NATURAL GESTURE BASED USER | NTERFACE METHODS AND SYSTEMS Background 5The
present invention relates to natural gesture based user interface nethods
and systens and is nore particularly concerned with natural gesture
recogni tioRybagsehpuser interfaces for navigation and cepfEeleidRbis
conput eri sed systens. Conputer visiongtechnol ogy has evolved to the state
where 10 real tinme accurate three-dinensional scene measurenents can be
obt ai ned. These scene neasurenents allow i mage processing systens to
conput e and provide new ki nds of inputs such as potentially object/user to
systeminteraction where the input interaction relates to novenents and/or
gestures of NABUBBLAEESTIRE EMPMSERI%TMW a vi ewed
scene. Sever al klndsS % gﬁg interface devices and nethods are
currently available. Apart from ces devi ces, such as, nouse,
joystick, conputer keyboard, touch-screen or |nfrared renmote control

t echnol ogi gs,, t he recent technology is based on three-dinensional 20
i magi ng or§§%m¥%ﬁgggystens that detect and make it possible to nodel and
Si nru: at® a human bodﬁelp?e@r?s&ﬁreatéo@fmbtg@&r hatucaa@ebﬂreenambmmt fro(rjnt_heh

si mul ati on, r e hands,, and can e tored wit
respect to' Fﬂé??'ﬁ%ggg?aﬂ SYeiems; gpd Sfﬁgmhﬁﬁiéaﬁ&&c? n%ﬂaabed to execute
gestures V\ﬁatgi‘btCg’ﬁétdr@&@acb@ntﬁ&ﬁ%@é@kaebwn{ehﬁc@élf@ﬁigbﬁgamn @esi ng system
These gestures aimto jnitiate trigger events andior Dmvicie continuous

i nteracts SR Wrsgmpyteried PEleMSed input. a conputer interface
Description of the phihfutédnsion technology had\eU8ISE IS HRAREE Vigare0at | on system

is described in WO- A20091042579 that s used to control conmunicati ons
sessi oHs wiggh time accurate three-dimensional scene measurements can be

obtained. These scene measurements allow image processing systems

to compute and provide new kinds of inputs such as potentially

object/user to system interaction where the input inferaction relates to

movements and/or gestures of the object/user within a field of view within
15  aviewed scene.

Several kinds of user interface devices and methods are
currently available. Apart from interfaces devices, such as, mouse,
joystick, computer keyboard, touch-screen or infrared remote control
technologies, the most recent technology is based on three-dimensional

20 mmaging or sensing systems that detect and make it possible to model
and simulate a human body in a scene. Body parts can be extracted
from the simulation, for example, the hands, and can typically be
monitored with respect to their position over time. The hands may thus
be used to execute gestures which can then be recognised by the

25 imaging or sensing systerm. These gestures aim to initiate trigger events
andfor provide continuous input dala to s computar interface thet

interacts according to the received input.

Hescription of the prior art

30 A gesture-based navigation system is described in WO-A-

2008/042579 that is used 1o conirol communications sessions with



custom sed icons surrounding a representation of a recogni sed user. An
enhanced interface for voice and video conmunications is provided in which
a gesture of a user is recognised froma sequence of canmera imges. A user
interface isg, %Ii%)):*pﬁovi ded that includes a control and,& 3.hBRsETENt ation
of the user. The nethod is directed tp a navigation interface and system
that uses inage processing to performthe gesture recognition to trigger
control inputs. For exanple, a tel ecomunication session state can be
changed froma standby state to a call or nmenu state by the recognition of
an engagenent gesture nmade by the 10representation of the user.

Qt her gesteustorhiase tbonasugatinding ayspressntatien ofes crooheided nséiD-4n 2009/ 035705,
WO A- 2009/ 108894 aqd WO A- 2004/ 070595. | n WO-.A- 2009/ 0357@5 .a sinple system
and a net WOUA67Y BHEERES T o ofes BT MdFR e TEiipatige s RPYIERE i th an

[ Rt e{j act: Vighigh s hasture oft ﬁt hs;,]@eig rk?ogﬁié@h&bﬁﬂalhseﬁméhdi@lamﬁmeme di scl osed.
The display represents t and of a user wt n icon that can interact
with the s'i;b"lg@gm A user intertace is F‘WOWﬁbI%‘gﬁwi % A SRTEHRYCRd i nput usi ng
r ecognizs edegRELHIAEN Off MeUSSSr. | Theesetidae’. difediepiese Maalgatonof the user is
di splayed in a central region of a control that further includes

i nt er act i dhtesieesndnt Syslenyfnahysetimags RIPPSSSNG oapetarEnhe 9epHES cent r al

regi on. TheEalHadi & ?eﬂemﬁro?%dml paesxhmper aakict8mMunitatibe control based
on the, recogni sed gestures of the user, and controlling an application

based on i ¥RseloAcHtPiegcal bR dhREgeDAOMDR. Staibyi ek BeRi @i @IBRBrts may take
the f i i : ! L f
e form S%ta%hgﬁrzg%sr > rQfodnfRRS ot Hrp;bngﬁgerﬁgﬂéffgbggréi%gge aPrpad scope o

gestures presentation o r exanpl €, gestures from
t he fitperrepresehigtipmeof tietuseinh heeds eve or hGdy M NernPri N I n

VO- A- 2004/ 70595, angayl &t&?%a@eﬁa@%ﬂtié@rsy-étPFn%r At H%@riﬁeﬁqm rolling,
using gestures, a nouse pointer rn an~image’of a graphic user interface of
an i mage- r'éiar-4s2060i0367 aH p WY APu200598 14884 | awk HVOTREOHEOT @ Scorpri ses a vi deo

canera for I auxiliary ] n_j - L.ng devi ce which
processes Y\%gé]?@g{d;%g?gt ﬁes'g]&?al%?\te;%g‘%\ﬁ %Ow}%‘;ﬁégﬁ%gglz/ 050115 3

i mage, andgssturesyased wiet ifteractioms ovithnan tifteraative Idisplay inmagtireeAn anal ysi s
unit is also provided.for detectin n.,obj ect capture t he video canera
ond delter iReRSOR S aRg e e Rl BRI Pt he

auxi | i ary dfragsr withraplsen thantainterachan wmsysteaonnected to the 5 anal ysis

unit and represents and nov. t nouse pointer wthin the inmage of the
i mage- r epresenting Hb%‘ét@gé@gg?ﬁi%eq NeR ”}pé*g ey F?Féfga&é‘?g?m ned
nmoment ary g{&mrbs eNa uBBHisARLMCH AREHBserRatRFSoffthe usgr igedpaedhi ch is
connected to the mrror unit that is conf,logqur ed to superi n’gose the main
i mage and iBHeCHitA Gr@en £61R) aniPY hakiyes hidlideednisyading Sl¢'PEO® 10unit in a
partiald y disgienahenily Madstior & iReciiRIfe@bn ! hthd EMESTed input

also includes interacting with the control based on the. recognised

gestures of the user, and controlling an application based on interacting

with the control. The interaction elements may take the form of a series

of icons which are selected using a broad scope of gestures of the

N
[y

representation of the user, for example, gestures from the finger to the
facial evpression, through hands, eve o body moverments

I WO-A-Z004/0706885 a device and a method for
interactively controlling, using gesiures, a mouse pointer in an image of 2

graphic user interface of an image-representing apparaius is disclosed.

RN

0 The device comprises a video camera for generaling an awxdliary image,

an image-processing device which processes image data of the auxiliary



representing apparatus. User feedback froma user interface is
descri bed in WO A2010/ 126714. Here, a capture device is used to capture the
notion of a user and a device is provided to display a nodel that maps to

the notionylpfnedysser. Gestures are used for control p@fiptlyeHS6E
interface. However, a user may be unfamliar with a systemthat maps his

notion or may not know what gestures are applicable for an executing a
particul ar application, and is therefore unaware of how to perform gestures
that are applicable for the executing application. Providing visual
feedback 20 representing instructional gesture data to the user can teach
t he user hiowgleoapd apaitor xge"staumezirroﬁ'lh@thé auﬂiiaﬁémdbaclﬁmyaibeisprovi ded in
any nunber tabl exann eedpack may be provided
o1 g ghost BlisReyRY Bey B dietcidhe B ST ooty HEIERRTERTR ons' The
system cana@l sletpmaties s plendrasgr pl@edumf of ithe detgutedtobfeat ndlth9| ayi ng vi sual
25f eedback r f)resentl ng Jnstructio esture dat a. TFe XI StF' f eedback agn
tﬁg 4 M Hfea

nortrAV t hAPIEY fI0R%8nc JEMOYSS: CAF Ctﬁm?rﬂ BeCORNEC | gesture

posi ti afl. i) :ﬁnQQﬂr\@i/ ﬂe@%b%at@aﬁ@tmsf% PRasA botGerawRigAMEEr | sed system
typically a virtu board, is described in which 30user jnterface

el ement s af‘@gﬁr‘@(s ﬁt'@&é%ﬁeﬁeﬁ?@wﬂﬁpwté%r‘?cchfqgr@tt §EERFEVRade in a

t hr ee- di megstbpmak {%S@i@ﬂ)’arﬂﬁétm:ﬁf\g%nldﬁﬁférds% fadi@y device
2012/ 093147PCT/ EP2012/ 05 5 4 detected, and in response to the first

gesture, afhighéncernagird i s BT cynilethabisecendigatadely BHparmPAsSer , by
poi nting, {hg rhﬁﬁnmabb%d tﬁem%refd SRLRY .415%{%&%:1@%% e ARG Of the user

el enents appeari ng he sel ected area on screen is then

i ncr eat®d. UrAf tl@raum@&strﬁgsw@memmgm fip cthei cmageewél heairga@fond gesture
made by thg,Rar dy of the user is detected so as to select the
pre-sel ecte %Ieht'%?ﬁéﬁ%%gamng t hose appearing on the user interface. A
third gesture decr ebisesicptbaciayoinfa oseriioterfaes & describhe in¥éP-A-nt er f ace

elements. WM Hetd1Q SRR bBRS B GRATH' Gplfis tH fokissapa! tion
user and a device is provided to display a model that maps to the motion
16 of a user. Gestures are used for control of the user interface. However,
a user may be unfamiliar with a system that maps his motion or may not
know what gestures are applicable for an executing a particular
appiication, and is therefore unaware of how to perform gestures that are
applicable for the executing application. Providing visual feedback
20 representing instructional gesture data to the user can teach the user
how to properly gesture. The visual feedback may be provided in any
number of suitable ways. For example, visual feedback may be provided
using ghosted images, player avatars, or skeletal representations. The
system can also process pre-recorded or live content for displaying visuai
26 feedback representing instructional gesture data. The visual feedback
can pofiray the differsnces hebieen the actusl position of the user and
the ideal gesture position.
In - WO-A-2010/103482 a method  for operaiing =
compulerised system, typically a virtuat keyboard, is described in which
30 user interface elements are presented on a display screen. A first

gesture made in a three-dimensional space by a body part of a user is



10 system and nethod which is related to body gestures, and especially
related to the hand gestures, and that uses depth-perceptive sensors. A
t hree- di nensi onal sensor provides three-di mensional position information

for a plurgdiN, . discrete regions of body parts of apusEheSBShYres are
recogni sedaw c%yt)ﬁle shapes of the body parts (i.e. the handss an(}I their 15

position and orientation over an interval. The gesture is classified for
determning an input into a related electronic device. An undefined

segnent ati on nodul e uses depth information to separate body parts of the
user fromthe background. Pixel groups that interact with the systemare
S:Jpposed Ld:et&ﬂe?, Wﬁrhh%‘smfnséhe tharfd?]ttcjjﬁtumr egi aiea%nbffﬂheddik;ﬂﬁy Ibei ng the 20h
cl osest object from nera, or t i denti S onging to the
user as theyeH epraé%?ﬁﬁ‘iﬁg‘?x n@esé’ﬁ@r éhtpo%’ﬁg’ec@aﬁj@@gfﬂ)‘?cgper'tgl esgasghuman
ski n. GEStME@nif@Qi@Qﬂé\IéE@ﬂohé oﬁﬁi@é@i&%duédr@mmérﬁsﬂﬁﬁ@ar&@dntth@ posture of

t he pi xel g whi ch i s sup g‘osed to regresent t he hand, the pose being
el ated t 4R haLa Py INABPEYi ScFreRt BIRChiNTeRseHa ! HBPEASIAY 25t he posture

bei ng rsl ahgdnddhificaBor® RIVEI, Badecand gésth@ﬂsmB?twga& beteasly Jpynani c-)

Ricogi undefined classification based al on defini t| on of
del i mi t er HENSET SHielacted ¢ gy&e 3?)@@"1thﬁPFRJS%J?C%P\@’%'FGFHWRW%‘O@%Q ures such as

a speci fi onBandpgesiny 6n tﬁ‘e REE irftdiFaE0! hoﬂardage%ﬂ%'cféc%a%e%ﬁle O a key
i nput. 30A COI’lfII‘ITatIOI’l unction Is required 1n which the user has to

val i dat e tmagnitiesiicnreve o theasef inteitaceglemente. i s done by the use of another
gesture, a sound, o t Mor e
specific gesture re?:\(,)(gﬁ gﬁdﬂgqgggg?ﬁ%éégd’g@\?e{/%d%%mo %9_23 and

WO- A- 20010/ Y5182 &and| rmetmdswhldbcarreiam;i ta botiniggakisess dnelr eweaiiund circul ar
gestures r it r a) processing
enbodi nent'%Fa?&p fhgrha% qe@ﬁ@% é@qlfg’l @)%f%ﬂp%ngWanceﬁb%gtéctl on of a
circul ar ehhwg@nmntuogelsﬁamser pmvﬂesc&?nrebeidnemmonﬂhlpohhan s‘lf@m@tloe defi ned

W t hin rmt ngd t ion.data nts _that are
aligned 1 t‘ﬂ”rtaﬁtg %eﬁ?%‘g‘ﬁ '$H: Bg Of%@% paﬁﬁﬁ?? maér;ﬁ;’géE alﬁ'g: whet her a
nmovi ng obj recbgn|§ed3&bffn0ﬂhﬁishgpes @éﬁimb&dyppamsel(m |t|n‘@h1aod5)maddmtalrned shape
based a pattern exhlbtedb not.i on. application is
contr oﬁ]eop‘%?ﬁqnt ang, 088'?‘8*‘% r?@ﬂ ﬂalf‘tef‘f‘?é rﬁg\ﬁ AGSHE Bt a?%f’eggf%r mng the
required gsbiiging laVWehit 28606011288 deaadris ervize, emhancdstinddt ection of a

wavi ng engagenent gesture in shape is defin wi thin notion data,
t he noti or?%&i%’i‘@éﬁ”n@‘jg'éﬁﬁﬁfsgé%%Hifﬂrpéat‘toﬂ(}P sgparaie %QH&P"‘WSt(ﬁ t he defined

shape, andthe%épﬁomhé I&@c@m&dpmg@apgaa@mt@w Wite fise Sfstémmovi ng obj ect
al ong the defined shape are determ ned over ti
are supposed 1o be a portion of the hand that are 1dent|f|ed has being the
20 closest object from the camera, or they are identified has belonging to the
user as they are demonstrating same light reflectance properties as
human skin. Gesture recognition is determined from the pose and the
posture of the pixel group which is supposed to represent the hand, the
pose being related to the position and orientation of the hand shape and

25 the posture being related to the combination of the shape and the pose.

e reronmiinn can e norfoemed aotometiosity boaest o

undefined classification based algorthms, on definition of delimiter
functions to trigger beginning or end of dynamic gestures such as a
specific hand gesture, a specific mation, a specific sound, or a key input.

30 A confimpation function is required in which the user has to validate the



20 Determ nation of whether the noving object is performng a gesture based
on a pattern exhibited by the determ ned positions is used to control an
application if the noving object is performng the required gesture.

However, nmeny.Qfnky6 systenms described above require theydd sk io he
prior detect eci and located into the sgene, require at |least the hand retiv

tirp. nmodoino of a representation of a user fromwhich it is easier to
extract a position of a body part, for exanple a hand, since hands are the
mai n body parts used for interaction with systeminterfaces. 30It is
therefore an object of the present invention to provide a user interface
that can egsiiry fbevedficagsmt athisvist dore bintiee uge e msbitralgesturd, a | magi ng

system so that gestures made by a user,_ or an object can be used to control
the oper at?%‘ﬁdo‘%”fWé’[ﬁ”%b‘?rh@hé@@é?jwt’t‘ﬁ‘%t having to nodel a
representation of timeraisgecié gebturdeeoRiren. isl Gealidetiiinrwapere is no
requirement for prior detection or tracking of the position of the user or

5obj ect wi +HIOPHIRES SREHYO-AERMBIN) 1949t Hetherg dactigRnts, techniques )

accor danceo\ (e RRIPERSHA JeBNAEY IrBBogrith®r Qré Sdddchlad agitidn ngt hod for
interacting with a user interface systemusing gesture 10 recognition, the

met hod conAligiapiansepecepdn®embayiniaini ng at | east one nul ti - di mensi onal
representation of ?‘Ins\ﬁﬁlﬁ—z"@?bmﬂQQ%,férgé%éﬁceM'o%%cﬁBn%Tf_a @@8BlarONE

I
mul ti-di mensional imaging system b) performng a nultidi nensional
const r ai neehgsigagest grgtutH & desaivedn ins ihichral $hapgi Fedrfinefavithiapr esent at i on

to provid . e : I i ; 5 identifying
poi nt of ﬁﬁ?ﬁ é&eé?gt%ﬁgiﬂﬁéﬁgéﬁ Ft%)a?ﬁra é%?%ﬂéleaatg?%@gﬁgﬁrﬁggﬂﬁéﬁ %on whi ch can
he uset f owitydst detnedesiaps. t iHeng, thrddad@mooationols| wiktheaadnogieg i nterf ace

. ' L h . ‘ _ . . "
3 comr i sHERAL R 8 dSrBISRERUNERS HieCTerpRURNAEL BBhAEE0 L0 1 oniy “one
ot her cl usa gratiand ewhibitdd dxhiths tssmpddte merionndataon Aas agpiiation ief 20i nt er est

cont i nuous Rk ot o Rlryra it ievesh oL e PatfSifiatber g
traj ectoryreqoirel gesilreng a trajectory of a point of interest candidate;
R S e e e ¢ SR R et
change f orwawgy @nia§sthédti gture in which a shape is defined within motion
data, the motion data being sampled at points that are aligned with the
defined shape, and, based on the sampled motion data, positions of a
moving object along the defined shape are determined over time.
20 Determination of whether the moving object is performing a gesture
based on a pattern exhibited by the determined positions is used to
control an application if the moving object is performing the required
gesture.
However, many of the systems described above require the

25 user o be prior detected and located inte the scene, require at least the

Bard oy ;’1::35’4; tre by bnemtad intny Hhe eosre anclior reonsive the modeilineg

of & represeniation of a user from which # is easier 1o extract a posiltion of
a bedy part, for example a hand, since hands are the main body parts

used for interaction with sysiem interfaces.

[
c

30 it is therafore an object of the present invention 1o provide &

user interface that can easily be integraied with a three-dimensional



successi ve changessuccessi ve reference seed points and using said
reference seed points and said trajectory points to recogni se a 30gesture.
-7 - As part of gesture recognition, said reference seed
identification order may be used. Advant ageously, said
trajectory anal ysis Maher conprises the step of: determ ning, for each
point, al |east one of distance, velocity 5 vector or acceleration vector
inrelation to previous points A further step of using geonetric and
statistical conputation for each point to recognise the gesture may be
i npl enent ed. I n accordance with one enbodi nent, a point of
i nterest candi date nay he activated as _an activated point of interest if it
has first 10 perforned a predeternlneg gesture, said activated point of
i nt er est f still irh@!rird’lgya@@hrﬁo OhL t :;ng&m&ﬁnlﬁij dgts%f st atiumhjedt I’t:aﬁwhi:@f case, a
region of interes associ ate th said a nt o i nterest.
Furt her poi nt o%ﬁ “?§¥3Ef”‘aﬂﬁra§ ﬁ%*”@ﬁgﬁ %@&éb“ﬁbgﬂ F4E 1 east one
further actlvaUeﬁebmnnmomﬁWﬂmheréﬁﬁuMMeno%MehmpmtnUrmkamtékesm;candidate
has performed § her
acti vat ed poi n° Sri EOBHAEIMAF R RERkH frack Bl M JoR 3 o PBB ol A Go o
st at us. 5 object withivolheso@re, at | east one further regi on of interest may
be determ ned that can he associated to said at | east one further activated
poi nt of inter Eac region,of interest may have its position and
20di nmensi ons s ~§%M%J§bsrtion of a point of interest candidate.
Addi ti onal | %/ t he met hoth wenRBhSLSiIt hg pSésept rﬂterrtﬂﬁorg@ms B@wﬁjd@reﬁdet er(T ged
gesture perforped by pre qternlne ( terest candi date
within said atTtgggt&)ngig %e@ ﬁédﬁﬁg( oﬂkg?“iﬁﬁgrgkﬁbmﬁd§éﬁﬁﬁbeously,
sai d user 1%temﬁamemgyémenkﬂwvHNMEEwmgf@5a@esmﬂméf@usmﬂahhaﬁﬂmkakeyboard
having a graphhﬁﬂa'drMéﬁéaoﬁd"t?ﬂE?&ﬁ aticAHrch GEARNLAA URGY of WY Lage having a
pr edet er mi ned arrangenent ement's for selection usi ng only “rni ni nt ei
natural gest ur E§t 6ﬂeemu@éWﬁWQWQWahgm§@Pﬂ YstEaM;| At eeflaceEng yatrawiii n

accordance wi t BinRbRh&Nedielikifdy Qfuslling fpslatiBR GP&AA M- diril Rlp8l candi date.

representation 10 provide a clustered representation of said scene; and ¢)

16 identifying point of interest candidates from said clustered reprasentation
which can be used for gesture recognition; and d) controliing said user
interface systern in accordance with recognised gestures; characterised
in that step c) comprises identifying at least one cluster that is connected
tor only one other cluster and which exhibits coherent motion as a point of

20 interest candidate.

The methed further comprises using at least continuous
irajectory analysis including the steps of: identifying trajectory points
along a trajectory of a point of interest candidate; identifying at least ong
multi-dimensional changs In tajectory direction of a point of interest

25 candidate, said at least one multi-dimensional change forming a

reference sesd point having & reference seed dentifieation order

successive changes foming succassive raference seed points; and using
said refergnce seed points and said trajectory points to recoghise a

3G gestwre.



WO 2012/ 093147PCT/ EP2012/ 050115 8 Cont ext ual feedback
information in accordance with current status of said user interface system
may be provided. Step b) may conprise using nulti-resolution inmge
processing. 6ln a preferred enbodi nent, each nulti-di nensi onal
representation may conprise a three-di nensional representation. Brief

Descri ption of the Draw ngs For a better understandi ng of
the present invention, 10 reference will now be nmade, by way of exanple
only, to the acconpanyi ng drawi ngs in which: Figure 1

illustrates a flow diagram of the major elenents of the present invention;
Figure 2 illustrates a fl ow di agram of ;he operation of a user 15interface
in accordance with the present inventioh; Figure 3 illustrates
a flow di agram of the opesaphonofofgepoicntreatniiot esast {(#01): |@edl i sati on and

identification; i@rg%%ﬁoh'@l Mg@ﬁ“‘%- a flow diagramof a multi-resolution
process; 20Fi gure i Pustrat e e nmulti-resolution process of Figure 4 in
nore detail ; Advantageously, said trajectory analysis further compriges
the step of detarmining, for each point, at least one of distance, velocity
5 vector or acceleration vector in relation to pravious poinls A further step
of using geometric and statistical computation for each paint to recognise
the gestura may be implemented.

In accardance with one embodiment, a point of interest
candidate may be activated as an activated point of interest if it has first

10 performed a predetermined gesture, sald activated poini of interest stif
having point of interest candidate status. 1o this case, a region of interest
rmay bhe associated with satd activated point of interest.  Further point of
interest candidates may also be activated as at least one further activatad
polnt of Interest when each point of interest candidate has performed a

15 predetermined gesture, said at least one further activated point of interest
still having point of interest candidate status.

Moreover, at least one further region of interest may be
determined that can be associated to said at least one fuither activated
point of interest. Each region of interest may have its position and

20 dimensions set relative to a position of a point of interest candidate.

Additionaily, the method comprises the step of recogmsing a

predetarmined gesture performed by al leasl one predetennined point of
intarast candidate within said at least one determined region of intarast,

Advantageously, said user interface systern includes a

25 gesture based virtual keybosid having o graphical user nterface, said

graphical user interface having & predetermined arrangement of elements

for satection using only mindmad notural gestures,

I I L T A PR TS S PRk P

of &) vontrolling sald user interface sysiem in accordance withr coherent

30 mohon of &l leasi one poini of interest candidale,



Figure 6 illustrates a flow diagram of the use of a | ow resol ution depth
map created by the nmulti-resolution process of Figures 4 and 5; Figure 7
Uustrates the use ot a constrai ned K neal Figure 8
illustrates a refinery process for assigning a cluster identification to a
pi xel ; Fi guV82920{istrates the operationrefinery procBSEERRIRSPES det ai |
WO 2012/ 093147PCT/ EP2012/ 050115 9 Fi gﬁre 10 illustrates the effect of the

refinery process of Figure 8; Figure 11 illustrates a flow
di agram of the use of the output of the refinery process; Figure 12
Il lustrates trajectory based 'circle' gesture Figure 13 illustrates

o pe' gosture Fi gut S e EL i Etch 1) ML BN ER AL Y TS "gestur e
Fi gure 16 plalusstfrsatdasser magrbeteayypichasad beqriwdded.gest ure recognition
15Figure 17 illust r%tteeris 8) f#n%\{;v %i()a el %]:sina un%&{i-rtiaspotilﬁlrofnacl%age
processing.
5 In a preferred embodiment, each multi-dimensional

representation may comprise a three-dimensional representation.

Brief Descripfion of the Drawings

For a better understanding of the present invention,
10  reference wil now be made, by way of example only, to the
accompanying drawings in which:
Figure 1 illustrates a flow diagram of the major elements of
the present invention;
Figure 2 illustrates a flow diagram of the operation of a user
15 interface in accordance with the present invention;
Figure 3 illustrates a flow diagram of the operation of point
of interest (PO!) localisation and identification;
Figure 4 jllustrates a flow diagram of a mulli-resolution
process;
20 Figure 5 illustrates the multi-resolution process of Figure 4
in more detail;
Figure 6 illustrates a flow diagram of the use of a low
resolution depth map created by the multi-resolution process of Figures 4
and 5;

[y
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Figure 7 ilustrates the use of a constrained K means

vHEWS & Lok aranh Tow osndrowis angd

extrermities;
Figure 8 illustrates a refinery process for assigning a cluster
identification to a pixel;
30 Figure 8 dlustrates the operation of the refinery process in

more detail;



navi gation system Figure 18 illustrates a virtual keyboard main frane;

Figure 19 illustrates a preferred enbodi nent of a virtual keyboard;
20Figure 20 illustrates a flow diagramfor region of interest (RO)
managenent ;wo 20120035,0ure 21 illustrates a flow di agrammfprpRYisiBRagenent ;
Figure 22 illustrates a flow diagram for the operation of a PO manager;
25Figure 23 illustrates a representation of a RO and PO in a being as the
I nteraction centre Figure 24 illustrates activation and contr ol
gesture feedback graphical interface to teach the user the gesture he/she
is expected to perform 30Figure 25 illustrates a feedback interlace

el ement; WO 2012/ 093jidd PQLIEER#E2/t06 GHELt DO the refinery proceskiofure 26
illustrates. a f%'rst preferred enbodi rent of a feedback interface el enent;
Fi gure 27 H{fstrates a second preferred enbodi ment of a feedback interface

el ement; and 5Fi gur &iie hliNstiaadses flow idiapmad Aghansobf e aftber control
of the refinery process;
5 Figure 12 illustrates trajectory based ‘circle’ gesture
recognition;
Figure 13 Hlustrates trajectory based ‘wave' gesture
recoghition;
Figure 14 Iillusirates trajectory based ‘swipe' gesture
10 recognition;
Figure 15 illustrates frajectory based ‘push’/pull’ gesture
recognition;
Figure 16 illusirates ftrajectory based ‘click’ gesture
recognition;
15 Figure 17 illustrates a flow diagram of a user interface
navigation system;
Figure 18 illustrates a virtual keyboard main frame;
Figure 19 illustrates a preferred embodiment of a virtual
keyboard;
20 Figure 20 illustrates a flow diagram for region of interest
(RO1) management;
Figure 21 illustrates a flow diagram for POl management;
Figure 22 illustrates a flow diagram for the operation of a
FPO! manager;
25 Figure 23 itlustrates a representation of a ROl and POlina
seane with o human belng as the nlaraction condroliar
Figure 24 ilustrates activation and control gesture feedback
graphical interface to teach the user the gesture hefshe 15 expecied o
perform;

20 Figure 25 illustrates a feedback interface element;



interaction process. Brief Description of the Invention The present
i nvention discloses a natural gesture renote 10 control navigation system
and its associated nethods that provide contextual controls and contextual

interface g %@(}%ﬂgas wel | as providi ng contextual usg&‘&gﬁq{;%g S.
p

| nnovative I' cessing techni queg, are used to procéess outpu s froma

t hr ee-di nensi onal i1imagi ng device. At least one PO is identified in the

t hree- di nensi onal scene, the 16 PO interacting within at |east one
delimted RO so that real time natural gesture recognition analysis can be
performed on each identified POl using an innovative and efficient

trajectory and/or nmiig a8 a@aliystiates QUERHL prdRirRdObr@eginEMe sfe@ogni tion
anal ysis may then be used as a continuous pointing signal and for

tri ggeri ng fesdbaek injgfaceelep@itsystem for 20 exanple, selection and

activation of el e”erﬁ@xwﬂuust&i{@s SYSLM JiBRreuséapbdlinehi 589 a natural
gesture driven user interface that is conpliant with intuitive, natural and

pai n-1 ess dentback Bterfaseelgnenti gl y, the present invention provides a novel
and ef fici ent methodgid sysiRialdiah, MRlSibbraRP o8l Gribe SRt from a

25semanti c-1 ess nul ti=dinménsional point or frompixels of a captured
delLt h t he[ trdeiapbyeprocess. |, ;rttrupen alt captured depth map in defining the
interaction between a user and a machine or system In that sense, the data
is split into two classes: the first one being the input data which all ows
t he user t @rizdlesoliptiod ofi¢he lnwentiohormation to the interface; 30and the

Ferond one P 19, N OB SO B AR REDR sPlh BB Pl Sytem and
2012109814 ¢BRitHER2AGRAIMERISEM and its associated methods that provide
contextual controls and contextual interface elements, as well as
providing contextual user feedbacks. Innovative image processing
techniques are used to process outputs from a three-dimensional imaging
device. At least one PO! is identified in the three-dimensional scene, the
15 POl interacting within at least one delimited RO1 so that real time natural
gesture recognition analysis can be performed on each identified POI
using an innovative and efficient trajectory and/or motion analysis.
Output data of gesture recognition analysis may then be used as a
continuous pointing signal and for triggering events within the system, for
20 example, selection and activation of elements within the system. The
system utilises a natural gesture driven user interface that is compliant
with intuitive, natural and pain-less caontrols.
More precisely, the present invention provides a novel and
efficient method and system that make it possible to extract, from a

25 semantic-less multi-dimensional point cloud or from pixels of a captured

miz oot oo

defining the interaction between a user and a machine or systern. In that
sense, the data is split into two classes: the first one being the input data

which allows the user {o control and deliver information {o the interface;

a3
o)

and the second one being the contextual data oulput by the maching or

system and a related application. in accordance with the present



i invention, the user interface systemincludes feedback/information to
the user, for both of the two sets of data. Even nore precisely, it also

. provides a nethod of howto identify at |east one PO relating to a body or
to an object that is used to interact with the system j .

5i nt erface.wozm%)nf’" Furt hernore, the nmethod and s%ﬁ?@%{%ﬁﬁé pr esent
i nvention nmay al so define a context ua]I interface systemwhich, in
conbination with natural gesture controls, requires the user to interact in
a nost intuitive and efficient way whil st providing feedback information 10
relating to the expected gestures and those perfornmed. Al of the above
over conmes §fienfiei) ke asdtiftefhcs efdteil iRBIUESDORBUPAAVIRDIMbRSORESSI NY

conpatibility. Mdire precisely, the present invention. provides a navigation
met hod and Y8§/stfenPPiRael Hice B sels of daks %dﬁf’é??’i?aprqﬁé‘*@&’békﬁ§9 controls 15

and interf aegiRkeNRBiNSd of Abwa MIEPLf at Mhslofd PR @Mafy ©&bodihe feedback nmay
be extended to any other device abl'e to provide any sense-rel ated signals.

Here, the, Iqearhehieghdhaly i enpdelRe NtRaChWithh fee S REVERENB UPSagi ng devi ce
to detegt %erlf%'é.St one PO in a three-dinensional scene. In addition, the
navi gation nmethod and system al so i ncl udes an 20 enbedded real -ti ne natural
gesture recognition Fanbeyedirs. shst empthathatands systerprefedhonPierentdet ect ed PO

and nmore PhREhAS) o did ol S EARKEAIIMGTaR SYHBHY WifidH, SFf OTY. Qut put

data fromt at ur esture recognition analysis systemis used as a
cont r ol | er chmbinatien with maturaleydsire .controls, requires themhges telirdenagbiir e al so

ol 1< o rmoRa Gl Ut SUERR GRD ) B A kgl (BbreRhCC JELR

arti I on and nat ur al
gest ur aQr ecagiivigt iocthe lexpédies gestmpmscand tHoee pedsaned.i Alenthicoabarei | | ses an

Al gor i t hm PHEPOGERGI T corBr Lver & J60ENDRs et bar ot hBer ai coner ency
over tine. chimpatisity. i nterface of the present invention may use, as an
'nput,depth maps Tepreseilisdly. e presch? lienton providds & Aauigaton’ 112
method and system that present at least contextual feedbacks, controis
15 and interface elements, for example, on a display screen. The feedback
may be extended to any other device able to provide any sense-related
signals. Here, the, method and system make use of three-dimensional
imaging device to detect at least one POl in a three-dimensional scene.
In addition, the navigation method and system also includes an
20 embedded realtime natural gesture recognition analysis system that is
performed on the detected POl and more precisely onto the discrete
readings of their trajectory. Output data from the natural gesture
recognition analysis system is used as a controller for the user interface.
This disclosure also relates 1o user interfaces and

25 contactless remote control systems based on multi-dimensional, and in

bt fien e b i .;f‘%{hf‘smm_@ir‘; 1o §E T P T Y ﬁ"fl\.‘ AT i{‘-?.(—-lk:
SOEE s lLa il < PR E EL v Sl RN E L e L T e A

POl detection and natural gesture recognition.  In this respect, the
present invention utilises an imaged scene that can be segmented in an
intelligent way using a clustering algorithm that generales clusters
30 demonstrating spatio-temporal coherency over time.  The user interface

of the present invention may use, as an inpu, depth maps representing a



12 three-di nensional scene where each pixel in the scene has x- and
y-coordinates as well as a z-coordinate; known as the depth value. Qutputs
fromthe user interface include both continuous and sporadi c events

pr oduced b%@%ﬁ&ﬂﬁf] of a user. Contextual user interfgce p feedhacks may
al so be used. More precisgly, pixels in the scene nay be

grouped into clusters with sone spatial constraints using typically a mx
of K-neans and | eader-foll ower segnentation algorithms. Custers may be

produced and destroyed at |east in accordance with the | eader-follower 10
segnentation al gorithmand some predefined paraneters. One such paraneter

may be t hemmdbmbRstnBD ke whkkebkacH Pak! Hea’ teerRenis @sent y-n each
cluster. Alternatively, a maxi mumradius of the cluster may be used as a

par anet er . CPdaatEst renvehps deAtiorrdRAPo"e8Beatey® eIl | G4t ed to each
cluster ang,gdusehs tid egérailngérg\gggyauaém apdintred @% sgedsicf or 15t he

current frane. Ion, intentional novenent of a user
Wi t hin t hee¥dnerraducednby eddsdwes off makserg CGadexdvd Heseinigtasea particul ar

behavi oyir feté%aﬁ@{}ﬂgfgfgb%gd%gpi shed from noi se or unintenti onal novenents

in the scene an ore allows clusters to be identified as being a PO
candi date 20 that néénte precibelyapublpsiodtheneae may Ihsagrougted jifot cl uster has

perf or ed BsAF LA'IAR SEALNENI AL ShELAIPY BB doRAddlsed 2 a PO,

Scene anal ysi s can the e potential that surrounds the
| ocati on ofind tetdeP@llower segmentatidisalggrithivs. dbiosters g bergsdured nvent i on

provi des a_robust 25and efficient _nethod t can b s rovi de
control fofrm(g 'éggt]roy i !atl Q?aﬁ%hé'psgg%oégagcet Mﬁ%nﬁl‘} eggggﬁg”%@aﬁl ustered and
anal ysit8 otegrhentatidn a@igosithreasttl sbust gedéfincpephrarmatelsovenet surdy, (ii) scene

brovi dos  BPRISE 30554t EHAMEE Trm G BAASIor EbBFH ISP ETetem (1119
i denti fi caid eactobiublee WsernaBivelpbh etdxinbnt RelidsnBig@eadudtéremapieng PO havi ng
spatio-t er‘nger(? las avsgrazn(i)ét%%olgr?a%d%?tﬁ)ggg Ii:;ize%%ifzic/:a('gi%?\%]ége may be allocated
to each cluster and clusters from a previous frame and used as seeds for
15 the current frame.
In addition, intentional movement of a user within the scene
has the effect of making clusters move with a particular behaviour that
can be distinguished from noise or unintentional movements in the scene
and therefore allows clusters to be identified as being a PO! candidate
20 that needs to be analysed. Once, at least a first cluster has performed an
activation gesture, that cluster may be identified as a POl Scene
analysis can then be potentially reduced to a ROI that surrounds the
location of that POL
Using the above, the present invention provides a robust

25 and efficlent method that can be used to provide control for a user

scene as the entire scene is clustered and analysis of the motion of each

cluster is performed over time; (i) scene calibration as a three-
dimensional camera used with the imaging sysiem provides reliable
30 measwrements in a reliable coordinate system, () identification of the

user or object in the image as the moving POl having spatio-temporai



13 coherency properties and al so being at |least an extremty in a preferred
enbodi nent, the PO exhibiting coherent novenent in an even nore preferred
enbodi ment; (iv) identification of the hands or any other parts of |inbs of
a human beipg,ysels, as the coherent nmoving PO w il be {hgyp, N6l fAat
supports the control; and (v) a notiop estimation or a tracking algorithm
as the tenporal coherency of the obtained PO is significant and reliable
enough. Additionally, the nmethod of the present invention allows control to
be provided using other parts of the user, for exanple, the feet, 10 the
hands and objects held in the hands. Control may al so be provi ded by

obj ects t hgdhedeeyahbsedits Bﬂﬂfa@sfd%éih% a8 Reet hh exffeveyeNh réfelated to the
expect ed gestures. Description of the Specific Enbodi nents of the Invention

15 The pre@eadimentehei iR Grhipiting cpoeant sRAVaRam 'f HhEYR" PP Bar ti cul ar

enbodi ment srALMhBodiflkal; QRS RidRiicRiohalnd hawid 86 ahybitidipargvent i on is not
limted thereto. The drawi ngsS described are only schematic and are

non- 1 i mi t i elgimbsof Aduarambeine usenas e eohsrerionaving R eviBbenRt s nay be
exaggerate Iy ki Livsh 80a RKCRPSES -

Accor di %g ?%@gﬁaé%géﬁgﬁﬁw %t'?ﬁgén@a{\?gn#}bg&ﬁ%éﬁhm i n?_er;gct §wi th a

conput er i salgodist emthe terhparal aohereacy @bt petained? @bl aignigeas nul ti nedi a
navi gati on ﬁa'?et”gmeceq]raggﬁt ed to at | east one device in order to provide

cont ext ual ?y sone feedback information, and also to capture

t hr ee- di mensi onal s @éediionalfyprtivat method Aok dred eresegt dexanden @owds tor exarnpl e
a thavice displ m f eedback i.nformt | S t he

repr esent a??@ﬁol g(%lb%f)rqvg%gtusﬂ)%mﬁ?gﬁ%é’fiqﬁet% %éhéﬁselépﬁg%%e%gf a graphi cal
user i fo er freciear(d8ldnd. objectameidhiarthetanpsé.e Coatrolpay eiseghal gsovekednmay be a t hree
di mensi onal cane 30whi ch provides, three.di nensional i es..0of the scene
wi th whi chLEOE@Q{Sa‘f‘Et G Ei%rHeE B}%%J{o'r e rRPRlY %8”‘563& ’éﬂﬁtﬁggj g]eso i n anot her

expected gestures.

Description of the Specific Embodiments of the Invention

15 The present invention will be described with respect to
particular embodiments and with reference to certain drawings but the
invention is not limited thereto. The drawings described are only
schematic and are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for illustrative

20  puiposes.

According to one general implementation, a user may
interact with a computerised system, such as a home “domotic” controller
or a multimedia navigation system connected to at least one device in
order to provide contextually some feedback information, and also to

25 capture three-dimensional scene information. A rendering device, such

-
Fs]
i

. . . ¢
mevane s wen rimansd B mrevyicies o yloiint
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feedback information such as a change of the representation of al least
one element in the visualisation of a graphical user interface (GU). In
another example, a capiuring device may be a three-dimensional camera
30 which provides three-dimensionat images of the scene with which a user

is fo interact. The method and system may also in another



WO 2012/ 093147PCT/ EP 2012/ 050115 14 conpl enentary i npl enentati on enbed

| oudspeakers, for exanple, in order to provide additional audio feedback
information to the user. Naturally other devices nay be used to provide
sensory fe k.Qf ,other types. Slinteraction fromthe e system
may conpri ggﬁ%lggbﬁtforwar d, intuitiye (that is, wt hpgﬁglézr(@ﬂ?h@?t

| earning curve) and painless natural gestures while interaction fromthe
systemto the user may conprise sensory signals such as visual and/or audio
contextual information in response to the user's actions. Interaction from
the system 10 to the user may al so provi de representations of the

i ntﬁrgcti oa@npllhmgﬁw ih@l@p@wf_ Io@ydemeﬂelbﬁ@%makers, for _examplxda]'fie syzjteml and
met hod may include, |n a first step,. providi an ani mated on a di spl ay
screen, fofPifehdgopaiovidss a d’@?%h"f‘l@j‘ﬁ fieg‘i"égfq‘aﬁ‘ggr%f”%stgn “$¢5€4 gesture
expect ed t RaRRalResher MedicBy haBBBlsctStd BidVlickéds o deadbagirefnachi ne
interactions wil'l be exchanged. This step ains to start and initialise the
i nteracti ofAthgeY®P®n. For exanple, the gesture expected may be a "hand

wavi ng"swhi ch can beRRIi&S §iednBY uder! 8% lhe afysRM MRk Coftipaigeng or a vi deo.
The user may intuitively understand the visual signal and then may perform
a wavi ng gekaightéorwpech inigitie (thadds, witle aowely S5ertt 'e8MiRg CHVEL a8ast an obj ect

linked to Eﬁ’iﬁle% rl%ittﬁapgttgéf}u{%@rv&ﬁle i-EYe%&%InlfYQmStHé;QPré’teﬁpﬂ)thﬁaﬁéerconpri ses a

hand of a hunan user b wi I'l" be appreciated that the present invention
i s not |i mmaydcaraprisecsensonodignplar suchTag vistiar and/phavdipse@nexdept ur es

three-di mepsi onab, iit{rpﬁg.gén f1olRE u%@@&tféﬁ.&.nﬂwt?fﬁﬁﬁdﬁr@mq'ﬁé’ia&@emperf0rm3 some
signal processing to call se and recogni se e expected gesture, and then
may | od@l i kethendet mayReso ptovitshrepresentadin®of thiel intepaadipas &gt ys@fe | ooked for

inthe future, At th time, the systemmay also identify a preferred

PO (PO1) Wn?xgﬁér?g)}oﬁgﬁg roup of pixels representing the body part which

as perforned the expdet egstges bud emethod3didyi snchalee, int hefi@p1steg, a parti al

representation.of the. user thro which the next_inter ion wll be
o bt ded. RN, h RETEEH ol o e ) BeEac O P S-ASbRER) Eboo1os 050115
15 gest ur eintéfseUepresshiing, actéstaiecexpenrel tb mspafeyetidm adatmanl | er si nce

he/ she has, K given a feedback ansyer in the formthe ste S, expecting.
More preci 981”9,‘“"#}1@’%%% R‘JH‘"’"&W&P e IBFRT n|°|”3r¥ﬂ{?é’et%%¥ﬂ% dvi%& nt or the

group of t Bfepenifhs 1B REIOAR initERge theigididdioherEsiERNFongxdmpichdrd that has
gesture expected may be a "hand waving” which can be represented by a
text, an animated drawing or a video. The user may intuitively
understand the visual signal and then may perform a waving gesture with
20  at least one body part or with at Jeast an object linked to one of his body
parts. Typically, such a body part comprises a hand of a human user but
it will be appreciated that the present invention is not limited to such a
body part. Therefore, the system captures three-dimensional images of

the scene using a camera device, performs some signal processing to

e
]

localise and recognise the expected gesture, and then may localise and

Apfirg a nrefarred raaing of intersst R0 indn which hother interactions
SEUREG R R RN ONTERL RIS TR LD RERRRUERNLG S A PRALSL ] ST RS AR Lt LE T PR L

will preferably be looked for in the future. Al the same time, the system
may alse identify a preferred POI (PO which may be a group of pixels
representing the body part which as performed {he expected gesiure, in

&

this case, the PO is a partial representation of the user through which the

[)
Lo

t

next interaction will be provided. Thus, by performing the expected



5 perfornmed the expected activation gesture, be the main PO the systemis
going to |l ook at and analyse. This first step nmay be assimlated to an
activation and identification phase. Therefore, this step is characterised

in that no to be detected before the detect referred
PO, and a|‘§§%§lﬁm§}3q%§ body part or object identificati %{;ﬂﬁf?{m%}ﬁkﬁgl?

perforrred i n advance, In a second step, once, at |east one RO
into which at least one PO is to interact exists, the system perforns
control gesture recognition on the identified first PO that is designated
as the main PO in order to collect continuous pointing information or
gesture eveastuikh the hm‘@rrwactﬂaﬂt@hmﬁm sHetemaynielec ainse defsbe as t he nmain
nat ur al ge ture bas cﬁ)onérol of tg‘ﬁﬁ nteractive interface of the

e

navi gati on §§sﬂ"@’?\ a ASPer oﬁ'@ eSS SFSREEGIEL - the system

dynam cal | yice gréeepiahe Maiakthodremsas sidaewili raakasedmagkd pbmﬂgrethel n one
enbodi nent, this may al so be done at activation sture detection tine. 20
Typi cal |y smuprreftthr@ﬁcqmewer%} imggea eeﬂgtsgﬁprréﬁnméfglﬁmnﬁﬁha?aaéen a

mul ti medi a ,aRbindRHE ) eé@&@&tﬂatr@hE@&{liébeltﬁ@ﬁ%wﬁpm B dyeRpeReNt ati ons t hat
al l ow t he user to start different_Kinds of sub nenus or ip@l i cations such

as a WAMW gaiidatiponat andapalya®i gdvs Hist stemingly bepeafBiated W iddeo pl ayer, a
TV channel ,exphigh ehd @erﬂiﬁ@ét%r%“ds%r Wl‘mréﬁé% thlg%is @@M@VOI une

control, a voting application and so on. yout of the rzr;'n

et emenf , coifathat be Upepresis e b@&@@%h@fﬁfﬁjhﬁcﬁeﬁdﬂoéﬁttheap@iﬁﬁ'r%’enu or an
appl i cat i O@Ol”%%dbﬁlsf?rtﬂ?{"n%eﬂohﬁ gartQ¥ 66?@&,[ SR aﬁ@r‘? Higefo Ry form the

easi est and nbst natural gesture novene ect pre-sel ect or
acti vatié apgriomecoif adhenc}ﬂel enents, icons and/or representations. Selection

can be made in several =+ S0 % [ stichof m sel ection
Can be e 2012) 00a iR AP Rb3IsEoPBES AL ohERA ‘E@&Sof SPPhg at the QU
el enment . Tiorer PEbNS riol sitamadt exises; tgessuﬂiesr paorbe weelioli pesfaigbi nation with
the sinplest form Ty { C vation may be
por for mea. THFRLBAN ok Bpadrgles R PR B s iR Blei"es FRuBhind el 5
represent ain Q:md@rf td hﬁliwemntﬁoouexmiming morrrmnee qnorgastere @veah avatar, onto
a desi rg ?J and trtren vvarb C{ an ass oci atled aér peri od
li nked 'Po I%gte’%l ?rtsegﬂ'&% SIP FEY &8 r Gt e”ﬁ'hé‘ LI'ggsed or the
remai ni ng gesw@rd ej=_ed d(t(ﬁ'@ﬂoﬁ}fﬁdtr@mdt@r%ctrvﬁ antbaae: af thee nbegatizack
i nformation.
system. For example, from the recognised gestures, the system
dynamically and contextually makes the displayed GUI change. In one
embodiment, this may also be done at activation gesture deteclion time.
20 Typically but not exclusively, the system may display on screen a
multimedia menu made of several elements, icons and/or representations
that allow the user to start different kinds of sub menus or applications
such as a WWW navigation, a map navigation, a music player, a video
player, a TV channel explorer, a photo gallery player, games, a sound
25  volume confrol, a voting application and so on. The fayout of the
imterface,  that s each  alement  deon,  andfor rapreseniation
corresponding 1o at least a submenu or an application, may be organised
in a way that makes the user perform the easiest and most natural
gesture movemenis to select, pre-select or activate any one of the
30 elements, icons andfor representations.  Selection can be made in

several ways — for example, in its simplest form, selection can be



10l n anot her enbodi nent, selection, pre-selection or activation may al so be
performed within nore than one step. Typically, but not exclusively,
sel ection, pre-selection or activation may be performed in a two step

process including a first step in which a desired ele ' | ected using
B Pk

gesture bas¥ 2ttt Huous pointing features of 15 the ne si’/stem and

a second step based on anot her natural control gesture that nmay be
culturally neutral and semantically relevant, such as, a click gesture or a
push novenent gesture, that will start the interaction attached or |inked
to the elenent or representation to which the PO points occurs, for

exanpl e, t acladaRg By thntitigs Bl aeduUInglembat e RAaeontrolbamgl bthdrhe interface
| ayout, executing an application etc.. ) ; Both first step and
second st eBetfresikan betsed imremepatuith thenplertioMwi th mul ti- PO and

nulti-RO to allow goMeaRy, sSedton! GreRERCAST oM bbtiemvar slaypaets within at
| east one conputerised systemat the sane tine, or to interact wth several

conput er i se@rfeinede farouppk satupa Q@@‘é’f%efrenéﬁt?lepeﬁwaa HetBFRI Bt anot her

Prnb(xi §m récye&;@’nkatéoﬂtcﬁrtﬁgtds%ﬂ BF @¢ARERS adhBustebbMed @Sad BUatktli ve and
natural, such that nave or experienced users do not need, at |east
partial | y, oble @elesiredt @i ckiemahio@ndt then giasting &y amaysefiaed it ed to perform

to 1 nterachod@ifiltd!Bansabaht SRls, BRARIEniAoABY difill dlseunt Ul 1 vel y

performa hatural waving gesture in front of a natural gesture based system
in order WOLROEPIAhGEY AMRCI¢IEP2NIGE0I BielMtarece st thal fredbadke i nt eracti on
process inm?&ﬁﬁﬁgﬁre way he woul d engage commruni cation with a distant human
bei ng. I n another ‘exanple, a human bei ng user who has al ready experienced a
nat ur al0gest ure basdd iambtheactdnayodemsnte msatsglioh.noprerssdpstice aety di spl ayed

nat uraflogest ur e rociy _ spl ayed
monu or o SEURICLBRDFUES Rertp TR AT Ble kP FRERL ARG o hat

at any tinbut byt pexdasivaing salectiog| pregedlection, drhacmtionmermy ¢k t he system
woul d appear .on scree i,nteracti Wiésqr esture based

i nteract i vBeEYGIEED %@%%ggtngc%%§ ‘@“@ﬁ‘ﬁ%@ %efﬁﬁt %%:r’ gl:%"h\%ﬁt% A8 st ur e,
element is selected using gesture based continuous pointing features of
15  the method and system, and a second step based on another natural
control gesture that may be culturally neutral and semantically relevant,
such as, a click gesture or a push movement gesture, that will start the
interaction aitached or linked to the element or representation to which
the POl points occurs, for example, to change the displayed interface
20  menu, changing the interface layout, executing an application etc.
Both first step and second step of the method and system
are compliant with multi-POl and multi-RO! to allow several users 1o
interact with several parts within at least one computerised system at the
same time, or o interact with several computerised systems linked
725 together other on a network.
frr another embodiment humarstoemaching and maching-io-
human inferaction processes are defined as intuitive and natural, such
that naive or experienced users do not need, at least partially, fo get
feedbacks about the gestures they are expecied to perform to interact
30 with the system, For example, a naive user may intuilively perform a

natural waving gesiure in front of a natural gesture based system in order



10 such as a "waving gesture", as described above, perform ng a wavi ng
gesture again woul d nake appear the sound control nenu whatever is the
application or the displayed interface on screen. Alternatively, a senmantic
gesture, such._as _using the hands to cover the ears of g. Ld be used
as a contrgﬁoé%é@ﬁrg for muting sound,in the system 1@LH?ﬁ%gﬁg?ﬁ%r

enbodi nent of the present invention, contextual interactions wth natural
gestures may be illustrated so that a natural gesture, such as the "waving
gesture”, may be used in different way at different tine relative to the
status of the systemand its applications. In a nore precise exanpl e,

wi thin thegd inﬁt@‘lis@‘tl@intérﬁ@tidﬂﬁgﬁ)&%ﬁrulﬂﬁe gayiebeaR Beuseadd temgiaget i al i se, start
or activates the interaction between a user ﬂ{]d a, system which is providing

an ani mat eBPPIEPEAECTH YEBIA; HPGPHALIER BEREng ' REOREE SR Rer form t he "wave

gesture”. MihBh BemgSRer WoHaelireBf expdiRnESCH rRfurarfdt@bearhskhe i nteractive
system by performng the r;guested

r gesture, the ",V\@ve 1;cg%rs]ture" may make a
sound cont NEragtipnepYAE WP a‘ﬂOtZBa%‘H?oarchS'?’Hlaé’Bﬂde CSTAEEh Whén it is
perforned whabeYShehMd ShAbMR RachBmail k& Alkera ndh hdrapbyad. n s third

tz:lor, if the sound enntrN nenu is displayed, performng the wave gesture
agai n woul goynakeontiol medgpirager. An experienced user wouiﬂﬁngwp at.étr ed

erbodi Tent any in®, BF4RFERARG £eplLakiAR RasmARRRER, brurebadent he contro

associ at ed nam cal |y | oaded and unl oaded, for
exanpl e, t Weulinamesagewt sewenmapd dipabronsgl the intgoaction with gesture

2012/ 0931, J EP2Q.12/ i at. A i on process
such as eré%;%“aérc 'gégg%‘g&ﬁiaél%%'?ﬁ?doﬁ}??%ﬁ%ﬁ}ﬁ?hgﬁﬁ%ggﬁggéﬁ?%ppl i cation
i nt erf &ate. sOdread walveavires pestere” may deecrhsdoaletviec aklforiag asweringt ed to t he

call of the_sound nen [ en LtLl h Lt | al keyboard
applicati oﬁ?agﬁena%a”ﬂ)rvgqugcqueaggear%%glr &p\e@engcghon%d ?%rg'%é%%g}m&é%%b%%hod, i mage
capturi ng thevaggicatiyn makhe ulisplafed inberticeeas isorsdn. c Alerrativslyereoscopi ¢

canera, LIDAR, soni¢-inagers, three-dinensional nera i ncluding the
commonl y kRGRANE Q?é?rﬁr §g§] F‘%lemghtﬁgg‘aggﬁg%g%e?{atﬁgceaaﬁngaauns g’ti me- of - 1 i ght
(TOF) canmee&dd bkisad BB kecoptref gistad fermoiganind it e $Btsyst em and net hod

makes use of depth nmap or three-dinensional poi.nt cloud input, data types.
In a pieferred embod? RBANEr a@gf’ﬂ'”?%‘bothen?ﬂeﬁgﬂthWﬁ@Poﬁ%qte%H?'nt cl ouds are

grouped i NirsraBRInsOwitie MUl b¥stiRnNmag e ilckuskarso tleacdh naturst er bei ng
represented by a centroid and having an identi %%\Malwch 5 allows tracking
s6Q in Afere

of its i ndP¢siBgaSURRREFRRALWaVING WeriEpeftaY; e ¢ W Preferred

enbodi ment gibh Rl BRAGE RIRE SR80 8 HeUyeh| At MdpARatidR. iAxanpl e, a
constrai ned K-neans | eader-follower clustering algorithm In another

embodi ment MOPDIPTegise REMBlet ¥dthinotie first staps ke SvavareestyenaY i€t i on utilise
si gnal o1 OGESStBitAlS A B BEMVRRR iRferddiBn between a user and a

system which is providing an animated picture based information asking
the user to perform the "wave gesture”. Within a second step, once the
user as activated the interactive system by performing the requested
gesture, the “wave gesture” may make a sound control interface appear

25 onto the display screen when it is performed whatever the status of the
arplioafion or the GUE displaved  In g thind slen ¥ the sound control
menu is displayed, performing the wave gesture again would make it
disappear.

in a preferred embodiment, if a determined application has
30 been launched, the control associated with a gesture may be dynamically

loaded and unloaded, for example, the "wave gesture” may dynamically



20 input data, and nore especially, by analysing clusters or centroid
novenents. In a preferred enbodinent, at least a first PO is identified
and attached to a centroid or a cluster if the centroid or cluster has
performed the activation gesture as described above. | ore preferred
enbodi ment , WPRE & troid or related cluster that as pe{r;?]glf“lrrr&g)élzei‘ﬁ’g{]f’he
activation gesture has to be an extremty of a region adjacencies rach

MA. (.23) of the clustered rouitH,,sionalry..)int otoud to even nore
preferred enbodi nent, determining if coherent nmoving clusters or centroids
are the best PO candidates, it is necessary to renove fal se positive and
anbi gui ty apomgosewer & soanthraldaioaspd30dsy andt hererasihgdi rdatactéif no sentroid
or cluster has,.already satisfied the activation_gesture, the naster PO
Wil be t nESBRIS ek AL e Rer R GNP P2 0e oM BEOUTELIS per f or m t he
act i vati onnggshelbetdmadtRhily ARNsichesd eoler eat oMming BeurRKine@Nithar i n an area
around the main P assjm Lat Egargs a_slave PO. Master and sl ave

O may be Sl
status of BOPNAMitNgtheRaaaR XK RY FPOUTRIOBr edefi ned rul es. The area

around ghe PO is the RQPrefetB8 AABbdiIMRAt @F thuhdyelerh SarteMidtegd on a spati al
| ocation relative to the position at which the activatjon gesture has been

det ect ed. FRROROPPHHEY t Heyce Ay analier Hed <t Q- dMssYPALSAEeEhi s means t hat

the positi %r@@@%%ewee@,cgmxﬁ,%rﬁ&maégelrs?%_ﬁ;ee%@xeﬁ%nas camé¥@si tion.
D nensi ons of a can also be either static or dynamc. This 10 neans

that di men¥icbiinactin osemet knawn pructweddiocht inceetimensipasl camerst t he
initially dediiprdyd 1,(TOF) cameras. n'd ¥ BF fé”%‘}%g%?ai t3fleOn, any of the

PO in a determne movi ng enough, _ of the identified PO
have nib¥edsytiemaind methRdmakaseuseysitdaptmmapdedhrasydiressiooalripondi ng PO and

RO since ; onger provide any interaction. At that tine, the
system w | %é&gp—@ﬁgg?@ﬁ@%éw PO and RO to be identified using the sane

process perforned i hnaheefeires endicepmedt, déwth mearhodmatiedisyssionaldescri bed

above. point clouds are grouped into spatio-temporally meaningful clusters, each

cluster being represented by a centroid and having an identity which

15  aliows tracking of its individual movements with respect to time. In a

more preferred embediment, three-dimensional scene clustering may be,

for example, a constrained K-means leader-follower clustering algorithm.

in another embodiment, POl and RO detection, localisation

and identification utilise signal processing algorithm performed on the

20 input data, and more especially, by analysing clusters or centroid

movements. In a preferred embodiment, at least a first POl is identified

and attached to a centroid or a cluster if the centroid or cluster has

performed the activation gesture as described above. In a more

preferred embodiment, the centroid or related cluster that as performed

25 the activation gesture has to be an extremity of a region adjacencies

arant (RAG)Y of the clustered mulitbdimensional eosne point cloud Inoan

even more preferred embodiment, defermining if coherent moving

clusters or ceniroids are the best PO candidates, it is necessary io
remove false postiive and ambiguity among several candidates.

30 in another embediment, i no centroid or cluster has already

satisfied the activation gesture, the master PO} will be the one that will



I n anot her enbodi nent, a security timer may allow the recently disabled or
de-activated PO to be enabled or re-activated when 20 it starts
interacting again if noving enough or if re-entering the RO to which it is

l'inked to. WEhiRPedif s security tiner, the correspondi gg,wlizﬁm nd, B are
only disabled or de-activated insteadypof being destroyed. 1h anot Rer
preferred enbodi nent, natural gesture recognition is perfornmed by anal ysis
of the trajectory of the centroids or 25 the clusters of the segnented

i nput image regardl ess of the particular step in the nethod and system
This nmeans that, for the first step in which activation gesture is
searched, ®erPon thenectiyatiomdesiviedirstn A ehetceheratt nyssingedransitsear ched,
gesture re it ! : cl.i est ur h as, "wave",
Toush ol aref b O B PO Bt e R H e BT e Goomet 11 c
shape det e®Mastsi, arglislavasstatugi ofcP@! mays haavelppet rancbatig & solld nes”,

"cross", "tfd "o et Gx 1 [, EP 2/050115 20
In a nore t;g)?ée eﬁ%ﬁmgﬁbm}eﬁ%@? ?&é@ic?%eﬁﬂgg%gm %l%i’n{ esp?jgéfc\“o?fned on naster
and/ or &l awhighGE centapdon or spatial lacatwnr resgtioads the R@itionl at varicleyRn nor e

referred i the gesture .recognition is perforned by anal ysis of
: R T L : h conse

t he change I on trajectory, tine between consecutive

PO change of directlihenRai tpuisiioa ctet eenditred saticabi @pnarfiec! Mdisan di st ance
bet ween cora%%ggtivg,[POI trahect ory changes in $recti on, PO speed between
consecuti ve i g PeS(ioR nety £8arge FCPRIEtdolP BhgRrPaPnedt@ er at i on

bet ween copssition.i Rendt@iorsrdjaeROPEMN slhamaeshef stiié 8EHYRic.PPhist r aj ectory
change.pf 10 direction neans at |east a change in X-, in Y- or in

Z-di redti o6 (i BEENFIPERCRR deemedified dnendftatind Qloewsupitvel capt ur ed

i mages. Thasenii@ly défmeddiry changes create reference seed points to which
subsequent position's of a PO are conpared. In addition, the trajectory
anal ysis may pref er dbPRET $16pGAE disaliofsiaayqt the R&Pl Rga deteamined of t he

reference ReERGdRoPAbLIRE chBugl, IR'ank Of HRERBRHRS POLHNARY foldEg gest ure.
of the ROI, the system may destroy the corresponding POI and ROl since
15 they can no longer provide any interaction. At that time, the system will
wait for a new POl and ROI to be identified using the same process
performed in the first step of the method and system described above.
In another embodiment, a security timer may allow the
recently disabled or de-activated POI to be enabled or re-activated when
20 it starts interacting again if moving enough or if re-entering the ROI to
which it is linked to. During this security timer, the corresponding POI
and ROl are only disabled or de-activated instead of being destroyed.
In another preferred embodiment, natural gesture
recognition is performed by analysis of the trajectory of the centroids or
25 the clusters of the segmented input image regardless of the particular
step in the method and systern. This means that, for the first step in
which activation gesture is searched, or for the second step in which
conirod geslure is searched, gesture recognition relies on detecting
natural gestures, such as, "wave", “push”, “click”, “pull”, “stil”, “pointing”
30 as well as basic geometric shape detection, such as, “circle”, “souare”,

rectangie”, “lines”, "cross”, “riangles” etc.



In an even nore preferred enbodi ment, the trajectory change in direction
analysis nethod is used to determ ne coherent noving centroids or clusters
anong PO candidates if a conputation of X, Y, Z changes of direction and a

conputati o f imu) ative di stances 20 between the trajector nges in
direction &e‘ﬁﬁ}l%&%‘&er at | east a pr eﬂet erm ned thr esﬁ%ﬁﬁpﬂ'yﬂﬂ%m‘“ In

either activation gesture or control gesture of the first and second steps
descri bed above, gesture recognition is performed on PO wth respect to
time to extract gesture interaction triggers, such as, "click", 25"push”,
"wave" gesture events etc, and/or continuous data information, articular
enbodi nent of the nmbt kothaad eistegnempesinegne gestagnrddognitionyisbe used to
control a virtual, keyboard |.icatj . the |ayout of the | of the

vi rtual ke%@%mﬁ’dMﬁ%eé?chﬁg%ﬁvﬁa%bg%ﬁ?to%‘? ‘EOYQSPBR}\@”Q user to perform
intuitively very simplsn rexanendre wWdfbrréd | embbdithentniey gfstiggstures. In a

preferred enbodinent, fhe |layout may . WD 2012/093147PCT/ EP2012/ 050115 21
require th@cﬂg'é'?mquR%{Of'@?%béﬂ”?’yﬁﬁrqxél?%cweﬂ%{@ﬁﬁtf% ég? érﬁé for exanpl e,

up and slowggjestoheftimd Bebddi cOisecutiROPT i dMANG® R NRRELM Withi BO _
representation to at |east pre-select and thén select a character w thout
any ot her gestpired guatienakicidianhdistanpsutbegeheoraeetye §Qre- 5

sel ection ggasonA cASARE! I0RIEARS, Weéﬁ% RebinPESstelffd ipey zone, and a
text box into which selected character can be displayed underneath the

pr e- sel ect FAigctPBhecChamgigst idnaliegtionn woEd PPk- seqetaielih beleeray al so be
provi ded b ; - } n h epresentati on
aut omat i Caﬁ@‘@g%ﬁ“@ﬁ%ﬁﬁu%ﬁémgﬁgﬁ%’hfg&{:ég@?rgsggﬂ;g}ﬁﬂ%&o&%ﬁgﬁgg c{fo which it is
curreni@y pissalioh mpansrat deast bahasad ouXnemi': of heZddeetiongf the Fquired to

performa_ggherhoqd fFSS U 5O RaRaRIIES NEph fed Thidlal eThbS, $eyject ed el erent.

I n contrast osures o0 e pr art ument’'s” di'scussed above,
t he presentrajentoenthamggsr oehtie sefarenserseiedt poifimce whichoshiEbquamd system with

areal-ti At eractd capability, and.is S n novel

mul ¢+ i RS O b S aie Rt Mah iR, S R tn RS ma: on

t echnol ogyprefdrally ahtlots gpaiydnt eff ordeeitdg i oreatidnack thed esfereinse tseede di spl ayed in
rel atiﬁ to .cpnt ext/ ser/obijﬁg%% inﬁr agti 0{15. The net hod and system are

er gonont caP?§SdP LI LB P BYNRBRIGHIRECH1985 Y@st ure Iibrary 20 restricted to
the worl dw de nost gorarRvaNdmisROVefewadn e@®stinies, thortraxanpyl e,

"conti nuous apoi nt i o

and i rol Ege by ffettiony alpwsie HBETGS: i CR o et et pes. in O
addi ti on, Frming%h@@tdaadcmy@&@émaﬁgmgaﬁ@xaat@gliﬂa/c&ﬁ@mtaii@e@k Yy mnimsing
effort to jnmprove the experience of the user in nmaking both a
, £ changes of direction and a computation of cumulativé distances
20  between the trajectory changes in direction remain under at least a
predetermined threshald.
In either activation gesture or control gesture of the first and
second steps described above, gesture recognition is performed on POI
with respect to time to exfract gesture interaction triggers, such as, “click’,
25 “push”, "wave” gesiure events etc, andfor continuous data information,
such as & poinding position
I a particular embodiment of the method and system,
gesture recognition may be used o control & virtual keyboard application,
the fayout of the GUI of the virtual keyboard may be arranged in a way
30 that allows the user {o perform infultively very simple movements with a

limited number of gesiures. In a preferred embodiment, the layout may



25single interaction and sequential interactions, for exanple, by naking
use of |in-1,24wll-1. PO g)osition,aking use of Sf control gestures to
activate an interlace feature or confirma choice. A menu in a
navi gati on S ) be provided that supports control, el .such as,

i cons, butt@ﬁ,z}”é(?éthﬁ etc. 30Alternatjyvely or additi ongf‘ﬁll*?%?ﬂ%%%nt r ol

el ements may define at least a nulti-nedia nenu and/or at |east a virtual
keyboard. | deally, the WD 2012/093147PCT/ EP2012/ 050115 22 arrangenent of

t he supporting control elenent is organised so as to inprove interaction
efficiency and intuitiveness and thereby the experience of the user. PO
det ecti on iréqtﬂ@smdﬂﬁemld t;ieffldinﬁranﬁy' mmgrc$cz&ﬂeba¢1ﬁ¢ar$:@suﬁe,Tmf S\(/:Vﬁneh
conprises a three-di nensi ona ust.er scepe, the cluster ic
denonst r at E*M8 aPP&‘?‘E 6'r%{lte’§h%69t§r?§‘§/t p@ﬂ@’%@@ﬁ@ﬁ'ﬁa‘?’@%f‘?@l so supports a
si ngl e and/ggregantation © abadtSHrefseiebt 8hieHenSel¥@|d cliradtesivitpbat and/ or

mul tiple rgﬂi ons of interest. The nethod and system of the present

i nvention &MEPMY 8RRWEr t §Of FEaRRiCedhe Javayt MY PE PR ek Plifes which

def i nessboksBlckikeh Rde, iaddlectdh Ging eRbibfRaeHRGrb RERICAG! £, Wrd be | ead, and
at least a main PO of scene that will generate those interaction gestures.

Control gedtiEixtdwoxdple whighselacied chgrapter gan pRdsRAEdSNdgRSaE 18e gesture

recogni ti oRrd-SelR&dnCidiRd Rydifially,ld Werd Prk-ddiciBALRNY nadAhKsie: | n addition,
a 15 representation of the PO provides at |east feedbdack about the

novenment oPraviiedpoelonhdhe tiexipdekt | &y Waving dgpest down.i the PO The
present in i Il Il it X candi dat es
det ecti on, ¥ C%%é\?g?t?’éﬂgnéué@@? ﬁ%@g rsg#(%g%n%%‘gﬁfs\é&rfttﬁe Iggﬁgg%tr[l]gf a%dg]sg; cont rol

gest ur 80r etwyhichiiidn ctirentiyR@intinga) leanother emidoginent, 1he usahagement of an
respect ¢ ot PRerBER belehubk oo HRE WrERE £dls R 00 st on
of a cont extigaledusmneniint er f ace navi gati on system and optim sation of
marker-less, gesturq; Rapgds ¥ e BlscS AR e "Bl 43 ol MERL ace:
discussed above, the present invention provides a user interface method
15 and system with a real-time interaction capability and is based on a novel
multi-dimensional touch-less and markerless gesture recognition
technology. This allows predetermined interface elements to be
displayed in relation to context/user/object interactions. The method and
system are ergonomically optimised by making use of a gesture library
20 restricted to the worldwide most common and known human gestures, for
example, “continucus pointing”, “wave”, “push”, "pull®, “swipe left®, "swipe
right” and “circle” triggers, or all the most common geometrical shapes.
In addition, the method and system are ergonomically optimised by
minimising effort to improve the experience of the user in making both a

25 single interaction and sequential interactions, for example, by making use
of fimers in combinetion with PO oosition, or by msking use of gimole
control gestures 1o activate an interface fealwre or confirm a choice.

A menu in a navigation systerm may be provided that
supports  conirol  elements, such as, icons, bulton, avatar eic

30 Alternalively or additionally, the control elements may define atf least 2

multi-media menu and/or at least a virtual keyboard, ldeally, the



In Figure 1, a flow diagram 100 illustrating the three main
user interface of the present nveritiori is shown. A PO within a scene is
detected (step 110) using localisation and identification techniques in

conbi nati o an_activation geslure recognition bas aj ectory
anal ysi s ogvéé\%&r{é’"%aﬁe el ements. Once J30at | east a PO ﬁﬁ/@ﬁ:oﬁ&g{g% ect ed,

gestures nmade by that PO are detected (step 120) based on the trajectory
anal ysis thereof. Navigation W) 20121093147PCT/ EP20121050115 23 using the
user interface is then made using the detected gestures (step 130). These
steps are described in nore detail below Figure 2 illustrates a flow

di agram 20@rr3|hgnmm mfheaeopmp@ningncqmrdt aalereenti is argesieed isut @ ftace accordi ng
to the present Lnvention,.

| mage pr ocBapHy SRBRIN ToeEr vt bR (RIF LB e T 1

t hr ee- di neegperidate bMrgausef. the scene including at least a depth map or a

multi- or three- d| nal. point cloud. The corresponds to the

di stance of each poi ﬁqoitﬁctt'ﬂg'sp?ﬁsﬁfj o8y Bl J;W%’Fﬁ“g{‘%éﬁ%ffa 14¥$l¥-ng part of the

i magi ngs sy st @he aReipritls B kle- dumehbuanéﬂmmer@ur@@se omalclist@ge. The

t hree-di rrensmnal |man%e is then segnented stepTE to create a plurality
'S

of cl ust er 8" Whishegiprsirate %SP?@(‘GBTPOHJGQPEWCV Be@"a¥S¥he out put from

step 210. %Re supsériPh shiglesdRiisr rhaitiblB @Rinks SlinRed: Ae walRidta §inglea candi date
cluster refinery process, step 220, which provides a |ist of candidate

clusters, 3pdprmp ipleciggigna &f Btaisste| uster refi nery ains to determ ne anong
all the scene cl ustgfg %tﬂ(ﬁa%%dt%?ndwt A d i OinlRichr aperty of being
SO

an extremty of the scene RAG an havi coherent notion properties.
These &@ndbepnastschesetacion ot agéadon ﬁe@théESa\&impkmﬁﬁmﬁ Beibithe &Qlecogni ti on

process | 1k} GRich Pusn kLA Alra MU SlNLR bk RSl e Wi iand dat e

cluster has fTirst orrre predeterm ned activation gesture. As part
of the gesoﬁswneetbegm!kgmrata thﬂ:@t inbfragiinrgestops. Aiatrekpesthesa | i st of

regions of JIELESh BleASETAbRlR GheRhe JDGRE LkniRpemanaged to

remove usefess' new P hé process, step
240, so aspetﬁommdmbynmetalstlmer Pébnttnaqﬂctcgesaualgsmecogmfadd)mn steep 250. The

control .gesture 25rec rQvides eyents tri S ti nuous
contr oI15 sf %éasl 6{:8q Lb? rc%:a%s a(g%ags;gt{agﬁéa?lﬁi C%?ﬁget @goa %ﬁﬂw di agram 300
t hat showsoﬁthpa?@haml t&rpcﬁm@ndvmﬁ'ebpécntwmeh PO's are |localised and

: ﬁgml Tlnegt elpnput d e pregentz mvenﬂon wnf gergescrlk‘;ieddg&g\pr Jfrﬁprespegt h map data is

to. POl candidates detection, activation gesture recognition onto POI
candidates; control gesture recognition from POI trajectory analysis;

20  management of an identified POl with respect to time; management of an
identified RO! with respect to time ;interaction between POl and a user
interface; optimisation of a contextual user interface navigation system,
and optimisation of marker-less, gesture-based, virtual keyboard input
user interface.

a5 In Figure 1, a flow diagra‘n 100 illustrating the three main
comnonants for implementing the user infterface of the nresent vanton
is shown, A PO within a scene is detected (step 110) using localisation
and identification technicues in combination with an activation gesiure
recognition based on the trajectory analysis of candidate elements. Once

203 al least a POI has been detected, gestures made by that POl are

detected (step 120) based on the trajectory analysis thereof. Navigation



30305 for a re:scaling/nulti-resolution process, step 310. The output from
the rescaling/nulti-resolution process conprises N|level pyramdal WO
2012/ 093147PCT/ EP2012/ 050115 24 inmages i nput data, step 315. This data is
then used in a constrained three-dinmensional clusterin 1 r..in.a

t hr ee- di nen¥P a2 tene segmentation, step 320. The clggﬁggégaﬁgﬂﬁ/or
segnentation step provides N-level clustered input data that includes both
| ow and high 5 resolution data, step 325. The | ow resolution data is then
refined in refinery step, step 330, which produces clustered i nput data
that includes both | ow and high resolution clusters, step 335. The

clustered uspythdatar inferfabens HR@Unhde asingghe deRdjargntyegiaph (RAQ
bui | der, steg 340, in a n-di nension extreni Ei es detector, step 350, and in
a notion andCkoHesesiapsene drsirper & pogrdeel belPW, 360. The adj acency graph

bui | der produces a ir@n2 agdi,8eABE 1 £STIGK aBRYHERS | PHO GHWMEChieONs status in
bet ween clusters of the scene, step 345, the n-dinension extremties

det ect or pPBaiatie’ perfqraedofn & difer cnipsiees saedRM NG offp ML PTEFEPh extreniti es,
step 358, @Mnfidie TPEPME I GARBRERCHrRIRBUS| the d0EES BrotRSsigl | st of
coherent noving 15 clusters, step 365. Data relating to each of these three
el enent s f eystemt Héis inpuitdatais ia the fesnaf adhigestimpesiond &nese PLHE on process,

step 370, i.ch: ] | [,S o i Lir st coher ent
%@tn&ﬁﬁé%@%@%ﬁgﬁ% da btgi‘%gw L SthuliOor 8frdRRliR8n&ohil

noving clu r, a scene extremty, step 355, that
denonst r at esinhiclepdcithe cleptht inep careeoncsrte dupdatdsce pheact PYINt® an acti vati on

gesture. gﬁdéﬁtkl% fichs @Pga f&hﬁ)ﬁq ﬁ%ﬂ gghﬁ éﬁ%\ﬁiﬁ%@?g’(@ﬁ?&eaﬁh‘ap 375. The

lists of P s are’ 1 nput manager, step 380.
In steps 3plehimdi@2hreedipesisional imagene Toedbreeodimeneional ageeisol uti on and

t hree-di nensi onal scene. s ntation i i a | S, Stage. It
wll be ap T ?q(ﬂ@{ep%*@itq ?@gﬁq ?leﬁ"(g%&? (s)# gﬁ&%}& nhﬁgﬁt" %@%r ocess and the
sanme resul list ofejistees shiravided as Henoutphttieom ptepcHds de Isf of desigeneral [y in

Figure 4. A flow di,agram 400 js shown, that starts with obtajning a high
resol uti on'd ‘ﬁf‘H’St‘?ﬁpaq‘:‘o&‘et 'ﬂB”ts%c? r?eC?'\ﬁ’] e&i‘&?@rarr? NPy JL8EEn {%phe hi gh

r esol uti onzdepihichgRovigea naildfi candiiptdltiveters estbpiapdesCasdidpted20) as wil |
be described in npre detail bel ow. The mnu }i -resol ution 8rocess (step 420)

|
conpri $8s BYEEHieeny ARSI ARG TPIe JRpPnth 75 M seenrrEH PP 8P 50115

those demonstrating the property of being an extremity of the scene
RAG, and also having coherent motion properties. These candidate
clusters are used in the activation gesture recognition process in step
230, the aim of which is to determine which candidate cluster has first
20 performed a predetermined activation gesture. As part of the gesture
recognition, a list of points of interest and a list of regions of interest are
generated, slep 235. These lists are managed to remove useless POls
and ROIs, or to add new POl or ROI in the process, step 240, so as to
form inputs for control gesture recognition, step 250. The control gesture

25 recognition provides events triggers and continuous control, step 255,
which mre vsed for contextual interface control, sten 280

Figure 3 illustrates a flow diagram 300 that shows a

particular embodiment in which POls are localised and identified.  Input

data may be in the form of a depth map. Depth mép data is input in step

30 305 for a rescaling/multibresclution process, step 310, The oulput from

the rescaling/muiii-resolution process comprises N-level pyramidal



25 down-sanpl e the high resolution depth map to produce at |east a high
resolution depth map 410 and to produce at least a md/internediate

resol ution depth map 430 and a | ow resol ution depth map 440 respectively.
The nulti-resolution process 420 conprises dividing at . st the

resol uti on BY X" ¥Hr each pyramidal Jevel . Although oﬁjvﬁ%ﬁ§%?"V§vels are
shown, it will be appreciated that the process 420 may i nclude any suitable
nunber of |evels. An exanple of pyram dal down-sanpling is shown in Figure
5. In Figure 5(a), an array 500 of 8 x 8 pixels is shown. Each 10 pixel has
a depth value of 1, 2, 3, 4 or 5 arranged as shown. These val ues are given

by way of ewayg @pandatandicpat .t Maisdiisthasarenlis€noh aptorelraine@m a caner a

t hat formsgpart,of t he ir]agi nrg sgs em In tg‘iés g.ase,.the array 500 is

i ntended t JTBEARNSENGht HFGENS T 2DHRM hing P r KERF-BEERI088Dt $PeRED havi ng a
native resgbgthbmatiod, BeR. 33oWiemet BRistrig ARFel Weheeneeibh hsteBp 1S
down-sanpled to the next level, the 8 x 8 array is down-sanpled to a 4 x 4
array (as BfylEes Neye)usteed)inpyndata Hhalyingiudgdn dp oW \AduBighn each group

of fourspi x&lohitioh WatEX B! 25 ITAEPIERLRBsolubiok Silta 38 tRers (d1Bka Rl xel 530,
having a depth value of 4, in array 540. Array 540 is intended to be

r epr esent afgfipenotter HdeR30.mhich pshioes dusteepenpyfdaih&iabinchidesl hi gh
resolutl onuenbl Mg Resblifo HBISETS 895 PTAS BRSterdd fplf 4kanal i oh
map and the m

resol ution dept p Ts malntaine | resolution depth map is
creat ed hais thgn ase@god (rgignaditcgney Zyagm(RHG) buitdeatsternd4l, ImMBel-m d resol ution

depth map 0, 'ﬁ‘ﬁ%ﬁ t | | Ut 4 h map as shown
in Figure §%r%|oae$)§'% e %’l ggerpa%%%gdi"gw{f%ﬁaérﬁrgy&&@&i rmto of InN,
ni xel s1055analgsianregess4teps3&howneasdjbesney pdreph thwilfier prodneed ew resol uti on
pi xel 570 0.l Ow, L ut | rfa e v 1 _Ni val ue in each
group of fir)%rlélb%%é(ree}%{ésé ré@? g?ﬁn'%{%gg'?n(?\%a ?'Ess%tgfﬁ%i%tr?g eep@tnhnéi%%as inthis
30case, 3. offthe dcener &spl34b) the wdiptdnsimpeticsnites dstettot pouuoés @nl4) (n/4). it

WO 2012/ 1)8 104%7PCT/|(E; 2 %2/0 0115 26 woul d .be i ossi bl g.to change the
Fesol ut 1 onI o 4FF KRBT 4R SPRPICS ShaTEoIStales P et 8ot ra BRE has o
r esol ut i onnwtiof NHrd) E6MérBhcy analysis determines a list of coherent moving
15 clusters, step 365. Data relating to each of these three elements forms
the input for a cluster and/or PO identification process, step 370, which
determines at least a first POl as being a first coherent moving cluster,
step 365, and as being a scene extremity, step 355, that demonstrates a
specific motion which corresponds typically to an activation gesture. A
20 list of POls and a list of ROls are produced, step 375. The lists of POls
and ROIls are input to the POl and ROl manager, step 380.

In steps 310 and 320 respeciively, the order of the mulii-
resolution and three-dimensional scene segmentation is not important at
this stage. It will be appreciated that muiti-resolution s an optional

25 process and the same resulis may be obtained using cther processes.

S overview  of the mublbrescoldion orecess @ shown
generally in Figure 4, A flow diagram 400 is shown thal stars with
obtaining a high resclution depth map of the scene (step 410) and
processing the high resoiufion depth map using multi-resolution

30 technigues (step 420) as will be described in more detall below. The

multi-resolution process (step 420) comprises pyramidal processing to



It will be appreciated that the 8 x 8 array, 4 x 4 and 2 x 2 arrays are
given by way of exanple only. In practical ternms, each high 5 resolution
array my conprise an n*n array which can be down-sanpl ed any nunber of

times to av@&'?(ﬂ IE}J]Bn (n/kK)*(n/k) until it is no Ionge{%ﬂﬁsﬁ} l(?n

down- sanpl e i'gure 6, a flow diagf;am 600 is shown Usttates the
steps for scene clustering. A low resolution depth map 610 forns the 10
input to a constrai ned K-neans | eader-follower algorithm (KM.F) 620. The
KMLF is a mx of known algorithns that operates to segnent the scene in
spatio-tenporally coherent groups of pixels; the clusters (having a
centroi d) . ddlesematethehiiigle rasilutiooudepit sndg m'rptdmecd»(lw.ﬂ:e&@n higanel y, a | ow

resol ution_i e600f | ow, resol uti on cl uster h 640 of 15
centroi ds B%S%E'gﬁ’ﬂ PSP 4%1@(?”?%’ OHBC? ?gﬁ?aapﬁﬂ*%/'ﬁ?{‘%é‘?ﬁq‘?y | ocal i sation
and i denti fdseRtibONd&5A frcarp G80t BANds Wn@@bzaﬂmondieptm Omapsungl e ot her
centroid. The I|n'< gr.aph 640 cokr*?rlses an n_di nensi on |Ic£ graph where n =
3. Figure %@Q?CWVPVUSJ puityesgiition JUPRsE ol FABENRSTHIM ‘i‘&hg?’fzo pi xel

dept h vl urRsist hBeesdREH Ww&ﬂ;rteacr%y@nuéél%@ﬂ Withbugtf &fly exagpl e, a
constr ai ned KNLF al gorithm 620 (Figure 6). A low resolution inmge 700 is

shown t hat 'e¥8lapre seewayit wil be ﬁﬁpr@@‘?@? thtbe PRIcees 42A Maveinglifiey has a dept h

val ue of 1an@sur§ab1e4nurﬁber50ﬁ§w§§'0m @R of Fahﬁ‘dé?'dé%ssa'rﬁﬁhﬁ clusters where
each cl uster has depth values that are approximately the sane is 25shown in

Fi gure 7(b' shewninigure 5. 7zr7n1 707 708 and 710 have the sane depth val ues.

For dusters, 702, 7?ﬁpga%45(g %K%GF%QL %R&Qg |§”§h htE Pfl pi xel s in

those dusters have e same ere nay ew pi xel s
havi ng'@i f piseleias desoih vallaey. 1 3€OI3 4nior 15 b’éarmdr@:ﬁh@\wd tTHr@tseeach of these

bi xel s_havi 6o dLfd ERent,ABH0 Br LahHER 4 Mifbabd' WO HRIAY dFTeadfll acent pi xel s

are effecti ve y cu
pixel from a camera that forms part of the imaging system. In this case,

the array 500 is intended to be representative of the high resolution depth
map having a native resolution of n*n.

15 When the high resolution depth map is down-sampled to the
next level, the 8 x 8 array is down-sampled to a 4 x 4 array (as shown in
Figure 5(b)) and the minimum depth value in each group of four pixels,
for example, group 510, is kept as a single pixel 530, having a depth
value of 4, in array 540. Array 540 is intended to be representative of the

20  mid resolution level of the original high resolution depth map. In the
down-sampling process, the original high resolution depth map is
maintained and the mid resolution depth map is created having a
resolution of (n/2)*(n/2) in that case.

The mid resolution depth map can also be down-sampled to

25 alow resolution depth map as shown in Figure 5(c). Here, the 4 x 4 array
540 e dowrsampled to form 5 2w 2 aray. One groun of Toue nivels 550
in array 5440 is shown as being down-sampled o form one low resolution
pixed 570 in low resolution atray 580. As before, the minimum value in
each group of four pixels is kept in the low resolution depth map, in this

30 case, 3. The low resolution depth map has a rasolution of (n/dy{n/4). It



WD 2012/ 093147PC F/ EP2012/ 050115 27 anot her cluster having the sanme depth
value. In addition, thereis alimt to the maxi numsize of cluster that is
permtted for ease of processing. In Figure 7(c), centroids 751, 752, 753,
754, 756, 7@@,20];@3}1}67759, 760 for each of clusters 701, 702 (93,04, 705,

706, 707, 7 9, 710 respectivej[(y are shown. The cenrzr{%‘“l’/ds dan be

| i nked i n two-di nensi onal space as well as three-di nensional space as shown
in Figure 7(d). In Figure 7(d), the centroids 752, 753, 754, 755, 756, 758,
760 can be connected to one another as shown. Centroids 751, 757 and 10 709
cannot be connected as their clusters have depth values that are

subst ant i alopldlbé pessiisit td ehampseieabssitgdr ofsardyosBmion@rmalusihgles. This is

because these, clusters are not 3D connegted but may be 2D connected. 2D
connect i on Pf%&é’ﬁéﬁ%ﬂ&ﬁ*&ﬁéﬁ@?éﬁﬁ@%‘%’ ‘E}RW’@ Z’Efﬁ)nect ed in two-di nensions and 3D

connecti_on means t hat witlegy é@@@&iaﬁd&hﬁpm@%?&@airﬁy,léﬁxtdﬂéﬁ@ﬂdk wensi ons. As a
result, it can be seen that centroids 758 and 760 are only 3D connected one

adj acent cEABYDRE PNCRRY HfYackPpraniie oplr 'nr%[ﬁ%ﬂi%a} k“;f@ﬁt F’%‘i’mhiﬂ@% and centroid
756 as showssolfdoHSrelySmdP BordPfke/ 40 nWeréWﬁrhfch%%f:% abvels&@plegoi ds 758 and

670 are therefore each indicative of an extremty.
any number of times to a resolution (n/k)*(n/k) until it is no longer possible
to down-sample.
In Figure 6, a flow diagram 600 is shown that iliustrates the
steps for scene clustering. A low resolution depth map 610 forms the
10 input to a constrained K-means leader-follower algorithm (KMLF) 620.
The KMLF ts a mix of known algorithms that operates to segment the
scene in spatio-temporally coherent groups of pixels; the clusters (having
a cenfroid). There are three main outputs from the KMLF 620, namely, a
low resolution image 830 of low resolution clusters, a link graph 640 of
16 centroids of each cluster, and from the link graph a extremily localisation
and identification 650 for centroids connected only to a single other
centroid. The link graph 640 comprises an n dimension link graph where
n=3.
Figure 7(a) illustrates a low resolution image comprising
20  pixel depth values, the image having to be clustered with, for example, a
constrained KMLF algorithm 620 (Figure 6). A low resolution image 700
is shown that comprises an 11 x 11 array. Each pixel in the array has a
depth value of 1, 2, 3, 4, or § as shown. Grouping the pixels into clusters
where each cluster has depth values that are approximately the same is

25 shown in Figure 7(b}.
I Figure 740 # onn readily be geen that clusters 701,

708 and 710 have the same depth values. For cluslers, 702, 703, 704,

705, 706 and 708, the majority of pixels in those clusters have the same
depth value but there may be a few pixels having different depth values.

30 K will be appreciated that each of these pixels having different depth

valiies to the surrounding or adjacent pixels are effectively cut off from



20Returning now to Figure 6, as described with reference to Figure 7, the
| ow resol ution i mge 630 of |low resolution clusters, the |ink graph 640 for
the centroids and the localised extremties 650 are determ ned. Fromthe

| ow resol ution i rrage 630 of low resolution clusters, a hllgP 0 goll ution
i mge 670 of?PYWHAY hi gh resol ution glusters 25is obt B PHE a

refinery process 660, Thn refinery przocess 660 mry bel ongi ng to a F201
(not shown) defined by the three-dinensional ROl in which at least a POl is
| ocated. At start up, nanmely, frane 1, or if no RO has been activated or
created, the high resolution imge 670 is the sanme 30as the | ow resol ution

i mge 030 ghothBecli§tét hAGRY tHe SimdluspiniucOneaaditioneile & Khitl s def i ned,
clusters out of the RO may not be refined a WO

nd
2012/ 09314*;'13‘@?/"@%21‘.1&@/90@0‘1?‘1@% tamh iy pemyitied f%@ﬁa%OfW@C@QOy be refined.

Coherent noving ext geRighye ‘?dcvsée%ir&d@%wf?sﬁﬁ’ﬂse%& PPy Ccasp nevert hel ess
be refined_in another enbodi nent Fi%gre illustrates the i nput and

out puts obfa9.neef fargach Gustersi r@@%s§0%6@5 I796F780r 608, a 1 ow
di agr am; 809p4 s7/ e prc}}ga@ M&\Ur?”tThEec%ﬂlttHde%ncllaé'%ﬁéoe?w pput data 810 is

input to the refine ess 820 to provide an output o |gh resol ution
clustered @imgysiondaspa®@a@s Fak Jsutipesdinngnsions rphicaetsy shputess 820 is to
shar pen upg BP%BI es between clusters as the imge increases in
resol ution, exanpl e, when going fromlow resolution to md
resol ution and thenlin Elgtﬁrcgﬁ(d)ett’l@l egntronls A2, gadh7b4evE5, gb6t hed,pyram d, for

cach b1 xel vod U DECLRRAGPLOSREAGIEL STk MRS, T P

pi xel . 1¢or 7éhchnpotded comtedtex! as shgnetlsters thaee clept ealum@itl@t ars the cl osest

(0ot o net SRR GERE el 3 R0 Sl BT Bah HPhLS PP P12 o

can al so beecsied.thadeecligbisnge hop BDCRBeER0 hius nelyawn2D ronpéatedlet ai | i n

Figure 9. 2D connection means that centroids are only connected in two-

dimensions and 3D connection means that centroids are connected in

15 fhree-dimensions. As a result, it can be seen that centroids 758 and 760
are only 3D connected one adjacent centroid in an adjacent cluster,
namely, centroid 754 and centroid 756 as shown. Clusters 708 and 710
and their associated centroids 758 and 670 are therefore each indicative
of an extremity.

20 Returning now to Figure 8, as described with reference to
Figure 7, the low resolution image 630 of low resolution clusters, the link
graph 640 for the centroids and the localised extremities 650 are
determined. From the low resolution image 630 of low resolution
clusters, a high resolution image 670 of low and high resolution clusters

25 is obtained using a refinery process 660

Thier refimere owerooe GO0 rrangs sedy b amebiesd e sbisdoee
her rannoery orocoss ool miy only Do apbiod o s

belonging to a RO (not shown) defined by the three-dimensional ROI in
which at least a PO} is located. At start up, namely, frame 1, or if ng RO!

has been activated or created, the high resolution image 670 is the same

FE]
L]

as the low resoclution image 630 of the low resolution clusters. Once at

least a ROI is defined, clusters out of the ROI may not be refined and



In Figure 9(a), a |lower resolution array 900 is shown for cluster
identification at tinme t, LR(t). Five pixels are showmm "A" to E . 20 Pixel
"E' is the one of i nterest here. As the |lower resolution array 900 is
up-sanpled to a her resol ution as shown by array 93 ure 9(b) also
at tine t, V@fﬁ?O) el Eis no long # pi xel 'E but cgﬂ”EP”) ngaered to
be pi xel 'a'. However, the identity of pixel 'a' can be one of several

val ues as shown in array 960 of Figure 9(c) at time t-1, HR(t-1).

However, for each pixel, it is assigned to the cluster which is slnse2l- in
terns of LuctidesmO:!sfer3:orte botween the nixel end the centred of the

cluster toowy #Bsé indide R RO! GRYPEE eetineds Sheant Moling Undrefhigbove, the
cluster candl dates for pixel "a  can be exi)ressed as one of the to 301D (a)

HR (t) = 1 Chusfers out @(/@E)ieasy(q R any pevarthetesphyg refined in another

V({O0,1 2 3eﬂjb@d§mgnt8 9,10,11} HR (H))) WD 2012/093147PCT/ EP2012/ 050115 29
wher e ID (a) is the identity tag of pixel "a'; F\;té%) I's the | ower

resol ution i mage at Figuie & illistrates fhei igputanchoyRets pedifrPBnitenage at tine

t; SHR gt - is%ﬂrigl anﬁ%e& 886" 1h &5y, %{‘%%rﬁh %10”% driobn WRER (V. X) is the

m ni num Eu st ance between where X is the position
of the cenﬂﬁ@i@foﬂesolhbomemsé%rﬁdcmast data B(1Q) isi ipthéo tthe eefiteivensi onal

val ues of gaILESRINW BRVRIES! oltBht SiPigH dMBIuEBn cfustered output data
830. The purpose of the refinery process 820 is to sharpen up
boundaries between clusters as the image increases in resolution, for
10  example, when going from low resolution to mid resolution and then to
high resolution. At each level of the pyramid, for each pixel, the refinery
process defines to which cluster the pixel is really attached thereby
linking the identification of the cluster to the pixel. For each pixel, it is
assigned to the cluster which is the closest to it in terms of Euclidean
15 distance for example. It will be appreciated that other methods of
determining “closeness” between a pixel and a cluster can also be used.
The refinery process 820 is shown in more detail in Figure 9.

In Figure 9(a), a lower resolution array 900 is shown for
cluster identification at time {, LR(t). Five pixels are shown ‘A’ to ‘E'.
20 Pixel ‘E’ is the one of interest here. As the lower resolution array 900 is
up-sampled to a higher resolution as shown by array 930 in Figure 9(b)
also at time t, HR{t), pixel E is no longer pixe! ‘E’ but can be considered to
be pixel ‘a’. However, the identity of pixel ‘a’ can be one of several

values as shown in array 960 of Figure 9(c) at time t-1, HR{1-1).
25 However, for each pixel, it is assigned to the cluster which is
closest in farms of Buclidesn

dictnnrn hahyoon the obvel and e condrnio

of the cluster to which it is being compared. As shown in Figure U above,
the clugster candidates for pixel 'a' can be expressed as one of the
following:~
30 D {a) HR ) = 10 (D (VEY, VAR CD LR )
V({{0,1,2,3,4,5,6,7,8,9,10, 11} HR {-1)))



10{A, B,C,D} is the pixel cluster identification candidate list in the |ower
resolution array 900; and {0,1,2,3,4,5,6,7,8,9,10,11} is the

pi xel cluster identification candidate list in the higher resolution array
960 at t-1. words, the cluster identification,gf.p <@ at tine
t 15 in tﬁgbg?gﬁgﬁkﬁesolution array 830 is deternined]’ngﬁgﬁ%$H?nun1
Eucl i dean di stance between the pixel '"a' and the centroid of the cluster to
which it can be considered to be assigned. As given above, the cluster
identification of pixel '"a is the mninmumdistance as defined by:
(i)three-di mensi onal values of the corresponding pixel 20'E (V(E)) in the
| ower resolution armder®00 at tinme t; 00t hree-di nensi onal val ues of any one

of the correspondin ixels AL B'C oD (V({A B, CD LX (t)) in the
| ower resolution ar 3%35985?%&“?‘{'%391Sg%’@'(% 'n) t hr ee- di mensi onal val ues of

any one of the 25coiRegpetict Ryeproselsioh thageoat tis t;

1v({0,1,2,3,4,5,6,7, 1Q, 1 HR (t, -1 in the higher resolution array
060 at time t...1 Fﬁ?a) e th?f %P@t'ﬁ%?@?ﬁﬁ/@ '3193{’an e illustration of the

out conesof the refi R g-Progedsghdrfedd@givhemz@é a) timewa: cl usters are shown,
1010, 1020 in a |OV\% r lutjon.inmage 1000. Figure 10(b) shows the sane
Brrf¥%

0 |
two 30clusters 106 } 7 the mig Fuslsian fisknerds Xlfter the
refinery proeegx, $#@rd1ass PRebsRBRIOf 6 @troid Mehe 8d2e89:3d4¢/PCT/ EP2012/ 050115

V(x) is the three-dimensional values of corresponding pixe!
the ID of which is x;

10 {A.B,C.D} is the pixel cluster identification candidate list in
the lower resolution array 900; and

{0,1,2,3,4,5,6,7,8,8,10,11} is the pixel clusier identification
candidate list in the higher resolution array 960 at t-1.

In other words, the cluster identification of pixel ‘a’ at time {

15 in the higher resolution array 930 is determined by the minimum
Euclidean distance between the pixel ‘a’ and the centroid of the cluster to
which it can be considered to be assigned. As given above, the cluster
identification of pixel ‘a’ is the minimum distance as defined by:

(i) three-dimensional values of the corresponding pixel

20 ‘E’ (V(E)) in the lower resolution array 800 at time {;

(ii) three-dimensional values of any one of the
corresponding pixels ‘A’, ‘B’ ‘C’ or ‘D' (V({A,B,C,D} LR (1)) in the lower
resolution array 900 at time t; or

()  three-dimensional values of any one of the

25 corresponding pixels ‘0 to "1 1V{0,1,2,3,4,56,7.89, 10,11 HR (1) in
the higher resolution array 8960 &l time 61

Figure 10 shows a simple ilfustration of the culcome of the
refinery process. In Figure 10(a), two clusiers are shown, 1010, 1020 in
a fower resolution image 1000, Figure 10(b) shows the same two

30 clusters 1060, 1070 inv a higher resolution image 1080 after the refinery

process 820 has been carried out.



30 In an enbodi ment of the refinery process, such as, that
descri bed above, pixels are not considered for processing if they have not
been val i dated. For exanple, a pixel may not be validated if the infrared
beam fromthe canera illum nating the pixel falls under a 5 predeterm ned
t hreshol d, WP '#8PE"i s bad iIlumnatign gradient, if t e BPRLY5PE5 | agged
as being part of the background or if"the pixel is outside of the virtual
limts of some clipping planes; the clipping planes limting the

t hr ee- di nensi onal space that is processed. Figure 11 illustrates a flow

di agram 1100 relating to an 10 enbodi nent of a user interface and nore

especial |y to the dat et b@Boatbnt e thdasfildr GRbleae, alich e, REx whi ch wil
support the control and/or interactions. In that enbodinment, there are two

mai n i nput §8GIPEHANRYRr PRRIEEATE % cRBEIGAL IBh PRESEHPS ThiN6¥ d¥¥edet ect or -
typically abt beastiamididh HopsXabolom Bixel RMyARGt T GhIdRSPlUineON Cl ust er

i mge 1110 (produced as 15 one output of the scene clustering as described
above wi t hIW@yed &gl d@nFithe reangyraalfumingéing | st bixel dallsdePds!f Bed has bei ng
an extrgm bysdbd2Ridl $RRhHRAUGES i [Heltl g icgne clustering
as descri blgde apove Wi t_ﬁe refer eﬁcg%;ég%gididaﬁgé&? g\%ge%.[f%eeﬁgﬁust ered i mage
1110 and t keflagioad erbeina parhivt Yrelbiaskgrownd onif éhé nipak istowtsdde atthievat i on gesture
det ector 1}; i h 0l L ustens that have
been tagge%ﬁ%@ggﬁrg}qﬁg&g%n?ée)@?@é%%Jlicjinnettshghefci%ﬂé‘g'gé 3%%{%48%!!%&F{h§ure 6 and

whi ch denoiivee-direersainel gptcertbatiipprocEsdesk ency of a noving centroid is

determ ned by the age h er 40 i i e ngd i s determ ned
by the fact that itg?o%ﬁ%n@t l&%’é%%%o%/éiﬁgnwe{}ﬂ f’gq%i ,fﬁ?%}g'g gﬁ%ﬂnt of noi se
(that 8, eobodinintpeeluget ingractany)morehespacieinto theideteatindemda

predet erm ped .t hreshol d I(} C rency be, for exanple, determ ned by
etect i ng JtfodedtficAlBonahdfe “PHPIREY: VELondiorb AT Hsisal Slidfer y . ¢ he

cent rg@ di tm@Jah Etiorandnqbnmhbmmamhfataaeﬁaggn&gatihmns antheshigdri sti cs
regarding the.respective positions of eac change.in trajectory

| ocal i sati BIETEEE S AUOIS OPFHEeLPERT GoBE Y iro HPEAIY &L &8 %oi nt s f ound
(at traj eCF&bl(;ti@hﬁﬂQ@w'maﬁigﬁﬁbsolhtﬁbrpﬂmst%xmbﬁﬂ1&0 (WRduced as .

2012/ 093147PC1/ EP2012/ 050115 31 trajectory denonstrating changes in

direction 8Pe guibYf ohihecsreneqlusiingess BescElRd iBheYe Withd8™hiGgionot coher ent

and by therigale §58h@8%e clliStePROLBRTHRL A HAXG R Sirethityr AI2BCHRDY
denonstrating high speed novenent in the opposite direction fromfrane to

frame nay BIOSgoRE agaR Bgedmutput of scene clustering as described above
with reference to Figures 6 and 7). The clustered image 1110 and the

cluster extremity list 1120 are input to an activation gesture detector 1130
20  which looks at all the centroids of clusters that have been tagged as
being extremities in the link graph 640 in Figure 6 and which demonstrate
coherent motion. Coherency of a moving centroid is determined by the
age of the cluster to which it belongs and is determined by the fact that it
demonstrates movernent with a limited amount of noise (that is, not a

25 jerky trajectory), the amount being under a predeterminad thrashold. The

be, for example, determined by detecting successive changes in the
direction of the PO, namely, the centroid itself, and computing some data
calculation and statistics regarding the respective positions of each
30 change in trajeciory localisations as well as the ordering of the reference

seed points found (at trajectory change location). in cne example, a



5 considered as not a coherent noving point CGenerally, PO novenent
coherency requires the novenent to be within a certain range of velocity
and accel erations, be perfornmed by an existing PO for a certain anmount of
time, denonstrat certain amount of direction vector -Lin rrty bet ween
successi ve WP&}”@&’:’B? ies in the same djrection. 10Acti veﬁ)%}r’r "ézz(g’ﬂr
detection in step 1130 includes perform ng PO trajectory analysis and
therefore relies on detection of changes in direction of the PO (control
gesture process relies on the sane process, it differs only by the input
since the list of PO is restricted versus the activation gesture cluster

candi dat e klpkiory HOMoRAEHing 2 sl iR dkBctignagfector ¥t shchaeinomalound, a
ref erence seed point is de |ne as descri bed above. Al the reference seed

poi Nt posi PPO‘T’P”érd@r%Cf bPE AN 1Rk CeP_iEamanEoR iMhfudtRY Het!PfatilBn gesture

recogni t i OpnSRANSthePBEdMMeUS traRelory HemBhstidiBg ﬁs‘éééw édheach frane
captured bynthe i ma rﬂ‘g stermJ1é z?tw egstst ’eg g’H i st an?:\e e, to the | atest

known refeﬁ*err@eorsc@ége ﬁﬁeﬁtq%ﬁﬁomsﬂame & frateedan iea b Ussless andngth, L, of
its ”arse%eﬁ ?e%&ca% fdies %ﬁéemerre%.nee&md%&e@@ sl Wbidrhénta certain

nunber of sanple Is also determ ned ordering, tenporal, geonetrical and
st ati st i caFolpareper enekes Webe@wmﬂtttﬂéesﬂ’@ﬁe%%ﬁ@ﬂr@ﬁ@ efedodited poi nt s

correspond, i t ecogni sed
i nst ant aneoﬁgI%%Slgé'%dgﬁﬁggr#eyn%mg%?!ﬁg‘r?xﬁ%m hrgg'rsﬁg éf‘cg'ﬁ%gr gs}ggtéﬁtpoi nts
refreshed. otiétrecfaenidnsBateanateysirs apfounhef tdirgtiat gegtovfcorigeatiandi dat es t hat

neet t_he Cﬁ%&%ﬁh%u%e{s%ﬁr'e'?%é&?or t,ﬁﬁ{gé%ggqeéﬂrancoherent notion in order to

determ ne vat'ion gestures expected. Such types of
activat@on gest ures ActivatioB0hgesties c rddiadionn inorséerdetl 480 lredigles The

activati on_det ect or arries out a.lrajectaor al ysi.s.of, centroids
fhat o b R R oY el e bR ERids BRASD00% Ge011e S5
extreniti eshanyethe diicetich of te E\DIs@ohthelt geature xpocssadreties ionatheon gesture can
be detected. Once the ected, activatjan st u been detected, a RO
S Or oot easapE R eeeEnat SRR bf g v arestreush 6 Hal s T B ol o, o
cluster cer?éregs the adtRbtid gestarScitister asididaé ilism. %sbuﬁrechm jecones the 5

mast er in the created RO. Addltlonall(g/ t he a‘% t|o esture
det ect 65 pral&a@@sd*éeqvpgtfow @ Glarence sepghRGinl is flefjae &S%f per f or ni ng

interacti oppoved emrlﬂél(?efef@rceaéeeh?@&ﬁt gouitich siet sibrddPRl theaddichat ) that has
made at | east one of a predefined list of activation gestures.
Continuous actrvatton gesture recognition means continuous analysis of
the frajectory. At each frame captured by the imaging system, at least
the POl distance, D, to the latest known reference seed position is
20 computed and the total length, L, of its trajectory since the gesture as
been detected and within a certain number of sample is also determined.
If ordering, temporal, geometrical and statistical properties in between
the successive reference seed points correspond to those defining a
gesture, the gesture is then recognised instantaneously, and the memory

25 storing the reference seed points refreshed.

analysis of the trajectory of POI candidates thal meet the criteria of being
an extremity and in coherent metion in order to determing if they match
the aclivation gestures expected. Such types of aclivation gestures will
30 be described in more detail below. The activation astector 1130 canries

out a irajectory analysis of centroids that are considered {0 be at least



A controller box manager (RO nanager) 1150 uses the 10 identified PO in
the cluster list, that is, the identification of the corresponding centroid
in each case, to check that the three-di nensional position of the centroid
is far away enough froman already existing RO, if rru}a(}i le RO s are
all owed in ‘éioﬁ%llz’g?%ﬂl ar user interfacg application, an HE’ 1RG5

. . . .3 .
re-creation is allowed. Re-creation is a paraneter that may 15 be activated
for a single RO instance and is applied if and only if the currently
exi sting RO does not have any pointers and if an activation gesture is
made out of the existing RO. Pointers are considered to be points of

Interests Lhadmmays fesrid Qte\ﬂé\}vfsb@ﬁlatf%noé\!}]péﬁtﬁ@?écitwﬁtdn%sﬂﬁéTdéhe or after the
|1 C

activation gesture but the position o is within the RO, 20 1In

addi tion, bhdlelsinct oPuce etemasterwgtivation agetlire Aes BRcYEeteaied: Aay becone the
mast er poi feffis LRatdGuifit SR vis dehe Fog cﬁ%&ét@'(fd?fexérﬁ]ﬁglegg manager

1150. If a subsequent coherent noving extremty enters t , 1t may
becorme anothigter Rentreidk tradlipreguces tie aplivebien gestuECeNPecOES I8 that RO . The

RO nmangge t i of : d i : for each ROL
The POl 2 rrgnya%ge(eg PRLgY e gcs_’géégd%ééi %@‘%@RRB% %g%;é“é'j% e%:gﬁ%m that

bel ongs t odetestor grodises radiistpfRMdstens identiige ashbein®RELInipefofaiggect to ti ne.
It is to be,noted that ' - i LAN 30di nensi ons
of whi ch af'ﬁe’gfr’té‘”d”etsé? m'1 ﬁfgg f%%%%%f%ﬁeng@%?ihgé %é“‘%g?tf% ?éhuﬁttg{r% Ssyst em In
anot her enhediens dast bieotha peistioets|ist ahadizatdragerddres WO

2012/ 093147PCF/ EP2012/ 050115 ,33 dynamn c y, for I if.a PO tries to
nove out of a RO . CP'&"%%&P%O@%F%‘?% @odldg‘fipﬁ%ergi)ﬁgggn siese';hterem' ties with
at | easp twenfdds MOE hhntha BOster! Mstaddatt iignthea iRQItifivdticoh diatheno PO
activated inside it for a predeterm ged dtkre t*&ré D1, .S deaclti vat ed; and

i s then deSPFERPLANING GeNtr8iddmernd CaeedP 08T Rat BFF e HiTREr'ChRledet er ni ned

duration, BBsition of the centroidAB faCdviaadretigRGlonh aneeatnakistisy ROLext remity of
t he RAG and exhi bits coherent nmotion. An activated PO V\‘?l h does not nobve

for a predétBHEPEcBOMRRE Fdpweddn 3 pagiey@f jUpst dyeT#cq APEYGAIP M deact i vat ed

for a furtBglsor if RO re-creation is allowed. Re-creation is a parameter that may
15  be activated for a single ROI instance and is applied if and only if the
currently existing ROl does not have any pointers and if an activation
gesture is made out of the existing ROI. Pointers are considered to be
points of interests that have been identified from an activation gesture or

after the activation gesture but the position of which is within the ROI.

20 n addition, the centroid that has made the activation
gesture may become the master pointer in the created ROI under the
control of the ROl manager 1150. )f a subsequent coherent moving
extremity enters the RO, it may become another POl according to the
number of POIs allowed in that ROl The ROI manager 950 outputs a list
of ROls and a list of POls for each ROL The POls may be flagged as

.
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cach PO that belongs to the corresponding ROI to manage thal RO with
respedct o time.

it is to be noted that the RO is a n-dimensional space, the

30 dimensions of which are predetermined in accordance with the particular

system. In another embodiment, the dimensions can be changed



10predeterm ned duration, D4, it is then destroyed. A PO which
has noved out of the RO is deactivated once it crosses the boundary to the
RO. It is destroyed if it still deactivated for a predeternned duration,
D5. However, the PO can be reactivated if a coherent npving extremty
(centroi d) WARMREBHcK into the RO (through a 15 backBoBFFRETEHY at” a
position close to the one where the p:?'3eV| ous PO left and before the 05
period expires. A backdoor region is a region where a PO re-enters the RO
at a location near to where it left the RO for a predeterm ned duration
controlled by a threshold tinmer. Turning now to gesture controls, it wll

be appreci @gn%jmﬂbglﬂ} f&%)&;\ﬂﬁfl@ iMPHEERRY n@o8 (it 86 a e I%s 6138t r ol si gnal

but only 'circle wave', 'super wave', ~SW pe . tpull', "still"’

“click' anQDS%@Eﬁfﬂldﬁ@ﬂevﬁiﬂiQOf’@é eyleBities eyth %Wﬁb{"ﬂ%g@’%"‘h@w fhe presence of
an extrem £y, of y trﬂaHﬁﬁBn % ROI wHXH gﬁé ﬁJ‘gblcz?dﬁvﬁt‘éH iAsia8 PRy Wi thin the

field of view, IS used as 25an activation gesture, for
exanpl e, t oradettingites dwatlma Diaigi deaogy@sé,nammﬁ thanedesiiaypddtd 1-) E;

aci VLT 1o hains QLEAEGAA! 4 ruRBPGb R0 RfpuBYer, hat an acti vation

gesture may not NECes g&ri'P or activa hé user interface in
accordance with the Amrmtleaitediﬁﬁleatohemhatmmn eriyeroity 9f etRAGiand which PO is
to i nt eract t ace Figure 12 30illustrates trajectory based
‘circle' 8§% "rhgiedjg’l“ﬁ WD 2012/ 093147PCT/ EP2012/ 050115 34

In Figure 12 the tnbajmﬂit;atexd rD! whieh BGEs inst thetre fan sprkdEteominedane to frane

as shown b the C roi d, po ar t y .one e points,

i ncl udi ng ﬁura@ e 5 &fgc M?Cﬁg i T {a fo@g@ﬁq 8fa§ e ghﬂé\% shown, the
trajectoryp ﬁﬁ‘detdmlrmerﬁtrr@m Dst B Rowven dlestrdysioves around the 5'circle’ . As
t he centr0| d noves

circ nges in trajectory
direction with respg\cﬁ t&’hfoh‘eh% aYﬁtha‘?JgEem 'ﬁg‘?%%t"ég% (i)
from poi nt itRrdBed B boihdahRItBe IRDIA IGHdBSEoYeA if Metiddstvaton faf the +Y-axis;

a predetermined duration, D5. However, the POl can be reactivated if a
coherent moving extremity (centroid} enters back into the RO! (through a
15 backdoor region) at a position close to the one where the previous POI
left and before the D5 period expires. A backdoor region is a region
where a POI re-enters the ROl at a location near to where it left the ROI
for a predetermined duration controlled by a threshold timer.
Turning now to gesture controls, it will be appreciated that
20 there may be many gestures used as control signal but only 'circle’,
‘wave’, ‘super wave’, ‘swipe’, ‘push’, ‘pull’, ‘stil’, ‘click’ and ‘pointing’ will
be described.
Having determined the presence of an extremity of a user or
object that can act as a POI within the field of view, the ‘circle’ is used as

25 an activation gesture, for example, to indicate o the imaging system that

4 Wil b vx bt
i % e YOG

& inde
however, that an activation gesture may not necessarily launch or
activate the user interface in accordance with the present invention, but
may only determine which POl is to interact with the interface. Figure 12

30 dlusirates trajeciory based ‘circle’ gesture recognition.



(it) frompoint Ato point B, there is a change in the 10direction of the
+X-axi s; (iii1) frompoint Bto point C, there is a change in
the direction of the -Y-axis; and (1v) from p0| nt C to poi nt

D, there is a change in the direction of the - X axis. e 'circle is
detected byV8PY'#HatTi ve changes of digcrete readings p{)?lr{lflz(gfmatmti? aj ectory
changes in the direction of the +Y-axi's, the +X-axis, the -Y-axis and the
~X-axis of the centroid to determ ne the number of quarter circles
detected. A PO performng at |east four quarter circles is considered to
be performng a circle and the circular 20 coefficient can be determ ned by

using the at |east fiz‘?‘l”gdr@ﬁ@%ﬁ'a;%%@ﬂ/ Pk PORLs WhicehireRamaas of direction
have been detected. The ircle' 1Is detected when at | east four consecutive

quarter ci flemedosiegens @WH hegesirpig nositicas eStaging drarydeint roi d. The
changes inyll p&fli P‘E%'BW‘QWGB GeRt P iﬁh 9\%%@ @%I@&W& @fRtigftagct ed toget her

with the distances ol nts bet ween p0| nts B and D,
DeH, to desbewinbevitrietion of tbesqeﬁLraail iSi shpy\{n, as dcmeverEarapas: thgest i a” (, : 3 ot

2 rde”. sPaiguRl ek (oo Rl s ARk NGlIhe BbickiPbnd iy Successi ve

quarter circles etec n the same |rec Ion ex rrple cl ockw se
or anti -cl ockajestery directiorcvish sispecidb tins Edemé?(mmedu‘@dﬁf@ﬂt@dons acircle

performed over a cerfain d [(Wolaly iLrcle_ havi : rtain circul ar

coefficient as descr(> bedfrg%ogéﬁ E@\%’ Qg@/%Q%fhgc?/%@%Z@O@%MS 35

Figure 13 idlrémtBnhrcﬁtm+Y4a&;sect ory based 'wave gesture recognition. The

bosl t1ons. tere, poifits AOTEROR At BORhHeBRtnr ol PUBErBEE seed poi nts

gex_tre[rt}ti es?giorr:tdﬂng@ngsture Eraj e(r:]t ory in that 5tcase) of thte A th

rajectory o e PO as_ it exe wave' . ng. af, poi n e

CP:O t(rjavel S aé di sta%ﬂb goﬁgpﬂ'ﬂ%% ﬁ{q\g@‘?@'ﬁ : %ﬁr@fﬁiﬂc ®back Lo poi nt
and a ngaeiondfmid ay-adissi@nce to poin shown ere are changes in

di stance travel led by the centroid in respect of the X- @@d Z.-. axes of

Dx, Dy and Dz respeé'ﬁ’? vefipm penE & @ mosE B hibereieAefiandeoinsk¥d points A B,

C and D angirditshaness.foauel | ed provide an indication that a 'wave' gesture

has been made. ) ,
16 The ‘circle’ is detected by alternative changes of discrete

readings point of a frajectory changes in the direction of the +Y-axis, the
+X-axis, the -Y-axis and the -X-axis of the centroid to determine the
number of quarter circles detected. A POl performing at least four
quarter circles is considered to be performing a circle and the circular
20 coefficient can be determined by using the at least four reference seed
points at which changes of direction have been detected. The ‘circle’ is
detected when at least four consecutive quarter circles are detected in a
single trajectory of the centroid. The changes in direction of the centroid
described above are detected together with the distances between points

25 Aand C, DeV, and between poinis B and D, DeH, to determine whether a

v oof oo fetrele’ Prararnetors that
i A LIP30 00 & s i 3 B S RN S i 5 |

define a ‘circle’ include: at least four successive guarter circles defected
within the same direction, for example, clockwise or anti-clockwise; a
circle size of predetermined dimensions; a circle performed over a cerfain
30 duration; and a circle having a certain circular coefficient as desaribed

above.



The 'wave' is detected by opposite changes in direction between two
successi ve reference seed points of the trajectory. The distance D1 between
two consecutive reference seed points corresponds 15 to a half wave.

Several kinds of reference seed points can be determ ned according to the
properties WP 201W8%Hange in direction_ Each gesture mal“BEPZ'XBMr nation
wWth respect to tine of several Kki nds*of reference seed poi nts. For
exanple, a change in the Y-direction can be a reference seed point called
"Kind A" and a change in the X-direction can be a reference 20 seed point
called "Kind B" and so on. Another distance D2 is accunulated as long as it

i ncreases the nunbere‘ﬁand {3 s 't:fa’eltcmr?h%g@cf Jiasta ufé falls within

a predeterm ned rang |ona e notion of The centroid is
Wi thin a premgnigoni nbd tmﬁcbrrywtheaﬁ’i@bis da’wmwm/%omlf@rmtceﬁr@mﬁed to be

detected | fs%ﬂgwrg)gk¥he ol Egﬁl%%@ﬂergko%ﬁs%%s%céﬁd MR8l ongﬁ%ﬁes i's also

greater t han “ah"'o predeter m ned super wa fers fromthe
" wavet hat tdferedcsisaaﬂ:eoimest (daaritee dfvtbe o@mvsamsturg dragautbrpon thal may be

31 5o beb gr Bate e feiekiy shi PORS | At athare Yohebaf e " ™

nunber of poiNsACtHd PO haivbls avBeamce Io gokatBera hbady sidlbr Histaricke ' wave' . WO
2012/ 09314 P&éE%ZO 2/ 0 e, 14 il gst rates a

0115
trajectory®B 'L?irsgn’llaééibséﬂn(i‘*ltBr?o'#Ejre A NGV om [ eft to

right in the @m@ugwaus@tnc@ trav@lldeeby gRSéant@id mhes;bascajoemeoXy of the PO
being determ ned fromfrane to frane a roid positions at

PAT1, PAT23nbATRXePpRTPxahty @J‘qDRIﬁeSpﬁ‘?BV‘i%s%?qt%‘?’l%Bfoqetﬂ "BOCUE each frame is
shown ag PAddd p&iAE2A, @’AQT,?andPﬁEﬁhd RoERcaNGaddned wbagd b iveedtion of the PO at

each frame is shown as V1, V2, V3 and V4 respectively. PAT1 corresponds to
t he poi nt K‘aéf-" wave S?SféE@afhiﬁ keendgaddiown, the di stances with respect to the

X-, Y- and Z-axes, Bpe Davenf BétectdYp O})@Og@g y;hg!ﬁ?yg fir ameetlop frame as the
10PO noves fromthe first position, PAT st p05|t| on, PATS.

The ' swi pebeineedcwscsuasersiva tieferasicacsasyl peintshef el traigeleBds Thepr edet er mi ned
threshol d BR&rch3 biRieR Tk BhibdoffvdotdBRal sddPpifits Qolresgdifisdi St ance
y 't e ltnear trajectory also needs to exceed a
pr edet é6 i feal hafwastoBdveraBrndpuefgelibendd sesdmpinds can & detesinnadased ' push' or
“pull’ ges%(%o?&mg to the properties of the change in direction. Each gesture may
be a combination with respect to time of several kinds of reference seed
points. For example, a change in the Y-direction can be a reference seed
point called “Kind A” and a change in the X-direction can be a reference
20 seed point called “Kind B" and so on. Another distance D2 is
accumulated as long as it increases the number of half waves. |If this
other distance D2 falls within a predetermined range and that optionally
the motion of the centroid is within a predetermined velocity range, the
‘wave' is determined to be detected if and only if the number of
2% consecutive half waves is also greater than an other predetermined
valiber, it ) sl easl o hail waves,
The ‘super wave' differs from the ‘wave' in that the distance
between the two consecutive end points may be greatey than that for the
‘wave’ and that the velocity of the centroid may also be greater than that
30 for the ‘wave' and that, for example, the number of consecutive half-

waves is greater than that for the ‘'wave’.



(bot h bei ng opposed). The PO noves from positions PAT1 to PAT4 in the
"push' gesture and from PAT4 to PAT1 in the '"pull' gesture, the trajectory
of the PO being determned fromfrane to frane as shown by the PO
positions at PAT1l, PAT2, PAT3 and PAT4. The velocity vector 20 of the PO
at each frawe 202 Méwn as V1, V2 and V3 respecti vely. B! ’B’é%’b’l"@“”f-”ATl
corresponds to the point A at To. ’ The 'push' is effectively a
kind of 'swipe' but in the depth or Z-axis, that is, in the direction
towards the camera. In particular, the position of the PO with respect to
the X- and Y-axis does not change substan direction away fromthe canera.

Figure 16 illustrat ?‘GL{)& aj £Gi trlétet%a%egaj}er%gaiﬁf%as@@s%ﬂrl’p% @gﬂ@i tion, the

trajectory of the P ei ng term ne frame to 30 Trame as shown by
t he centr oirgbogodipni dhe PAX nmzrs& froppiedt to PAlT3N trenepgecatian PR SWIAT1 cor r esponds

to th T | EP

2812/ 858?1@%%@%@%%@3 tow]bﬁﬁ]%ag@g?uéls E{g&mgﬁlﬁﬁroﬁ%ﬁg T5 and then
returns toaPARewnOm yhe bentrﬁedi ostigny @t ey T IVPATR, Stolih I?th‘Fia@dre 16 since
o O hel oS, THROE SR e P RBBF FLh RS SARRHIRPAT ARALATE 10 1T ame

for the"P i Ng'~gesture correspon O the'relative
posi tion oPAfI‘GePRG]k@ RATH aTﬂsmeomktcﬂyatecﬂoeattha ﬁ@l ai pedsifrane ©f the RO with

e S8, ) S OSSR BT BBl @ FUPsEauent PO
posi tion dubinhg 41T, fee @sémalep rAadeiopmyiiredstatcest witn reapedctho tine Xhi n t he
cort eSpond.\’r-]%nldS%éxes, Dx, Dy and Dz, may also vary from frame to frame as the
10 POl moves from the first position, PAT1, to the last position, PATS.
The ‘swipe’ Is detected if the velocity of the POl exceeds a
predetermined threshold and that the ceniroid has a linear trajectory.
The distance covered by the PQI in the linear trajectory also needs to
exceed a predetermined threshold.
15 Figure 15 illustrates trajectory based ‘push’ or ‘pull’ gestures
{(both being opposed). The POl moves from positions PAT1 to PAT4 in
the ‘push’ gesture and from PAT4 to PAT1 in the ‘pull’ gesture, the
trajectory of the POl being determined from frame to frame as shown by
the POl positions at PAT1, PAT2, PAT3 and PAT4. The velocity vector
20 of the POI at each frame is shown as V1, V2 and V3 respectively. As
before, PATT corresponds to the point A at Ty.
The ‘push’ is effectively a kind of ‘swipe’ but in the depth or
Z-axis, that is, in the direction towards the camera. In particutay, the
position of the POl with respect to the X- and Y-axis does not change

25 substantially.
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shivedy the same as @ ‘push’ Il i the
direction away from the camera.

Figure 16 illustrates trajectory based ‘click’  gesture

recoghition, the trajectory of the POI being determined from frame to

30 frame as shown by the centroid positions at PATY, PATZ, PAT3, PAT4

and PATS. PAT1 corresponds to the point A at Ty, In this case, the POI



General ly, gestures are detected by conputing basic geonetrical, tenpora
and PO trajectory properties in between successive reference seed points,
each reference seed point being a position at which different kind of
trajectory property has been detected 15 as described above. Cestures are
al so deter ﬂéglﬁ§?ﬂg ref er ence seedzﬁoint ordering anktyEyQI2S0IS

Figure 17 illustrates a flow diagram™700 of a user interface navigation
system The system may operate in two nodes, nanely, a passive contro
node, as indicated by box 1720, and an active control 20 node, and

i ndi cated by box 1760. Input data, box 1710, is used in both the passive

and acti venfQal %@ngqﬂg%a frBfOMAT 1 EM@U%WRPPA@Q%dft%m&Qm%QOi nput for a

motion detection, User 1dentification, User |localisation and PO detection
nodul e 172BATEnd aly des veloeitic verteroV ] is pe@wh It bistraol 6 sHgenaiefildr e control

nodul e 176 Lve rol j 1 AR i SYFELEM may 4
processes FUAl ab BT pt o BRBER cofBifes ol o B e et em i nto
t he acti veP&bany bimenode. A three-di mensi onal scene context anal yser nodul e
1735 may determ ne , S ' 0, ' ; o 30remain in
t he sta%dby node. N\tlneoﬁ'ltﬁ@%rl9%%8Fee%(gr!e\%g]gh‘?sn%u‘ihgg%%ﬁ\tr’%@él@o?n{tthtﬁe nodul e 1725,
the i nput eontwitl réspéatgotatpesstithy dirsemgiorsy ofsthiet 8O mith Wigch it is

2012/ 093147PCT/ EP2012/ 115, 38 sta " . r switch in
activated ?r%?f@"a%eqz—’oiheeE§ﬁﬁ?%Pe eu@ggtggﬁpggfﬁéu%er%%hfanoag al so enter the
field of view of thancadiiiehaiigesimpy igetlnateent iRl tdhatinavin b be identified
in step 1725. The.identified notign effectively requests the navigation
syst em V\hPEeﬁieWé@"'le% oI U el?(“%Toas%efi%tﬁYmWeac Lfrefﬁrb&mﬂode, by way of
a threepdi @RhigitEAabrréBRAGINGIMIEXt anal yser in nodul e 1735, which interacts
wi th a contextual nenu and/or contextua a‘g%li]i cation Lﬁde e 1770 of the
activated node of t RENSANenFeRYPS eREAKLSCGH Y sHTRAINEg P Cact i vat ed

node, the gysheMcaRY tefhShhRYarN ROPCHERBody NBichefRBU i®f batv@iedphi cal
multimedia 10 interface. Mddule 1770, in turn, interacts w th a contextual

user cont r BHCAPBBIUP detETETe ARRILIPRINY RChEETGRE PRFAIPOL MY Bsignal s from
modul e 176g46ifih1e at RRkth ﬁﬁ?’%gpi&ryl@%_?%jéd&y%ééﬂyrﬁé&ﬁ@én gegkigge control

allowed to Interact wt : e contextual nenu and/or contextual
appl i ca®i ons Aeserihed BppRe c Siestlireaivarlyo feterpingd dispigdeiadence saesr f ace f eedback

for a point ordering analysis.

Figure 17 illustrates a flow diagram 1700 of a user interface

navigation system. The system may operate in two modes, namely, a
passive control mode, as indicated by box 1720, and an active control

20  mode, and indicated by box 1760. Input data, box 1710, is used in both
the passive and active control modes as shown, the input data forming an

input for a motion detection, user identification, user localisation and POI
detection module 1725, and a gesture control, speech control and

hardware control module 1765,

N
o

in the passive control mode, the navigalion system may

L T S T o T T T B
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procaesses in step 1725 are triggered as an event that puts the system
ito the active control imode. A three-dimensional scene context analyser
module 1735 may determine whether the system is to be aclivated or to
30 remain in the standby mode. Module 1735 receives input controls from

the module 1725, the input control being typically “stay or switch in



15 user. For exanple, an animated figure may be used to indicate the
gesture that is required to interact wwth the contextual nmenu and/ or
contextual application nodule 1770. Figure 18 illustrates a virtual
keyboard main frame 1800, which can be a contextual application | aunched by
modul e 1770%BRYRUYdt%e 20 17. The maip frame 1800 conpfiYESFRHhPESsel ection
area 1810, a selection area 1820, a sel ection sequence view area 1830, and
a proposition area 1840. The pre-selection area 1810 conprises n sub
pre-selection areas 1812, 1814, ..., 1818 in which are | ocated icons or

el enments in various categories that are to be selected by the user.

25Typi cal | Wraridh 1R 3101 G QRHPRCAGERUTdhBGL OFbhExaAbNY & Of the 1822

1824, , 1828 in Wwhich are | ocat edI a selection of icons or elenents /elating
to a parti ¢§eagniedegsey nMaesegotasdes figd| dojerdoblpetsamaidandi n t he
pre-sel ecti : i Hene L e iss,130wher e t he
sel ecti ons @d@%@a%ﬁﬂ&@?ﬁgwg% g%ﬂayedﬁ é?hgwg‘?%p?sr%??gﬁ“%rdea 1840
conpri ses maiah gifeoiedi wooastarteagadigation 9\, which ¥8wgn spgndby

20121 0914 £ FP2QKH RSIedTIRELE PHORSEH QDT M akfpuer d to the

user for the Tast selected sequence ct'ed sequence view area
1830. An i ophtexrteariaftseom mbdalevi7at uahick eytbeatdwitls asotaxtliahn@ngure 19. In

Figure 19, rii.cul ar,r ange t. .0 i : d 900 i s shown.
The keyboa?ﬁd@gﬁéh%gwg( ?%pé'ggléc%‘ g‘r%réglel 1733 %I#n{h%kl%%bﬁé&gggﬁ $ %ffSth%a haracters are
di spl ayed. sfstedn. gFoupxahplehahaat erighib@lid, adihted ARH6, tHO$B;teh920, 1922 are
i ndi vi dual | sgl ectabl e and t he nunber of %rougs f Fhar@%t grs may vary. On
the left h PHEY of " o 491G NN JERY 1938 Eﬁpﬁr"é‘virﬂ‘é FBIP al | owi ng
nunber $0t oirerfdabes pliaded 17701 Metuee nibteddotsl Qithrecaebackl wer 2paRoll910, and on
the right hand si o] rea 0, an area 1940 for special characters is
provi ded. KOS4le 18%3, Rﬂfgg@ Eﬁl@@ﬁﬁeﬁﬁ%%%@ ?'%”apﬁ. pgbmgl”'{éon areas 1812,
1814, .., 18185 abe dgsikdoRRE RH8Y §/pidalif naefrar giiseetnbbDalivelBio
interact with the GU|. The contextual menu and/or contextual application
module 1770 can take many forms and provides interface feedback for a
15 user. For example, an animated figure may bhe used to indicate the
gesture that is required to interact with the contextual menu andfor
contextual application module 1770.
Figure 18 illustrates a virtual keyboard main frame 1800,
which can be a contextual application launched by module 1770 of Figure
20 17, The main frame 1800 comprises a pre-selection area 1810, a
selection area 1820, a selection sequence view area 1830, and a
proposition area 1840. The pre-selection area 1810 comprises n sub
pre-selection areas 1812, 1814, ..., 1818 in which are located icons or
elements in various categories that are to be selected by the user.
25 Typically, the elements are grouped according to the natire of the

T B ¥ o SO U g e PN
FETOCRIAACL PRJALLS LLAEEER UL i Didls 2

1822, 1824, .. 1828 in which are located a selection of icons or
alements relaling o a panticular category that has teen selected by the
user in the pre-selection area. The selection sequence view area 1830 is

where the selections made by the user are displayed. The proposition

[¢5]
(o]

area 1840 comprises n sub proposition areas 1842, 1844, .., 1848



Area 1950 corresponds to selection area 1820 in Figure 18 15 and is shown
here wth characters K, L, M N, 0 as being options for selection, each
characters K corresponding to one of the sub selection areas 1822, 1824,
1828 (Figure 18). Area 1960 corresponds to the selection se%uence vi ew area
1830 of F| gliP&128318nd ar ea 1970 corresponds to the pr bpBET IR Hr ea 1840
with areas 1972, 1974, 1976, 20 1978,%1980 corresponding to the sub
proposition areas 1842, 1844..... 1848. It will be appreciated that the
nunber of characters may vary in accordance with sone predeterm ned rul es.
In Figure 19, area 1916 has been selected to provide the letters K L, M
N0 in selgetd Qg géﬁ.ané%@ J%M%t{%{tﬂé néér hﬁemes%@%a@ete@nd i's present
in the selection g uence view area 1660

US CPU OllsefaUMp@yédmntfhe shlectedr @ngrtqeomw e&feﬁQ'ﬂ@wV\heﬁﬂanot her letter
is selecte t he selection area 1950
or froma ﬂg sep&gPﬁcﬁg}lﬁjtggl?éybég éggggﬁl?%ﬁbt e{bpre sel ection area 1910
and present in the 30f@wetiPoa partealal%@ng¢Menmf@ml§aﬁls’@yh0@We pr oposal
area 1940 b at [ 0 012/ 050115 40
It will gbevi”%ppﬂS g‘i‘%"tergd T%ﬁa}?e%%ga@e NuAD %%e%g 8%%%?& (évﬁg%em al

charact er gregsld&ithdrscierl aet didplagadbelactograpeot aharahlareadfaéE,s will be

di spl ayed i h e i a 1950..f el ect Al t hough a
keyboar d hagfl%g&)&% ﬁﬁ%r@?%{% r?ﬁ'é%'?"gﬁja@s eéjﬁéab%@&@ﬂ%esﬁs vvn in Figure
1g, it willof Q@u@@gf a}gmatte_cb mb@game()rke)é)learhdmlmjdehﬁ\aem bes, sy nbol sI or
characters ins _of or ition to t al. phanuneric and specia
char act er s g% ??ﬁe'%’é?\f'@%ﬂlﬁ’é@ﬂ%‘?ﬁlﬂad‘iums g’el%ec FB%@F%%\?@ Ceﬂ&@f experi ence
is i Wﬁ@vegr@§elé&%n@§§38% Yar@iﬂﬁﬂhée@ht RariEsipe bf @re;aiemar@n éﬂaeﬂat ural,
intuitive and painl ess. For exanp i f considerin 9é$1 afg | oni ng the

3

gesture coﬂp‘f‘@)lfPreap‘?Fdﬁ'rﬁr@lra%?fﬁdsaprgﬂﬁe‘ﬂ)r degf tPo 1940

aut omat i Cabbbfe%ﬁtféspﬁe%lé/dﬁ%w &bad 92 tben poi mamlsajeautnoem esel ection of
1970 automatical |y updates the view of 1950, and then pointing a sub

sel ecti on @PoDWYN iewnae ICBIHE Ubdat es the sel ection view 15 1960.
Similarly, scrol| i ng\dowassoRiesdiasniseledlion aRsh 8940 Aabns then poi nt i ng

to one of the proposition elenments 1970, using such a virtual keyboard
requi r 88 aasiliriglshoyadiane avith charagtres KoibnM. AY) Ot @ beingepRtionfrdd and only

Eggrl Y up QB AMLEA YN RAGK YR L rath i R He BPYRTEM SeikefidPr med by the
areas 1822, 1824, ..., 1828 (Figure 18). Area 1960 corresponds to the
selection sequence view area 1830 of Figure 18, and area 1970
corresponds to the proposition area 1840 with areas 1972, 1974, 1976,
20 1978, 1980 corresponding to the sub proposition areas 1842, 1844, ..
1848. It will be appreciated that the number of characters may vary in
accordance with some predetermined rules.
In Figure 19, area 1916 has been selected to provide the
letters K, L, M, N, QO in selection area 1950. The letter K has been

25 selected and is present in the selection sequence view area 1960, As the

A iid iR

C various  onhions ,
proposition area 1870, When another letler is selected, either from the
curient characters in the selection area 18560 or from a new sl of
characters selected from the pre-selection area 1810 and present in the

30 selection area 1950, fhe proposals in the proposal area 1870 will be

updated accordingly.



20ln a less efficient enbodi ment, el enment pre-selection or selection or
proposition validation my be performed by pointing at the desired el enent
for for a predeterm ned period of tinme that is nmanaged by a tinmer, or
pointing a desired el ement and perform ng at |east one other natural

gest ure sucMOa§24934¢| i ck' gesture described above. Fi gh?lém?"bml"‘f’ﬁlustrat es a
fl ow di agram 2000 for a RO candi dat e¥ and a list of PO candi dates (t hat
is, clusters that have nmade an activation gesture). The input 2010 is
chocked to determne if there are nultiple regions of interest allowed
(step 2020). If only one RO is 30allowed, then the systemchecks if a RO

al ready exists wt h| N8, Rhoal rgady exists, a
new RO is created s m% aﬁ%@%%?ﬂ%”@%mﬁ%mw 41 2040) based
on at | easspttch@ cfhares:tterR@Eac'leerl fda;eécte@ind%umerﬁ hatperal Reraggisassoci at ed

mster POl s, Sak (SAPR A0S0k TE8ULBYIo 20R0b AER SR ses refined 1ists

of regqi ons 0 and porn otentially at |east a
master PO fl agged. P&ihbugmla|!@beoairdghawsgoa&lphmmwg:t aadespgdi@wed, then the
system chec t he RO candi dates. va i d g i nput

par anmet 2r s Eﬁfg evﬁw'iscslj?ol?’&{ﬁ??gé’éebﬁe‘t ﬁﬂ ee?%@%ﬁm ongﬁ)]%qg yH@er?est al | owabl e
and at |eamaytﬁ@edbﬂhi3nsi/mbslsafr achct&el instehd tdieori inpulditipar fantéeer s 2015 of
nodul e 2025 are sati sfj RO candi dates do not overlap any 10

exi sting oﬁ@?“?rﬁ%"ﬁni Cﬁg]‘zp?@c@ﬁéat ed fromat |least the first RO

candi date. An associlgt g Mesti@NarP@mb&iimbso dslrifet egoR@50)ser I'n
addition, if a single RO is allowd and alread eX|s then a check is

made to def¥PeFieREe ’? rpjeveq 36 (J8e HEceR@nhaesEiesHR bg He‘%‘?{m is active

(step 2835hatubdl, LiR@itBSERA Pohless. notota%txbﬁfblethecﬁmiéérm@g tﬂét RO nay be
destroyed (step 2045) and a new RO is created (ste 0409193%I ative to the

RO candi diestienion thesgasiiye cpaidigdmeitar ontpp sub pre “selecfion o
or 1940 automatically updates the view of 1910, then pointing a sub pre-

selection of 1970 automatically updates the view of 1950, and then
pointing a sub selection of 1950 automatically updates the selection view

15  1960. Similarly, scrolling down using the peinter, and optionally when
pointing to one of the proposition elements 1970, using such a virtual
keyboard requires a single gesture (i.e. the pointing} to be performed,
and only nearly up and down (only backward and forward) movements
performed by the user.

20 in a less efficient embodiment, element pre-selection or
selection or proposition validation may be performed by pointing at the
desired element for for a predetermined period of time that is managed
by a timer, or pointing a desired element and performing at least one
other natural gesture such as a ‘click’ gesture described above.

25 Figure 20 illustrates a flow diagram 2000 for a RO

mansgrmenl An inpud 2000 s provided thal comprises a Het of
candidates and a list of PO! candidates {that is, clusters that have made
an activation gesiure). The input 2010 is checked o determine if there
are multiple regions of interest allowed (siep 2020). If only one ROl is
30 allowed, then the system checks if a RO already exists  within ihe
system (step 2030). I no ROI already exists, a new ROl is created (step



Figure 21 illustrates a flow diagram 2100 for PO managenent. |nput data
2110 and i nput paraneters 2120 are provided to manage nmaster PO (step
2130) and slave PO (step 2140). Typically, 20 but not exclusively a master
PO is the PO that as perfornmed the activation gesturg }aig to which a RO

i s attachedOPN*86i¥ ot her enbodi mentg, master PO and" SI'&V&"HY "3t at us may
be exchanged according to sone predeterm ned rules. For exanple, if the
master PO is lost, a slave PO may take the status of the naster PO . The
outputs 25 fromeach of steps 2130 and 2140 are used to correl ate naster
and slave nrin+o.rf nnr,tt (r-lvan 2160 that conprises a new |ist of

i denti fi ed2psdyrBazedion ANestShe ARORD] RaMdibAE! am:'f for dedttrieli RA) BAGI ons of
interest. The correlation of the naster and sl ave poi nts of interest may

i ncl ude de&®saciaied Mpager MQ &t sehiePRs?0FMat TQ?eO Ho 2PBRgEeact i ve or
useful . VehRPAHORRhAd REtE/ &H2G9bAE B3 0kdRst And points of interest with

potentially at least a master POl flagged.

5 If multiple regions of interest are allowed, then the system
checks if the ROI candidates are valid (step 2025) using input parameters
2015 which comprise the number of regions of interest allowable and at
least the dimensions of each ROl If the input parameters 2015 of
module 2025 are satisfied, and if ROl candidates do not overlap any

10 existing ones, then a new ROl is created from at least the first ROI
candidate. An associated master POl is also set (step 2050}.
In addition, if a single ROI is allowed and already exists,
then a check is made to determine if the siatus of the master POl in that
ROl is active (step 2035). If the master POI is not active, the existing
16 ROl may be destroyed (step 2045) and a new ROl is created (step 2040)
relative to the ROI candidate and its associated master POI
Figure 21 illustrates a flow diagram 2100 for POI
management. Input data 2110 and input parameters 2120 are provided
to manage master POI (step 2130) and slave POI (step 2140). Typically,
20  but not exclusively a master POl is the POl that as performed the
activation gesture and to which a ROl is aftached. In some other
embodiments, master POl and slave POl status may be exchanged
according to some predetermined rules. For example, if the master POI
is lost, a slave POl may take the status of the master POL The outputs

25 from each of steps 2130 and 2140 are used to correlate master and slave

rrransta mf imfarmed fodor DR e sees sl F dhie e
[ R ER 3 R W | R T = SR L e S R S L T o

e oan outpud
2160 that comprises a new list of identified points of interest and & new
list of identified regions of interest. The correlation of the master and
slave points of interest may include deactivating points of interest that are

306 nolonger active or useful,



Figure 22 illustrates a flow diagram 2200 for a PO managenent process.

| nput data 2210, nanely, a PO is applied to a PO status anal ysis process
2220, where the outputs are either PO |ost 2225, PO active 2230 or PO
passi ve 2235. These outputs are applied 5 to a PO properties analysis
process 224M02HFABHEr with input paraneters 2215 i ncl uBfHEPHEZ4BH exanpl e
several tinmer values. The properties Hnal ysi s 2240 eval uates properties,
such as, timer (length of time in current status), position, extremty, and
whether the PO is a master or a slave etc. Fromthe properties analysis
2240, one or nore of the 10 follow ng outputs are provided: update the PO

status 2250; badeO%gd@nﬁﬂemﬂFatgé@’fld’J\Pdd%é aﬁ’pzzﬁgsﬁri an p¢3/0; PO! )
mast er/ sl ave correl ation 2280; and PO bl acklist 2290. A PO blacklist is a

| i st cont aMAgenRel pigents. f invat idetr 821G damaly.od Fltiseestied ka@ are not
useable in ' - i d out of

anot her Rdaﬁ)llg?%%&;'/gE%Q%Sé%%eisgg?gg’x\gﬁeﬁn%%u@e Eé%]"t%%lza ?r@?ﬁ% bl ackl i st.
Such a PO 273§ Rfel antive @230 fortF{el (risatyR|4296. | Theise cubuterate apigsisoci at ed from

(e other L RS ESpd Y S ToREEL A e, B0 1 AE ARt ot ol b

associated wth I'es paraneters associated with
t he curreng2Ra.ind@ding FEisginreex2Bipia serpratdierratdlers. 230@ pfopartR@ and points

of interes n .ese tion,. representation of a
human bei nén%@?%%e\(a{bju%%g%r@g%ﬂ%% %‘"’.ﬁc%&t\}\'ﬁggg?ﬂ E%ﬂ"ﬁ%t @r est 2320 and
2330 are shomentvatdths)n pasiRl, 2840ty Tirel whethesthef POhiser eststearce at ypi cal |y but
not exclusiyely, for a man bei.ng, repre ation of the _ hands. The RO
2340 is shiicadCa E{ﬁ”{'g‘ eb%rfpia‘ﬁ'egh?'?i‘%éﬁ ?‘ggé‘l 8RS © MOL% t°f MEse points of

i ntereso c@b@ﬁ@oamspﬁsomdp@mbéai dpe@atd hthéfF"CO!CQﬁaﬁﬂ; 5@ tﬁd(;!:_k&@oﬂi Mensi ogal
extremty of the regign adjacenc raph, o cqrresponding clustere

i mge of t @nagement %Z%Ot h%‘%d%i%sép?t ﬁgs'ﬂ%fhdé%eggeﬁ%%‘?ﬁsﬁq’@s of the human
body as theyréafod @eabednat PONSIgES ebot hepars. highgisPd a B4 2320, is
chosen as the paster PO and the other WD 2012/093147PCT/EP2012/ 050115 43

PO, PO 288WEINing ipRddentificalionct paids ohindergah hak aleatotissBRiIeHR R, both t he
master PO paARubPRA! a4p epxgﬂng‘e?!b P& URf thak QhoveRNb it HRElesL for exanpl e,
sel ections, validation etc. Activation and control gesture interface
f eedbadR i ayHesde-activated and then be entered on the blackiist. Such a POI
may be moved off the blacklist if it becomes disassociated from the other
ROl after a predetermined duration, and then can potentially be
associated with the current RO if it satisfies parameters associated with
the current RO,
20 In Figure 23, a representation 2300 of a ROl and points of
interest are shown. In the representation 2300, a representation of a
human being user 2310 is provided on which two points of interest 2320
and 2330 are shown within a ROI 2340. The points of interest are
typically but not exclusively, for a human being, representation of the
25  hands, The ROI 2340 is shown as a dotted box in three-dimensional

R ST S TP U S S e SHL R R SR R S0 o onbn e
hon RAAEULD RDRRD Leldiiooy L dniuiy 'S NP0 LSRN Y L N AR S I

aod that anoomy

these points of interest corresponds to a centroid and s located at a
three-dimesnsional extremity of the region adjacency graph of the
corresponding clustered image of the scene - in this case, the hands are

30 exitremifies of the human body as they are localed at the ends of the

arms. One POI, POI 2320, is chosen as the master POI and the other



5 in Figure 24. Figure 24(a) illustrates a user/controller representation
2410 of the user with an oscillating novenent of a hand 2420 illustrating a
Wave' gesture. Simlarly, in Figure 24(b), the user/controller

repr esent at |s shown together with a circular nent of a hand
2430 i1l ust{r@?f’éé A% circle' gesture. The user/control | gETITB:I”Uéﬁ?SgLJént ation
2410 is not limted to that shown in f‘gures 24(a) and (b), but nmay be
represented in any suitable formthat would easily be recognised by a user.
The user/controller representation as shown in Figures 24(a) and (b) can
typically be used as feedback information to indicate to 15a user which

gesture is maqaor gslscaus thePsiadd PON.aln thidBartlslian@nmbbdiment ®o8ciHeon Wi th the
user interfac ance wWith the present invention. Fi gure

25 il lustr 3 r Q r'i‘B g@s“t"’f“fectoq}ecaé‘rr%dﬁ%nﬁorcﬂontfﬂlt gestdes. &enent feedback

2500 foll ow@gp;@h@egé@m%\@iugﬂ‘b%t&h a user (not shown). A default control
el ement representation or icon is shown at 20 2510. During and/or after

user interaction wi FItivaion auhooma geshee infefropalpepack ispihgyed as one of
the fol 5owiNgigife AANGEPE SHAT PUBHLRES, %@,Qwébrﬁ#ou@ﬁ?ébre@en?émge of formas

shown at 2530; a change 1n content as shown at stays the sanme as
shown at 2841 Oéth@n&ﬁg@nth@ngmﬂatmwmamm em aand)a4%&i!lsﬁcﬁzwmgat 2560; or a

conbi nati o 25 hﬁ_ém bRhor s and
cont ent, ag gﬁoﬁ Qt l%E?O. gII—Pca] §S EEG gt F’}'g s tgbf ?gérg&“ﬂg“%?r ed
e: rm35duT5fﬁpf©€fenYailoer24h‘tﬂeiSeSmmnﬁog%b&:rbwdik qocmmésrsmemenh ofi@cor dance with

the preseng, Mw?%?loqmsﬁ?{rfﬁorgse?h&él o) s%?r 0 oleEO ugg{n gajl'érng t he

i nteraction a hand A graphi cal
user i h@ erf@m@&%ﬂs(t@:ﬂl%ﬁoahoblhm%@hﬂrhat srmmvremdﬁgmtesm (Bo2a (b|)1 the formof a

Chr U oL R gl SNy, PRS0 it oy P ot at e
recognised by a user.

The userfcontroller representation as shown in Figures
24(a) and {b) can typically be used as feedback information to indicate to

15 a user which gesture is required at a particular time during his interaction
with the user interface in accordance with the present invention.

Figure 25 illustrates one non-restrictive embodiment of
interface element feedback 2500 following the interaction with a user (not
shown). A default conirol element representation or icon is shown at

20  2510. During andfor after user interaction with the icon 2510, the icon
may be displayed as one of the following: a change of surroundings
shown at 2520; a change of form as shown at 2530; a change in content
as shown at 2540; stays the same as shown at 2550; a change in
position and orientation as shown at 2560; or a combination of changes,

25 such as, change in form, surroundings and content, as shown at 2570,

Floure 28 HHustratee s first preferred embodiment of an
interface element feedback process 2600 in accordance with the present
mvention. A representation 2610 of PO! controlling the interaction with

the system, in the form of a hand, is shown.. A graphical user interface

o

O (G control element representation 2620 in the form of a circular button

with TCON’ on it is also shown. it will be appreciated that 1CON' can be



44 replaced with any other suitable enblem termnology, or colour that

w Il enable a user to understand what is required or with which interaction
the correspondi ng el enent is associated. For exanple, the "I CON nay be
replaced with ' START GAME' . As the button 2620 is selected. its 5_

appear ance Chdnges; ‘tor exanple, the putton becomes fif% P ETES

hi ghl i ghted as shown, as an indication of the status of the interaction

bet ween the user and the button. This is shown progressively at 2630, 2640,
2650, until it reaches a position 2660 which initiates the desired action
and/ or selection. Once the button achieves the correct 10 appearance

i ndi cati ng raglataRivitR AN fothd S URLIEIE Aabid A CtHPRIITTRY of 8bi8@SRaP vilde- sel ect it
as shown at 2670 or di rectlé start interacting wth a new representati on of
0

the user i f@PleatEser thangrIBROA WhaY isretuiras @ovith whichitprctielh fgar ance in
readi ness f@frebfishdRXbleAehi 4aidsOBialdy, ;ﬁ%ﬁéﬁ%ﬁlé’ﬁth@oﬁﬁ)ﬁoﬁmame the user

interface el ements change. 15Figure 2 ustrates another preferred

interface éfRpestt Wﬂfée‘(@ﬂg’&T &Wg'ss A7 dae i vittas c 3 hiifc selfictdd. titse present

i nventi an. ' r I d 0 t | Nyt sane way as
9 a‘kp'BéaﬂaHE& Jr%ggeﬁ. @g‘é&ﬁr{uﬂ&r Qf&‘im%%ﬂ bRl fifed, n a@gv y

the feedback’ process cri \ eference to K gure e. In this
case, as t h@hbahted res2FixovN, sass ehdodieatjon ok thepplatusaoic thecintrgetorbut this 20

time, an anpj j i f a-f i . i ages with
respect to%fa?@éfe%nogg ‘%’ﬁé&ﬁd zy?é glfﬁ%j 3%89 s%@&dra%rfeg%&?ﬁ&'t ?g??on of the
status of 2640, MY, acti bnebetosce potiien 2660 varich irfiatésititcodesirdd | t he desired

action and/qr_selegtio been_initiated. Once the button achieves the
correct apﬁ'g '?‘han%ne&(it"lndgl%&era&ﬂs'ﬁg a@pF%aEhieorPu Nt ﬁgﬁﬁﬁ??f oﬁ,e Re®tser may

25r el edfe appemased edlicating astisdtionrofahe D040 Othesdsas tmaynfedgaaet bng wi t h
another contra, t7Stt irtia re the ' sicrtrrattp. 0 it d the graphical
user inter FESE'S ﬁén %.SE]?WB %ugﬁ}&n%&\'j%‘&vt ﬁ{aﬁt ’t"ger?&?gi Withi&"e¥ppear ance in
readi ness fepresdigativexsf etisenlritetadel THe bottépMayalenaed isnihgafl ace does not
change. 30l nterface user re res$nt ation feedback can alécgebe provided in a

sinilar wafPPFERCR M&adiness folihe ne¥r actvatien dlointsragliod 99est Bl i nterface WO
2012/ 09314%'{ﬁ£8§é}lﬂéﬁ§@één~@ﬁt@r@ﬁ§@l f eedback. Representation of the

user is_shown as changing in accordance with interaction status. This
i nterad®ion status Mg BT divsiRtagaprgtharemieieted ipterfaen elemeients or with

user gest Ufdpat PRJC%SS o080 §X 3EBbrBande GithIAE/ R4 GhvdnBBs ESERL ati on may

change according to its 5 availability, its status (active or inactive),
its | ocati byerfaget Riemeat deadhpskt HPRopettes i sheesamatwatesisghigt ed RO) or

| ts | nter agldiBRos bRickSs BbakBRAGHIN frlichBo % FAIE Heualoden i dhace contr ol
el ement or not). As before, during and/or after user interaction wth an
el enent, t fARseelasnibetbutiop HP0dissptested it appearefice kbargsis| lowti thy: a change of
surr Ou%“ NBve, &n %ﬂ'ﬂ%nofn the form of a ring 2730 is formed in stages with

respect {o time, as shown at 2740, 2750, 2760, as an indication of the

status of the interaction between the user and the button until the desired

action and/or setection has been jnitiated. Once the bution achieves the

correct appearance indicating activation of the button, the user may

25 release or de-select it as shown at 2740 or start interacting with another

brvdbopdoy e F Sl et moos
mtoriace 1 Ihe conirgl ansg

the graphical user interface change. The buttor may return {o its initial
appearance in readiness for the next aclivation if the graphical user
interface does not change.

30 werface user represeniation feedback can also be provided

in a similar way to that described with reference to Figure 25 for interface



10 form a change in content; stays the sane; a change in position and
orientation; or a conbination of changes, such as, change in form
surroundi ngs and content. Additionally, the enbodi ments described with
reference tgQ Fi ures, 26 and 27 may al so be inpl enented f user_interface
representatwgﬁogg back. 15Mor eover, ur sor orlentatloﬁcﬁ§§zéﬂ%

according to novenent direction. For exanple the cursor nmay be represented
by a hand as descri bed above and the hand representation stays open with
respect to time, and only changes to a hand cl osed representati on when an
el ement has been sel ected/validated/ grabbed in the interface. 20 Figure 28

i |l ustrat egidRedttbedtRre (ftreeren&.ﬁfahrcwlthé RE&T BGhoAA 4 SeRyhd M the formof a
fl ow di agram 2800. In the diagram 2800, a first interface status 2810 is

shown t hat 25PdREESs Vah M’ﬁ%’@@“% statgest GRiE nEsagiont St A38d beont rol  pr ocess
2820. Thi s ;BrRGRSEY BéﬁWédj@fﬁh Q‘Herlmefégﬁetn% 8hwath LREr GRBUFOLoRRGL Ur e based

val i dat i on@process 2830 whi ch provi 5as an output a second interface
st atus 2846 0r gxargRip, @cgegt/mlateéfﬁnre:@ﬂntatmrae\tcwgsrmerwg s goal of the

gestures C0r&%i?&blii\’ﬁ'ﬂ's%thg'?ad?ﬁl@%?gﬁach t@s ﬁcgr?évﬁth"i’n Q%rets ARG and

recogni sed gestureé cont ontr ol ter action to
prevent f uRCHecrr MSI@@@?atoi@e@ustegdgel)rc& ItSGHEX&IhQUGBi@nS lﬁmwracbte‘@

control/co e ser Yy Qe jrcle gesture
Wi "1 ook D 5 BElskaR b o IR SresBetta Tl A5 5rBED fufleb o O e
gest ur e beiand/oasateei ateedintayadtiopr st san i aternbet, styetelanmhi chayrddees t he main
menu of th St e screen. , The ter ntroI rocess may mnake
appear a YESPREPT ST PBHIELE ehAnSs AL tesPdMeSria ofa™ee (hat he
vvant S t10 qdrin; tehehanpe & a@deam@m thb esamee; na mauge Tio positiekeangse of the
YES /' NO vallfjat on er contro reg bes an |n ut using

anot her naPlUFdRYEs?y pecgrgﬁllngﬁtpn Oﬁ(oqhagﬁﬁ?rpﬁé‘;h 251 iCgRPIS W 68 Tndi cati ng

'YES' and auh&@indiss el cmﬂerﬁamcmzonh@ thé:uﬁﬂobammﬁedesdmbaawmﬁr enbodi nent,
the control of this Va|ldﬁél on b%g only be actlvated if the PO
executing {9feregseir Bores 8P na d %‘%r%é@@‘eﬁ?eﬁ‘e@ ¥cHt®on for a 10

predet er m preiReMEp@setatibiRedhls val i dation interface may then change its
appearance in accordance with the control bei % activated, for exanple, the

interfa®e may changdMQTRBYRMr €¥SQ gReUAlGHJIBRY HOAPER| BRAATERYI 1ot er f ace may be
ready to bgMeR@nt direction. For example, the cursor may be represented by a

hand as described above and the hand representation stays open with
respect to time, and only changes fo a hand closed representation when
an element has been selected/validated/grabbed in the interface.

20 Figure 28 illustrates an interface after control interaction
process in the form of a flow diagram 2800. In the diagram 2800, a first
interface status 2810 is shown that provides an input to a gesture
recognition based control process 2820. This process provides an input
to an after control gesture based validation process 2830 which provides

25 as an output & second interface stadus 2840,

gesture control validation process. The goal of the gesture control
validation process is to validate a performed and recognised gesture
controt with a simple afier control interaction fo prevent further or
30 erroneous gesture 10 execule an unwished control/conmmand/action.. For

axample, a user may perform a circle gesture while looking a movie, said



Addi tionally, the nethod and system of the present 15invention has the

foll ow ng advant ages: - (i) Scalability to capturing device
input data, that is, conpliant with inmges of any resolution;

(ii) Real-time cross-platformoperation, that is, conpliant Wi t ny

har dwar e artlif 8¥128%ét7at i ng system 200MNo pri or user/obrgyf"?d’é%“?e{‘ron and/ or
I dentification required, 46 (iv) No prior user part/object part

detection and/or identification required, (v) No gesture
classifier required; (vi) Multiple controllers may be
al lowed, that is, multiple (vii) Multiple POs may be

af | ovved Qﬁéie g%stu?efﬁglhglas&?méteb 18d GBS R 1RES stéh\n\ghﬁh Rdkes

(viii) not1on estimation afgorit mreqwred WO
2012/ 09314ﬂmﬁaﬁﬁﬁm2¢§f05@ﬂ$em7appear on screen, The(&aﬂ@r Cpﬁﬁ@idlf@@aaﬁser experience

o i st | BlayPR4Re GBbesi’ h OVES NP ERfFIon 0B abidng il BELAF M RYOU!

organl sation ntuitive an | Cl en erface, that is,
using a femuneaﬁmt &bk \gads wo epitf tbe roovie raoid; aceds the main menu. To

5 make use of the 'YES/'NQ’ validation box, the after control requires an
input using another natural gesture control, for example, a right swipe
indicating 'YES’ and a left swipe indicating ‘NO". Furthermore, in another
embadiment, the controf of this validation box may only be activated if the
POl executing the gesture is maintained at a predetermined location for a

10 predetermined period of time. The validation interface may then change
its appearance in accordance with the control being activated, for
example, the interface may change from red to green once the validation
interface may be ready to be used.

Additionally, the method and system of the present

15  invention has the following advantages:-

) Scalability to capturing device input data, that is,
compliant with images of any resolution;

(i) Real-time cross-platform operation, that is, compliant
with any hardware and/or operating system;

20 (i) No prior user/object detection andfor identification
required;

{iv) No prior user part/object part detection andfor
identification required,
V) No gesture classifier required,

(vi)  Multiple controfiers may be aflowed, that is, mulliple

g
bzt

FRE RATRLEHGE THIRHLERNG UBEIE il

(viiy  Multiple POls may be allowed, that is, several POls
aliowed in each singie ROI;
(viily  No specific tracking/motion estimation  algorithm

30 reguired;



5(xi)Intelligent contextual information feedback fromthe interface.
Al t hough the user interface of the present invention has been descri bed
with respect to particul ar enbodinents, it will be understood that the
present invention can be inplenented using other 10 enbodi nents. 48 --
CLAI M5 1. A WBEHSE*HHr interacting with a user interfacBCEYRRENEFng

gesture recognition, the nethod corrpr175| ng the steps of: a)
formng at |east one nulti-dinmensional representation of a 5scene within a
field of view of at |east one nulti-dinmensional inmaging system b)
perform ng a multi-dinmensional constrained cl usteri ng oper ation on said

mul ti - di mensi onal sentation of
said scene; and 10i gg);l ﬁ@rﬁ\éécpgfstﬁ? Q)gp%\ﬁ% (ger:“s[ can égﬁ}g@om sai d

clustered e#pt mmcaxuhahrsmhtemﬂacewyobborgaaudatﬁwr gest ur e r ecogni tion; and
d)controlling said Px%er | UIF\FEI %rcu?e men teﬁaacct E %n%%m\glél?ew
natural gestures for control; and
5 {xiy Intelligent contexiual information feedback from the
interface.
Although the user interface of the present invention has
been described with respect to particular embodiments, it will be
understood that the present invention can be implemented using other

10  embodiments.



recogni sed gestures; characterised in that step c) conprises
identifying at | east one 15cluster that is connected to only one ot her
cluster and which exhibits coherent notion as a point of interest

candi date. 2. A nethod according to claim11, further conprising using at

| east continuous trajectory analysis including the steps of: 20identifying
trajectory points along a trajectory of a point of interest candi date;
identifying at | east one nulti-dinensional change in trajectory direction
of a point of interest candidate, said at |east one nultidinmensional change
formng a reference seed point having a reference seed identification
order; successof YOHLI MJ using said reference seed points and said
trajectory points to recognise a gestur4 - -49 - 3, A nethod according to
claim2, wherein said trajectory analys'EA .t her conprises the stop of:
determ ning, for each point at |east on Hi st ance, velocity vector or
accel eration veétor i/ rrahat ifonintoagingvivtlus: pedntgerfe systam using

gesture recognition, the method comprising the steps of:
ay forming at least one multi-dimensional representation of a
5 scene within a field of view of at least one multi-dimensional imaging
system;

b) performing a multi-dimensional constrained clustering
operation on said multi-dimensional representation to provide a clustered
representation of said scene,; and

10 c) dentifying point of interest candidates from said clustered
rapreseniation which can be used for gesture recognition; and

d) controlling said user interface system in accordance with
recoghised gestures;

characterised in that step ¢) comprises identifying at least one

15 cluster that is connected to only one other cluster and which exhibits
coherent motion as a point of iMerest candidate.

2, A method according to claim 1, furthey comprising using at least
continuous trajectory analysis including the steps of.
20 identifying trajectory points along a trajectory of a point of interest
candidate;
identifying at least one multi-dimensional change in trajectory
direction of a point of interest candidate, said at least one multi-

dimensional changs forming a reference seed point having a reference

25 seed identifioation ordern
wartifving suceessive chanoes in frajectory dirscion, each of
S30 BUCOBLSIVE CNENYss OITNG SUGKESEVE risrencs aeed Doints,; and

using sald reference seed polids and sald trajectory points o
recognise & gesiure,
a0



A nmethod according to claim3, wherein said trajectory analysis further
conprises the step of using geonetric and statistical conputation for each
point to recogni se the gesture. 105. A nethod according to any one of the
preceding clains, further conprising the step of activating a point of
interest candidate as an activated point of interest if it has first
performed a predeterm ned gesture, said activated point of interest still
havi ng poi nt of interest candidate status. 15 6. A nethod according to claim
5, further conprising the step of determning a region of interest
associated wth said activated point of interest. 207.A nethod according to
claim5 or 6, further conprising activating at |east one further point of
interest candidate as at |east one furtder activated point of interest when
it has perfornmed a predg t RF-1 ) fsher
activated poi ntgof [ nt@rﬁéga rgcp&ﬁ'lngﬁév#{i\rﬁ %b?)i\iﬁ]lr?pu?I ‘”.dﬁ[fai‘f%‘g?eﬁ“ﬁ{i date
status. 25 A metHbY WeROREhIGrieT andf‘WMWHFWi hackr patedoporhie 28 Ocheler est . -
50 - O A net hodyiaaeay djsPiit) Qfe%y RNRcObBbRI B i (?elgtﬂory\ﬁftﬁrp%\rbaﬁacr‘ region
of interest has its position and di mensions set relative to a position of a
poi nt of interedMandi date. 510, A method according to any one of clains 5
to 9, furtheg conprising the step of recogni sing a predeterm ned gesture
per formed by at | eas redet er poi nt of interest candidate within
said at |east che defg‘ép?ﬁgﬂ‘gé‘c?‘é@'ina é’? almp} gytigegin said trajeclory analysis

fuither comprises the step of using geometric and statistical computation

for each point to recognise the gesture.

105 A method according to any one of the precading claims, further
comprising the step of activating a point of interest candidate as an
aclivated point of interest i 1t has fist performed & predstermingd
gesture, said activated point of interest slill having point of interest
candidate status.

15
8. A method according to claim 8, further comprising the step of
determining a region of interest assoclated with said activated point of
interest.

20 7. A method according to claim 5 or 8, further comprising activating
at least one further point of interest candidate as at least one further
activaled point of interest when it has performed a predetermined
gesture, said at least one further activated point of interest still having
point of interest candidate siatus.

25

7 & rhethod acoording to clsim 7 furhey compelsing delsrmaning &

30 one urther region of miercal assn

antivated point of interest,



1011. A net hod according to any one of the preceding clains, wherein said
user interface systemincludes a gesture based virtual keyboard having a
graphi cal user interface, said graphical user interface having a
predet erm ned arrangenent of elenents for selection using only mninma
natural gestures. 15 12. A nethod according to any one of the preceding
clains, further conprising the step of: e)controlling said user interface
systemin accordance with coherent notion of at |east one point of interest
candidate. 20 13. A nethod according to the preceding clainms, wherein step
e) further conprises the step of providing contextual feedback information
in accordance with current status of said user interface system 2514.A
met hod according to any one of the prec&ding clains, wherein step h)

conprises USi PUg nel tgr 1%5%{%%@&:@ REa8y RROGEESintdg 10 %5@&/11@%19%rﬁccor di ng

to any one of the precedlng clainms, wherein each mul ti-di nensi onal
represent ati on COHDI PEBEasl hy deoRfiliaBst AP BOFr &6t Gkdine &t f gwsition

of a point of interest candidate,

5 10 A method according to any one of claims 6 to 9, further
comprising the step of recognising a predetermined gesture performed by
at least one predetermined point of interest candidate within said at least

one determined region of interest,

10 11 A method according to any one of the preceding claims, wherein
said user interface system includes a gesture based virtual keyboard
having a graphical user interface, said graphical user inferface having a
predetermined arrangement of elements for selection using only minimal

natural gesiures.

15
12. A method according to any one of the preceding claims, further
comprising the step of:

e) controlling said user interface system in accordance with

coherent motion of at [east ona point of intsrest candidate.

20
13 A method according 1o the preceding claims, wherein step e)
further comprises the step of providing cortextual feedback information in
accordance with surrent status of said user interface system;

25 14 A method according 1o any one of the preceding claims, wherein
sten b comprises using molbresolution imsg
15 A method according to any one of the preceding olaims, wherain

each muiti-dimensional representation comprises a three-dimensional

20 representation



