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Lesent invention relates to a volunme r L] -

‘Vogggﬁggggnd system in particular, but not rg@?@?@@g@%3&b
to, a volune recognition nmethod and system for
interaction with data processi ng 5devi ces.
Interaction wth data procedsing systens, and in
particul ar the input of data and commands, is a
general Iy known issue. Conventionally, such
interaction takes place through physical input devices
such as keyboards, mce, scroll wheels, pens,
touchscreens, 10 joysticks, ganmepads, etc. which
produce signals in response to a physical action of
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a limted amount of different input signals, which in
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advanced | mage recognitjon systenms can recogni se nore
coRPPESNt pHPUE $igNRIS. | WRiGEs InPRe odBekcalionsr §ech, 7§ diyee-
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have been proposed, r instance, in US Patent

15 6286083, Mareover dgey sre1gusdeptipés tanesr @indaheseontinued use

RS ) el SRR o EODEER HRARk e =
pr Rgﬁgﬁi\;@es@ém |RjudP Projection of said user. As a
t,
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20 t hgoibs escddriBr fsShot a practical alternative for some applications, such

as action games, where rapid, precise and repetitive inputs by the user
are required. Moreover, their effectiveness is adversely affected by
background noise, and they generally require a learning period to
recognise a particular user's voice commands. Another alternative is
25 image recognition. In their simplest form, image recognition systems

recognise binary patterns in contrasting colours, such as barcodes, and



backgr ound. The devel opnent of 3D i magi ng
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ape recognition nethods and devi ces allow ng, for
i nstance, better user gesture recognition. One such 3D
15 imaging systemwas disclosed in G Yahav, G J.
| ddam and D. Mandel boum "3R-lI nmagi ng Canera for Gam ng

Application". The 3D. i i ng. systemdi sclosed,in this

O nvernge pabicts. Bl PEGry SIHER! B CRS e MarBrdvahced
Ly . - I i . ) Hhe i
shlggaegéo? emer?rsgﬁt of Rﬁn;ﬁ?&?ggﬁéei?g? 1;% P(F)}%ﬁ%%'%gesm "
i nimagegeand pravhicBla ilarggi vayie2y of pignetn inHmepeese. dueleimage
types of. imaging systens, such as. ster r.as,

L BRRoRtign Vot chaves by HAb oipds e AR G abeyS Patent
A @25308% HeFRABhIsI tHEEHBoW réfdf SygderhUahge ¢Fuihinaging
3D i magi ng system was di sclosed in the |nternational
PagysieMApiswayLri epnvantiooaBmoesnasysises 8ave i paseption of

oot ST o BEENRE wRERE 3P SutRetbfch Toi St pla rosult

s uthieeicopnitiorrdfahe usedsayestadesi istieh@ehtipddwedeiimited in the
novenent therein, it can only recogni se the si nPnIieS

ofrag@ﬁqjmsi@minpe%a%riﬂﬁ'&ﬂmigbw%ﬂélefrawgmw Stakes. In

reb L e Sy PE RS Eaht NG BTG TR he' ORRH! from s
30bmikged@Bicat esPat ent Appl i cationPubl i cati onUS

20061 0259558 4, S\ SEnSes By B0 TRBcleS SRR s
Pgihgét REibiie B0 devReR adpd EeSshilich ChdBiRSsS 0d  devices

bs" according to their perceived depth. Primtives
of althviihgr dont inshampess bétigmuderf igestirebjesegeitioan Aneersuse 3D

i.at ed h "blobs".. Wi | e_thi |
" SERRARY S e AR e CacdaPAVe Grodel EFAG Grd D
objrgbsinsut D antRifd ddaerD fom@Hmiggs Apbeeationt. The 3D

still has significant drawbacks. As all the objects in
t hsnagtag eysied disrlosad éal this Papebis, ofttheisp-Galigg el Inagr@f-Flight

o . 1L e 5. ) .
cogRblF WheshEf g Bl s iR A S ppg of @
shapeefresoghilighpmrefa@dtbo dfrdrd apjelctsc &t irange re&fqthier By imaging
only crude nodels of objects, such as 10 car colli sion

waPHHAG - andoWe i AiEe" sYRe®M!. IMAging | ysieiha; such as stereo

| mpLACLR/IDAR, rl §8drOBE. h8OM biddNSedd BiRhoked une

recognitron, such as gesture recognition systens.
US Pat ent ApflgesatreaecBghitioc atéthod U eR3¢m1ds0d 8ush a 3D

oo SISk IaL oLk, FPRL L B ST 3Rtn wo

suppapbe3f an. 9msiverer,r 8eednsd i s method does rlof Edt®gnise
met hod di scl osed in US 2003/0113018 Al, a user is the

25 cl vslegtesob$ esticht but meerdly resagingg toyHreepreasmcet® points of a

30

di sregard the .background, . the poi . of th i e.

ar SUGRRL I GO TR Braeciwant BRAAPG BoetatferneBRA i can
dephly tdrogaiel the Jineplesd eEigedtupes nirkl pdrRainBeiRagPropriate for
grouped in five clusters, representing the torso,

hegWre samepliatech apakicationse Adl AYeR dNaBy BASIC APYY Bledhed was
Crij i r [ ithnms. The torso and arns

ar é&?[?es%dj@g%%i%@@%ﬁ&ggﬁar shapes and the head and
hands to t hregaitel megsitonal Pamrimespplitation t HPsblicetiood US
al l ows nore advanced gesture recognitijon, the vol une

r e8P 239GR8 r Bhaflin§lOPEE af | HARE CPERANIUYS JBEind ysing a 3D
the torso and arns are recogni sed as planar, rather

t han t hree-di nensi onal el enents.



In the nethod disclosed in WO 03/071410 A2 a vol une
recognition nethod is disclosed where the points of

wo bée/12d368 mage are grouped in clusters accor di PQr/ER2007/053895
their perceived depth, as in US 30006/ 023558 Al, and
one of those clusters, representing an object of
interest, such as a hand, is selected. A gesture is
then recognised by - 4 - sBatistical anal ysis of the
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gesture recognition, the volume recognition remains relatively crude,

25 especially as the torso and arms are recognised as planar, rather than
three-dimensional elements.

In the method disclosed in WO 03/071410 A2 a volume
recognition method is disclosed where the points of the 3D image are
grouped in clusters according to their perceived depth, as in US

30 2006/023558 A1, and one of those clusters, representing an object of

interest, such as a hand, is selected. A gesture is then recognised by



group said points of the selected cluster in a

redet erm ned nunber K of - 5 - sub-clusters.
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nunber of sub-clusters. Advant ageousl vy,
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cenbegdrltiors. hi gher than a predeterm ned thr eshol d 0,
and the nunber of clusters is still under a
pr edet er ni ned hgaxPlia dgecagnition method of the ,p)'eseqmllﬁgentlon
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parameters comprising their positions in the three-dimensional space,
wherein each sub-cluster has a centroid in the three-dimensional space;
and associating a volume to each of at least some of said sub-clusters,
wherein said volume is fixed to the centroid of said sub-cluster.

By these steps, the volume recognition method of the
present invention provides, without having recourse to great processing
power, a comparatively accurate three-dimensional model of the object of
interest formed by the volumes associated with said sub-clusters. This
three-dimensional model, while comparatively accurate, can nevertheless
be expressed using just the positions of the centroids of the sub-clusters
and the dimensions of the associated volumes, thus facilitating the further
processing of the three-dimensional model for interaction with a data
processing system, for instance through gesture recognition.

Also advantageously, a K-means algorithm may be used to

group said points of the selected cluster in a predetermined number K of



groupi ng the points of the inmage data in a set of
clusters, each one corresponding to an object distinct
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of interest. By grouping the points by this nethod
according to their position in the three-di nensi ona
space, the objects 30represented in the

t hr ee- di nensi onal i nmage can®be nore reliably
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woul d then be sel ected. Even nore advantageously, to

deolkieat ofdnighesther two of 10said clusters are
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di gialyideuddraed @hoagcmumo% etk gornbesiegrihe doldsving steps:
the two clusters of the evectlons of the P0| nts of
each one of ®aid ¢rRatligy @sftré gustgrgomprising a first poigy

checki ng y\,hg;)her é)ﬂfcugngeﬂ\fe tft]ﬂ @? r%tﬂﬁé”f@ﬁé%ﬁﬁ other

15mul ti plied’by a prede rmne or exanpl e
2, poiat:hi gher than the absol ute di stance between the
centroi ds ofl)t he ftn lng the c?uster whose centroid is closest to said
other point in the three-dimensional space; and

ii) creating an additional cluster comprising said other
point if the absolute distance in the three-dimensional space between
said other point and said closest cluster centroid is higher than a
predetermined threshold 8, and the number of clusters is still under a
predetermined maximum q; or

iii) adding said other point to the cluster whose centroid
is closest to said other point if said absolute distance is not higher than
the predetermined threshold 6, or the number of clusters has already
reached said predetermined maximum q.

This method ensures a quick and efficient method of
grouping the points of the image data in a set of clusters, each one
corresponding to an object distinct in the three-dimensional space,
including the object of interest. By grouping the points by this method
according to their position in the three-dimensional space, the objects
represented in the three-dimensional image can be more reliably

differentiated than by a simple selection according to depth, as in the



By these steps, an efficient determ nation of

connections between adjacent clusters can be carried =
WQHS/I5E der to eventual |y nmerge connecting CCHEP2R0/053895

20Advant ageousl y, said i magi ng system nay conprise a

time- of-flight 3D canera, a stereo canera, a

plurality of caneras |ocatedgin different positions in

t he three-di mensi onal space, or a LIDAR, sonar or
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connecting clusters.

20 Advantageously, said imaging system may comprise a time-
of-flight 3D camera, a stereo camera, a plurality of cameras located in
different positions in the three-dimensional space, or a LIDAR, sonar or
radar system. Any one of these imaging systems may provide three-
dimensional image data suitable for volume recognition.

25 Advantageously, said imaging system may comprise said at
least depth and zenith and azimuth angles of each point, and further
comprising a step of transforming depth and zenith and azimuth angles of
at least some of these points into three-dimensional Cartesian
coordinates. This allows easier handling of depth images provided by a

30 3D imaging system in this volume recognition method.



selected cluster; b)calculating the distribution curve
of the distances of the points of the selected cluster
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cluster; 20c)calculating an inflection point in said
di stribution curve, d) selecting the

points with distances with respect to said nmain axis
of the selected cluster inférior to Ds, wherein s is

t he di stance
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t he
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appl i cation.
mass and main axis of the torso may be calculated by executing the

following steps:

a) calculating the centroid and main axis of said
selected cluster;

b) calculating the distribution curve of the distances of
the points of the selected cluster with respect to said main axis of the
selected cluster;

C) calculating an inflection point in said distribution
curve;

d) selecting the points with distances with respect to
said main axis of the selected cluster inferior to Des, wherein s is the
distance of said inflection point to said main axis of the selected cluster
and D is a factor of at most 1.25, preferably at most 1; and

e) calculating said centre of mass and main axis of the
torso as the centroid and main axis of the selected points.

As in a cluster corresponding to a human body the points
corresponding to any spread extremity will usually be clearly detached

from the area of biggest density of points, which will correspond to the



Particul arly advantageously, said nmethod nmay further
conprise the step of neasuring the height of the bo }/
WO UBY@IBSHor e advant ageously, a particul arly ad&IEgRe7/053895
nmeasure of the height of the body may be obtai ned by
cal cul ating the heights of the points anong those of
said selected cluster that age cl oser than a
predeterm ned distance to the main axis of the torso,
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bodysidrers§eASBlated aBEVSEhRAviaSIlv@ld Paitiburrgetatwhl interaction
conditions is met, such as said main axis of the torso

beiafghe uBek with far Instarge, iac yirtual reality” application.
Advant ageous'Wart.éJlErl%%HVé%ﬁa@é&?éi%ats%‘i‘d WddihG@! thaFfurther

of sub-clusters nay be represe in a virtual

envodrmniwlmegaewbanmésbmn@tmbahagpr ofctbediony. syst em
Thi s woul d al(éryow a conmpar at i veI reali

25
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effo vol unmes co , or exanpl'e, serve as an
avatharpmmtsaamseg,tho$e smaaidj§efecwdmmﬁt¢rsthlah@r©ml®@tr thén a
i nte t here
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Even more advantageously, said measure of the height of
20 the body may be only considered as valid if a set of conditions is met,
such as said main axis of the torso being substantially vertical.
Advantageously, the volumes associated with said set of
sub-clusters may be represented in a virtual environment generated by a
data processing system. This would allow a comparatively realistic
25 representation of the object of interest in a chosen virtual environment
with a relatively small processing effort. The volumes could, for example,
serve as an avatar of a user, if said user’s body is the object of interest.
Even more advantageously, there may be a collision check
between the representation of the volumes of said set of sub-clusters and
30 a set of elements of said virtual environment, so as to interact with said

set of elements of the virtual environment. Thus, a user could for instance



Advant ageously, a set of |inks between sub-clusters
may be established using criteria such as absol ute

wodb@iiassse bet ween the centroids of the sub-cl pst/eprmo7/053895
the presence of points between sub-clusters, etc. In
this way, the underlying structure of the object of
interest may be recognised, thus facilitating eventual
|nteract| ons and possibly a9 owi ng the creation of an

?H&?t grlémhﬁﬁﬁvéi?urt gﬁnﬁll dél]%m%ht U thaewﬂ%é%hv%nment by

eres dat aset ven nore
adwavtragentislt paidarepedsenttatéort toeches saidodlesant obj ect  of

terest ma e identified accqr osal | inks.
D f 1oy ont o) ARANESSHS e Bk Hauhea Sb e may be
Oreﬁ’l‘éﬁlléhéﬁ‘suﬁﬁ exfitRll SLUER. a8 aBY¥SItd Odlbttéﬁcéab@ﬁhé’@n the

novenents or pOSI tions between extremties,
5 i nceriziagoft tiee \mit&ajusters,y the rresengritofi pomté ahﬁwaen ngub-

t hi I 5 [ hod, E ,

P s aE b . e T Igha st Pt gt O itorest
| SilagbBeé | redogieised, ditng fa@llﬁatﬂfge@@éﬁtru@ﬂ nedradtibh§rdhd pBSsibly
exanpl e that of a human body.” Different signals could

t hakowiegathsi greationo of i eeeuratat breg-disaensioraismedel of the

verREP PR i S  nnteRubdd aBeb oy 6T S Vol ume

10 recogni ti on BEwéhadore advantageouslizyen sabrof extremltles of said
advant ageousl y, signals can _be transmtted o a

pr BRIESS 0 gnBFeste MaAC £6r WRYTied 26eOsHES| tiSPt éakiinHV'lEﬁ leferent

re

Sa{s@héi‘éﬁ%'ﬂﬁdg‘éﬂe%ﬁ?@ﬂ rrpgﬁpr oVl 'gtféQ' a part| cui it@mlt'es

veosatern & ihd slatttd movertamdsior pb3ikienp bebesdn emMemttlesnthus

also rel.ates to a vqlune, recognitio stem.co I Si

TRFRAITEy s PO cabtalt | HGUL ARSI ngys voldme
15 1 MRGRgHAMOA hePpasenting a plurality of points, each

pol nt haV| ng at |least a set of coordinates in a

t hr ee- di mensEveramarpastyantageosisyl, @asrass onme affsasdiedtremities
PO eS8 HERBRITARS 4 Bty B8l ekl B eS8 HhEE or -
Pr RGMSAI HtyS YRff&ane einar 66LIH hesibe assigHed-to the movements

or positions of different extremities, thus further increasing the versatility

20 of aninput interface using this volume recognition method.

Even more advantageously, signals can be transmitted to a
data processing system according to an absolute and/or relative position
and/or movement of at least one of said extremities. This would provide a
particularly versatile interaction method.

25 The present invention also relates to a volume recognition
system comprising an imaging system for capturing three-dimensional
image data representing a plurality of points, each point having at least a
set of coordinates in a three-dimensional space, and at least some of
said points corresponding to an object of interest located in range of said

30 imaging system, and a data processing system connected to said



i magi ng system and programred for carrying out, in
cooperation wth said imagi ng system the vol une o
WO 200847568 on met hod of the inventi on. PCT/EP2007/053895

Several preferred enbodi nents of the invention will be
described illustratively, but not restrictively with
reference to the 5acconpanyigg.figures, in which:

Fig. 1 shows a roomwith a user standing in front of a
3D imaaifigngysigst emdf programeresic farocamying autdit gooperation with

processing system using, a volune.recoaniti St

P AR RN E SYBE rihe 91 ne Bl peliod dldngiienfion.

i nvention; 1dw@ral2pdtemedt Bmeedimémesobiie int@andalin be
of the sane room in the formof points distributed in

t hedaseribed dillwstrafivelsl Riace! eestdciiyelr evithy refaeensp to the
| ' : : .. Fig. 3 shows how points
éa%&@%‘%@‘"ﬁ%%“%h‘&@'&“'accor ding to their

respective pdgt 1 ahewslakoom Witls rousemsiandizigginbioonti ofga 3D
clusters are checked for, connections; ) Fi g.

5 SHRMNG R¥SIEENECR KiR@CHPHEME] Sndpta; RERFESHIRTaSHE R, E;.gng a
2, [ ROI i

one ML BCOBREN Hofer] 218 AEHDALRMANG S G dment o
6a thbgnesartiegnationpi ds of 150 sub-clusters of the

1 o 0T e3pORL g Qb5 o dmgpe, = 51 e Time
cenbbpi, 4 1t fdrhbof Bints distributed in the three-HirSendiéndiRpwee, as
the 150 spheres of Fig. 6b representing the

captured by the 3D imaging system;
Fig. 3 shows how points are grouped into clusters according
to their respective positions;

15 Fig. 4 shows how neighbouring clusters are checked for

connections;

Fig. 5 shows the same three-dimensional image data of Fig.
2, wherein the points have been grouped in clusters, one of said clusters
corresponding to the user;

20 Fig. 6a shows the centroids of 150 sub-clusters of the

cluster corresponding to the user,;

Fig. 6b shows 150 spheres, each centred in one of the
centroids of Fig. 6a;

Fig. 6¢c shows the 150 spheres of Fig. 6b representing the

25 userin a virtual environment;

Fig. 7a shows the centroids of 25 sub-clusters of the cluster
corresponding to the user;

Fig. 7b shows a network linking the centroids of Fig. 7a;

Fig. 7c shows a virtual body structure based on the network

30 of Fig. 7b;



25user in a virtual environnent; Fig. 7a
shows the centroids of 25 sub-clusters of the cluster

w0 @8fendi ng to the user; Fig. 7b shows a neEwWebko7/053895
linking the centroids of Fig. 7a; Fig. 7c shows a

virtual body structure based on the network - 1
Fig. 7d shows a user avatar based on the virtual body
structure of Fig. 7c; 11- Fig. 8a shows a view

11
o7 S5 PR Dok o SEURE i, B ooy

useftructde BEFig. @5; t he centre of mass and main axis of

the torso of _the user; and . Fig. 8b shows a .

di stributionFiBur& BTOWhe paewt 8f itheFrger gwth fhe. right arm
Sh@%nHQ?, 458 thd BeAftoldMirdd Aldi® akisOoF RESULSEP r%ﬁrggéﬁlﬁ%;athe
screen of a data processing device w th extended arns.

5 100ser, @b wdleapthescdritee obeassandmaintends obitte tofsd dfthe user;
vol uge recogni tion nmethod and systemis illustrated in
Fi§"91. In this application, this system and nethod

are used f Or FigfBnIsABARM HisfHbuRbn!dify I8P Sinn ¥, 8a:

object of interest, in this case a human user 1,
order to intlkeigaé& shwwsh the desea ipraociedilingtiae posikion, facing a

gener at i virtual .enyironnment displayed to 15 the
hurtdelst dptd proceSsing devieg Wt iRl CARGR ¢ 1 on

10 Syst em conpr OagSofah3dgEhile NBes YSF HMenibdbdimbst of the volume
particul ar enbodi ment a time-of-flight (T(]:R 3D canera

3. regsiggitivormethashard systems iciusisateddn tidg+ helndthisaapplication,

" AESEAOR 47 G e IS ST i by

devbjeet 3f interet§ éh fthipreageadii thanousr 1, Yin @dler ioninteract with a
cogperation with the TOF 3D canera 3, the vol une,
r eBBhPIACSASIAB SRMICR R gPReRlDS M Viival Anviserment displaygd to

se rocessi ng device programed to carry
15ou Sﬁ*@aﬂ%&ﬁgg. coul d be connected between the TOF 30

carmera and tTiee datlampr cmegsitiog sstece c@mpoisas & D imaging
Ot e T ek ot A% e ik (P8 o dinora 3.
This TOF 3D camera 3 is connected to the data processing device 2 with
which the human user 1 is to interact. In this embodiment, this data
20 processing device 2 is itself programmed to carry out, in cooperation with
the TOF 3D camera 3, the volume recognition method of the invention.
Alternatively, a separate data processing device programmed to carry out
said method could be connected between the TOF 3D camera and the
data processing device 2 so as to enable the human user to interact with

25 said data processing device 2.
The TOF 3D camera 3 captures 3D image data of the room
4 in which the human user 1 stands, comprising a 2D image of the 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.
30 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



The TOF 3D canera 3 captures 3D i mage data of the room

4 in which the human user 1 stands, conprising a 2D B
WQ 1P48/828568 t he roomwith a plurality of pixels Pgﬂ'@zpaoomsss%

depth val ue for each pixel corresponding the distance

to the TOF 3D canera 3 of the point imged by that

pi xel . 30Since the X and 1 pgsitions of the pixels in

the 2D i nage thensel ves correspond to zenith and

azirespéctanghe IQF 3Dhearpeian8sthehe Bl impagss data ¢dn he illusirated

- respect to,the TOF 3D th . 3D dat
car ol Flg- 0Vt doesTmeraiaal sty 8 prrbe SaPREReeaie to
cl apsloRf pdIRisBfth® obRICEEHRAREE 8 tHO TOFS3 b lcaneh Bt Fopkase of
the objects in range of the TOF 3D canera 3. For ease

of poeessirg.ribe depsth apgithe zeaith medAzimuih angesof egeh point 5

oS58 SRR T 32 s R B BT o s

I n ddwedingids. step of the vol une recognition method of

the invention, these points 5 are grouped jnto
clusters 6. Andhastext sepiafitheorrleng esPgR¥onrMREod of the

POIiRLSntion, ARedd IdeRitE 35 eflel BolibSd itto ERERrS! d'SACELSGr i65 will
% sing a %A% an

;!

10 carried ou orithm such as was
des@nthiachéighlighaitgepoih®s 6f a% Riusteated Re ddgyn3 .t Thin"clistering is

10R: R SHPLRUSTGI SSRSIBg ATk Uhh €S GoT BRGGR Chapter 12
whi gh fagidhe REVHHIRAE Oby SRS&RHiosaSThéodbridis PEKbASENtinos

this clustering in a single pasS, not needing a _
pl Ufaltraymiods iandrBickprSmitb, pubhshed Ry fpadermia fresulin 3998,

10 SRR el P AL LRRy & B HatR Bi Buptngno i
f ol éiﬁgrighsawerﬁ@tt heesing’ & slardlityedf Getatioris ERQoitderdequate

poi nt " 5: i) finding the cluster 6 whose
15ceressitsl 7 is closest to 20said other point 5 in the

cerfeesly 7 i __ d oth t he
an aadi 1] onal gy 2t s Aering o fist clysten  bofpgbanr:

i f pdiet Bhs aredteddbat @aher the follmvibdroperatiomsnaicooatied out for
space between said other point 5 and said cl osest
cl LRAGYOBERPPHE 8 7 i s higher than a predeternined

Lﬂg:fhgl 250’ ipnd tfhﬂirﬁ&‘ el RlerCh U S¥eS cntrSidSt lid lclosest to
predet erm ned naxi mum q; or
20 said other point 5 in the three-dimensional space; and
ii) creating an additional cluster 6 comprising said other
point 5 if the absolute distance in the three-dimensional space between
said other point 5 and said closest cluster centroid 7 is higher than a
predetermined threshold 8, and the number of clusters 6 is still under a
25 predetermined maximum g; or
iii) adding said other point 5 to the cluster 6 whose
centroid 7 is closest to said other point 5 if said absolute distance is not
higher than the predetermined threshold 8, or the number of clusters has
already reached said predetermined maximum q.
30 This clustering step will result in a plurality of clusters 6

comprising the points 5. However, the use of this algorithm may resuilt in



iii) adding said other point 5 to the cluster 6 whose
centroid 7 is closest to said other point 5 if said

wo av8abaste di stance i s not higher than the preday/Erxmsssos
threshold 13, or the nunber of clusters has already
reached sai d predeterm ned maxi mumq. 30This
clustering step will result in a plurality of clusters
6 conprising the points 5. "Hewever, the use of this
al élﬂfe'rélht?f‘tﬂ'gkldﬁé‘élé abf‘uallg bbihg cS@Y&iEEd. ™ prdlerlyUsbapShe
6 actuall'y being connected. To properly group the
papoints 5, ssiobhcamectsrt ellistérasbewdl Be widtected ded gvewged as
an rrerﬁed szﬁepi cted in Fig. 4. To
detR'FeHd Wbther two dusters 6 are connected, the
points 5 of tdeeeriiRe Ghbsthef swb austers 16sar@rauneeted, the
onto an axis 8 linking the centroids 7 of the two

5 clpaintsr § of thegretwa blustarafiaral fiessworejeried @mtorareaxis 8 linking

distribution-of re ' ' [ . t.

axﬁgg céeqlfrglcgsaycqﬂté?jwof(gﬁétélésgﬁ. EP&P E@é 8 ?él}ﬁaer ?ég!att&}ﬁe()f s

t\ﬁd]sﬁiblwﬁb?fcﬁ rEﬁe \Mai;lhltih% rﬁ?‘égﬂ@ﬁeﬂeﬁ)n@mhbeafg_rmfspd:ﬁd%lbfed for

t he sum of these standar eviations, nultiplie a

praiet & HhActUPE & Ene W RIUSIETBrb avilbe datpipined 16 be

e . , g .t RT

aggogrﬁ{u e&!ji'}gft g%csédrﬁe?ﬁgggsé gsetQ@%ér}Jtdr glggls?h@ﬁ%f h?&ép"te\ﬂo By, @
10 dusieeleterfindd fadiorsS cabiehtibhehisvaaritulat embodinmgitlis Reis found

TSRS o o8 AL 42 oS teSFtht 85 &M  of he
tr glg\gfllgu_l Sg%g 'S8k isNEaddh Ehevﬁdié QUSSR & Wi .b'enmgj@%ﬁ t®Pform a

camera 3, as Illustrated in Fig.
t heigglechnest ers 6, one will represent the human user 1.

This cluster_6 representing the human user 1 n_b

i dent i fied by 'Fé’fﬁ“&f‘gﬁt&ﬁ'gg el .%X@?t’& g set of
15 cl MBLRIs & WughiPROTESAUMNSER ASridRPosBeR! inngrigeeoftHEENOF

user 1 if it is in a determ ned 20 tracking area where

t haDhoameraiskrag ibussated sinafiig-t 9 iQft dreget Chsians theone will

data pro sing device, 2 i £ ri Wl
ISP a Bai et STOBlretet BePRE¥eRaRg e PR Rer
Cr i tc@hi s ideRefied bgevarfetg boaesinst Pot hetailde, AxIaster6awil be
can be chosen as representing the hunman_user

) user. 1. .
AntRaesnisedi eereBreseniing dBat MipaRgusate! df ilsisein g determined
re t r ]

20 { FRGERER arBe ie HETRLHER ushe TEMitg IO Mgy yfth the
pr édeet grosessidg pevicerhandifst soraptises amiairhumanurbberyof points
For instance, if in initialisation seqguence the
ufralf SEYG lusiorn dorLill (RPSS P RRHBATS RS EE Or PSSt s TOF
ETS) ' j Rufm@Rpr&seent IAHbth
thgﬁh%nna%au%g?ni%w%?s%e%iré@?isgmi%ﬁgcc%rgi ng to a o
c haritzcibarfos identifyning dbe iduster6 ogpiesedtipatiie humameaer hecan

25 L opp oo IPTaRY Gl Histiuid Bt e SoiiReS. B SRR tiste B o
MO PR eternfRed RfteRPEBhBkRnE Mite hi KU&®boddeFbt indtatce, if in

the cluster 6 corresponding to the human user 1 can be
pr eriinitinljsationhsetuenceubediursaniiseh walenfaewith exiegrdad arms

representi.ng .the h u 1 Vi r

* nPE P h gy R BRb &1 B M e bl AlFEserlha he
corlithanbusert willBetdistribatdd hbeorbimgeto aishardcténististand easily
recogni sed during the initialisation sequence as

30 desrqadnésecapaliemeWheas her TRE BhkE3METpobitirdk M4 picture
ea?éh\’éré]e&af&ﬂ‘ﬁr;geda A UTRP B BYRR AatE rAhBET aPR0BE&ssive
enter 1The rac ng area.



Hence, it would be possible to interact with the dat a
rocessi ng device 2 through, for exanple:

W(b?‘@%??é@‘ or absence of a human user 1 wthi nPr(%Tl‘Fd’éO(HfO””’

U‘I

10

the TOF 3D canera 3; the nunber of clusters 6

recogni sabl e as correspondi ng to human users 1; and/or

15 the general disposition ofgthe room 4.

The human user 1 would also be able to interact with

t hendaeatsr aefirngpogeibie ecrtetion orfxgh ideatifai@gerthet ictueter 6
of the clu ter 6 reﬁresentln the human u

correspon ing ttohgte W@Fr'ﬂﬁ% genlbeeagfo% %‘n t]eecluster 6

cl Wekieh Was 2dehfifedisst FérabbMihgfth@thdmastusar i pf gté\@ous
cluster 6 in space; the dispersion of the points

at frames. {sakts oran Her énsience; tge valyeegesegitign Bysteratcould
| eaiih! 18 (hbe FeUShRal: S0P 2P HRBoMRA o the

f at ['east the c

t hdniciblisdtion @mepce%ndeswnbeueatiwmeusa‘terlhe takes a posture
|dent|f|eg is subdivided into a set of K
sudesy §96 ygecogm.s @ﬁt'&u@a'&fort Perpiier othes peeple enter the

%;e% these K sub-clusters using a K-neans
aI gor| t OThe K-nmeans algorithmstarts by
partitioni ng Hdre:epoiit nveulll ibet poksible tto alntanalst ckitlst thes data
It then cal 8u at% t he ntroid,11 of each initial
processing device through or examplé:
e the presence or absence of a human user 1 within
range of the TOF 3D camera 3;
e the number of clusters 6 recognisable as

corresponding to human users 1; and/or

15 ¢ the general disposition of the room 4.

20

The human user 1 would also be able to interact with the
data processing device 2 through characteristics of the cluster 6
representing the human user 1, such as:
e the symmetry of at least part of the cluster 6;
e the distribution of at least part of the cluster 6 in
space;
e the dispersion of the points 5 in at least part of the
cluster 6;

e the centroid 7 of at least part of the cluster 6; and/or

25 * the main axes of at least part of the cluster 6.

Once the cluster 6 representing the human user 1 is
identified, it is subdivided into a set of K sub-clusters. The points 5 of the
cluster 6 are grouped into these K sub-clusters using a K-means

algorithm.

30 The K-means algorithm starts by partitioning the points 5

into K initial sub-clusters. It then calculates the centroid 11 of each initial



- 15 - sub-cluster. It constructs a new partition in K
sub-cl usters by associating each point 5 with centroid
wo JobsMB¥ised 1S closest in the three di mensi onalpcEpe©6e7/053895
al t hough additi onal paraneters, such as col our, may be
used. Then the centroids 11 are recal culated for the
new sub-clusters. This 5 process can be iterated
until the points 5 no |ongedd9switch sub-clusters,

o PSP T L M

| teegioht point 5 with centroid 1N whichrist clesdsidn rtlaetthredqemhénsnonal
initial sub-clusters are determ ned rando

£ CRSE AINPHIR AN NUABERIS. SR 1S EPGM .y, be juped.
”Fﬁbr?‘?%é‘l et idf 1§ rtﬁ'ecll%%k%aaéé?(%r Qhétrfévp%boé?ué’cfaé hehis

pol nt's e cluster I's a conparatively
5 higrbcessrban bestechtedintibhe pdsintsgs hbilengerrsmates sabgdusteranor
t her‘h[l resul t

et of 150 - t h with
e bostiond ¢t oRBetirol 17 Sailisg R Rl qtd st
SRR Be Aaedavitt 8 IRifE ﬁbﬂﬁi@nr adi us to each one of the
150 sub-clusters then results in a nodel 13 of the

hunran user 1In as fn’@br@mbﬂdlﬁwnt,n theg K eipitiarhpubebiséersi are

eﬁgﬁﬁlg\tg ar@gﬁp@@;ygrngcg&g%' t%dcebré ré%%é%ngﬁ%ﬁ ﬁ{ﬁ éléjster B,

10 t héhdhnél?heléﬁt bEHeesaseed dridistrivution af tr@pomcmmthe cluster
generated by the data processing device 2. The

us@®rana is @ romparativetye hight n repétteass1ad Hﬂlﬁghﬁhé,s K-
virEdal a@é%@@ﬂg%@t [éé?ﬁtgqﬁha §bFB'fe|5‘6°% Eiu%rgngé&{ with a

proxrn t etWween the represen |on o]
spdetesd 121, i as réysregentedain Gi'g/l 6amkeg<bmanmg tahepleéreneﬁt@f a
14 of the VI rtual environnent

woRnedetarainast radive (o sach 0BR LSt 1@9 %%C'&&f%{gahen FSutS in
15 P z?ﬁ”o%%’l g JeNd ﬁﬁn%ntdkre‘?lﬁggs ré&(es%ﬁ?émhq:l%zé_’d Bihis mode# 13

lon or proximty in one or several dinensions o
theprmrﬁsethbatvohmn@f oatupiedshy ohe $phere userwit witht good
| east one elenent 14 of a virtual environnment
getfe&f'88ed by the data processing device 2, wherein

sai d el enentri}4 geamubfatRdn el #hoddlPN®repRisentdd iMr£&sirtual
30di nensi onal ;
environment generated by the data processing device 2. The human user
20 1 can then interact with elements 14 of this virtual environment through
simple collision and/or proximity checks between the representation of
the spheres 12 in the virtual environment and the elements 14 of the
virtual environment. Hence, the human user 1 would also be able to
interact with the data processing device 2 through, for example:

25 o the collision or proximity in one or several dimensions
of the representation of at least one sphere 12 with at
least one element 14 of a virtual environment
generated by the data processing device 2, wherein
said element 14 can be punctual, mono-, bi- or three-

30 dimensional;



- 16 - the collision or proximty in one or several

di nensi ons of the representation of at |east one
WOHHEEBSB2 with a representation of at |east SREEPEY /053895

obj ect of the real environnment of the human user 1 in

the virtual environnment generated by the data

processi ng device 2; the posgtion and/ or novenent of

one or several of the centroids 11 of the sub-clusters

, and/or the pesitté oollisionwe peoriméindi one ohapeeraf dinfensions

I 10 f d th 1 t
! onat Cone of 1 he obihd (s S, B afRAS ot fohre' 2 Rl a
sub-cl usters whoseeg@abh@tiEs of htI68% &'ﬂg’ﬁéélrdblgé&t of the real

novenment. In a second enbodi nent, the shape of the
cluster 6 15 correspiooninagt ©of thee Humam usser 11in she virtual

anal ysed so as to extract charac | cg. of
of the human user efwrgrugﬁntdsg?meégfegmstﬁye %fe 5 p?(gégé/ssmg
general orientati @ayicel®e position of the head, the

position and orientation of the shoulders and the
hei ght. Wil e stvelhal pesitiarhasd/osHapwemeni et ppg, orsseyeral of

as centre of nass 0 I e 20
cal cul ated fromt ﬁ@é B%rﬁpcﬁégg oc{ftl’?%é%-cﬂ{%‘tergl %s {sO? 6,
the results woud dtfps pggmggeﬁfgvgﬁ{emlamfdl/megm brytﬁdweolume

position of the arns 15 of the human

10i | lustrated in Fi domsgd bynbeespharfe %ﬁﬁ@ﬁ'@te?‘ wﬁ@ 3thleast
main axis 16 of t cl r e h )
dser Twitn the rogR OhrnersiefBiaRG oL Pelitie MERY sub
super posed w th tklushady whodehechuinsids usler dhow5 substantial
this reason, in this partl cul ar enbodi nent, the points
5 correspondl ng t SMEYHns 15 are i dentified and

di scounted fixsp, séébr%G# (gfm%ﬁf"bltr?et é)‘éalo?uh%t'cﬁfsterG

of the centre of mass main axis 18 of the torso
1519 cm‘rrasbendmgam uther hnmamexser n1 ais BLoelksed9seeas to extract

und nd the 0 of . the user with e ept

& dptarcpcot G Bod &Y ot pudier Bty foPhasieRghatienthe of
St %és@rtﬁe %jé‘h‘é%le&ientatlow the position of the hedd, the posmon and
cal cul atlng the centroid 7 and nmain axis 16 of said

selarientationl @éttde ehoulders and the I"@)grﬁawml@tsewgralh@f these
di Stharac%-rlﬁpcsc LYk a?sOCerﬁrse 6F R{aesiecﬂl g&eral orientation, could be

20 calculated from the points 5 of the whole cluster 6, the results would be

&)

exaggeratedly influenced by the position of the arms 15 of the human
user 1, as illustrated in Fig. 8a, wherein the centroid 7 and the main axis
16 of the cluster 6 representing the human user 1 with the right arm 15
extended is represented superposed with the body of the human user 1.
25  For this reason, in this particular embodiment, the points 5 corresponding
to the arms 15 are identified and discounted first, so as to be enable the
calculation of the centre of mass 17 and main axis 18 of the torso 19 of
the human user 1, wherein as torso 19 we understand the whole body of
the user 1 with exception of the arms 15. For this purpose, the following

30 steps are executed:



in Fig. 8b of the distances of the points 5 of the
sel ected cluster 6 with respect to said main axis 16;

wo g)osazdsesil ati ng an inflection point 21 in saiBECT/EP2007/053895
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15

20
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di stribution curve 20; d) selecting the
points 5 with distances with respect to said main axis
16 of the selected cluster 6_inferior to Des, wherein

s is the 10distance of said'Wnflection point 21 to

said main ax)s 16ty bt 3 2ehticChUsPIndin 285k hB dSsaid
a factor of at nost 1.5, 7 preferably at nost 5; and
e)saladtedIchistergG;sai d centre of nmass 17 and main axis 18

et of sel eded peAels) the detbllion oqnBd, G sSsapied

bejncrigr BBdofOch dlé@rn@és \tﬁltue d@)‘fﬁts UsgatHey séleéte'&i%l@stfé@@wﬁh
can achi eve al read Yy goo r esul

porsispeelriosfaid maimexis ™R and the shoul ders 23 | n the

cluster & ¢a0) ¢ LGThuA S8\ Pt BRRGEE B b8l Bsypuvon
Freupnvé2@; posi tions of the two shoul ders 26, their

orientation can also be inferred, in
initialisati®n sewrleddy the peipisab erth rdlsﬁtagcesgwﬂh Hespect to

hu r t y

o o728 Aoy, TROr R SAEERA 8P 8 iRBiGH MG, YrRRels is the

camstwce(nifssai@ n@@bdt@nh&oupamltbeéald onaihadxiof 6t d)lfetheud;eield:ted
i vi de a ference v

Scre ue
Cls ¥@ran9s s arncior A bl EIRL 25, Brefaeahs ALEORE 10 AR
provi de at | gast a,paber AR Eelird B nRidsel? Bhiamfaxs 18

t he out put di'splay scree as vve as a reference f

t hef theitorsd 1 @Essthei cantaflid thd rhaimeanisi o6 the sei o’hseleshedcpomts
to.the TOE 3D canera 3. Sone |later interactions of the
hufan user 1 with the data processi ng device 2 may

relate to thﬂméedr@béé(é? cBAshé i ried Ak i eﬁéﬁ&elfabbt @6ually a
the human user 1 with respect to said initia

30pioglietpans.can-actgeve already good respiig. hei ght of the

Sl cot od poi TS PBSRRey B4 Bped 2208 e fhadfers 20 in the

f i tItister Boc bbh@eﬁ@éiﬁb?‘ﬂh@@héﬁa&:t&mtl& afgles ed forhed zvydthe
the height of the highest renaining sel ected point

i sNeekeRPidndetheasheyiderse?Ghirrash the oosiiivns efsibe two srfvﬁtéders
he%@“@e'i?e&% tgﬂgﬁ‘tcaw Lf Poﬂé Xn ?reﬁogr?:t Erlﬁfﬁawsaétioﬂ ﬁ%qtg%nce

con tlons axl's
t hdusteated |ﬂ19:|geeng1eshhmantmai Il ymag el asikedato @Jedan output

hi ghest remai ni ng selected point 5. b in or nea
%‘SP'@éju B t3te tB%é’i‘%rorﬁ‘t?tHﬁhtqff(?‘@ngQQU'derS 56 'can be

r eRSRFENEHNS BPaPaRY 18 4hat of the output display screen, which will
provide a reference value for later use. This initialisation sequence thus
can provide at least a reference for the orientation of the output display
screen, as well as a reference for the initial position of the human user 1
with respect to the TOF 3D camera 3. Some later interactions of the
human user 1 with the data processing device 2 may relate to the relative
position of at least part of the human user 1 with respect to said initial

position.



If the TOF 3D canera 3 is a noving picture canera, the

10 hei ght neasurenents for several franes are sent
WO2088(12$3%8an ni xture nodel, so as to take into 53@6’69&7/03?’893

possi bl e noi se and tenporary | ow positions of the

human user 1. The Gaussian with the maxi num aver age

having a sufficient weight wgl provide a robust val ue

of the height of the human user 1. 15ln this second

enbodl ment, {lhe nmgraﬁxm‘ttbe@uotaraumd israise calcylatethusgisg only

R S R e R N ey R
of ﬁdﬂmsfseasdcé?raearmpgﬁutth@meaﬂ dvrth@nﬁ@iesmemfaurﬁﬂigeselected

shoul ders 26 can be used in partition of th

cl iRl Seisi ieptified s dhediaighy ofthyy hurank Usehnk “This height
|

52 GP SR e PR orSRerRLSaR! 13Selit PRhbmbns g me.

5 idientad said mmmaxlsemaoﬁmm@rsw 10heeihg atbg@ntidhevertical or

| ust 6 th be t1t t I K .
A NisheSL e R IBCEH PR DaNO(R £F NRRGURfesion of the
f ol dy o P%@%érﬁ?@d%%rréglﬁa%‘séﬂﬁliq@g}éﬁ’eéJ‘Qz.StrUCthe of a

hunan e centr 25 such sub-clusters
are repr esenﬂfethe' mOF @D Zameph 3 ist a iovihg rpipiviss icBmerapothe

determ ne which sub-clusters are connected sin .
10, TR ST L0t SRV ¢h T 81D E e oh alsoran mixture
cenhp@bldsolasob tdke ﬁ\%’ #dcdehehdssiblee nBises 8Ag etefiporary low
poi nt's bet ween sub-clusters, etc. The purpose of

detpmﬁqms@ the dwenaouseict i Bies Ceessies widuhecmasinumg average

| ) n 7
| bl SO A5 B SRR 2 Phol A DL NER, o1 e
F| chunfdn uksom such a 19 - network 27 it can then be
i nferred which sub-clusters formextremties 29

15t hey shoul d Maiiste8GaNd) prRedimentothe: RaAMNRIEIS pg@grierdsfrom
|
hgﬁga?r{aﬂgsr iSHFRR Y585 &t e déusflﬁrr %’S%Lﬁc,ht z?sot@@ﬁf "H‘eﬁtr\é" dttass

ocessi ng devi ce
t helpasd nain axisd1 ®of theey Erentl Qppositien oétite bead 2&59&;‘51 dasition

e i o SR S0 P 260 TR SHEI e AR e
t hecl&&éh@%ﬁ)ekss@ﬁclusters using the K-means algorithm. For instance,

20 one of the K initial sub-clusters may comprise at least some of the points
5 identified as corresponding to the head 22. The cluster 6 can thus be
partitioned into a lower K number of sub-clusters, such as 25, that
however follow a pattern corresponding to the structure of a human body.
The centroids 11 of 25 such sub-clusters are represented in Fig. 7a.

25 It is then possible to determine which sub-clusters are
connected, using criteria such as absolute distance between the
centroids 11 of the sub-clusters, the presence of points 5 between sub-
clusters, etc. The purpose of determining these connections between
sub-clusters is that of generating a network 27 of links 28 between the

30 centroids 11 of sub-clusters, as represented in Fig. 7b. From such a



the position and/or novenent of the head 22; the
position, orientation, novenent and/or shape of one or

wo Se¥Aabeks extrem ties 29. Absolute as well as peEl/BeiovR053895

C)"I
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positions and novenents can 15 be used for these
interactions. For exanple, the human user 1 nay

interact wwth the data processing device 2 through the
relative positions and novet@nts of extrenities 29

2 AR 07 SLod R RABES it AR BRI S Liremiips 20,

of agithgyrshoald kave fawerdinks @8nterathedsubyclubtersat a
processing device tﬁecan be the

0 f. .
i nt er act i onglence, human giser | ilfr’rﬁféﬂgitﬁ 'ﬁfed?Ctﬂé’,'th the
th te a struct 28
; oﬁ?%ﬁrlﬁ@éé‘suy d&@te @qhﬁ?]pgé}t%er nh% 18! ucture

ng a edeterm ne such as that of a
human body. Thuas,thexjositiont ard/oR neovement ¢fuie centre of mass
identified as exthemtl es in general, but also
| abel  ed as being,’:for exanple, the right arm 30 or

the 25 left |eg %ekgﬁsm{nt bﬁéb%‘ilongﬁ'd%rfﬁ%%}%nt ?fthe main
SS|

i ncreases the po itiés of Interaction
all ows the generai®n8pf a vol um nous avatar 32, as

shown in Fi 7d, to represent the hu ser 1in a
virtual env?roﬂrrethﬁ posiolon or}entat&q atl}ﬁ]Zoru movemtlanr{ of the
above-mentioned idHfJ] @&g%@s can take place separately
or in a conbi ned manner ’ for exanple, also

possi bl e to 30earthg pmﬂltldrfmldioomsemnd)bfﬁmlheadw%z

descri bed enbodi ments to all ow a,  human user P
interact with theh Ga@%'?ﬁ%c@@]tﬂt@)%évp‘é%mgnbaf‘ﬁ or shape of

through - 20 - the, Mpg%a?&)&k&hﬁ%@b 150 spheres 12
nt o

and by the relative novene is extremties 2.
Li kew se, thdbgoluleasrwebgsi relamesgmtmnsaamﬁ megveoterdé can
the pr esegq{ nvention can blgoused al on

coRBi ¥sRd &N oS BeEctioRy Fok SXAMG o o%ghﬁnaﬂp%r flomay
Com{‘é'r%bP%thocﬂe"HétQ ;ﬁfoeééﬁn@ro‘é‘é%‘é% "t‘lgro‘djgﬁ'tﬁ@ r%latﬁécébsmons

as: switch, keyboard, nouse, trackball,
t oaot ackenments fof exiremities BOMieragpRet &l eacproptharcuo the main

ORISR BLER S LB ST R BB BRI P
SeBRGfonient gBALratad &by A8, ddthepdbbsingst@lits Dicche, the
r O\évlogr%e of interactions.
As illustrated in Fig. 7c, the network 27 can be used to
generate a structure 28 following a predetermined pattern, such as that of
a human body. Thus, extremities 2 are not just identified as extremities in
general, but also labelled as being, for example, the right arm 30 or the
left leg 31 in particular. This further increases the possibilities of
interaction. It also allows the generation of a voluminous avatar 32, as
shown in Fig. 7d, to represent the human user 1 in a virtual environment.
All the above-mentioned interactions can take place
separately or in a combined manner. It is, for example, also possible to
carry out the processes of both the described embodiments to allow a

human user 1 to interact with the data processing device 2 both through



10machi ne, or any other sensor or interface suitable

for providing input to a data processing device 2. o

W‘Nﬂ?ﬂfézsﬁ% commands and i nputs that may be pr RATEEFOYS3895
a data processing device 2 through the vol une
recognition system and net hod of the present
invention, there are: 15 2D_apd/or 3D navigation, such
as point of viewrotation, translation, positioning
andgerVOMrmemcauDied,bya$5Q\épher@§ Gt ared by ithe selative movement of
ar rs..such as perspective, range, colour,
eI e BRIRE

. Interface el enent
navi gati on, caniggwisé Nhel valumaeaygisn epstei hRd nétBOY Df the
lists, paraneter choices, and/or input fields. .
l\/arﬁrﬁéﬁf_é\tt !“dﬁﬂt'%ﬁ_ﬁﬂi g rﬁ'@eﬂ.QiQn%t\P&t"&rCOé@tHﬂ?'fdﬂﬂ _V\@tbn@lihﬁr user
of .iﬁl%‘a'[ ‘éé‘télfﬂ?bféb# C(%orﬂﬁ{uﬁi@ttigbﬁmitﬁlécaat%SPl%%ﬁbgihngevice 2,
orientatron, translation; rotation, appearance, Shape
25asubhor ag:unswitam) aeyboard; onhoose,of tragkbiaéim pebletrete@uchpad,
Triggering, suyc validation of i.a. action )
co ﬁ%%erg%r %1592:: ReTINGERlc MRS QRAEBRIcHARERN offacking
st [HoTa¥ ndHo i
B gy & IR0 mgRgy ¥R, I<ognfion.
parkioeleeiricaneisor, otchonal dterfacdel tegadroif, statlcabicycle, rowing

10;2&5%%@%,(@' %Erﬂe Q&f’e'g,s%gggr? 8‘} fn?enrfa%b seu(}tta?)le o?%lroviding input to a

(93]

data processing device 2.

Among the commands and inputs that may be provided to a
data processing device 2 through the volume recognition system and
method of the present invention, there are:

15 e 2D and/or 3D navigation, such as point of view
rotation, translation, positioning and/or orientation, as
well as other vision parameters, such as perspective,
range, colour, exposition, etc.

e |Interface element navigation, comprising i.a.

20 navigations within menus, lists, parameter choices,
and/or input fields.

e Manipulation, comprising i.a. avatar control, control of
application object parameters, such as position,
orientation, translation; rotation, appearance, shape

25 and/or function and/or control of system parameters.

e Triggering, such as validation of ia. action
commands, parameter change commands and/or
change of state commands, action commands and/or
commands to change the state of an application

30 object, a control parameter and/or other.



Force input, for instance in physical sinulations.
Qut put paraneter adjustnent, for instance for sound

wotedsurescgppear ance of applicationobjects, presentationns3sys

5

of application objects. The dat a

processing device 2 can in turn be connected to any of

a variety of output devices, such as, for exanple:

nput er out put devi ces, suclr &k a 2D or 3D display 10
devi ces, |oudspe eadphgne dent p

out put deV|ces 3%%%.?%?0?5 Q%d/ﬁpa $%®33E$ %h@mmhon

Virtual reality oobjpots, d&\lleoesonmenhobgectst etoual
real ity goggl es, gort abl e di splay devices, multi g
di splay 15 deVi ckarcgdeputafordastapeg in Playsg%aléi%lﬁ gns.

S cone,“for o, BUHASETIRREY Sar TGO o o

snoke nachines, anslimie, speppkheinte of applicatiohombjects,
aut omati on deV| ces, such as w ndow shutter 20contr ol

devi ces, heating RGsEPRtionsfiapplcalifly ehiefiSght i ng
control devi ¢as.qqi QG &I H@bl‘&?al‘gaﬂﬁﬁ'tﬁﬁ?best}léﬁﬂeét%d to

"Rs and/ or music systens. rtab evi ces, suc
poahplif @ wamst)cofamdpotrd@&cesusdleb asl fyrexampbesi ti oni ng
systens, personal gital assistants, portab]

conput ers and/ dr Q@mquéert@.ptggh%\éges éuﬁ‘ [Sra ag\ﬁrc?é%dlsplay

gconnectable to a 8'@\%@?%’,rI888§;§éeﬂ&r§‘,ef‘fé§@pr%ne§yf)hnt%?s, haptic

15
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val ves, treadml|
output devices, ventilators and/or background

lighting.

* Virtual reality output devices, such as virtual reality
goggles, portable display devices, multiple display
devices such as Cave®, large display devices such
as Reality Center ®, stereoscopic screens, force
return devices, 3D display devices, smoke machines,
and/or sprinklers.

* Home automation devices, such as window shutter
control devices, heating control devices and/or
lighting control devices.

¢ Home entertainment devices, such as TVs and/or
music systems.

» Portable devices, such as portable music and/or
video players, positioning systems, personal digital
assistants, portable computers and/or mobile
telephones.

e Other devices connectable to a data processing
device 2, such as valves, treadmills, etc.

Although the present invention has been described with

reference to specific exemplary embodiments, it will be evident that



30Al t hough the present invention has been descri bed

W th reference to specific exenplary enbodi nents, it
WOQRQB/1ERS6&y i dent that -22 - various nodifi catBdAEP284PSIsIS

changes may be made to these enbodi nents wi t hout

departing fromthe broader scope of the invention as

set forth in the clains. Accggdingly, t he description

and drawings are to be regarded in an illustrative

sengwioust meodificationsnand changes veaysbaseade RBtheselgxhhadiments

1. Volu recognitio thod conprising.the.steps of.: .
2 wlhathqersrg tonhhehigighs sCons gL tiRinyeRupR ES sl fprth in
i mbmim%(&hg|¥W@%ri§%ﬁ anbEtewisAareeBI s Afjarded
a plurality of points (5), each 5point ( havi ng at

| edstandlldgifatiye sansedpiner dan a restripivesenseensi onal

space; b) grouping at | east sortie of the points (5)

in a set of clusters (6); and c) sel ecting,

according to a first set of paraneters such as

position and size, a cluster (6) corresponding to an
object of interest (1) located 10in range of said

i magi ng system (3);



and characterised in that it further conprises the

steps of: d) grouping at | east sonme of the points (5)
wo Sfostibegel ected cluster (6) in a set of sub-ElUER®IBO53895

according to a second set of parameters conprising

their positions in the three-di nensional space,

wherei n 15each sub-cluster has a centroid (11) in the

t hr ee- di nensi onal space; andz%) associ ating a vol une

(12) to each of at |east sgpR)g§ sai d sub-clusters ,

wherein said volune (12) i trtxed to the centroid (11)

of sai d sub-tlvstere reca@ditiovohethed reaquisirtg the stepsol

according to claim.1, wherein a K-neans algorithmis

s P kPR RE TURPHIBENROSa G adRe0aE hte d p Dpang tem

in a g 'H\‘é@'é I i

3. Voﬁg?fe%&giegﬂg ﬁlsitgl Ion ng{%gégg%egg%?ndgﬁ?gf@ypo(ﬂg ((5)%’ sach
5t he prmoinb(f favingrat leaktaeiet of igeordinaies i Bthree-dimensional

associ ated to a sub-cluster is a 25sphere, preferably

centretPfF t he centroid (11) of said sub-cluster.

4. M| 4HIBpIrRCRIBASH HndTBE IhRb RGBS skoobélstens(6)f and
t he previous clains wherein said groupi ng of points

(5) CrselectingrsceBing i @ irstised obparaseeierusyd #dpasition and
first vroskaioues @ pesep g o HEBBissF bt iRt [ Boated
10 30b) emqgggéfwsgia_qrﬁagliﬁg)g\jmgnqgﬁr at : ons for 6ea\(lz\ﬂ ot her
Cent ol d (7)o ceargslasisefon Siatal BrEr CHBPHESH K14 Haos of:
thregy dLTBMRY HBLSSERHE of B points (5) of the selected cluster (6) in
a set of sub-clusters according to a second set of parameters
comprising their positions in the three-dimensional space, wherein
15 each sub-cluster has a centroid (11) in the three-dimensional
space; and
e) associating a volume (12) to each of at least some of said sub-
clusters , wherein said volume (12) is fixed to the centroid (11) of
said sub-cluster .
20 2. Volume recognition method according to claim 1, wherein
a K-means algorithm is used to group said points of the selected cluster
(6) in a predetermined number K of sub-clusters.

3. Volume recognition method according to any one of the

previous claims, wherein the volume (12) associated to a sub-cluster is a
25 sphere, preferably centred on the centroid (11) of said sub-cluster .

4. Volume recognition method according to any one of the
previous claims, wherein said grouping of points (5) in clusters (6) is
carried out according to a method comprising the following steps:

a) creating a first cluster (6) comprising a first point (5); and

30 b) executing the following operations for each other point (5):



ii) creating an additional cluster (6) conprising said
other point if the absolute distance in the

WQ HPOEE28368rensi onal space between sai d ot her pdCGHEPRH}/053895
and said closest cluster centroid (7) is higher than a
predeterm ned threshold 6, and the nunber of clusters
(6) is still under a predetergy ned maxi mumgq; or iii)
addi ng said other point (5) to the cluster (6) whose
cent r oiig find)ng the cluster (6) whoselcestrsid (7) isalabest teesaid other

int (5) i.f .said, abso).ute distance is not 10hi gher
Poan ¢ he noinsdR s 1 Re R R eeRBI S BRAT he namber - of

cl ust erjg r&tirkpsn abBRBAYI CIGREPES Shshidh§ d8HStRENSSInt if the
maxi mum d. 5. Vol une recognition nethod

q
accor di ngbsoluie distence whéheithresaditmegisiangi sgace hstveers said

5) i I f ' th f
by det er ity UheDRSH SalE s SEEPLSER sl (3]s Biober than
connect edj pAitétdipihedBh@shelcconanatiie miMbéebs clublers (6) is
6. Vol une recognition nmethod according to claimb5,

wher ei n @&l SPAPHA MEeIREIRBLdRXIBUNSEi @ cl usters (6)

oo cut dD fifh, SR SE B ) S B0 cRisier, (6) whbse sepirpid (1) is

%, e ot b4 o ek
10cent r oi dgher g'\ent Eﬂég tﬂﬁﬁﬁ%gﬁ@wgasth(%‘ér}gl%néj or tlg%)number of

checki ng cYﬂ%@éﬂéQB%)hE@ aﬁHHﬂrfﬁeeéghggc%iaﬁ“H%&ft@lﬁﬁﬁ@d 'h\%?kﬁnum q.

mul tiplied by a predeter or S, for exanple 2,
i s hi gher thanMVohenabecdgritordimsttatcacdaedingda daim 4, wherein

roid 7 f . | 6). 25 .7. |
- eotpittsiraefiehtiot BPeisgTs B)3ng e dBeritase St8Bs of
pr eviuetdrhahing . widtReeiwd SRdld chiBEr8 Y6 piiet &Anedled; and

conprises a tinme-offlight 3D canera, a stereo canera,
15a pl dmanerginosorneetehelUpieeni®d in different positions

adar syst en? S0RSPeREEBpiRd Skt a SR dingyen

t o duetyrnainiégofhdther two of said clusters (6) are connected comprises the

1

steps of:
a) calculating the standard deviation of the distribution of the

20 projections of the points (5) of each one of said two clusters (6)

along an axis (8) linking the centroids (7) of the two clusters (6); and

b) checking whether the sum of the standard deviations multiplied by a
predetermined factor S, for example 2, is higher than the absolute
distance between the centroids (7) of the two clusters (6).

25 7. Volume recognition method according to any one of the
previous claims, wherein said imaging system (3) comprises a time-of-
flight 3D camera, a stereo camera, a plurality of cameras located in
different positions in the three-dimensional space, or a LIDAR, sonar or
radar system.

30 8. Volume recognition method according to any one of the

previous claims, wherein said image data comprise at least depth and



previ ous clains, wherein said inage data conprise at

| east depth and - 25 - zenith and azi nuth angl es of
woeeshzgpes nt (5), and further conprising a stepCDEP2007/053895

transform ng depth and zenith and azinuth angles of at

| east some of these points (5) into three-di nensional

Cartesi an coordi nates. 9. Vol une

recogni ti on nmet hod accordi ng‘2§6 any one of the

Pr S3ki | i i ' hte i X5
DL S0 Ao MR, S8 e, pho Bimer st =
10stepodiutrensfecning diepth mathozhithic eod diziguutio atigigamod at least

| oEAOE SR Lo BoShER s S Pl S
the torso (19) vefurfdirdchgdition Hthod _\é@bumdg &5 @8 idnie0s¥ the
met hod according to claim1 wher ei n sai

5 apprayiiusetlaiing ewberinisaithobiect 7J intatesieil h isvat deqst arbef a

th .50 (1 ted by executing the
foﬁ?%\%ﬁﬁ)é)dgt 3@31%@5%@51“ ng the centroid (7) and
mai n axi s (1f). \ailus@i iécoghieieh @sethbd siceordify to ¢lim 9, further

cal cul ati ng the distribution curve (20) of the
di eeBREEsg dhe ishep phicalcyigting he anoxigiaied sgnieftaass (17)

5. wi : . ! ¢ th
Sepadiidin BFERI8) of fhohe ) B B 07 | "2
10 ij)nfl elcti on p1)1.hr\lol(n§h_]a) recogtich dﬁrr]leghdd)lﬂdwﬁingr:]@ ¢laie) ; 10,
el ecti t he points t I anc tn
BB 56 aprl OISR GeTBe! T () ALl Btisdd8) of the
| . . ' . : di st
of LS p GRICHIARE thelerBndiRe RIBuing Steb3s. o' (16)
of t hpcalellatingdhel aentevid(E) anl roainsasist El&)oef saidaselected

nost 1,25 eferably at nost 1; and e)
cal culg{"?tﬁé?@ai d centre of mass (17) and main axis

15 (18) pptalthidtih@ts® RaiBHorpeutBe 206 BF tive didatcdRbNtHAXbGints
of the selected points $5). . . . _
(5) of the selected cluster (6) with respect to said main axis (16) of
the selected cluster (6);
c) calculating an inflection point (21) in said distribution curve (20);
d) selecting the points (5) with distances with respect to said main axis
20 (16) of the selected cluster (6) inferior to D-s, wherein s is the
distance of said inflection point (21) to said main axis (16) of the
selected cluster (6) and D is a factor of at most 1.25, preferably at
most 1; and
e) calculating said centre of mass (17) and main axis (18) of the torso
25 (19) as the centroid and main axis of the selected points (5).
12. Volume recognition method according to one of claims
10 or 11, wherein signals are transmitted to a data processing system (2)
according to the position of the centre of mass (17) of said torso (19)
and/or its main axis (18) and/or the orientation of said main axis (18) of
30 saidtorso (1).
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represented in a virtual environnment generated by

datvgllgﬂfo@éggofn@r'gi)vtgqr@nls(rggt such as said main axis (V8) gfﬁlgle torso

hg?gﬂ?é'hg gF{alﬂﬂg é?ll ng to claim16, wherein
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theprpcmnrtgjsysteml(ﬁl)s wherein a set of |inks (28)
bet ween sub- gi|7u§/ me.recognltlon method according to claim 16,
wherein there is a collision and/or proximity check between the
20 representation of the volumes (12) of said set of sub-clusters and a set of
elements (14) of said virtual environment, so as to interact with said set of
elements (14) of the virtual environment.
18. Volume recognition method according to any one of the
previous claims, wherein a set of links (28) between sub-clusters is
25 established using criteria such as absolute distance between the
centroids (11) of the sub-clusters, the presence of points (5) between
sub-cluster , etc.
19. Volume recognition method according to claim 18,
where a set of extremities (29) of said object of interest (1) is identified

30 according to said links (28).



25 established using criteria such as absolute
di stance between the centroids (11) of the

wobss/ekisst ers, the presence of points (5) betweemnp2007/053895
sub-duster, etc. 19. Vol une

recognition nmethod according to claim 18, where a set

of extremties (29) of said 02kéject of interest (1) is

identified 30according to sai«d-links (28). - 27 -

20. Volune r [ 40 a { n ai :

wher ei n at Igg's &E‘Lﬂee L}Fgggﬁgg%xﬁ{régﬁm i%%@%@b it(gn dim 19,

| ablereid :ﬁtcleas?bnghdfosaid bmmmmd it 2@dispabeied ,acf:oning to a

exa e that of a man body. 1. Vol une

r ee@ﬁtw‘aﬂeﬁ@@ﬁsmi%@mﬂ'é that efrehgmag) wadls IR 19

or 20, wherepp \%Iﬂﬂﬁ‘% FodidfitigrPR#Mdd 8EcdiBiny #ibfte of dlaims
(2) acco d

processi ng system rding to an absolute andfor
5 r el &tan9, pdwreincsigrais/aoe transeitbatt tcod data pesissingesysfem (2)
sai d extrem

;SebRTeIG D 8y Shshiit and'a iiptive poagima S aRrgent of at

f Ofecz@BhEOf Beidt dWtRAniAEERPg) onal | mage dat a .
representing a 10 plurality of points (5), each point

(5) havi ng a22l\éalsmen respgotionosyslienat eemprisiag an imaging

borhient & BT PRy BRE Bre e B sinfaCind¥ RabL ralicteayno
10 | opRirgktyioh poRNge5 0 basRipirit TBPhAENG %8 et 6Bt opBGo@inates in

data processing szstem (2) connected to said i maging
sy 8t éirees)imengignen graafedandr atdeash weMuutof isgid points (5)

oo . . Lo . ’ _ _
; ceafESoriindlo Andict: o ARERR: TYRkER s Ih rpflge B YA imaging
pr systerrs(3)| ahd® data processing system (2) connected to said imaging

system (3) and programmed for carrying out, in cooperation with said

16  imaging system (3), a volume recognition method according to any one of

the previous claims.



