"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 NR@So1ldRoR@  ticular, the present invention rel atggiimom/edinod of
using depth information for predicting the nost probabl e 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,

scroll wheels, pens, touch-screens joystjpﬁf, %gggpads, etc. which produce

signals in response to a physiddeadecognition method”

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 to 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 nyweRB 1Rkl cati ons such as three-di mensional ' Vﬁ(ff/ﬂ?%gn(‘/@ﬂkﬁt y"
environments wil: feel awkward and | ack realism Moreover, they 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 net hods arge al so known. For instance,
practical systenms for voice recogniti orf&re avail abl e, However, voice
recogni ti on | engderd ARSI C8li phsiBat inpt HRVicBTavaPRlahgHirb@BBcs uch as
action ganes, where rapid, precise and repetitive inputs Dy the user are
requi red. MorEovénstandesi theyf tantdngneffes aslimidedrambyntabf atifferdnbyindackgr ound
noi se, and they_generally require | earni ng perjod to recognjse.a

particul ar usgﬁnglsv&m@ d%rﬁ?g'ﬁ%fppi}gﬂmévgfélqsemﬁ?i ' epgoﬁﬁiag\grtual

recogni tion. ({galifInkirShiRhes Will RNawkiRIS JrRCIRER Irbh KM SHRFEETRr! ni se

bi nary patterns i'n contrasting col ours, such as barcodes, and convért these
pat t er ns icht odli§i siggogptiblgrial wearoanghedeestinged Mseemagheveodtaviensegative

recognition s r i se | ex patyerns i n,jinmages and
produce a | ar%@%ﬁ?‘?é@%’“ g&:gﬁ%n ﬁeﬂgbg?ﬁﬁpggﬁbréseﬁeﬁ?@ﬁv? :gté%'nr E'E%'yni tion
systens have (&l proposed, for instance, in US Patent 6256033, for
recogni sing the gestures of a user in range of an inmaging system However,

conventional inmaging syStesRativipuhsleyicesand aetindsam H%QH@QMh roduce

| 2D i i I : Lt f th
lser' % gest urnatfict; Bactiab it br bt Tebbatition A BuRARET LW D) o
i nputs arid r i drte cecugnitiqrois sidilzepraeticsraltenative for sbes applications,cuchr, such

systens have problens separagting the user fromits background.
The deve/ oprre% agLO%gam%givﬂbarg apinPresisteng rensiitive s byothe wseri ty to

devel op shapearee¢ogiidd. ONorEsRPdShan desitiveResé! ik?%@&se@%fﬁee@da%
h 3 em was di

€,
better user gesture recognition. One suc D I magi ng sys gcl osed

in G Yahav, @ckgrourgiamissmdand they3 gengtallyerequire, a "[@BrminggperiodCamer a f or

Gam ng Application', .The..3D i Lng systemdisclosed in this paper is of

the so-call eﬁ%ﬁl@ﬁ%@&@%p@ﬁ{ Hg%rrs ,&95&1@ °-whi ch a depth perception is
obt ai ned 1i5r om t he shapearjther witsg{atiostis imdded fcdpit @t tiadthkirogihgegct s in
range of the 3D ipmaging 5 system However, other types of imaging systens,

such as st er d8"Ralfeags reqqaniien sysdems rseegnise &inary palerns socydestipgoposed.
2008, 120008 NOTPGSESucH 88 bRl ank ohILATHELS BAREILENSInaRPLLRAR) O7 10

2008/ 128568 to capture a a scene, a ’subj ect, such
as a human bddy processimigd Miibeiatvgacedindage rdfmgaimnsystbims canbjegoyniset 0 a
plurality of discrete reg%t?ns i.ncl udi ng{@ h%gd. ) ITn US Patent US
7,203, 356, i tMQKs CHMBISRACRRIRIMALrS AN RICCEFR A lares varisty lesigalispse or

our Co | mage Ramte e pon Yage HBEaIMRon SeRAR el S pRRERBL R 1
docunent doedhgigncei igduégl%atantv\ﬁ256033, 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.



15t he paraneters of the ellipse or ellipsoid nodelling the head are
obt ai ned. A simlar 3D nodel fitting nethod has been proposed

by ZhengaRgng:hiddersdet suya Kawamura and Keiichi  Uchi mur a pcii/Epciasesal e
Correl ati on based 3D Mddel Fitting for Occupant Head Detection and

Tracki ng", Stereo Vision, |SBN 978-953-7619-22-0, Novenber 2008, |- 20Tech,
Vi enna, Austria, pp. 91-102. Yet anot her nethod using 3D data
and ellipse fitting in order to track a human head was proposed by Ehsan
Parvizi and QM Jonathan Wi in "Real -Time 3D Head Tracki ng Based on

Ti me- of - Fl i ghiy DRidbusenson " imddlhl CEfers op! Gaigy #pglieafiese e @D Tool s
with 25 Artificial Intelligence. However, this paper also failed to
di scl ose how irhagipg syetene dissivsedeindhis pEper ieopihef sr-callechdamerfBtiElighter e t o

be obt ai ned. _In."T - el |ipLi i de”,
& et gnot - 00" BOFtvee, mivhishy s appht PoERglEn TEHER G Pkl Ml 4 P! ¢°
particul arly @ffbfrbRiof GRFPUeRECicPFORT Hhfsttsahhefgbobf e 0B igtaringn

elliptical 30contour in an inmage, and its application for head recognition.
In this nedhodystempaHoweyesr othase tyfeselof | iplaging  $¥sRIASt rsaiebf 8B ndlieEeQsed for

- 4 - recognizing an \iptica h I C i nerated froma
source i nmage. cam%ras, L?bAhoAaﬁﬁJuaﬁngggﬁé%oa&%aﬁés% gg%r%tn of finding in an

i mge an inperfect instpangss eeeanp@bosed, frtinsanaeciar ntematibaaisPatend vot i ng
5 procedure. This votiw procedure is carried out _in a so-called

accumul at or aAPRYcatiano QIS b8 AdaluPaRitEs 2adle IBIRAS Akl HE Polal
Intensi ty maxi g ?%uﬁfét%gn?hglﬁ Oa{Os* %Ir ﬁg}{nd@ bBP?,“'ir?ts‘aa‘?d b3 Qﬁ{eg)‘ag"e?téd?ﬁto In

posi tions corféspondi'ng Ividual “points int I mage,
i nstances1®f &bgmebi ti$ subjiechints ahdiimditysefidiftretd redidres ipatudingud ficadase of an

el iptical roush 10t et gemihs, T SEhos 3l §Lh-RSromite. Sbumer o
G ar o1 11 paaoBs et A6 use B B e e i
order to incr #sseoskione ofieutiumars fead, it ke sagwenimagercapturgd by ol at ed
with only 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 Fitting 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 particular type of elliptical Hough transform is used for



15 representative segments of these ellipses. To increase the detection
rate, fuzzy ellipses are used, with, for exanple, a decreasing intensity

di stri buty@rodoguss t he ideal elliptical shape. PCT/EPﬂd?W@fT
wi t hout advance know edge of the expected size of the head In the I mage, a

conprom se nmust be found between 20 conputing speed arid a |ikelihood of
fal se positives. To alleviate this problem in this prior art nethod only
t he contours of skin-coloured areas are taken into account. lithe user
wear s skin-col oured clothing, the risk -& fal se positives is however

I ncreased. MygRaYRiEingt Bbselﬂbii@él eﬁ{éé)ieﬁ?ﬁ hpdohfodr! Mz:isq‘”éfj Ig%ﬂeﬁ«ﬁé&?ﬁ'&'ﬂgah“”a”

heads within a relatively limt stance range omthe i magi ng
system nanel §oOUICe 6N2Y& net ers, O her nethods of locating a

R 85 1,3 S0055 RSO B S AR LB S 8
[n addi tion RpEheen iMehoal of vl WRHRF.a oRrale daierets viARR article

entitled "Head detection and |ocalization fromsparse 3D d RNET
Cl TATI ON 200 20roxedaz3gbEastingtnroesdurefis eafried Gut-inal sreallgnt agecumwiatar

. tuwi ) ) i r 002/ lan, odf,, relating to head.
Rt oot on kel 880 dipice PR oAt e Chuightee e ol B o
"Cccupant  posmakiendiley absurdalater aehy @b@g@i@te’iﬂdysgte@‘fe&étiﬂ ] sft@nssmar t
ai rbag depl oynent”, | NTELL|I GENT VEH CLES 5 SYMPCOSI UM 20(94 | EEE Par nm,

Italy, June 19Mespopdng io dighodupdividyal pejats jrefire image, instances of the

XP010727732 I CHET §7a- 02 7E0Y. Sanalty  WRheridar BASESr Bl ibicl Poggh ¢ 4,
occupant 16f araredorni,nttee vefectlis aro ellpser ofhd hecal apterpitp hagimann ahebag. 10
SUMVARY OF THE | NVI

to provide a q%pwﬁ%lé?a\lrﬁyecﬁh% iﬁ’emﬁ)}%{esgl%b gg’b&% sqt rrﬁ)@l@“ﬁﬁﬁﬂﬁ?"@égnit |nog -
source | mage.intersect, represent candidate positions for a similar ellipse in the image.
In the method disclosed by Leignel et al, in order to increase the
computing speed, the accumulator array is populated with only
15 representative segments of these ellipses. To increase the detection rate,
fuzzy ellipses are used, with, for example, a decreasing intensity
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 fo 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



15For this purpose, an enbodinent of a nmethod according to the present
invention conprises the steps of: detecting a contour of at |least part of
a human bg@yolfhsdaod source inmage; calculating a depth m@fr@aothdpgmn body
in said source 20 image; calculating a major radius size and a m nor

radi us size of an ellipse corresponding to a human head at said depth in
sai d source inmage; generating in an accunul at or array,
for at |east several of 25 a set of pi xegs of said contour, at |east one
segnent of an ellipse centered on the position of the contour pixel and
having said my rﬂ!:pﬁ@?fmm:\ﬂ.g{rigfta%éfﬁaé._bﬁfﬁﬁwgapersfzoozierwmsﬂaiaﬁ.tddm,g the
posi ti ons of accunul ator array as

cor r espondi ng r¢latipg ot etk defedtibe. bEsotobkyrthl btall [Bave: als aagl'ahadnam he
source i nmage; an -6- . - selecting a best, head cangi date
anong t hose hé\'ﬁ&% qu%'geﬂi GirsupantBpEiyre ﬁn@ﬁlglsaeglgguqei{agtrangﬁr%rylagﬂeég ei ng
posi i vel y velahhed i adiat! ofilagieuasiblARaret MOVELLBENTE NVEHIGLES of
actual human head size to body height, 5" although dependent of age and
gender, usHal ISYMEGSIUM, 004 IEEE Parmai itelyy Juae rldwl .24 Pisgaisnadht | y of

o noan s AT R N, 1Y BONE 2 find 1536506 T, 3NE 20ck, BRRBE ™
dept h measur eg@Rt (ovVAh3eXPD Y &7 27 2332 |SPBYS78-DNEso®BaN 0-andhat redates ddithe si zes

of an ellipse framng
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



10 the head in the inmage will be substantially proportional to this depth.
By using this information for carrying out an elliptical Hough transform of
a cont ouky@®boidbsd2@pst part of a human body, the conput gidQppRpReHsGan be

i ncreased, while sinultaneously reducing the false positive rate. The depth
data may be obtained in a variety of different 15 manners, such as, for
exanple, a Time-O-Flight canera, a stereo canera, LIDAR, radar, sonar,
etc. Advantageously, said depth may be %I average depth of the human body
in the source inmage at a gi ven nonent. ternatively, said depth and said
maj or and m nor radius i Vﬂidﬁ’d I

contour pixel. 20To fur"[ssghe%?\{I ér‘edz%g(t-:-htgﬁh(l' ancdééegﬁb é@%ﬁjg%ﬂg gﬁﬁu

head in the Jughest aénesge in thenacquinullatpr @ataydirichbéiag MSltS/@iwwergfmmlbynay
advant ageousQ/ (ﬁte C? tﬁ?g out ef ore generating said at |east one segnent
of an el |ips@ LR JelEiRmie8MSar ray. By broadeni ng the cont our, the
surface on which the SEliRGHURSlal u8/ackiMIRIRAN HeBdCaES S boRROMbigh

maxi m sed, and thus also the probability of recognising an e g

Advant age@usl%}thoslﬂhd dependerit OtBnQQ%egﬂ@ngemeranusualliymgﬂﬁm wtfﬁlmml By

enstone sediinrels Mol Hepgk"ToRBRaRenfle P Aoehe” seelifth b8 mostay "as a
blurred line |mpbi’taﬁtl vEﬂéBl@SferéiEﬁﬁlhlrnytts Qippaf&rit §xeml magé“:as)aﬁean

intensity distribution, around the ideal elliptical line. -
Advant ageous|djstapse te tin Bumapdeas: thed is ttep heay’ Séiefr&h W%@eﬂhea'bl@t ection
f I I
Pl vi ng-t ho hEH R APEeCThE Praifk aRE TGO AR sletirar Sliped Tefllies cnis

addi ti ondl i rtherheszti iortheviknage willybd subistadtiaily brcfrmrmdsrwl to rthllsaﬁemht Bg speed
and accuracy of the heta ﬁ n|t| on _net hod o@' M i nv h_lon For_exanpl e,
even nore ad\}ﬁlﬁ%geﬁdglo{f"a oipanneag oUW ah elighieal Havah fragsiorpsel fmy be
oriented accoifidig dfoattiBgst ;smbf GORUIA4A b%ermea&brﬂButhloh el é57Bandi ng

contour pixel. It is a further object of resent irnvention to mnimse
the 10 nunberln@Basad,s\ehliﬁ)slmultaeleouﬁucrﬁdlﬂtahg&@fﬁse positiveregtebe due, anong

orher s, eyt he contour gl gBLe ol oleeRe, SRR RLISHOT IR WPl RS "
transfor msi s manmdred suigh, abntfenxaynplé dge Time- @hEh@maMeaé Of gfdray- I n
order to discrimnate |local intensity maxima |ocated in such intensity
ri dges camera, LIDAR, radar, sonar, efc. 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 outis 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.



15 fromthe isolated | ocal intensity nmaxi mum corresponding to the position
of the head, in a particul ar enbodi nent of the nethod according to the
present iwgiieozsobef ore said sel ection step, the fol | qwmmgeetoapssimay be
carried out on each one of a plurality of local intensity naxinma in said
accurul ator array: 20- locating a first position in a circunference
centered on each local intensity maximumin the accumul ator array, wherein
said first position has the highest int e?si ty in said circunference;

- locating a second position in said circunference, wherein said second
position has the highesiadaheitddusly, Nt @drftogf @@bdti&ﬁcétéﬁuﬁﬁw ealee
opposite to the first position, - wei h'gin? the intensity m of
the local intaesipisenthd webactionhof af lacabcomewy rafteniion TYheaeh FOMAUri s t he

intensity in said first position d I [t ' [ ' econd
position. If el S8 s ’?e“f?si?@ﬁf"}@gi HIE e AR g, 16 ﬂ‘?&ge 30
the values of ubdtion hied FOUCEE 2higi dddititiisRlinfgrmstion, asisich ondybe wskdrtp The
wei ghting factor Wtherefore will not be nmuch higher than one. On

the -
- other hahd, fufthemincreass thergrasst apd geruiagn 9fdhe dwadi iegogpiben aeihes nid

and nc.9 w | opsi dera t n i i f wWw |
t hus i ncrease °§§E§Hﬁ?‘ﬁ§@ tﬁfﬁl \M?IIShF ?%?g%%%t %?Gév]\'nﬁ?g@é‘%& %‘érﬁ%ﬁ%ﬁt t he
| ocal intensi tohgBegdriBn®B4n kiliset iy be @rieesqrbadcdrdinguimethe Hesal s:ontour

Advant ageously, also in order to mnimse false positives, in particular
those caused yiestationeltbesarasraoding IMRNPIXRli d sel ection step the

intensity of each one of i f } i | i e
t R é’\‘dﬁlﬁry&tﬁe& ofitgﬁ%reé&{t‘??féﬁt%n%ﬁhmnls% the

accurrul ator array nmay additiona e we ted on e basis of the output
of at | eaq0 onmmlkli bf dalkle pesitivescBgoht fatse pesiiveds seiagcbeddde,oamb@danong a

o o RER oo 0o o
ohin' det ot i orBthes) dOJDECLPMBHTS gb st BRE dpS% SHRM TSy o8 er of
mass or an ext é?ﬂ?%fgpcfﬂfalléﬁin‘és%%ﬁ' HOdpt tdlhshEREE ierathd élliptadal Brtighone,

di stance to upper y axis, and/or distanCe to previous head position in a
vi deo sequencdrarBfornhiscardietinitnigtetsity smigestinthelpegwnelator Y- 18 o5ETd

methods of heqg f2eoeia: Weal Mehsty AiximbYioRhteu"fh THER hehShP" flided

15  from the isolated local intensity maximum corresponding to the position of

8

the head, in a particular embodiment of the method according to the
present invention, before said selection step, the following steps may be
carried out on each ane 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%m'me, wherein me 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 mgs and me will usually be close to that of m. The

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



to the invention may thus be increased. Advant ageously, if said
source image is a current frane of a video sequence, and a position

sel ect ed wo 2e1R8@8€dent frane is occluded in the currenefidtRonr0s17

di sregarding any local intensity maxi mum and 20 maintaining the position
selected in the precedent frame as corresponding to the head position in
the current frane. It is a further object of the present
invention to provide a conputer system for head recognition in a source
image. In a penciller enbodi nent of the8nvention, a conmputer systemis

t hus progr amg@et 8aR8, i tHd wcaumtéqs;@frhaﬁnﬂﬁﬁ% ﬂsdﬂﬁeapthfe*\?amée/g{elsv LAR-

Advant ageously, said conmputer syst may conprise an' I magi hg ice,
preferably a B2 wihgempnsidraely bwer dapn unj agd shedveightiog fachag &V anitl

i bl id h. . t ti i , a
omput el - 1 cadtBFantisase eRougRoHe iy BOHOLT GO b dnes TaqBif abbe
| NSt rUCti 0NS ol ARINSK AfhxiAadMbstikeR B oRfeshBRY BTRURRM 11BId0d according to

the invention is provided. _ y "conputer-readabl e data
storage m&di unt', it is Afvantaganushcmag Brordenitabirimisepiatae pesitinesi, nhng

di gital data,.lhegl udi r ' t a solid state mory such
asga random C%rgggtgﬁ%ﬁn%ey?é‘%s#fégﬁ?\%&[ﬁ;&é%%grglgowéa -etﬂ{.?f'ar@r?ﬁﬁ“oﬂut al so
a magnetic dadtap $hemi@esily sfegichrorsusina priralithaf fbedi FlferililyRagdmaain@enet i c
tape, an optical data storage nedjum such as an optical disk, etc. BRIEF

DESCRI PTI ON (ECHAR I BRAVETRIS May irskitionady o aveighjast 08 dre tmsispoédbat
| nvention W | duBGCaNE: RGP oheAidiorfihREE YeclAffioh GAGINAA LdE-a! 4o ng

detail ed description and upon reference to t awl ngs 1 n which:
10 among a group comprising skin tone recognition, pattern matching, hair

recognition, chin detection, hole detection, detection of a connection with
a center of mass or an extremity of said human body, distance to a virtual
backbone, distance to upper body axis, and/or distance to previous head
position in a video sequence. By thus combining at least two different, but

15 rapid methods of head recognition, the reliability of the method according
to 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.



Fig. 1 shows a roomwi th a human user standing in front of a 3D inaging
device; 15Fig. 2 shows three-dinensional imge data of the sanme room in
the form ®l Wei/¥ssodi stributed in the three-di mensional mpeE@sIRnApt ured
by the 3D inmaging system Fig. 3 shows a bitnmap nmask image of the user;
Fig. 4 shows a contour inmage of the user; 20Fig. 5 shows a dil ated contour

i mge of the user; Fig. 6 schematically shows the generation
of a fuzzy ellipse in the accunulator arpay, corresponding to a point in
t he contour i mage; Fig. 6A Shows a particular enbodi nent in

which the fuzzy elli PseBgS"dUnH;ﬁﬁtéﬁ?ba’tﬁbﬂé Wt shéragbemedimh’, dOIY owant
orientation, and 25Fi g. 6B shows a particul ar enbodi nent in which the

ori eﬂt ed fuzzpnylddmseter-seadaie support mogtainingctigi@tdatal inFludihsPHtHOl nage
in the accunmul ator. array, . i %lscs?ﬂn [Mmin an
intensity ri dé%s,t“ﬁtr‘f’ *Ioh)é %‘Hpn?té?%&w%w %Lgc%lﬁ?%%o%}ﬁgglﬁng?% ensFE y H%ge W th
a circunferengashenémop dina seadlohRCmeniay] butalso a magnetic data storage

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. A 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;



-10 - Fig. 9 shows the bitmap mask image of Fig. 3 with a virtual backbone;
Fig. 10 shows the bitmap mask imge of Fig. 3 with a main direction of the

upper bogyo suii/As0280-i 9. 11 shows the bitmap mask i mage gfckgborodo kN @
center of mass and lines linking that center of mass to two candi date head

posi tions; Fig. 12 shows a rectangul ar depth inspection area

superi nposed on part of the bitmap mask inmage of Fig. 3; 10Fig. 13 shows a
dept h hi stogram corresponding to the reﬁ angul ar depth inspection area of

Fig. 12; Fig. 14 shows a bitmap mask i mage of a human user

hol di ng both hands to Iyig d18agwsaRE bitmap mask image of Fifl wifkoa 3§ the
bi t map nask i mage of Fig. 3 divided into 15intercConnected regions.

Wil e the pr bon@vention is susceptible of various nodifications and
alternative forms, spe.fi di,ent.s t herepf have _heen shown by way of
exanple in the draw ng '%[n@ %?\fgs ﬁ'@‘? g’ftﬁ‘%ema‘égé'PFB%d’f?ﬁS-gwgﬁé M&Nshoul d
be under st oodiircR€vR vethe Uhgdr Bddyl Sigot 20 intended to limt the invention
to the particular forns_disclosed, but on the contrary, the intentionis to

cover al | 9nodi fi cati onglg-ehjushawe iesbitinar anask imadevelsigab Withga GRoten t he
scope of the JrHERE T 9y ﬂﬁe?ﬁﬂkﬁﬁﬁsﬁ'ﬂat' &er{t&e of‘%’ggsd?g tﬁ)oacl:gﬁdidate 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 application, 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



25DETAI LED DESCRI PTI ON OF THE | NVENTI ON One of the possible uses of an
enbodi ment of the conputer-inplenmented head recognition method and conputer

system acgeldifABoise the invention is illustrated in Fi g.pciyEd201000n0837
application, this 30 system and nethod are used for the recognition of the

gestures of an object of interest, in this case a human user 1, in order to
interact wwth a - 11 - conputer system 2 generating a virtual environnent
di spl ayed to the human user 1. The vol une recognition system
conprises a 3D imaging system in this pmti cul ar enbodi nent a

time-of - f1ightoof tO¥R §%@m@eﬁe@n§hhswﬁ9§| B3RvFaREAt Yidptanieahed to

t he conputer syste human user 1 is to interact. In this
enbodi nent, t usnaroopert r system 2 is itself programmed to carry out, in
cooperation with the T 3D

i nvention. Alternativel le'ﬂ'é?r é?%dgiﬂ{']% VOI g'sBS‘tror%gg e anEégiﬂgrgL tge
carry out sai ¢yaRihnaH b p‘é?ﬂélﬂapémb@xﬂﬂﬁézﬁteéjhhﬁmghi ?@ﬁﬁD%@nﬁﬂﬁE{ a and

t he conputer system 2 so as to enable the human user interact with said
conput er s§st driTOF 3D camera 3 isrormestesbiothesomBiteapysipes2 3ihiwaige dat a

of the room4 n.which the h

i mage of the PHH}ﬁrWSfEH E'Sépdpgﬁrsﬁyl%w?sbé&gﬁg '@%’ﬁpéﬂ'gggﬁ}? %rI%LYg %r each
pi xel cor respcz”lqg naelk hetogishareeid @atfyeodiORn3tdapmration Jvitf thdeTOBI 3D | maged
by that pixel. Since the X and Y positions of the pixels in the 2D i mage

t hemsel ves corqaéﬁj’érﬁj the velbime FEcRgnition; fﬁﬁth?daCPde@sn‘tﬂ‘“t'PﬁeA%mﬂt@e'Nh%y
represent w th f.e50ECath hrbBEsslil RRIEAPRIFaimdd 5 Barty dUtBdfd #RdiRodan

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 (1) 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 (l.qg), as follows:

(1) =) = (L)
This depth map (l.gg) 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.



20 be illustrated as in Fig. 2 by a three-di nensional cloud of points 5
corresponding to visible points of the objects in range of the TCE 3D

camera 3.wo 2011/080280 If (1) is a depth map of the sourgerLpPRISofapt ured by
the 3D canera 3, and (10) is an initial depth map of the sane scene w thout

the 25 wuser 1, a norphol ogical subtraction will isolate the body of the
human user 1 in a depth map (Fndg), as follows: (1)- WU0) = (cid

This depth map (1 no) is subsequently binarized in order to obtain a bitmap
i mage (Ib) in which the body of the humdA-user 1 is 30marked by "1" pixels,

and the background by "R« % i ep:Tel [ S~ klustrat ed
in Fig. 3. - 12 - ReeP Ap[@#gé;b %fﬁ%\ggBYmge of 't neh%%'i:lil/ of the

human user 1 besn isdatedsoitht thdsei $tbp$,heaeedgeaﬂe}3em,esi@h deﬂbet@lnen-sgch as
t he ShenCastan edge detector in the. formdescrjbed in "Transforyne e
Hough el I ptigﬁﬁpa%l %é]%e F&iﬁcél%“' in Eﬂe fore ﬁ?@’eé;d@e @B%f@ffé’ﬁea‘ie L@i?‘nal | v
di scl db inf i ral ; I i-Qn",

I scl osed by élhpﬁﬂﬂé‘ﬂoué‘rapﬁd%?ﬁﬁ@@hﬁﬁ?bd@%@e@@&@% 5%955%?2%&5‘5@655&

Trans. Pattern Anal ysis an I'ne IntellTgence, _ may t hen
be used td debect GarnycontduComputdiiensbdppoiadhhd@ousdge Datection™ dEGEnerate a

cont our i mage illustrated in,Fig. 4. To incre e ection rate
of thg nmet hng'(()agh%t E%ﬁSFig‘gﬁ[ysfoaP%%ﬁ'ﬁ%%,Inthg?ﬂ%e'rés?s"s#gpﬁgg e"&¥nt our
line may be bineadesedelvtoadsteyt fitb chbAtoURicY tRETBRY of ROBsE! 1)so @s to

nmor phol ogi cal dil ation, obtaini n?l a dilated contour imge (1d) as

illustrated i@emgrgte contour image {lc) asillystrateskindridotii nent, the depth of the
t hr ee- di nensi onal cl oud]-(g)ﬁrr}%?é) égﬁweSdgt%rgfigﬁp%ﬁé et'ﬂe{sr{b%t%ﬂéﬁ%?%@? user 1

is then 15averaged. This e carrred out I'nat l'ea ive
manners: 10 invention, in the next step, the contour line may be broadened by

applying, to this contour image (lc), a morphological dilation, obtaining a
dilated contour image (l4) as illustrated in Fig. 5.

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

cloud of points § 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 embodiment, the depth
of the points 5 representing the user 1 in the depth map (l.4) can be

averaged. For example, the following equation may be used:

25 dp =2 > Ll ) 1,30, 1)
i=1 j=1
wherein d,y 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.



In the first alternative of this first enbodinment, if a cluster of points 5
has been identified as corresponding to the body of the user, using for

i nstance ywBeo{#jshd disclosed in International Patent Apgivgradiopnosd
2008/ 128568 Al, the depth of the centroid of this cluster 20 of points 5

wi |l be considered as the average depth of the body of the user 1 in the

i mage_ In the second alternative of this first enbodi nent, the
depth of the points 5 representing the user 1 in the depth map (1ddg) can
be averaged. For exanple, the follow ng etuation may be used:

wherein clay is the ari iR houRas HERhBeoRAANAIAEAT 312 & Badhieps ons

of the depth map i mage. an arit rretlc nmean ferent type of
aver age, suchragiusfsize ibnef andgeuak bmpeed"ramgngnﬁw bead mishdeused 1 i3ttead by

the skilled person accordj oth t. - .13 - I
t he next stepSOHKE® %gt{})%vgrageea %u&‘sig%éﬁ%me%bﬁ&?dr%%%e‘gﬂe b 01[1
a virtual ell gﬁgf‘ahfﬁééﬂ " §| g gge |asé7§th'5%hdlsbla Haﬁtrﬁowlléwmgmﬁé at

t hat average IS ca on expected actual head

di nensi onsb f eqabtibmsigt h, and sai d depth, follow ng the 5equations:
wherein F is the focal length, and A and B are expected actual head hei ght
and width. 10These expegted acjiual head di nensions A and B may be

av

p=1.3
d

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 (ly). 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 (le). 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
(In) is a fuzzy ellipse, resulting from a convolution T of the pixel 6 from the
dilated contour image (I5) with an elliptical mask 7 with the dimensions

25 ab 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:



stored in a nenory of the conputer system 2 as absol ute di nensi ons or
relative dinmensions with respect to the actual size of the user 1 (which

can itselfohe198d84l ated on the basis of the size of thg-Hepioidoiotit he
source imge, the focal length and the depth). 15In theﬁ?oF owlafng step, an

el liptical Hough transformis then carried out on the dilated contour inmage
(Id). I'n this operation, for each pixel in this dilated contour imge (1d),
an ellipse (or at |east a segnent theregf) with said maj or and m nor radius
sizes a and b is generated centered on~ 4Corresponding position in an

accunul ator array (le).T(Eaeh)2 3Rﬂﬁtqé,gg%i§£\%ﬂr¥tﬁi§t§ﬁaﬁéi{ ?aoﬁa%ré?ﬁén’éﬂ

intensity value, and these values are ac ere the ellipses overlap in
t he accunul at 3ungs ahjhe positions ef #basid alfigde); i | lustrated in Fig. 6, the

I ted int | at 1h), i f | i pse,
Cesulting from a convol AE Plof 12 ek ks thenpSraaar i Borour
i mage (1d) W ibretiesteliDuhieaht theSkosftioMst Mirdd1§ rifHRAS BRTadR pAitlnagd With a

blurring mask 8 with a gradually decreasing intensity distribution around
its center® THiedasit eipsely distribution may be, for instance, Gaussian.

Thus, for instance, for ' il posiftions Xov: _- 14 - .
T(ld(x,y)) = 3 (that is-l,-@d[(ﬁg%@lgcﬁmlgt (g{hagr féayﬂ%/es ?ﬁ%‘#’BWSh?feaar?yun‘ﬁs at
the positi onsinoferaciitedi 2 enhitd pgethe positions directly abdud &g belw ebeh2 (that
is, the accunul at or IS incremented 2 units at the positions directly

rr
ri ght and |efl?°~°ém0€t5'§i a56meldPse) he basic el lipse); T(1"i (x,y1l

)) +-= 2 (that is, the r+ar Rayss IsNCiHRMEL i t:.t he
positions directly abov?dg%mkﬁ)ZW+eagh¥ggzi {Si’ o{rr11%of tﬁfeh é‘glpcé@?fi If)"se) ;
T(1 d(x1, yH) ) ircromeritethanit iaé thenpositionsndirattty aboveyights abdvadefernmsived 1 unit

o e P00 i 5yle R RSN okl ae RO Sek ilsse™ 01,11 9t and, bel on
en G eaad by cL/ARESIERENT 0 A MRSl gereR: |1
ori ent ati on ofsSipg@ncedde detadtere 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 iflustrated 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 (lg).
In a second embodiment, instead of calculating the
dimensions a and b of the elliptical mask 7 on the basis of the average
depth d,,, 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:
a(i, j) = L A
d(i, j)
F

B
d(i, )

b(i,)) =




15 this information may al so be enployed to nodify the elliptical mask 7.

For instance, as illustrated in Fig, 6A the elliptical mask 7 nmay be
ori ent ed Wbt idaesp®i or radius direction follow ng the Ipeaaip20fjoessiat i on of
the contour line along axis M or as illustrated in Fig. GB, the elliptical

mask 7 may be truncated at its bottomto reflect the potenti al

non- appear ance of 20the chin in the dilated contour image (1d).

In a second enbodi ment, instead of cal cul ting the dinmensions a and b of
the elliptical mask 7 on the basis of ther’aaverage dept h day, the individual

depth d(i,j) of each ong ¢joth NEnBbiRlehts Nt gingl rad@e i€ aatt Givcuiimater (| d)
may i nstead be considered for the dinensions of the 25 elliptical mask 7 to

be applied foarragchs |dna¢h|ctedual Figi ﬁelwhemans theyintensiyrpeaks Buare foth @xanpl e,

Ao UF 1} (1 aeptions WhesS SRS boRERiy OF e, Shdrr iR o i PR g,

result is an gggrEUhRigelisMidgrastas depicted in Fig. 7, wherein the intensity
peaks 8 are in the positions where the possibility of the occurrence of a
human headsin the sour cHowexge due ta @ﬁe@tentl&ﬂﬁéﬁ@ﬂce auiberextranaities &ht ual

T ks e

present, apar tofRiud :mag@rusco Bigh#akay &iso pt@@at taparri saidsn@ngity @eaiﬁ 8
correspondl ng to these extremties. In order to sup %ﬁess fal se positives

ari sing from intengesesrs dofia- HsITeRRoRsing, to these eigeniges nln pider to
accurulat or aLiatectt o, HNANR0SAIRG! fofl B IFLLAN® Lhnbagadigns 1y

maxi ma correspol |ng romloc Intensity
maxi ma | ot@t edidges Igﬁnetﬁ@ hocunhualgtes eﬁray, it is advantagmmf diseriminata thext step

illustrated in Fig. 8, a wei ht|n factor duced for,
di scri mi nat i n!?qqlléntﬁﬁﬁ'@héni"? g%s 0 isafateg in ensc%y peaks 8 from

local intensity maxima Iocated in mtensny ridges 9.
Therefore, in a next step illustrated in Fig. 8, a weighting
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 rzb (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 mq.
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 mc. If the intensity value in the position 11 of
this local intensity maximum is designated as m, the weighting factor W is
25 calculated according to the equation W=m?/m¢-mcz. Since in an intensity
ridge 9 as depicted in Fig. 8 both m¢s and me2 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



15 calculate this weighting factor for each local intensity maxi num a
circunference 10 centered around the position 11 of this local intensity
maxi mum g 26¥3kigp @ predetermned radius r..13 (typi caﬂéﬁ b0 7ogi7t raced
in the accunul ator array. A first position 12 with the |gﬁest Intensity in
this circunference is then located and its intensity value stored as nel.
20 Then, the conputer system 2 | ocates a second position 13, which has the
hi ghest intensity in a segnent 14 of this circunference 10 (typically a
hal f-circunference) opposite to the fiféé'position 12, and stores its
intensity val jepst will et hideRst i@ Wi iHign 11 of
this local int ensisgyﬂ%a%ngﬁvylgfbge“g‘iﬂaﬂat edﬁgtgysr}gﬁlrﬁgnmp'gﬁﬁ ﬁ%ﬁ%@ or Wis
25 cal cul at edfegtfording to the equation WenR/ ncvma. Since in an intensity
ridge 9 as depicted in FEi both mei an wi,l | . have val ues .close to m
the intensity val ues ofﬁp%b'aﬁh?r{?mq'?@/ Sﬁﬁ?ﬁﬁﬂ“ﬁ@@ﬁ%amwgs‘ﬁeﬁ“ﬁ? nsity
ridges 9 willlobgl iwWeinghy eshowinbiinay WRidbé wWedgHtas ing/fHenbvpats! &tli¥adti gher

t han one, whereas isolated |ocal intensity nmaxim, nore _FI kely to include
30 a | ocal® i PR SiuUPplerasitalinheedr defrstignnietiind. ndhposandidatest mayhbran head

wei gnt i hg 1 actSBHIES WilfPSCwelltitng il BlbRebuie Tof A ShoSRRIRRaY: 0o
among t he hi ghesiod. dcabting ersdddyremayrthampe alsed toesaletiodiedr usigtmpft he

outputs of at |east one suppl enentary head detection nmethod. The candi dates
may be wei ght @ %tﬁsaov@?ggndm@fq Beben hasdlsdpithaseurssy imagen suppl enent ary
method. A voting procedyie mRY thB&h ReoHRAfkEnS ChModCifbiRsS theof

candi dat es correspondi ng to human hea I'n the'source 1mage

One of tHése calpphkomenf s yirmeal badsbomey dBviesthehfermabt al sadond-ddgrae \orr t ual
backbone 15 ign.the formof. a second-degrege or third-degree function going
through the gﬂﬂ%ﬂf?%?%ﬂlo&g?lﬁgqgm. SLHEXHUH%i%“Qg? Oft%%_bpepsr sent ed
in the bitmapthbreear dfer AasirbpSERRIEA tha bithihp i%agg”'ﬁb)PéQh@Qtrbfécb’i that a
candidate ellipse 16 represents the head of the hurman user 1 wll gecrease

with the di stlific8. beewsebahilityshat ataaadidede ebipsentd mndeserds dhadieadtal el | i pse
16. Ll | : is b h | cul at i
of “a min uprl® BuBSTARE £ ERREA Wl X Peudh € iRl iran "

user 1 asl5reprakeohedndrthe anbidateafipsedage (1b). This is illustrated in

Fig. 10. Normally, the head of the human user 1 should be closely aligned
20 with this axis, and? RBHErSPEPIeRENtH NP IS based on thesalcaiztienel i pse

16 represent sythg heaspd bd YIBLRR d‘?ﬂ ie’P’iéeﬁrﬂ%l:gf @g_gg SRif Hihant he

di stance between this axis dx?fnt he can
Anot her one dfsertese repigsksteehinathg ibhbpdsags (f)aT hisfistibhetiated i &ig.

tinuit f bi t i b f the b f th )
betveon |1 cihriiomgihv e HERiCa g blimanades 11anasi Deccloy 4onédr at ed i n
Fig. 11, 2Bor with shitesls, andBriezerdiar thetbassddifp Ry ab&arii®ste élfipélééQBt est

output is negative, the probability that the candidate ellipse
represents tHepmRsgdtoihe headuahithaideiman wiser bwill elger 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



Yet anot her one of these supplenentary nethods is that of 30 skin tone
recognition. If the 3D canera is a colour canera, it may be estinated

whet her tRe Badbsat € has col ours associated to known skigr/ep20ib/o7es1t ones.
If this is not the case, the probability that this candidate represents the
head of the human user will be | ower. Advantageously, colour transformation
al gorithns may be used to transform col our data, such as RGB data, captured
by the 3D canera, into a col our space np 5 appropriate for skin tone
recognition, such as, for instance, a deVice independent CIE 1931 XYZ

col our space, (o PRIERMdIThE ¥abB! HBTTOBLEIARTA 8 bingRia@ BRSOl our

space. anot her one of these suppl enentary nethods is that
of hair detecth®rhedch giaftte duinzan udert wil 3B dewer aAtlvaniagepudynsEP®Uii t h an

i nf d tel d ' ' LNCi
It rared 1 adi FAGITARENAGRABITS Py mbces Khanaiers AT sfeent s e

head of a huMpGESEAN EdpthRdityhGie | 3Dt BaIErA Sif® ar edlowt tdpaeamore
predet erm ned di stance of the edge, and in particular the upper edge, of
t he candi dat e apbrogrisde fahiskin doee recognidens sugh vas, | fondnsiaage d@pdRvisegnal .

15 Yet anot her_one of e p ds i : g the
cloud of poi nggdoﬁ%npggtgﬁ&@’l[8%&@{%&3@%’2&@|pPB%é§?§M5'{VﬁL‘g@hﬁg'¢i c or
general pattero76Paes eNCHECARIGHE calobuspacelead. |f this pattern matching
test returns a positive result, then the probablllt%/ t hat the . candi date

el lipse represents the Neh@nrethel ongahtheser sypnlempatary gieihods 3% IRALOTanot her
2Ceh _ . N !
one of these sufoh SUEHA I BERRAGS. IrSpk RS Ol 8 41TCHCLgRRra Wnad huen

user is facin anera, € latter w regirster a I fference

of usual | yobetinegadliehiitey cistdebrnesnd sincechain lameht hbsorbskamy indidetuman
user. If such a step is detected at the | ower ecg&e

f th di
el lipse, the ﬁ?fbﬂfﬁgﬁﬂaﬂiﬁ}i@hﬁﬁe frePR{kRithat & oan ?tﬁg%lgéﬁegﬁéﬁgﬁlﬁggttﬁﬁe head
of a human usgp,.iiS obi hfimahi §Ser bl and !'ﬁhérh@f""tmw sUGH arsh ORitiBY abe

detected. A rectangul ar 1 nspection area of , for exanple, 20 cm height by
10 cmwi dt h, qredeteedinecdcdistiinug afdherasgeniandaini parbculahthe peededee.«fl | pse

s det oot ed | e FaneidateePaPmautish AeBaat seturh Ak SorElertidla. e

concentraygd around two yitSdrighsdr one of these supplementary methods is that of
matching the cloud of points corresponding fo 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 (lng)- A chin is detected if the depth values

30 measured in this inspection area are concentrated around two distinct



-i8 - frequency maxima 20, 21 approximately 4 to 9 cmapart, as shown in
the histogramof Fig. 13. When the user holds at | east one arm
to the heega011/0802684 bow may form anot her candidate elli pgerdfro1@¢osAOWN in
Fig. 14. Sinultaneously, a hole 22 fornms between the head and this el bow in
the sil houette of the human user 1 forned by the bittnap inmage (Ib). In
anot her suppl enentary nethod, the formation of such holes 22 in the

sil houette is detected, and any sinultaqgously created new candi date 16

el lipses which are adjacent to the hole'22 will be given a | ower weighting.

10 Wen the pehidricyGRRLiIH=CH0 DY BRBroXinSRINES 3o Wem bkl Be SRR fhahkhe human

user have been grouped into a network of interconnected regions, as
di scl osed i n higtogramtafdigal 1Pat ent Appl i cati on WO 2008/ 128528, yet anot her

suppl ementary nethod c ed which,inyvolves the detectiqgn o he
extremties in this nemgﬁ.t%%num h?@%ﬁﬁ%ﬁ%%,m&’ &%3#&%&'# r%‘@ogni si ng
a vol ume w t hélpowhiefy- irifenpictns candgiestd ellipsechosead showhiighFig. 14.

t hr ee-di nensi gnal inmage data conprises a plurality of points with the

t hr ee- di méhsi oiiitansabsly, FHode 28dpAns hetween the bead anddthis elbawt ivrthes

sel ected as a.pQil Of¢ | ' .5 By - ed «clyster are
re-grouped i ﬂ?'@gg%g?c{)fugﬁﬂ'ﬁ%nac%ggfP&Eﬁﬁéﬁdw E‘lé@ﬁr%{g?’?%ﬁ?@%@%oﬂb? alﬂd a

vol ume associatattemstpplehentayt meititbd, Geet fopmasios aof Hechc bolkece2dntipef orm a
networ k indicafive, of an object and the extrenjties are identjfied as being

a centroid th¥ °P§_ﬁ€d‘°h e -t%‘%ﬁ?&smt%ﬁ’&?k@ﬁ@% @E’W/@“piqa!%ﬂ@at ed in
Fig. 15, thoséliﬁ%WHEQ"MPégllaga’ﬂehP?dtf%fﬁolé@zggiﬁt%%]%geﬁ%rl&%l;%i Hiingust one

. ]
ot her region are considered as extremtlies e regions which are
di rectly ldonnect ed to rihent fhken poiatot daptureelgipn than 30 scarhera ombkicter ed as

tremties, but only jf the i 24 ting their. ce.ntroids to th
centroi ds of THEPSRAMHclonttis TymAR UsPL Naven e Hauped inbngl BeWalR 1Pas,  for
i nstance, 45.infereamelcied eegbbg{oag BREIEs g ntephtRInde ParkhthABpEdatiaR
i kely

extremty 23 wili be nore to represent the head of the user 1. -19

WG 280§i1d8628 expiiaicinen suppleroaeioan owthed cae beotsadwhiehl usi ons

hay al so be t; in C i i I ance, .| f andi e ranked
by the previ Jﬁlg&g%% h{oh s cﬁégg&tj%ﬁ{ngéefldqﬁ?/ gngﬂér%hﬁ%gnq'g Bvéed%%@’r%rrnﬁngg g?@t ance
froma priévi 2608/128668, @ mbthozusf rerbghisigea velunte Wither thiesniirdegaoskidat e may

be considered if it is wthin said grede,t erm ned di stance fromthe head
position in tIRACE Bligeesed dngvhich thrpe-dimansicngl dnseRdiag sBANPAEE HAghest

o o oo”) DU o, RIRSEHRAEL BB nenoblie st TRegeNCIEe 1
t he previous dlusigred and a cluster is selected as a point of interest. The points within
the selected cluster are re-grouped into sub-clusters, each of which
20 having a centroid and a volume associated with the centroid. Centroids
can be connected to form a network indicative of an object and the
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 will be more likely to

represent the head of the user 1.



10mai nt ai ned, eventually until the occlusion ends. Al t hough t he
present invention has been described with reference to specific exenplary
enbodi meRy§.201ilosidsh! be evident that various nodificati ecI/EmadoshEsiges my
be nmade to these enbodi nents w thout departing fromthe broader scope of
the invention as set forth in 15 the clains. Accordingly, the description
and drawi ngs are to be regarded in an illustrative sense rather than a
restrictive sense. - 20 - CLAIMS _19- 1. A conput eei npl enent ed
nmet hod for recognising a human head in a“source inmage, the source inmage

havi ng depth val ues for paghyieselsebenesf timidecomdrande canpr thpgrarpe st eps
of: 5 a)segnenting at |east part of a human body frorr%a ba%(qqroupg in said
source depth onelysions) mayt alsoi bg teligasingr conpidetalipne i ¥dINSHRIC T AN uman

body to deternine a, contour, of id ' 1 i hhe
posi tion of acﬁﬂﬁ’gﬁt%é%{ﬁ(eﬁ' P%ittﬁg?ﬁ%@g%&%%ﬁpg%ghés Jfg?%eﬁgrs glltﬁgﬂrelnfsﬁégl in that
step c) furthefedgRhineasdistimcet fom af previduschhmel &t tiv carreeptians, 8ai d
part of a human body in said source image;

c2), calcul ating a.pmjor_.radi us
si ze and abni ewentaiked siandidate amay | PBs CXE %‘fl)ol#di 'hg’st owftﬁ'lg‘] $§¥4 of a
human head at p?gciieclermined distance from the head position in the previous frame. If
the area corresponding to the highest ranked candidate in a precedent
frame is occluded in the new frame, the candidates in the new frame may
be disregarded, and the head position from the previous frame
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.



15cal cul ated depth in said source inage; c3) generating an accumnul at or
array for at |east one segment of an ellipse centred on the positions of a
set of contour pixels, said at |east one segnent of said ellipse having
said major and mnor radius sizes; and 20 c4)selecting a position of a
local intensity maximumin said accunul ator array that corresponds to the

position of a human head in the source image. 2. A
conput er-i npl enent ed net hod accordi ng-£8-claim 1, wherein said depth is an
average depth of said part of a hu in 25 said source inmage.

3. A conput eei npl enent eci net hod agggkgﬁﬂé to claim1, wherein said depth

and said maj or and i s, 1 eghiphtelAleneatdd dngtibinl by eatagsisingdaf or each
cont our pi xel . nput er -i npl enrent ed met hod accordi ng
to any one dfurdén hbedin evimuee o‘hagecdhefsoumﬁaﬂﬂ Y'BQN@Pﬂhéa‘s‘%gorof

e2)and ?‘ﬁaacma;sez‘iiwé&?r arpleim bt Blep it concour L S

5. A comput gf BEidRd ReCer di manba iy boe afbddkgrqumelinous
cl ai ns, wher |n sal d attﬁfbeast one segrrent of an ellipse is fguzzy

SI aﬁngonazgcrar-l n’gsamlmnumﬂa dﬁlthdmasecor ding to any one of the previous
orientation t?or eécéﬁ @g& qq?eb& n@o%%sggﬁ?ﬁtga Bg'tte&“ Phufar? bodiyato cont our
determine a contour of said part; and
c) determining the position of a human head within the source image;
10 characterised in that step c) further comprises the steps of:-
c1) calculating a depth of said part of a human body in said source
image;
c2) calculating a major radius size and a minor radius size of an
ellipse corresponding to the size of a human head at said
15 calculated depth in said source image;
c3) generating an accumulator array for at least one segment of an
ellipse centred on the positions of a set of contour pixels, said at
least one segment of said ellipse having said major and minor
radius sizes; and
20 c4) selecting a positon of a local intensity maximum in said
accumulator array that corresponds to the position of a human
head in the source image.

2. A computer-implemented method according to claim 1,

wherein said depth is an average depth of said part of a human body in
25 said source image.

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

4. A computer-implemented method according to any one of

30 the previous claims, further comprising the step of carrying out a



7. A conputer-inplemented nmethod according to claim6, 10 wherein said at

| east one segnent of an ellipse is oriented according to said |ocal contour
orientation. 8. A conputer-inplenented nmethod according to any
one of the previous clains, wherein, prior to step c4), the follow ng steps
are carried out on each one of a plurality of local intensity maxima in
said 15 accunul ator array: (I) locating a first position in a circunference
centred on each local intensity maxi mpm.i n the accunul ator array, wherein
said first position has the highest intensity in said cjrcunferepce;

(ii) locati mpraheleginadijaton pbRACHUPY RIACANEP SrANUHEASIP S8l d second
20posi tion rl%aﬁ%ﬁq?lgrdéqt%nessath LieRsidhYol" an arc of said circunference

opposite to posiiron; and wei ghting the intensity in of the
| ocal intensity naxi m@mAvédrpatef-iaplemamtad methoe meeordidgetosany one b6 t he

intensity in said first position, an is the intensi i n.sai d second

posi tion. 28 Pre\iewhGlams; Nﬁleéﬁ’ﬁrﬁ%& %13@?500%689%% 0% \éna%yp%%és of the

previ OUSSC| ?ﬁ#%, wherein, prior to step c4), the intensity of each one of a
ca

plurality o | intensity maxima in the accunulator array is weighted on
the basis of the out p8t Aotoraputieedmpleorantedtathoh according ioedtyene Pbn net hod

mat ohi ng. | i PROGOm PEIGR, WERTAD SErLgk fher ke e it BRiE Bl on of a
connecti on Yhddd cBnfoRiR bfiénkitioRF8FeEh pixeENidafdtbiitour2 - of said human body,
di stance to a virtual backbone, upper body axis, ) )

7. A computer-implemented method according to claim 6,

10 wherein said at least one segment of an ellipse is oriented according to
said local contour orientation.

8. A computer-implemented method according to any one of
the previous claims, wherein, prior to step c4), the following steps are
carried out on each one of a plurality of local intensity maxima in said

15 accumulator array:

(i) 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;

(ii) locating a second position in said circumference, wherein said second

20 position has the highest intensity in an arc of said circumference opposite
to the first position; and
(ili) weighting the intensity m of the local intensity maximum with a factor
W=m?/mey-Me2, Wherein me is the intensity in said first position, and mc;
is the intensity in said second position.

25 9. A computer-implemented method according to any one of
the previous claims, wherein, prior to step c4), 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

30 recognition, pattern matching, hair recognition, chin detection, hole
detection, detection of a connection with a centre of mass or an extremity



and/ or previous head position in a video sequence. 10.A
conput er-i npl enent ed net hod according to any one of the previous Sins,
further conprising, if said source image is a 5 current frane of a video
sequence, and a position selected in a preceding frane is occluded in said
current frame,. 11A conputer-readable data storage medi um contai ni ng
conput er - execut abl e i nstructions for carrying out a conputer inplenented
net hod according to any one of the pret4dous clains. 12.A conputer system

T3n comput oP S0 WAL SRV SITBHET I B T8 SackBofs) uipe: Bodf B devi ce
for capturi BgdisH flediout tral ftionlib. #\videosegeensy.st em according to claim
13, wherein said 15|na%|ng evice is a 3D |n%§hgg g&%ﬁiﬁ ﬁ%raﬁl%ﬂecapturlng
sai d depth. 10.A computer-implemented m g y
of the previous claims, further comprising, if said source image is a
5 current frame of a video sequence, and a position selected in a preceding
frame is occluded in said current frame,.

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

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

13.A computer system according to claim 12 and
comprising an imaging device for capturing said source image.

14.A computer system according to claim 13, wherein said

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



