"Head recognition nmethod”" TECHNI CAL FI ELD 5The present invention relates
to a nethod and a conputer system for the recognition of a human head in a
source i nggeoitlosoparti cul ar, the present invention rel ates/mdreo@ondinhod of
using depth information for predicting the nost probable perceived size of
the human head so as to assist in its recognition. 10 BACKGROUND OF THE

| NVENTI ON In various inmaging systens and i nage treat nent
applications, it is advantageous to automatically recognise the position 15
and/or the orientation of a human head in a source imge. For instance, a
user may interact with a programrunning in a conputer system for exanple,
a vi deogane program by noving his head within the range of an i nmagi ng
device. Alternatively, such a head recognition nethod may al so be used in
an i magi ng device for adjusting paraneters such as 20 aperture, exposure
time, focus depth, etc. so as to optimze themfor portraiture.

Interaction with conputer systens, and, in particular the input of data and
commands, is a generally known issue. Conventionally, such interaction

t akes place through physical input devices such as 25keyboards, mi ce,

scrol |l wheels, pens, touch-scrgens, ]oyst.j.cks anppads, etc. which produce
signals in response to a physimmwﬁ
TECHNICAL FIELD

5 The present invention relates to a method and a computer
system for the recognition of a human head in a source image. In
particular, the present invention relates to a method of using depth
information for predicting the most probable perceived size of the human
head so as fo assist in its recognition.

10
BACKGROUND OF THE INVENTION

In various imaging systems and image treatment

applications, it is advantageous to automatically recognise the position

15  and/or the orientation of a human head in a source image. For instance, a
user may interact with a program running in a computer system, for
example, a videogame program, by moving his head within the range of
an imaging device. Alternatively, such a head recognition method may
also be used in an imaging device for adjusting parameters such as

20 aperture, exposure time, focus depth, etc. so as to optimize them for
portraiture.

Interaction with computer systems, and, in particular the
input of data and commands, is a generally known issue. Conventionally,
such interaction takes place through physical input devices such as

25 keyboards, mice, scroll wheels, pens, touch-screens, joysticks,

gamepads, etc. which produce signals in response to a physical action of



t he user. However, such physical input devices have many drawbacks. For

i nstance, they can only offer a limted anmount of different input signals,
whi ch i n womenagpisocati ons such as three-di nensi onal "vipCirueboto®adsit y"
environments will feel awkward and | ack realism Moreover, they 5 are
susceptible to wear and their continued use may even have negative
consequences for the user's health, such as Repetitive Strain Injury (RSI).
Al ternative input devices and nmethods arg al so known. For instance,
practical systens for voice recognition are avail able. However, 10 voice

recognition i shéekern Nowevercauchl piisical iivsutl gevicambaa® phapadramsacksuch as
action ganes, where rapid, precise and repetitive inputs b%the user are
requi red. Mor ESTdRstanga; they cadt Ponelsr i ligttes: agmapniiafeditferemypsit kgr ound
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particular user:s Vol ce conmands. nother -al ternative s 1mage _
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inary patferns in contrasting co rs, suc s barcodes, and conyer ese
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produce a | ar )gghva I et ysogﬁgiﬂfgnglggpéz)oﬁeiaﬁmf esl%g]ngg. Ré&%ﬁ“\)iennaggé%?g@g%i tion

systens have KB&h. proposed, for instance, in US Patent 6256033, for
recogni sing the gestureg,of a user Jin range qf i,magi ng_system _However,
convent i onal i maging sy EMENEIEPHLOSEFER frd enSlipdace st KheuR’ FPbduce
nerely a 2D pig¥t@edd, Pradlicat dlystcnsLior iic@ ré®@ilition ARCavARBE) HoWeva the
user's gestures is inherently 25 flawed, limted in the range of possible

i nputs andi0ri yaicedenpgnitippdsnpt @ practisghptiemative ferasave appligatianscauel | such

h i f i .
The devel opedP SRS EE! AHERS Jdf BRflse BT ebSuRRCHBLREE e woer ¢
devel op shape arecregoirbd onviomrioherds thand affectivasesiOa | auvensaly f affedtast iapce,

better user gesture recognition, One such 3D i magi ng system was, di scl osed
in G Yahav, QachkgroppdaRfisgd ad they gengraly issuife a3iPapilg meriedmid a for

Gam ng Appl i c%mﬁeétb%{%%@{@%&@yé&m%[ osed in this paper is of

t he so-call ed type, 1n which a depth perception is
obt ai ned 15om t he shapeAobtrervaitarhative iofimegghtecoghitient éd theiommimplestt s in
range of the ~?’(Ia:l)’rrii,rm%igrclegre:cognition systems recognise binary patterns in contrasting
colours, such as barcodes, and convert these patterns ino binary signals
for processing. More advanced image recognition systems can recognise
more complex patterns in images and produce a large variety of signals
20 in response. Such image recognition systems have been proposed, for
instance, in US Patent 6256033, for recognising the gestures of a user in
range of an imaging system. However, conventional imaging systems
have no perception of depth and can produce merely a 2D projection of.
said user. As a result, the recognition of the user’'s gestures is inherently
25 flawed, limited in the range of possible inputs and riddled with possible
recognition mistakes. In particular, such systems have problems
separating the user from its background.
The development of 3D imaging systems, however, offers
the possibility to develop shape recognition methods and devices
30 allowing, for instance, better user gesture recognition. One such 3D

imaging system was disclosed in G. Yahav, G. J. Iddam and D.



5 system However, other types of inmaging systens, such as stereo caneras,
LI DAR, radar, sonar, etc. have al so been proposed. It has been
proposed,wbaniiiissisance i n | nternational Patent Applicatipom/EdEd1800831128568
Al to capture a 3D imge of a scene, to select a subject, such as a hunman
body, in said 3D inmage, and to 10segnent this subject into a plurality of
di screte regions including a head. In US Patent US 7,203, 356,
it was proposed, anong various alternatiyes, to use ellipse or ellipsoid
fitting in order to determ ne the position of a human head in a source

I mage capt ur efandetbciion, 1301 Igagivg t @ametivier ébamiry Applicatiordr tTheo SDment
does not disc|lose how 15the paranmeters of the ellipse or_elli 1q .,

nmodel | i ng the"ﬂ@%ﬂagﬁﬁt%&ﬂﬁoﬁfﬁ?% in this paper is of the Orﬁﬁﬁlé’rd iﬁnﬁﬁsﬁ'lg‘q\tt ting
met hod has be e Wih PG 4 chi
Uchinmura in F‘;F%Fg gt &?ﬁgﬁgpgﬁﬁﬁaseg{j (I)I)H-?I\?Ibg fhF tting h?or &cupant Head
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2008, |- 20Tech,. Vi Aust th
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proposed by Ebﬁﬁ‘féré’érl,\{DAR @%&%aﬂ%f@%@@ Wb béen oséyme 3D Head
Tracki ng Based on Tinme-of-Flig Depth Sensor™, 19th I|EEE I nternati onal
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floue rapi de” select l£istiBRIct, QuctBeishiaehuman GoHPLET tsaidh 3 Mnagegwindr to
di scl osed a particularly efficient conput er -i npl enent ed net hod for

recogni si 1y afeamenpthieaubigotivin awluralityf disrigle regiqnsiinclugding @ bgad.on f or
head recognition. In ”‘i_nS 4L5’$t PAthnt2 U7 564386, W RFa® T probbs8l ) GRhoddPuah

transformis used for
various alternatives, to use ellipse or ellipsoid fitting in order to determine

the position of a human head in a source image captured by a 3D
imaging system. However, this prior art document does not disclose how
15 the parameters of the ellipse or ellipsoid modelling the head are obtained.
A similar 3D model fitting method has been proposed by
Zhengcheng Hu, Tetsuya Kawamura and Keiichi Uchimura in “Grayscale
Correlation based 3D Model Fiiting for Occupant Head Detection and
Tracking”, Stereo Vision, ISBN 978-953-7619-22-0, November 2008, |-
20 Tech, Vienna, Austria, pp. 91-102.
Yet another method using 3D data and ellipse fitting in order
to track a human head was proposed by Ehsan Parvizi and Q.M.
Jonathan Wu in "Real-Time 3D Head Tracking Based on Time-of-Flight
Depth Sensor”, 19th |EEE International Conference on Tools with
25  Artificial Intelligence. However, this paper also failed to disclose how the
preferred parameters of the preferred head model were to be obtained.
In “Transformée de Hough elliptique floue rapide®, C.
Leignel, O. Bernier, D. Collobert, and R. Seguier disclosed a particularly
efficient computer-implemented method for recognising an elliptical
30 contour in an image, and its application for head recognition. In this

method, a particutar type of elliptical Hough transform is used for



recogni zing an elliptical shape in a contour image generated froma source
i mage. A Hough transformis a nethod for finding in an i mage an
i nper f ectwbnstiaemoof an object within a certain class pyrar@biongi7 5
procedure. This voting procedure is carried out in a so-called accumnul ator
array, fromwhich object candi dates are obtained as |local intensity maxi na.
The accunul ator array is popul ated by generating, in positions
corresponding to that of individual poings in the imge, instances of the
obj ect which is being sought. In the particular case of an el l'i ptical Hough

10 transform rédognitecin ieflipticaekhapeen aheoniogalimagé egendratetbfionm d@ n t he
accunul ator array, that is, the positions where a plurality of ellipses
i ntersect, repPeLEINA@andi date positions for a simlar ellipse in the

i mage. In the method di g HS?@‘E"(%S{‘&W&% rf&thdk: fo finl fnol%mh%%%e the

conputing speed, the acc tor array 1s populated w
representati vénpe@etﬁntrsstmfcet hnésan ebbjiepSe/sithifroal oent@ins elasbebyeaevdlingh rat e,

st 1 butiSn: BRSNS niis Helipd prdtegtrem cartiadout & So-catet Hifialdlor
wi t hout advanﬁﬁag”%&rﬁdﬂﬁlcﬂf objtRt CXRRGdAEs Shae d?ftathG Q@a@can |ﬁt@ﬁsﬂtﬁmge a

conprom se nust be found between 20 conputing speed I't kel i hood of
fal se positivemxime. ihee&ncatrwlaﬂar @rrraydblmnuiatﬁdtb‘yl gemnabﬂgarrt positibiesl onl y
t aken to account
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heads within a relatively Iimted distance range 25 fromthe inagin

system n#frel jramstosmy. tBen@lueetsIs an ellipse. Thedegrak In’feﬂwbﬁsnaiﬂmaotﬂathmg a
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I'n addition, Qltelseat) répeiseat cahdidateppdsitishetor a)sinﬁihae elllmsermethe i3dgp. article
entitled Head detection and | ocalization fro arse 3D data", | NTERNET
Cl TATI ON 20020 XpgopstieshHisclesed g Lieigngl et al, *[n"'order” to “incredse the

-5 - URL httg, ohfnliti PispBed UVhen. umdnat%wv/ap%per@/ BOBAERARMhakirRp . pdf

relating to hea Krot osky SJ et have al so published "an
article ehdit r@ﬁese}ﬁau%aegmeﬂtmofethaaaIeylspsesufo mprease dut delestiamdatet er eo
| mages for Sn%ztzyalelillpsgs oa/srée tWi’[hI oIrELtIa')Lacr’ﬁp e, VEHdgérlégsmg infensity
distribution around the ideal elliptical shape.
However, without advance knowledge of the expected size
of the head in the image, a compromise must be found between
20 computing speed and a likelihood of false positives. To alleviate this
problem, in this prior art method only the contours of skin-coloured areas
are taken into account. If the user wears skin-coloured clothing, the risk
of false positives is however increased. Moreover, this prior art method is
limited to detecting human heads within a relatively limited distance range
25  from the imaging system, namely 1 to 2.5 meters.
Other methods of locating a human head in a source depth
image are described in published US patent applications US
2005/031166, US 2005/058337 and US 2003/235341.
in addition, Clabian M et al, have published, on the Internet,
30 an article entitled “Head detection and localization from sparse 3D data”,

INTERNET  CITATION 2002, XP002389335 retrieved from



5 SYMPOSI UM 2004 | EEE Parma, Italy, June 14-17, 2004 Pi scatavvy, NJ, USA

| EEE LNKD- DO1: 10. 1109NS. 2004. 1336469, 14 June 2004, pages 698 to 703,
XP010727 788 2015R8028978- 0- 7803-8310-4, that rel ates to thecadatreehions1of an
occupant of a seat in a vehicle to control the deploynent of an airbag. 10
SUMVARY COF THE | NVENTI ON The object of the present invention
Is to provide a rapid, yet precise nethod for recognising a human head in a
source inmage. 15For this purpose, an enb, dlnent of a method according to
the present invention conprises the step detecting a contour of at

| east part of U@al_hhmnmwnpmu\ﬁ@h%wwmlmmgf,zooeﬂmwhﬂmwpth of
sai d human body i n said source 20 cal cul ating a maj or radlus si ze

and a minor rERlating 3¢ heagh delechen. I @%@%m gép%in@]r rﬁ'@V?omﬁolﬁHH'ﬁ geaAD at said
depth 10 sal daRRH BRiHER 98gcu Sl Iy 3 At Tuedanel Hhtdsiefd at

| east several Set o sal ast one segnent
of an el lipseimagdsr ot amate gbagt |d13rpl@jmerh11é cIrDﬂtEEiUIIGEN(bI VarICh&ad ng sai d

Tocal |t éhot SYMERSIIM K064 IBER Barmaiay. wncgtas. 2bbe Eettarmghdo”
positions of {Rre hegs DHWD@%.%WQ@QGM.%B%Q, h@ SR 2804 "BaSes and

-6-
698 to 703, XP010727732 ISPB: 978-0-7803-8310-4, that relates to the

detection of an occupant of a seat in a vehicle to control the deployment

of an airbag.
10
SUMMARY OF THE INVENTION
The object of the present invention is to provide a rapid, yet
precise method for recognising a human head in a source image.
15 For this purpose, an embodiment of a method according to
the present invention comprises the steps of:
- detecting a contour of at least part of a human body in said
source image;
- calculating a depth of said human body in said source
20 image;

- calculating a major radius size and a minor radius size of
an ellipse corresponding to a human head at said depth in said source
image;

- generating in an accumulator array, for at least several of

25 a set of pixels of said contour, at least one segment of an ellipse centered
on the position of the contour pixel and having said major and minor
radius sizes;

- selecting the positions of local intensity maxima in said
accumulator array as corresponding to positions of the best human head

30 candidates in the source image; and



- selecting a best head candi date anong those having the highest energy in
the accunul ator array and being positively weighted by additional detection
met hods. gonoa/dstmor ati o of actual human head size to bedy/dEpeightes1d

al t hough dependent of age and gender, usually remains within a relatively
narrow range i ndependently of age or gender, the nost inportant variable
for determning its apparent size in an inage is the distance to the human
head, that is, the head's depth neasurengnt value within the imge. The
maj or and m nor radius sizes of an ellipSe framng 10 the head in the inmge

w || be substantially preplectingrabestohédd sandidbte aBongsihogethaving tHeor mat i on
for carrying out an elliptical Hough transform of a contour of at |east
part of a hunflghsstignergndn dopacedniiiospEaY apd Pairg PReiHvalY sveighied by

si mul t aneousl ¥dﬂiﬁ9H%l§l&%§E%%§}%d@°Si tive rate. The depth data may be

obtained in a varre ent 15 manners, such as, for exanple, a
Time- O - Fl i ght canera, 3irkeetheoratianefr actubl BARanr belad sizeottabodetheight,

Advant ageousl sai d depth y be an average depth of the human body in the
Source e AGIGT APaeBh of Ackn amit 1dpist. BistaMei iRt (AT ey or
and m nor T adidigivy a8y _Rendddhubekiiidnty 8t Caberl 64 dedepadil ciBSpUT
pi xel . 20To further” increase the chances of recognising a human head in the
sour ce i mage, inpotanihereagile dbr deteamining ofs spparend sizsu i aayimapeais tygeous! y
be carried out, before generati id at,least . .one segnent of an ellipse in
aai d- accumut abisiongh BRE PR Alad b & reCBR S oo FaRaRbeRie M da T O ne
subsequent Houghirt thenpldyenThe ﬁ@[c_friaﬁﬂj A radfusEixeros afl, elité framingl so the
pr obabi |Ité of recggnl sing an ellipse. Advant ageousl y, sai d at
e

| east onel@egtitnhe i@ﬁﬂ%nmaggefviur@; sgéosﬁmta}ly mpportignal to this deptind®t st ood
that, i t ead, o f i : t
ol pse s pr 4PBOREE ST I KhryiiF out 38 Sl BFHo RACARIGRR o, 27

intensity di stontout iobat ldzmt paxtasid umss06ads stharconmpetaton ¥pdes tcantbd i on,
around the ideal elliptical line. - 7 - Advant ageously, the

contour det ectPAsRd Whilgpilianeyaly reckicingethedplsg RsNG rale.| ocal cont our
ientati f h 1 i ; VAR i Cast
orientation for each CORh@WedthX$ita ’ﬁgpo‘?}??é’zé‘fﬁd Iﬁg%)(}%é{n?%ngr@%]%m st an

al gorithm for contour detection also p S rmation,
whi ch maylhe owmsuhers such as, for example, a Time-Of-Flight camera, a stereo

camera, LIDAR, radar, sonar, etc. Advantageously, said depth may be an
average depth of the human body in the source image at a given
moment. Alternatively, said depth and said major and minor radius sizes
may be individually calculated for each contour pixel.

20 To further increase the chances of recognising a human
head in the source image, a morphological dilation of said contour may
advantageously be carried out before generating said at least one
segment of an ellipse in said accumulator array. By broadening the
contour, the surface on which the subsequent Hough transform is carried

25 out is maximised, and thus also the probability of recognising an ellipse.

Advantageously, said at least one segment of an ellipse
may be fuzzy. By “fuzzy” it is understood that, instead of a clearly defined
line, the at least one segment of an ellipse is projected in the accumulator
array as a blurred line with an intensity distribution, for example a

30 Gaussian intensity distribution, around the ideal elliptical line.



5 further increase the speed and accuracy of the head recognition method of
the invention. For exanple, even nore advantageously, said at |east one
segnent oWoaoialshbispse may be oriented according to the lpogaip2€i0nt@@uy
orientation of the corresponding contour pixel. It is a further object of
the present invention to mnimse the 10 nunber of false positives. Such
fal se positives may be due, anong others, to the contours of arns and | egs.
Such contours usually formpairs of paralklel lines which are apt to
generate, when the elliptical Hough transformis carried out, intensity

ridges in the accunul at Advantaggously, otheéercontouti sletédtionatstep Omy ia@ensity
maxi ma |l ocated in such intensity ridges 15 from_the isolated |ocal

i ntensity naxiCRIMAMSEr thesgeirgting @ oatfﬁ‘éa' petPULRriBRIAtiRR iREKRCh Rontour
particul ar e r%)tdmﬂ (o] h NEq(l on,
before said r:@ CtIOIEll @tgteatdasth oﬁ?g%%ngmgpgcéﬁﬁhys eh@ﬁrfoerdeec{)ﬁ?hgn each
one of a pl urdetdgiicofalé@padvider ts atyitivaal imormatieai Whaxrl'cmwllm osedito ay: 20-

| ocating a_firs asi tion naC|rcu erence one

|t onsi Ty Srax TR HCEASE ARG SREPHI SFRER0Y Rh T A AREPATA MBAS f on has
the highest i @ﬁ@lﬁ@';ﬁ\)éﬂtuﬂnsﬁbﬂ e&bﬁfb‘l@f@\fe‘?ﬂ%re d&@ﬁfdg%uélysgﬁw‘gt Regttion in
said circunference, wherein sald second position has the highest Intensity

in an arc of Qaecse:gmerrtcnjm‘lmlbmferrwdmwented adeerding $o trpmkncai oentour
vvelghtlngthelnt%tsm tensity maximumw th a factor

Vg et . rahEtRhict 8 BorrkdSondiis cobBUF ALY 4 Tr T ot Mhosi 1 an and ma i s

the intensity in said SﬁQQ@dfuﬁﬁér bbpiet of the PreskAE Rivehiib® i hilimiTB kfaIm i s
wWithin an intensity ri 30 the values of both ncl and ma will usually be

close to 1Bat ngmhar crhée%wénwﬁlﬁlm f%léﬁfbrfaWth‘éﬁi'@\rQﬁ &gy e goe, EMeREh
hi gher than O'?ﬁher@fé I?ﬁe con@ouraoépgfm%mé}gi Iég él@hl 8 ﬁtjou Qhﬁﬂéfl}{ﬁforﬂ?x' mm
ons and

Is isolated, the values nti era ovver t’han m
the wei ghti ng phastodpaYllsl lihed ich arer &stto grpecdatd] woky th@l@l!@tm&h Igdamgmg
factor wl| ttgrus | hiI ! hgie QS’[ llrﬂgﬁélt r% eenssljnt%erg%)éhr%l%?grra kl?ll gr
correspond tol'¥f SEL Y y nag y

to discriminate local intensity maxima located in such intensity ridges

15  from the isolated local intensity maximum corresponding to the position of
the head, in a particular embodiment of the method according fo the
present invention, before said selection step, the following steps may be
carried out on each one of a plurality of local intensity maxima in said
accumulator array:

20 - locating a first position in a circumference centered on
each local intensity maximum in the accumulator array, wherein said first
position has the highest intensity in said circumference;

- locating a second position in said circumference, wherein
said second position has the highest intensity in an arc of said

25 circumference opposite to the first position; '

- weighting the intensity m of the local intensity maximum
with a factor W=m?mei-me, wherein mq is the intensity in said first
position, and mc; is the intensity in said second position.

If the local intensity maximum is within an intensity ridge,

30 the values of both m¢1 and m¢ will usually be close to that of m. The

weighting factor W therefore will not be much higher than one. On the



5 Advant ageously, also in order to mnimse false positives, in particular
t hose caused by shoul ders and el bows, before said selection step the

i nt ensi t wofosashsone of a plurality of |ocal intensity poaspra®oiomsihe
accurnul ator array may additionally be weighted on the basis of the out put
of at |east one additional head recognition nmethod selected from 10 anong
a group conprising skin tone recognition, pattern matching, hair
recognition, chin detection, hole detectgon, detection of a connection with
a center of mass or an extrenity of said hunan body, distance to a virtual

backbone, di sbéterehana, iftherodaldyteasity maairdlor isdssitton; ¢hé vajuesvnguandead
position in a video sequence. By thus conbining at |east tty%% dif er,?nt, but

15 rapi d nmet hde Wi tweaaw@e@@m {qviRT, thames @ndate welghiing
according to ghe ifayeN %c&%ql ?heeweggqg gsfé%tor will thus. highlight the

Advant ageousl vy, |¥ sal source eis rent franme of
sequence, andiaapodensilymaxirectnedt I:kelyatcpcenestﬂmd tortlaumean $ieadsl uded in the

current frame, disregarding any |laqcal intensity maxi.nu mai nt ai ni ng
The posi t18n el eot oo 1 RCVAABLaETCHEO R GHEE" 46 EBHVISE RRRPRg LB fe. hoad
position in tF@rtfc‘dﬁdretﬂbsé c@Bed by shoulders and tel!ﬁo'i:vé‘ heforhehido8sgsliof the
present invention to provide a conputer systemfor head recognition in a

source i nmage. stap ’@epatmsﬁwbéea@nbodmerplun@ﬂltytMdocaiveiemtby\m&xlmamrotheer
systemis thus pro m‘redto 25 calr. t a nethqd acc i 1o e

Thvent] on.  AdgahvRgERTyaYsaRy SRbERE £ PR 68hE BEshrel i ng
device, prefevalut ot atleastasid addrvhaRhed® reSaitisn RitRed %ewéa:ﬁormage and
possi bly said depth. I n anot her particul ar enbodinent, a

conput er - #@adAFIANIAECLR CORFISIRG BIIM (EORtFECATAIGOR oRPIEEr Maiding, aaie
instructions {ol, Gafdy 8“3‘ §8te8§6n &8 TR &om %E%?Bﬂtcﬁda p&lﬁ e eag‘i@ﬁ{a ding to

the invention i5s gg]r ovi conput e dat a

st or age nedi usalcentdr sfsnaEnot aprxtremiyuwifesaid Bamahltﬂ)dwumncecm girtuiahg
digital data, incl udlrﬁﬁr but not restricted tg %SOHd state rrerm such
as a random abP@EkRONG fitance tq RS hehbayis. ap g isfanemiq PrRviRS Pealit al so

e el TR RIASSICL BT SUEh il Soidnd o el WS rtnBaney o
DESCRI PTI €GN OrafitiEn@Raud MEBead recognition, the reliability of the method according
fo the invention may thus be increased.

Advantageously, if said source image is a current frame of a
video sequence, and a position selected in a precedent frame is occluded
in the current frame, disregarding any local intensity maximum and

20 maintaining the position selected in the precedent frame as
corresponding to the head position in the current frame.

It is a further object of the present invention to provide a
computer system for head recognition in a source image. In a particular
embodiment of the invention, a computer system is thus programmed to

25 carry out a method according to the invention. Advantageously, said
computer system may comprise an imaging device, preferably a 3D
imaging device, for capturing said source image and possibly said depth.

In another particular embodiment, a computer-readable data
storage medium containing computer-executable instructions for carrying

30 out a computer-implemented method according to the invention is

provided.



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 atwecbaehsorsawi ngs i n whi ch: Fig. 1 showp@onosm With 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 points
distributed in the three-di nensional space, as captured by the 3D i magi ng
system Fig. 3 shows a bitmap mask inageqof the user; Fig. 4 shows a
contour image of the user; 20Fig. 5 shows a dil ated cont our i mage of the
uis?er . Fi 9. B§ ‘sohpmé-ealdalles Haiss stdragganediati”oit isf meahtizzy
ellipse in the accunul ator array, correspondin he contour

i mage: any comnnt@f-re@ﬁiagiﬁ)ﬁgp%prbapﬂ%&mnaﬁ%@&ai&n&um HEROt he
fuzzy ellipse t flelo iS¢ ok | and
25Fi g. 6B sho&%ﬁg&ég?‘tei g%dﬁ&%ﬁ%’o 3 tsr&%hvﬁ%c%ﬁat e gétfrcee%tge Q'?'%yz;éqel i pse
i's truncated; ﬂEstgmémsn/h@uraat reczal- d)rylyshery,rtmtla‘mcge maghétic dataustorageor

array. 5 medium such as a hard disk drive or a magnetic tape, an optical data

storage medium such as an optical disk, etc.
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 points distributed in the three-dimensional space, as
captured by the 3D imaging system,

Fig. 3 shows a bitmap mask image of the user;
Fig. 4 shows a contour image of the user;

20 Fig. 5 shows a dilated contour image of the user;

Fig. 6 schematically shows the generation of a fuzzy ellipse
in the accumulator array, corresponding to a point in the contour image;

Fig. BA shows a particular embodiment in which the fuzzy
ellipse is oriented according to the local contour orientation, and

25 Fig. 6B shows a particular embodiment in which the
oriented fuzzy ellipse is truncated;

Fig. 7 schematically shows the image in the accumulator
array;
Fig. 8 shows a local maximum in an intensity ridge, and the

30 intersection points of said intensity ridge with a circumference centered

on said local maximum;



Fig. 8 shows a local maximumin an intensity ridge, and the 30intersection
points of said intensity ridge with a circunference centered on said | ocal
maxi mum we 280/080880g9. 9 shows the bitmap mask i mage of PcgmEp3oviotds1ia
virtual backbone; Fig. 10 shows the bitmap mask i nage of Fig.
3 wth a main direction of the upper body axis; 5Fig. 11 shows the bitmap
mask inmage of Fig. 3 with a center of mass and lines |linking that center of
mass to two candi date head positions; 44 Fig. 12 shows a
rectangul ar depth inspection area superinposed on part of the bitmap mask
i mage of Fig. 3; 10Fi g.Fiy3 9ssimwes thedbiphp masiognage ob Figeowitdiangriual t he
rectangul ar depth inspection area of Fig. 12; Fig. 14 shows a
bi t map nask i RBGPPE a human user hol ding both hands to his head; and

Fig. 15 shows the bitmepigmagksHRIMObitrhhg masiinfadteds FRYE 3 with a main
direction of the upper body axis;

5 Fig. 11 shows the bitmap mask image of Fig. 3 with a center
of mass and lines linking that center of mass to two candidate head
positions;

Fig. 12 shows a rectangular depth inspection area
superimposed on part of the bitmap mask image of Fig. 3;

10 Fig. 13 shows a depth histogram corresponding to the
rectangular depth inspection area of Fig. 12;

Fig. 14 shows a bitmap mask image of a human user
holding both hands to his head; and

Fig. 15 shows the bitmap mask image of Fig. 3 divided into

15  interconnected regions.

While the present invention is susceptible of various
modifications and alternative forms, specific embodiments thereof have
been shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that it is not

20 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

appended claims.
25 DETAILED DESCRIPTION OF THE INVENTION

One of the possible uses of an embodiment of the
computer-implemented head recognition method and computer system
according to the invention is illustrated in Fig. 1. In this appiication, this

30 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



15i nt er connect ed regi ons. Wil e the present invention is
suscepti bl e of various nodifications and alternative forns, specific

enbodi nenye 2vheusesh have been shown by way of exanpl e i pctrheinavsigs and
will herein be described in detail. It should be understood, however, that
it is not 20 intended to limt the invention to the particular forns

di scl osed, but on the contrary, the intention is to cover al

nodi fications, equival ents and alternaqiqu falling within the scope of the
i nvention as expressed in the appended clains. 25DETAI LED DESCRI PTI ON OF

THE | NVENTI ONcOngputér tirstepp2s gbheratingsa ofirtaal entiaghimentt digbldyed to the
conput er -i npl enent ed head recogniti on nethod and conputer system accordi ng
to the invent "YMANLU$E N Yystrated in Fig. 1. In this application, this 30

system and nmethod are usqd \fnﬂ[m{eh?ecfo?rhﬂgm %k&gnpfcomlﬁisggséu:g[gfm%l{qi@d]aobj ect

of interest, in this case a hunman us order to interac - 11
- conput er sysysten?, igdis pariicudarcembotinantentimeaidfighit (diCd) Ay edmieoa 8Bhe hunman

1. . I I . | L t ' 3D . '
System i 5t niTBITOR F0 A ORI RERE k1B oS PTGV AF O WRO WY & 5. o
This TOF 3D caehaman SsetONBRS 4. hhRisCaBbifierityietorpiier Rysheh t he

human user 1 is to interact. In this enbodinent, this conputer System?2 is
i tsel f progralnisditself qupgranomed ioncauppeutatin cwogeraticnhwithOfhesQardd? a 3,

e Vol e T eRaA O TR Bl NBoh RTbF ng EHOBh A e o op 2t

separate data processing device programmed to carry out said method

10 could be connected between the TOF 3D camera and the computer

system 2 so as to enable the human user to interact with said computer
system 2.

The TOF 3D camera 3 captures 3D image data of the room

4 in which the human user 1 stands, comprising a 2D source image of the

15 room with a plurality of pixels and a depth value for each pixel

corresponding the distance to the TOF 3D camera 3 of the point imaged

by that pixel. Since the X and Y positions of the pixels in the 2D image

themselves correspond to zenith and azimuth angles of the points they

represent with respect to the TOF 3D camera 3, these 3D image data can

20 be illustrated as in Fig. 2 by a three-dimensional cloud of points 5

corresponding to visible points of the objects in range of the TOF 3D
camera 3.

If {I) is a depth map of the source image captured by the 3D

camera 3, and (lp) is an initial depth map of the same scene without the

25 user 1, a morphological subtraction will isolate the body of the human

user 1 in a depth map (lhqg), as follows:
(=) = (L)
This depth map (l.qg) is subsequently binarized in order to
obtain a bitmap image (lp} in which the body of the human user 1 is
30 marked by “1” pixels, and the background by “0” pixels. Such a bitmap

image (lp) is illustrated in Fig. 3.



10 could be connected between the TOF 3D canera and the conputer system 2
so as to enable the human user to interact with said conputer system 2

The TOF 3Rocanmisaesd captures 3D i mage data of the room £cirmpradioohosinhe hunan
user 1 stands, conprising a 2D source inmage of the 15 roomw th a plurality
of pixels and a depth value for each pixel corresponding the distance to
the TOF 3D canera 3 of the point imaged by that pixel. Since the X and Y
positions of the pixels in the 2D i mage thensel ves correspond to zenith and
azimuth angl es of the points they represént with respect to the TOF 3D

camera 3, these 3D i nagaftdakabitaap Ahabe dfl the adyt efdtheshumahiuger 2 hys a

t hr ee-di nensi onal cl oud of points 5 corresponding to visible points of the
obj ects in raRgendeolatrd vl Yieseasiaps. #n edge detector, sygh @s) thesShefept h map
of the sourced t rt%gg i & i Lnidtial
depth map of the sar?gagcdg;[gg\?\npmgﬁ? f‘?ﬁé Flﬁ%%rm lﬁ%ar{slfn%%%%%fjggﬂ E():Lgtk?ﬁ

subt racti on welliptigaelflatie rapidebanytheiCariny dugedetastar ab origirallyepsdlosep

| ndg) , foll : i)- = d i h. d i
SUbsehuent Py B F2609 T B GOMALAUNEA APRIOBP ity g e ePI N EE ch ¢ he
body of the s tssferh A0 Rriseabiinginalaeticd, b, tie foekaraynd by

"0" pixels. Such a bitnmap iIs illustrated in Fig.

After a bitmaphénmbgeussd theetandthefcanbeurnaivthe bedy of thasudssehspsas & ed with
t hese steps, an edaqe det ect ar h as tsze ShenCast.an edge detector in the

f orm descri bed*fir¢2 %‘r'rn‘g@gg’g G5 JISaRDIN 594 | oue rapi de”, or the

Canny edge detector as Upiigbkakkithdideiéaracate BY the nfARY of the Present
Comput at i onal Approach To Edge Detection", |EEE Trans. Pattern Anal ysis and

Machi ne | h@el ingsiies, i8: tbrongiy stamsihe meptatichindemayebet brogdeaed bhe
cont our_of  "%oBRifo,3b thiCedtibir Andde 89, LmFPRIB BaPafRR hrdifRgs (1 @) s
dilated contour image (lq) as illustrated in Fig. 5.

In a first embodiment, the depth of the three-dimensional

cloud of points 5 corresponding to the body of the user 1 is then
15 averaged. This may be carried out in at least two alternative manners:

In the first alternative of this first embodiment, if a cluster of
points 5 has been identified as corresponding to the body of the user,
using for instance the method disclosed in International Patent
Application WO 2008/128568 A1, the depth of the centroid of this cluster

20 of points 5 will be considered as the average depth of the body of the
user 1 in the image.

In the second alternative of this first embediment, the depth
of the points 5 representing the user 1 in the depth map (lng) can be

averaged. For example, the following equation may be used:
25 dav :ZZIndg(ISJ)]b(I:J)
i=1 j=1
wherein dg, is the arithmetic mean depth, and n and m are
the dimensions of the depth map image. Instead of an arithmetic mean, a
different type of average, such as, for instance, the median, may be

considered instead by the skilled person according to the circumstances.



To increase the detection rate of the nethod of the present 10 inventi on,
in the next step, the contour |line may be broadened by applying, to this
cont our iwegei(dsaso a nor phol ogi cal dil ati on, obtai ni ngpardirh@bedseont our
image (1d) as illustrated in Fig. 5. In a first enbodi nent,

t he depth of the three-dinmensional cloud of points 5 corresponding to the
body of the user 1 is then 1l5averaged. This may be carried out in at |east
two alternative manners: I_nlag_he first alternative of this
first enmbodinent, if a cluster of points has been identified as

corresponding to the boﬁ‘b’théfné)h%térﬁﬁhe_elx{sbﬂ@dfre\%oii‘édiaﬁ@&eté'ﬂﬁndﬁﬁih@d
disclosed in International Patent Application 2008/ 128568 Al , the depth

of the centrof@digs %26 & ef asviduabellipse fming thevhead € theorseack buthe t he
aver age depth h d f e it i n the
second alter ngg3 IL(/ctee @?J@hl&sﬁ'ﬁt %ggra“g%o%el rr}ed:ff t@? ﬁ%q%g‘%% Hag?d toﬁee)%alc%?ds 5
representing abtialsiesadl dimehbionde fvdalnemgiV\Oanansdid degihadetlowingr tiexanpl e,
the foll owing equation may be used: 25d"=EElI ndg(i,l) r-i J-1

wherein day i §HAEORF i t hnetic mean depth, and n and mare the di mensions of
the depth map image. Insteagd of an arithmetic mean, a different type of
average, such as, for imstancel the nedian, may be considered instead by
the skilled person accordiﬁg to the circunstances. - 13 - In
the next step, the expected_major radius size a and m nor radius size b of
a virtual ellipse fram pg pghead of the user 1 in the source inmge at

t hat average depth day is dal cul ated based on expected actual head

di mensi ons, focal |ength, and said depth, follow n%\ t he 5equati ons:
wherein F is the focal length, and A and B are expected

actual head height and width.

10 These expected actual head dimensions A and B may be
stored in a memory of the computer system 2 as absolute dimensions or
relative dimensions with respect to the actual size of the user 1 (which
can itself be calculated on the basis of the size of the user 1 in the source
image, the focal length and the depth).

15 In the following step, an elliptical Hough transform is then
carried out on the dilated contour image (lg). In this operation, for each
pixel in this dilated contour image (lg), an ellipse (or at least a segment
thereof) with said major and minor radius sizes a and b is generated
centered on a corresponding position in an accumulator array (ls). Each

20 position in such an ellipse has an intensity value, and these values are
added where the ellipses overlap in the accumulator array. In a preferred
mode, illustrated in Fig. 6, the ellipse generated in the accumuiator array
(Iv) 1s a fuzzy ellipse, resulting from a convolution T of the pixel 6 from the
dilated contour image (lg) with an elliptical mask 7 with the dimensions

25 a,b and with a blurring mask 8 with a gradually decreasing intensity
distribution around its center. This intensity distribution may be, for
instance, Gaussian.

Thus, for instance, for a pixel in positions x,y:



Fa=Ad b-FB wherein F is the focal length, and A and B
are expected actual head height and wi dth. 10These expected actual head

di mensi ongoAoangdoBonay be stored in a nenory of the conmputrgpr2eyst@™ 2 as
absol ute dinmensions or relative dinensions with respect to the actual size
of the user 1 (which can itself be calculated on the basis of the size of
the user 1 in the source inage, the focal length and the depth). 15In the
followi ng step, an elliptical Hough transformis then carried out on the
dilated contour image (Id). In this operation, for each pixel in this

di l ated contour image (T@y(x,@n+el3d (thates( e adcunadsior ansgdsimdretraatebf ) with
said major and m nor radius sizes a and b is generated centered on a
cor r espondi ng 3pbuistatdhe pPRSERNSOEAMASIA @P® ay (1 e). Each 20 position in

such an elllpse has an rueashiy ¥alge qfiid ithane “RclffuALE affdedishere

the ellipses overlap in unmul ator* array. In a preferred no

i |lustrated i indremented 2 heitslalt ithes pogiors diredtly nghthend ediueadhapositienr oy (1 h)
is a fuzzy_el kﬁé)ge r(ﬁsul ing froma convolution T of the pixel 6 fromthe
dilated conto A%l 8§'vvith an elliptical mask 7 with the di mensions

25 a,b and with a blurripg, sk 8 bh @hatr aguahky ARGHRARPYaiEYeRsi ty
distribution around its center.” This intensity distribution nmay be, for

i nst ance, Gaudmrament®L® uhds ahthepositionsr dieglyx @bove padihalonseacty: - 14
) position of the basic ellipse);
T{lg(xx1,yx1)) += 1 (that is, the accumulator array is
10 incremented 1 unit at the positions directly above right, above left, below
right and below left each position of the basic ellipse);

Advantageously, if the contour image (lc) was generated
using an edge detector, such as the Shen-Castan edge detector, which
also provides information about the local orientation of the contour line,

15 this information may also be employed to modify the elliptical mask 7. For
instance, as itlustrated in Fig. 6A, the elliptical mask 7 may be oriented
with the major radius direction following the local orientation of the
contour line along axis M, or as illustrated in Fig. 6B, the elliptical mask 7
may be truncated at its bottom to reflect the potential non-appearance of

20 the chin in the dilated contour image (Ig).

In a second embodiment, instead of calculating the
dimensions a and b of the elliptical mask 7 on the basis of the average
depth day, the individual depth d(i,j) of each one of the pixels in the dilated
contour image (l4) may instead be considered for the dimensions of the

25 elliptical mask 7 to be applied for each individual pixel. This may be
carried out, for example, using a dilated contour depth map (le)= (la): (Inag)

and the equations:

F
)= Y
at.J) d(i, )
F
b, j) = B
-7) d(i, )



T(ld(x,y)) += 3 (that is, the accunmulator array is increnmented 3 units at
the positions of a basic ellipse); T(ld(x-1,y)) += 2 (that
is, the agsououldbmy array is incremented 2 units at theppogsipei0nsosdirectly
right and left each position of 5 the basic ellipse);

T(ld(x,y-1)) += 2 (that is, the accumulator array is incremented 2 units at
the positions directly above and bel ow each position of the basic ellipse);
T(ld(x1,y-1)) += 1 (that is, the accunul,gtor array is 10 increnmented 1
unit at the positions dlrectly above right, above left, below right and

bel ow | eft each positiom ®bth henbadinengd,| mesemm result is an accumulator
Advant ageously, if the contqur_jina was .generated using an g_gesge

gje]'E ector, sucR(aY¥ ash dlepirded daskign egﬁféer&é’t dhe dotengiy dieales® FHeol
t
ot o oSS o BRI P bk IR RSO PEnca s

i ns';]an(r:]e, as bblmnstimaigeds ihigHeisy. 6A, the el liptical nask 7 may be oriented
with the mpjor radius djrection, foll | ocal o i on.of fhe
contour |ite al ong axi SHWGHPF 4519 §t‘?"g‘f‘§ﬁﬁ iRy ‘@Jlstﬁ g} '??)Pf cal
mask 7 may be I

non- appear ancéﬁef)?gglg? ﬁH t@%l r?hfcné)ﬁ]ééé%q rteg'?@gbc]ﬁﬁ g%%@ BQF&I@E l|ﬁ4)33 in the

In a second egbowiunémagei(hstdad? ohay alsoupresenty apae shidentensits paaksmd. b of
the elliptical 7 is of th aver edeth th di vi dual
depth d(i,j) SRS e é%{%@p‘?‘%{@%oﬂﬁ'”@h‘& o S ‘?"ﬁﬁ" 9 (1d)
may instead bgyggrssdgied pfo@rtwtaeear%mrf%rﬁnﬁneobréd@ce%f @théseoumt@alsstymsk 7
to be applied for each individual pixel. This may be carried out, for

exanpl e, 18i ngdgesi9 it tbe mmjatoaamtay iteiB qdventagecys tp|d1§¢r¢|)1matﬁith€he
equations: a(i

enbodi nent s, !chcéi Hntgn@t;})g@ |%Or%n3p§8§® ‘ S’(())Fﬂt%cri r[%tfnggy e%ﬁ%{h ef OI n Fig.

7, wherein th&)damtrﬂmmtyymemi@lo&aafdemnmetnbey fidgés Bons where the possibility

Of the occurrence of a Q'Hg‘r%?or%e?g all rrlaewgtespoﬁlrugtera’éercria gs é] gh\ﬁeslghtlng
factor W may be introduced for discriminating the intensity ridges 9. To

15 calculate this weighting factor for each local intensity maximum, a
circumference 10 centered around the position 11 of this local intensity
maximum and having a predetermined radius r=b (typically r=b) is traced

in the accumulator array. A first position 12 with the highest intensity in

this circumference is then located and its intensity value stored as mes.

20 Then, the computer system 2 locates a second position 13, which has the
highest intensity in a segment 14 of this circumference 10 (typically a
half-circumference) opposite to the first position 12, and stores its
intensity value stored as me. If the intensity value in the position 11 of

this local intensity maximum is designated as m, the weighting factor W is

25 calcutated according to the equation W=m?/mg-mcp. Since in an intensity
ridge 9 as depicted in Fig. 8 both m¢ and mg, will have values close to m,

the intensity values of local intensity maxima located in such intensity
ridges 9 will be weighted with a weighting factor W only slightly higher

than one, whereas isolated local interisity maxima, more likely to include

30 a local intensity maximum corresponding to the position of a human head



5However, due to the eventual presence of the extremties of the user 1 in
the source imge, resulting into nearly parallel lines in the contour inage
(1c), Figwodonmgombso present, apart said intensity pealpsTdp000e0337tYy
ridges 9 (Fig. 8) corresponding to these extremties. In order to suppress
fal se positives arising fromthe presence of these intensity 10 ridges 9
in the accunul ator array, it is advantageous to discrimnate the |ocal
intensity maxi ma corresponding to isolated intensity peaks 8 from | ocal
intensity maxima |l ocated in intensity ridges 9. Therefore, in
a next step iid thet sadred image] will B weighted htiihng sfgndficantiWhigherlveeightimgpduced
for discrimnat the intensity ridges 9. To 15 calculate this weighting
factor for ea ch intensity maxi num a circunference 10 centered around

the position 11 of thls };e(?ﬁl% gqi,%grrrined
radius r=b (typically r {Sﬁg’ﬂ?s trace hﬁ?‘? g%te accumnu g??{h%%@h r?st
position 12 widdal iiendityghegima megnalso yoei weightes! using dné eugnde of at teash

| ocated and its inte val red.as ntj comput.er system
2 ocat o 5 sEOBNRRURMERA 1ASadifRACHES MRibon gres canatdbles THBY e,
segnent 14 of mié*qrﬁeélmm %@i@ﬁﬁnglqaéwpambbua@ F Bash ruppichens

opposite to th irst position 12, and stores its intensity value stored as
mc2. |If the i mashedt \mmgepronedmr@ peyitheorbelused to iselect @@alor awsehsfty

maxi mum i s desj ted as t he igh 0 | cul at ed
according to {%ﬂg(q@af?ﬁ?ao&?%@}%v@@rﬁ ﬁ@éaﬁ{’{ﬂ? qﬁ&%iﬂ%@ Tidge 9 as
depicted in Fig. 8 bothOmel enhdigsed %dﬂplé}@éﬁta\tw westheligsanicives tie
intensity values of |ocal i ntenm% maxi ma | ocated in such intensity ridges

9 will belQei ghlcalptiantef a idugjhpagkdongctoin Whe ey Ofiaysergndrgaeae Phan one,
wher eas i sol aye, 58 e qucﬁ@ﬁ ﬁ;tcﬁr%ggﬂfﬁﬂﬁh tHBrrﬁaklhﬁ"Meﬁ@h' &Cf# gocﬁ? oﬁ‘6| ocal

intensity maxummc rrespon e¥position o - in
t he source i migehumiahludee v gipiresbrweﬂhn mesmgnapnmagel(bg) Fesghestrated ght | ng

factor. t he remal f candi dat es anong.t he
ohost 1 ocal Fit ke propiabl e ik, SredOpi slirtm Baoasssss e AoROBl s of at
lleast 5 one sypplg fs¥r Heﬁrﬂl 98&1%%%!9%1%%8%3@%@ Wbﬁ%ﬁs vIFRa| be

wei ghted with a weighting factor appropriate for each suppl enmentary nethod.
A voting ﬂ)‘éocbauk@nmgnd I:fmcamildateoblhm}seséﬂiect one or a set of candidates

correspondi ng to human in th rce i e of thes .
suppl enentary net hods i Mrr\s)agc?lﬁg Emen ary method is basedon the“calculation

of a main upper bady axis 18 centred on the center of mass of the human
user 1 as represented in the bitmap image (lp). This is illustrated in Fig.
10. Normally, the head of the human user 1 should be closely aligned
20 with this axis, and therefore, the probability that a candidate ellipse 16
represents the head of the human user 1 will also decrease with the
distance between this axis and the candidate ellipse 16. '
Another one of these supplementary methods is that of
testing the continuity of the bitmap image (I,) of the body of the human
25 user between its center of mass 17 and a candidate ellipse 16, as
illustrated in Fig. 11. For this test, a Brezenham algorithm may be used. If
the test output is negative, the probability that the candidate ellipse 16
represents the head of the human user 1 will be lower.
Yet another one of these supplementary methods is that of
30 skin tone recognition. If the 3D camera is a colour camera, it may be

estimated whether the candidate has colours associated to known skin



10 cal culation of a virtual backbone 15 in the formof a second-degree or
t hi rd-degree function going through the maxi nrum | ength of the body of the
human usewoloagsospresented in the bitmap i mage (I b), agcirdpesbnadser in
Fig. 9. The probability that a candidate ellipse 16 represents the head of
the human user 1 will decrease with the distance between this virtual
15backbone and the candidate el lipse 16. A simlar

conpl ementary nethod is based on the ca_I1Gfu_I ation of a main upper body axis
18 centred on the center of mass of the human user 1 as represented in the

bi t map i mage (difds. IfthisSisirtithd yase aherobaifiiity.thaOthifNcamditiate, rephesdnead of
the human user 1 should be closely aligned 20 with this axis, and

tperﬁfore, t hthgrisshiof i the DheBtaMR Usghdviabe @Wﬁrps&d\’%‘t?@ﬂ@énf’%m%e head
h - ; . ; :
of the human H’%ﬁéfo}m 1%@ g'l’é%ﬁhlqﬁ%gﬁ%% Mgetohtxﬁ]’ﬂgﬁﬁbﬁﬁ%ﬁﬁ&r : %,’g%\'bﬁﬁ%s axi's

and the candi e elll her one

suppl enent ar y RG hdats, | capitinadd bl thest3hgedrherag ointd raui dofowf sphee binbreap | mage
(I'b) of the body of. the human 25 user hetween its center, of mas& 17 and a
candi dat e ‘oI | ABREOPLEte o [SKIN, 401 B EO9HIg gSUGH SSFJPT (HHIENERaR JeVIG oz enham
al gorithm may; it t | | ; rlgty that
t he candi dateI%#ﬁggnaglggﬁgsﬁ?s%}%%éﬁ’ %?%?Eg%ﬁg%aﬁ@u@g@?bﬁﬁl be

| oner. Yet and@Reéi*atteonCIEGANEZ2seqiplirespateary net hods is that of 30 skin

tone recognition. If th D canera is col our , canera, | . be estimated
whet her the candi date hgg E‘BP@]?.TSO”&_S% r“ﬂa?e%ﬂpﬂ?'"jl%??‘m E]Stﬂfﬁggg'slg‘aﬁoiones.

If this is nohafrhgsteassh. IhNearBe@BRDF kihd B Banetdis aCROH c@herd amhesent s the
head of the human user will be | ower. Advantageously, colour transformtion

al gor i t hn$0 maynftared delgmeiry detesten mnsosipge hait lrgelycabspsbraE@ydiaelent apt ur ed

by the 3D cans | . a col.ou ® e rni-ate, .t | one
recogni tion Ted d8pBef i Ry Fiia s ERRiS RIRE Teplierity A 2
col our space, headaoper drpharal hger uwill GemhigHer 1B 7thekd aisbanr afdaEGAMUIR & ol our

space. Yet anot her gne of these_suthI_errent ary nethods is that
of hair det ecPrefetermingdrdisianrac the edge. apd dapsricular HeMBP £AIa%hi t h an

the candidate ellipse, which does not return a well-defined depth signal.

15 Yet another one of these supplementary methods is that of
matching the cloud of points corresponding to the candidate ellipse with a
specific or general pattern representative of a human head. If this pattern
matching test returns a positive result, then the probability that the
candidate ellipse represents the head of a human user will be higher.

20 Yet another one of these supplementary methods is that of
chin detection. When a human user is facing the 3D camera, the latter
will register a depth difference of usually between 4 and 9 cm between
the chin and the neck of the human user. If such a step is detected at the
lower edge of the candidate ellipse, the probability that the candidate

25 ellipse represents the head of a human user is higher. Figs. 12 and 13
show how such a step may be detected. A rectangular inspection area 19
of, for example, 20 cm height by 10 cm width, oriented according to the
main axis of the candidate ellipse and centred on its lower edge is
selected in the depth map (l.qg). A chin is detected if the depth values

30 measured in this inspection area are concentrated around two distinct



10 infrared telenetry detector, and since hair largely absorbs any incident
infrared radiation, the probability that a candidate ellipse represents the
head of awbuoamsumer w Il be higher if there is an ar eapoirtEP2610870817
predeterm ned di stance of the edge, and in particular the upper edge, of
the candidate ellipse, which does not return a well-defined depth signal.
15 Yet another one of these supplenentary nethods is that of matching the
cl oud of points corresponding to the cangj date ellipse with a specific or
general pattern representative of a human head. If this pattern matching
test returns #egasnty weaxirea @0 21tdppnoxinetelycbab? Ichi gpatiaas shewnamdhalat e

el lipse represents the head_of a human user will be higher. 20 Yet another
one of these SIFPPERALELY Thet hods is that of chin detection. Wen a human
user is facing the 3D c i LS i rence
of usually between 4 an%@ﬁ%g{%\%gﬁé[? eévcﬁ!aﬁ{ ?ﬂ? %ﬁﬁ tﬁegﬁog?aghgﬁf\un&n
user. |f suchelbhot epay Sfoduat enotbdr atandidaté oslipsedfe af shiowncimdiigatié.

I 1 , t obability that t dj dat 5 ellj , 1ts the head
of & hurard usSHLaRFeR 3 RPBS22 15T emise B Fead SORANS Seah i o
detected. A regtaistd F thBSRGHEhODs Gafckthedf byf Bl BHARR ﬁn?jg@ &) hei ght by

10 cmwi dth, oriented according to the main axis of the candidate ellipse
and centred omnpther| sypplersagtary snetbodcthel formation gésushnigies \B2 inthein is

detected if the depth. values 3 red i.n this. in tion r
Concent rat ed SRS fetiFeRrnen any gmudngdidy iRET Il oBiddaR fo
appr oxi mat el y eflipses WHidh arRpadjacast toipamolen22 REll be givegr & rovesr rkightidg .
When the user holds at | east one armto the head, the_el bow may faorm

anot her ca@di dat e el | i p¥éners, thgs paifen cRRtUred. byathe dPmeamaiaowdiish a hol e
22 forms bet n (S I e sl man
user 1 forne\é\%gg'e%ﬁgn&gﬁéﬁgg ﬁH@%@ k'?%?m?énrba%\%t szrddsé?;gftéﬁ%g{eyrv gﬁ(rrgr hod,

t he fornmationirtéreombbcted ag)i@is,i o tiselcsddhioubttémationalePeteingé dAppicdtiamy

si mul t aneousl reat candi date 16 el lipses ich are adjacent, to the
ol e 22 ai I BUOGIEN 285 R S8t Aepliet sHEpRrPraHaneiiad w81 fe SoEARTTE by
the 3D camera;yWyney Ctﬂérgéféb‘ﬂiﬁnt Qft e NMARIMMEST MaMR BRSRCK oHpegid nto a

network of interconnected regions, as disclosed in International Patent
Appl i cati 6 W20R802B8588528nethot cimecdgnising Epvaumet withyin tetckedimensidvel used

whi ch invol ves the.dgf%ﬁtieggof htt?,he ext\r;ﬁm'ties 'ln this network. |n W 15
2008/ 128568, IPAET HOE BHOTEC By MG hTESAINGREINAL HIMAYT MAke CATMRRES chal
space is di sclyngantyl of P’am@ with @ife dhfRNGiInfsIRliondregicdatihesenpoinge ard
plurality of pointS with the three-di nensional gé)_ace. These points are

[

cl ust ered and clisigrgstand 2 slusigras seleciad as gopgint ofintaiest; dbe pPoime vilimt s
thioeh ) g _ , f which
W thin the Seg%ts%‘i'%&éas&ﬁéte?r&er ?e-ggé(}}ci{%gféﬂgefﬁ%% SFLS ISR, gf%@gcﬁ’ I C

20 having a ¢ roid and a vol une a e centroi ntroi ds

can be copoecthatirigoa foehiroil aat v v&lunte iasaddistedofvitathe heaabidarCentheds
extremties are identified as being a centroid that is conne?ted to only

one ot her centC@Bi Be gQhneciasste PR # Netwgrk jrdicaties O At icsIRCT VNt AN i t her

are extremities are identified as being a centroid that is connected to only one
other centroid.

As illustrated in Fig. 15, those regions which either are

25 directly connected to just one other region are considered as extremities

23. Those regions which are directly connected to more than one other

region can also be considered as extremities, but only if the lines 24

connecting their centroids to the centroids of the adjacent regions are

within a maximum angle, such as, for instance, 45°. A candidate ellipse

30 16 which coincides with such an extremity 23 wili be more likely to

represent the head of the user 1.



25 directly connected to just one other region are considered as
extremties 23. Those regions which are directly connected to nore than one
ot her regivonocisewhso be considered as extremities, but pomep2éihotdser | i nes
24 connecting their centroids to the centroids of the adjacent regions are
wi thin a maxi rum angl e, such as, for instance, 45. A candidate ellipse 3016
whi ch coincides with such an extremty 23 will be nore likely to represent
t he head of the user 1. - 19 - _19- |n avideo sequence, time
coherence and tenporary occlusions may al'so be taken into consideration.
For instance, if the cahdidatidebvarkgdehye,t tienegreshevencareahddempsrarpnped by
nore than a predeterm ned dji stance froma previous frane to the ii%;farent
[

frame, a 5 | oREFLBIRRRCNAYaRIGPABE dakal) IBl® EBRSIAgEALION. jFor; insfance; ¢ sai d
pr edet er m ned g} S; i L4l it i f If the
area correspor? Pﬁggf%%i%&@%&??r a%%@k%gﬁgsl ggtsénﬁ]rﬁ)%ge%* g@ﬁeﬁtaﬁfar ame is
occl uded i n t peedetarminededistamee cfandi dgtresioun fraraenewtifer aneenajrabe, a
di sregarded, and the, head sjtion fromthe previ ous f.rame 1Qmai nt aj ned,

R RYCHI L T i g TR VR S Sy e A ol

eventual |y

i nvention has pheff-ARPeH! RSN tfibrh @hEHEMEPESST &F the Hreviel® dtye. If
enbodi nents, it wll be evident that various nodifications and changes nmay

be made to thése asedcdimespording tthdbe highestt ianged reamdidase ik engegcesiedpe of
the invention as set forth in 15 the clains, A di.ng| t d [iption
and dr i ngs 4P § SEAkod o Bate M po FHOESI T el e REL ",
restrictive seaselisregarfed, &hdl Me head position frbm Aeetgrediousr fraee®gni si ng
the position of a hurman head in a source inmage, conprising the steps of:

10  maintained, eventually until the occlusion ends.

Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that
various modifications and changes may be made to these embodiments
without departing from the broader scope of the invention as set forth in

15 the claims. Accordingly, the description and drawings are to be regarded

in an illustrative sense rather than a restrictive sense.



detecting a contour of at |least part of a human body in said source 5
image; calculating a depth of said part of said human body in said source
i mage; owbeuiaisdzdg a maj or radi us size and a minor radipg$/EPR@@/00f81AN

el lipse corresponding to a human head at said depth in said source inmage;
10 - generating in an accunul ator array, for at |east one set of contour

pi xel s of said contour, at |east one segnent of an ellipse centred on the
position of the contour pixel and havi Q@los_ai d maj or and minor radius sizes;
and selecting the position of a local intensity maxi numin said

accunul ator array as corresponding toCaoAINMS tion of the human head in the

source 15 inage; and selectin best head candi date ng t hose having
t he hi ghest energy in tﬁe’gdﬁ%mﬁ’gﬁaf BCOSNISH ﬁ}?dp%%t'%ogg&ﬁ?%h%w ght ed
by addi ti onal ;dgf, frﬁgqﬁr?j Sing the st f- 2. A nmethod according
to claim1l, erel?(‘é\i:'t said’ egﬁﬁ imsg al’? SZSISJ%'t\(/)erage depth of said part of said
human body i n- sigtectingua ceoritomigef at least part of a hBmak betiidd swid odiresy t o

claim1l, v&t_?erei n said depth and said najor and mnus radius sizes are
i ndi vi dualty E87%%l ated for each contour pixel. 4. A

net hod accor di ngduatdiyy a0BEP® of BEIPHEM SUSaRl ALMRaN BEIYNE Rid sdurce
nmor phol ogi cal dilation of said contour is carried out before generating

said at | east irﬁﬂ@e;_segmant of an ellipse in said accumulator array. -21-
oo hod el 8, AerARN L sbBCal SN B BESF Bl
orientation feprregsdhdiegt®dhuphaiehead at said depth in said Goufcamitds] accor di ng
to claim6, wherein said at | east one .
10 - generating in an accumulator array, for at least one set of contour pixels
of said contour, at least one segment of an ellipse centred on the position
of the contour pixel and having said major and minor radius sizes; and
- selecting the position of a local intensity maximum in said accumulator
array as corresponding to a position of the human head in the source
15 image; and
- selecting a best head candidate among those having the highest energy
in the accumulator array and being positively weighted by additional
detection methods.
2. A method according to claim 1, wherein said depth is an
20 average depth of said part of said human body in said source image.

3. A method according to claim 1, wherein said depth and
said major and minus radius sizes are individually calculated for each
contour pixel.

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

25 wherein a morphological dilation of said contour is carried out before
generating said at least one segment of an ellipse in said accumulator
array.

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

wherein said at least one segment of an ellipse is fuzzy.



5segnment of an ellipse is oriented according to said | ocal contour
orientation. 8. A nethod according to any one of the previous
cl ai ns, whenreimsoizef ore said sel ection step, the foll owpog/rrh@ps7@1e
carried out on each one of a plurality of local intensity naxinma in said
accurul ator 10array: locating a first position in a circunference centred
on each local intensity maximumin the accumul ator array, wherein said
first position has the highest intensit)éfp said circunference;

| ocating a second position in said circunference, wherein said second
15posi tion has the hi gh€sh ivetienb iatgoridingio aihy ofe dithle predont elsimse
opposite to the first position; weighting the intensity m of the | ocal

i ntensity maxWHekeR sadacaniediofetRetian niteh 390 GrFyvises e detectian afr@ ensity

in said first Iy o2 | ' in said second position.
209. A net hod I%@:g%@%oﬁgﬂgﬁ;@aggie%%?%ﬁgbgfév%us cl aims, wherein, before
sai d sel ection step the7i At metidd/acdordmghtoanainot, whptain abid gt lebst ool

intensity paxima in the accynul ator array is weighted on the basis of the
output of At PESEENSnEl Al RS hedentPtc BEFFOBh the SABH 19GH!e EORGUF r om
anong a group «fieRRftiopl N9 skin tone recognition, pattern 25 matching, hair
recognition, chin detection, hole detection, detection of a connection with
a center of mass or an &x¥r methgd eccemiing oy doelpf thie sraviows taaiensyi rt ual
backbone, upper,

sequence. 10. K’r}?ggiﬁ% g@kégﬁfﬁ%&ﬁ&gﬁ%bgﬁ@e g‘?ei%g% O%“Et | ioag'ﬁlscré@ﬁl% hﬁt,eg%o
wherein, if saadhsons G 4 RGRIIS of I68HIT NSty afBxiPha an Vg ademigmee, and

10  array:

- locating a first position in a circumference centred on each local
intensity maximum in the accumulator array, wherein said first position
has the highest intensity in said circumference;

- locating a second position in said circumference, wherein said second

15  position has the highest intensity in an arc of said circumference opposite
to the first position;

- weighting the intensity m of the local intensity maximum with a factor
W=m?m¢i;‘mc2, Wherein me; is the intensity in said first position, and me;
is the intensity in said second position.

20 9. A method according to any one of the previous claims,
wherein, before said selection step the intensity of each one of a plurality
of local intensity maxima in the accumulator array is weighted on the
basis of the output of at least one additional head recognition method
selected from among a group comprising skin tone recognition, pattern

25 matching, hair recognition, c.h-ih detection, hole detection, detection of a
connection with a center of mass or an extremity of said human body,
distance to a virtual backbone, upper body axis, and/or previous head
position in a video sequence.

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

30 wherein, if said source image is a current frame of a video sequence, and

a position selected in a precedent frame is occluded in the current frame,



a position selected in a precedent frame is occluded in the current frane,
- 22 - disregarding any local intensity nmaxi mum and nai ntaining the

posi ti on welectm@okson the precedent frane as correspondi pgrtep26108703¢ad
position in the current frame. 11. A nethod according to any one of the
previous clainms, 5 further conprising, before generating said contour
image, a step of isolating said at |east part of a human body in said
source i mge. 12. A corrputer2- eadabl e data storage nmedi um

cont ai ni ng conput er - execut abl e i nstructi®ons for carrying out a nethod
according to giye@neirf ahdodleivitehsityCinakiibum 1843 riaiaRiming ehesysditan
programed for carrying out a nethod according to any one of clains 1 to
11. 14. A conpéaelectesisx the pieeedentiame as eerresreNding iSolisriieachpogion fagi ng
device for ca i id.source i mge. 15. A conmputer system according to
claim 14, \Ahe?ﬁe‘%l{r:\u@%?%ﬂ?hagi ng devigce is a 3Drripmagi ngydevi ce for al go
capturing said depth. 11.A method according to any one of the previous claims,

5 further comprising, before generating said contour image, a step of
isolating said at least part of a human body in said source image.

12.A computer-readable data storagé medium containing
computer-executable instructions for carrying out a method according to
any one of the previous claims.

10 13.A computer system programmed for carrying out a
method according to any one of claims 1 to 11.

14.A computer system according to claim 13 and
comprising an imaging device for capturing said source image.

15.A computer system according to claim 14, wherein said

15 imaging device is a 3D imaging device for also capturing said depth.



