Presanie il Bagt Scbleiseratlbgd ZaINmgR

instance, a " FRtRNCMAESE aV hiv'sPhre8eBIRted maximum motion VA rB¥peprer of
active objects: Wth this requirenent, a tracked object wll thus be

activated if ahieastobepredioustrame inbhesegueles 20 not exceed a

pr edet er mi ped maxi num . awalhins. second set of, activat.io iteria
< lsed 1 b con] unct i on QPiSetahae: R 1B EORREm RT3 6 PRRET Wik rmy
be, for instamug ba preaepshtagtif Viat sigdpd WbR WdireAtched | tvak gsredblermined
pre-activated objects which fulfil the second set of activation criteria, a
ranked acti vaPp#@r sueh @gi (o examplextepatian rgaresigneg afiiman bedY. sai d second
set of activation crite | f L | ' g%t' - o a
sinmple activation rule %’feccﬁrugg?qrvgt@@%qﬁ'%eeégyﬂgg\%&?‘a%%g ] e?t éﬁﬁ\%ﬁfgﬂl best
fulfil said sdasise pedaghizat@eltif it Zontaing bhearisgversl pixal withvwiowoldlyed | on

rul e which_ acti \Aat es[élcreégrbrgaiect i f another active object associated to it is

deact i vat &8, #iHhEL2P Red\PRIQUWHaRYE e whi ch 30activates an object if it
I's or has been occl uded | 8@ oo - AC

activation rule which agﬁ’evcg{bggag%nggj gﬁh Frﬁé ir?qlgroenrﬁé;%tf § gﬁ%ﬁ%?ﬁﬁ%ﬂ ve

obj ect. will thus be preactivated if it has been tracked as active or inactive for at

least a minimum number and/or at most a maximum number of
successive previous frames.

15 User selection: 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 fulfilling 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 occluded by another object, or a



The set of deactivation criteria may conprise criteria anal ogous to those
of the second set of activation criteria. It may also 5 conprise an object
ranki ng owotefi@mszwhi ch will allow deactivation of an actipeeoohy®ei i f the
object's ranking is below a m ninum The object ranking nay be determ ned,
for instance, by the order in which the set of active objects were
activated. The deactivation rule may be, for exanple, a forced 10
deactivation rule which deactivates all ogctive objects fulfilling said set
of deactivation criteria, a ranked deactivation rule which deactivates an
obj ect ful fil tomtgetsainaps ettivdtictheaglei whidhomctivateer aa kgt iff itacontaetst i ve
object is activated, a sinple deactivation rule which deactivates an object
whi ch best fuRRPteT 36ie Q¥EChi deactivation criteria, a sinple swap

activation rule 15 whi théjeg%# lofaligaciLtRRl fiterid J@Q?t B8Mpki8ac Llitefia0b) ect

associated to it is activat or a contact swap activation rule which
deact i vat es aanalbgeus to fthose obribacesondatdiaf aatinatiow eritaria. dt smayc aiseat ed

obj ect. . Varj.ous scenari.ps. are thus . avail abl e,. depending on the
conbi nati oh of°BBHPY &Y B}i’ief&ﬁfﬁ ff'&&'@i"oﬁ"mﬁt}_f %‘f?go‘%{n‘gearcm’@@&_' 2688t
instance, in Bife 6HjcrD iPMHhEDbjdlrs Fariings EBIeR Bamimmuss etthel dbjact
pre-activated state,”a circle 10 centred around a fixed reference 11,
fulfilling a poking maydrd detenpingd foripstansei by thapedesdpavtictuihe get of
consequently activat.ed accordi.ng, to a sinple activation rule. In Fig. 6B,

t he obj ect u1? fﬁ’? @?%&d”?rﬁeacé'ivg@dg 10, but because the position criterion

25 for deactivation i s Phpogeadtvationyand niwe |y, 06r eixafiple,la fotcademai ns
active. Only when the object Ul exits a larger circle 12, as shown in Fig.

6C, it mal0 bedgeclivationtrule whiskr deariivatas all a6tive gbiests (uliilling sald set of

In Fig. 7A t j S .an t .l a IS, case,
the two obj ec??%%gb @ﬁha%r#é[’ﬁ %o%ne@éaﬁggggﬁﬁt@gp% i\&gf&hsg%%?tl\%ﬁﬁeaﬁ] 1 and
User 2. The L bbjett fudfilked stltl set cidsactivatiomctiteeaa ety i ciroinpetite bBjeckis n a
pre-activated state. Since the first object Ul fulfils a position, - 25 -
criterion for a@l’é\ﬁ’é?qhv%tﬁ"aﬁlev\ﬁq?%ﬂ“’l ongf dgpctivales ERaghipck! P‘lﬁJht

pre-act | vat edpaly fils shid SBYORBeAlARSHbN RiRdlil ileindle SHHLPALIVEIB rule

deactivation ru e other hand, since the second object U2 fulfils a
posi tion t&i twhicbhndéastivates antabjectvhaohthies ivastivecebject assaviateditodt isbj ect ,

Lare sums | sachaIR0 g 4P Racfs P80 LRBLUARR AR WhRH Rhctivhis aH'Soge ! ' 9
if it contacts another inactive but pre-activated object.
Various scenarios are thus available, depending on the
combination of activation and deactivation criteria and rules.

20 For instance, in Fig. A an object U,y 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 U4 is active, and the second object U,

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



In Fig. 7B, under the contract swap activation rule, when object U2 cones
into contact with object Ul, object U2 becones activated (as it was
i nacti ve wohbopr®oemeti vat ed) and obj ect ULl becones deact ipeatmpdoidPag2it 1S

now in contact with an activated object U2. In Fig. 8A a
first object Ul 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. This first ob'%gqt Ul is consequently activated
according to a sinple activation rule. second 15 object U2 which is not
wi t hin circl eciferivanfer rdesctisation edhid id-iiny.coBBactt Wigh farr s'nacxbikajeebut Wrei s now
outside circle 10. However, because thei&pup ion crlt?rion activation

is a positi onaﬁ%ﬁ% Ieet | by b feagtya en & fefiast Syep ac}g\yq ugh t he
second obj ect [dig ich R IR ﬁéﬁd vahed @l@dsé‘&drﬂ BbfécE CUgf fullfls &"siition I anked

activation rule, it can not be dctivated 20 while the Tirst object Ul
remai ns act i verite@ohyfontestivatien fwhich isispetact LWlth andaclive objest] lémllérbeem ting

act i vat o TndBROHFE YRk de e R RepAe e, Fné FESng BgiE i,

appreci ated t Radhds B p,?amgone obj ect may be activated at any one t| me if
the activation/deactivation rules allow. This 25 wll enable two or nore
users to interact withi Fite nender the gonisach onMap andiyatorirdigedVhSp t he

o e ne. BPBes b PSR ab B SRR T pblek kB Bl on
speci fic exeW(&@MNM@@W@bt.lﬁBre-tacwdtéd)bmcﬁmb}éenwtﬁmbnﬁ& degidtivated

nodi fi catl ons and changes ma e nade to these enbodi nents wi t hout
departing @roﬁﬁt‘%é@?"b‘&d@rﬂt@@dﬂ@@Taﬁh‘@tﬁﬁ@@iﬁqtéh as set forthin - 26 -

the claims. For exanpley, F@esﬁt Epfﬁ%f%géﬁ?}cfs'p r?%hlc'H?ﬁé 8hte?8d AR or

deacti vati ng an object nmay I ndependent | ow or wnether it
i s determ ned pt%bti@&@rﬁbta@lmﬁlmtes 1lﬁ)ebentyedi oarausd nglfquarefeeeﬂop ddcl uded
' [ tlon ar e egjarded in an

Cl bt arve. Sunlad ; a: mosORa B Pl ces e toBaeEs st 3Biet:

consequently activated according to a simple activation rule. A second

15  object Uz 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 U, 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



-27 - CLAI M5 1. A nethod for tracking at |east one object in a
sequence of franmes, each frame conprising a pixel array, wherein a depth

val ue i s we20riBYBI to each pixel (5), said nmethod conppicsippaoivherstol | ow ng
steps: 5a)grouping at |east sone of said pixels (5) of each frane into

several regions (Rl, ..., R 7); and b)grouping said regions (R, ..., R 7)
into clusters (Bl1, ..., B5) of interconnected regions; characterised in
that it further conprises the step of: 550 c) determining that at |east one
cluster (B2, ..., B5) which is adjacent to another cluster (Bl) in a

t wo- di nensi on#ie ;miﬂjnsctﬁomne)kmrhplegsheostaps affj petaciiudjng aadtivating arcdf/buded by
sai d ot her cl Hster a{tBl) ast ne C B5) has a

e
depth val ue hfgREH 'Hgnaf‘hQEfe&? '§'§Vd ‘Bt Re 0"(‘:'” t'@?’e?%i(%nﬂi%?f hoWePhod
according to Wh%'tﬁ@rjit [sw@@téﬂhme'atfﬁat SLvEAMRIUSESS (19655 1 B 1agehedrhsNy two
clusters (B2, ..., B5) which share adjacency to sal d other cI ust er (Bl) in
sai d two-di mensq:ludad ghjedte cadaondingly, Hheedeﬂoglpt;oncmpi lrgwingssarendm beai d

Caia ot her® of (Reped By TR auislafr s HfkF e Fafavkignst. dapth va ves

are within a predeterm ned range Adi of each ot her. 3. A nmet hod
according to any one of clains 1 or 2, wherein it is determ ned whether two
clusters (B2, ..., B5) which share adjacency to said other cluster (Bl) in
sai d two-di nensi onal projection and have 25hi gher depth val ues than said

ot her cluster (Bl) belong to a single object partially occluded by said

ot her cluster (Bl) depending on whether, in at |east one axis of said

t wo- di nensi onal projection, each one of those two clusters (B2... B5)
overlaps with the other one of those two clusters (B2, B5).



- 28- 4. A conputer method according to any one of the previous
clains, wherein at | east sone of the pixels (5) are grouped into regions
(RL... Riwpeittd3om2data processor using a vector quanti patrieppo@dlogesri t hm

5. A nmethod according to claim4, wherein, in said vector 5quantization
algorithm in a first franme, the pixels (5) are grouped into K regions
(R...Ri) using a | eader-follower algorithm in a subsequent frane: a
constrained K-nmeans algorithmis used tg; group pixels 10 (5) into the
regions (R1, . , Rll1l) of a previous frane, wherein a distance constraint
I's used to exclude pi er s (5) beyond &LAIMEet er mi ned di st ance Q of a region
centroid (C1, ..., er -f.ol |.ower Ol’lthmIS

used to group any 15rer’r%11 R Strkﬂdxf&rstra(%mq at %aﬁg\%n?ecmj%ﬁsm(%f?q and

if finally, acfgahfs EBEH ﬂ%fmé Bgnﬁﬁlgwgoé‘%lﬁéi %\Ff%yh%ef’élh é3§§;ﬁlth6\$a?uéihed any
pixel (5) in this subsequent frame, this rqﬁg i s _del eted, reducing

t he nunber K Bgsegiatedio@ach pixal {ol Sa&bmem CQfﬁpﬂ‘ﬁlaQrﬁh%fO'lﬂMéfﬁ@B?ﬁpsl n said
region centroid (cr . 8 coproushE gtrieghORol ST AHRIE @) Bl © '
i ncrenmenting frlameﬂimﬁ)@évdﬁabnegmm(mnd R+7); and
b) grouping said regions (R, ..., Rq7) into clusters (B,
., Bs) of interconnected regions;
characterised in that it further comprises the step of:

10 c) determining that at least one cluster (B, ..., Bs)
which is adjacent to another cluster (B1) in a two-dimensional projection
belongs to an object (Uy) partially occluded by said other cluster (B4) if
said at least one cluster (B,, ..., Bs) has a depth value higher than that of
said ather cluster (B).

15 2. A method according to claim 1, wherein step c)
comprises determining whether two clusters (B, ..., Bs) which share
adjacency to said other cluster (B4) in said two-dimensional projection
and have higher depth values than said other cluster (B4) belong to a
single object (U,) partially occluded by said other cluster (B4) depending

20 on whether said higher depth values are within a predetermined range
Ad, of each other.

3. A method according to any one of claims 1 or 2, wherein
it is determined whether two clusters (By, ..., Bs) which share adjacency
to said other cluster (B4) in said two-dimensional projection and have

25 higher depth values than said other cluster (B1) belong to a single object
partially occluded by said other cluster (B4) depending on whether, in at
least one axis of said two-dimensional projection, each one of those two
clusters (B....Bs) overlaps with the other one of those two clusters (B, ...
Bs).



25 if a pixel (5) is within said distance Q of a region centroid
C6), it is assigned to the corresponding region (R ...R 1), and the

posi ti on wbd 20hsempt r oi d updat ed accordi ngly. PCT/EP2016/070821et hod
according to any one of the previous clains, 30wherein it is determ ned
that two regions (R1, ..., Rl17) are connected in a three-di nensional space,
if: - 29 - at |east one pixel (5) in one of those two regions (R ,R 7),
and anot her pixel (5) in the other one gf_those two regions (Rl, Ri7) are
adj acent in a two-di mensional projection; and an average difference in
depth in pairs of adjacéntA pormplter(M3dthofl sBchetieg taveny ege efishe Rigvious. , R17)
I s bel ow said redetﬁrm'.n%gldi %t ance @%}L&] ials (5 8. A@et hod
according to SRy on¥NBFeIL BL GRS AN P T B, (O) Ae00URSE JUen e P ive, it

i s determ ned(RhaR,a Wift\aldegh BrodeRBidr usthg a VBdor d\iintRBESE Blgorithra. Previ ous
frame belongs to an 'existing cluster of 10 interconnected regi ons which was

al ready present in sai ddpheviethes peeerding ta claie 4.owheriadin paigayeptor
t hr ee-di Si . e .a region (R6, R11l) of said existing cluster,
rectly ot APBRRRN gt

di d anot her region (R13). 9. A nethod
according to any one igfatfiret gragie otife ¢halles(5) vdrer gidupedeirid eK gregligrisng sai d
pixels (5) into reg O(rll??(i'\ﬁ%) using a Igéééf-fc;[ll%(\awer algorithm;
- in a subsequent frame:
» a constrained K-means aigorithm is used to group pixels
10 (5) into the regions (R4, ..., Ryq) of a previous frame,
wherein a distance constraint is used to exclude pixels
(5) beyond a predetermined distance Q of a region
centroid (Cy, ..., Cs);
* a leaderfollower algorithm is used to group any
15 remaining pixels (5) into new regions (Ri2, ..., R47); and
= if finally, a region (R;) of the previous frame has not
been assigned any pixel (5) in this subsequent frame,
this region (R7) is deleted, reducing the number K by
one.
20 6. A method according to claim 5, wherein, in said leader-
follower algorithm:
= if a pixel () is beyond said distance Q of a region
centroid (Cq, ..., Cg), a new region (Rq2...R47) is created,
incrementing the number K by one; and
25 » if a pixel (5) is within said distance Q of a region centroid
(C4, ..., Cg), it is assigned to the corresponding region
(R1...R41), and the position of the centroid updated
accordingly.
7. A method according to any one of the previous claims,
30  wherein it is determined that two regions (Rq, ..., Ry7) are connected in a

three-dimensional space, if:



15 nmet hod conprises another step of deleting, fromeach frane in said
series, each pixel (5) whose depth value does not differ by at |east a

pr edet er fyoed1iagpigpt Adz from a depth val ue of a correspemrdipp@ofrosel (5) in
a reference frane. 10. A nethod according to any one of the

previous clainms, 20 wherein said frane sequence is a video sequence froma
3D i magi ng device capturing a real-world scene. 11. A et hod
according to claim 10, wherein, beforedde step of grouping the pixels into
regions (R1, ..., R17), a coordinate transformation is carried out froma
coordi nate system#i ratéehstmrtehpix%(&)ﬂgimr@ afethiose twbaegimmsh&:, coolRkdinat e

systemlinked to a p0| nt I n,.said l.-worl d scen rret hod
according to any one & hgp BVP[)@ ”&\{\@? H&erf%?{eﬂ‘oﬁ%%ﬁr@g]ﬁas% i

| east one frame of $@!.9R§ %é%ﬁce‘hhm é%b%@ﬁs@hgpérqé’c@innpéﬁd acti vat| ng
an object (Ul, U2) in said frane if it fulfils a first set of activation

criteria; and -30- an a‘tﬂragatdlffﬁjeacmredaph npaie dopdiacentpixelsty) of |t

fulfils a,second set ,of activatio iteri nder p t )
activatior’ rule. these two regloi'%_ &Eher 'h0@1725€§em§£%%5§§%P®%e%er ein
said first set of Sacfistupatd @@,criteria and/or said second set of activation

criteria conprises at |east one of the following criteria: a maxi num nunber
of objects to be activa8efimethod according to any oné of claims 4 to 7, wherein,

in a subsequent frame, it is determined that a new region (Riz, Ri3, Ri4)
not present in a previous frame belongs to an existing cluster of

10  interconnected regions which was already present in said previous frame
if it is connected in said three-dimensional space to a region (Rg, Ry4) of
said existing cluster, directly or through at least another region (R13).

9. A method according to any one of the previous claims,
wherein, before grouping said pixels (5) into regions (R4, ..., Ryy), the

15 method 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
{(5) in a reference frame.

10.A method according to any one of the previous claims,

20 wherein said frame sequence is a video sequence from a 3D imaging
device capturing a real-world scene.

11.A method according to cltaim 10, wherein, before the step
of grouping the pixels into regions (Ry, ..., Ry7), a coordinate
transformation is carried out from a coordinate system linked to the

25 imaging device, to another coordinate system linked to a point in said
real-world scene.

12.A method according to any one of the previous claims,
further comprising, for at least one frame of said sequence, the following
steps:

30 - pre-activating an object (Us, U;) in said frame if it fulfils a

first set of activation criteria; and



obj ect position; object size; 10- object notion; object shape; object
colour; a mninmum and/ or maxi num nunber of successive previous franes

duri ng whiyohotihwomhj ect has been active or 15inactive; @UT/HPI@0/0SBRECEI ON.
14. A nethod according to any one of clains 12 or 13, wherein said
activation rule is one of the follow ng set of activation rules:

a forced activation rule which activates all pre-activated 200bjects
fulfilling said second set of activatiaop criteria; a ranked activation

rul e which activates an object fulfilling said second set of activation
criteria only if an actastevatingecpra-sctieded dbgce (), W) i infulils scséammdi on rul e

of activation oriteri a;o8 o AEGHOMLG sie GEToR MRS E0YRros an
object if another, acti)ggObject associated to it is deactivated,
13.A method according to claim 12, wherein said first set of
5 activation criteria and/or said second set of activation criteria comprises
at least one of the following criteria:
- a maximum number of objects to be activated,;
- object position;
- object size;
10 - object motion;
- object shape;
- object colour;
- a minimum and/or maximum number of successive
previous frames during which the object has been active or
15 inactive; or
- user selection.
14.A method according to any one of claims 12 or 13,

wherein said activation rule is one of the following set of activation rules:

a forced activation rule which activates all pre-activated
20 objects fulfilling said 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 one or several

25 ' 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 activates an object if it is

30 or has been occluded by another object; or



an occlusion activation rule which activates an object if it is 30or has
been occluded by another object; or -31- - a contact swap activation rule
whi ch actweabagsats2obj ect if it contacts another, activecesresioros21

15. A nethod according to any one of clains 12 to 14, further conprising,
for at | east one subsequent franme of said sequence, a 5step of deactivating
a previously activated object if it fulfils a set of deactivation criteria
under a predeterm ned deactivation rulesq._ 16. A net hod accordi ng
to claim15, wherein said set of deactivation criteria conprises at |east
one of the follow ng -cr atamitact swap activation rule whichedtivatesnamiobiecdif ibbj ect s
to be activated or 10deact] vgﬁ{) obj ect position;

ed; ) i
obj ect size: object shaf8hachgRhesAchye obect
15.A method according to any one of claims 12 to 14,

further comprising, for at least one subsequent frame of said sequence, a
5 step of deactivating a previously activated object if it fulfils a set of
deactivation criteria under a predetermined deactivation rule.
16.A method according to claim 15, 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;
- object colour;
15 - object ranking;
- a maximum and/or minimum number of successive
previous frames during which the object has been active; or
- user selection.
17.A method according to claim 16, wherein said

20 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
fulfilling said set of deactivation criteria only if an inactive
25 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

another, inactive object associated to it is activated; or



15- object ranking; a maxi num and/or m ni rum nunber of successive previous
frames during which the object has been active; or user selection.

17. A et heo 2acig8o2ng to claim 16, wherein said 20deact ipeaigpesiofotdse1 i S one
of the follow ng set of deactivation rules: a forced deactivation rule

whi ch deactivates all active objects fulfilling said set of deactivation
criteria; a ranked deactivation rule which deactivates an object
fulfilling said set of deactivation cri4eria only if an inactive 250bject

is activated; a sinple deactivation rule which deactivates an object which
best fulfils said set- oh desiact veavap rdeactivatiora; rulea vehiopl deactevatesctanvat i on

rul e which deactivates an opject if another, inactive object associated to
s activated: or . 3908t £ iR, ARhteadra e BRt rTeAGRE
deactivates an object ifpjtcontacts another, inactive but pre-activated

obj ect .. 18."A conput er-readabl e data storage nmedi um conpri sing
5 conput er - execut abl e i h8#r gompoiter-readabler dgian gtovage anadiuhbaoaysisingi ng t o

any one of_the previous c|ains. : 19. A conput.er, syst em pyogramred
56 as to darr soRRbte e hisstings fy s o bA Bikion Bcegihglo
any one of the previous claims.
19.A computer system programmed so as to carry out a

method according to any one of claims 1 to 17.



