WO 2012/ 093147PCT/ EP2012/ 050115 1 NATURAL GESTURE BASED USER | NTERFACE
METHODS AND SYSTEMS Background 5The present invention relates to natural
gest ure bwmeediawsrs7i nterface net hods and systens and i spowme2@ansiicsil arly
concerned with natural gesture recognition based user interfaces for

navi gati on and control for conputerised systens. Conputer vision technol ogy
has evolved to the state where 10 real time accurate three-di nensional
scene neasurenents can be obtained. These scene neasurenents all ow i mage
processi ng systens to conmpute and provi de new ki nds of inputs such as
potenti al | NATRJRAL /GESTURE BASEIMUSER INTERFACEMETHODS AND i nteraction
rel ates to novenents and/ or gestL{{res of the object/user wwthin a field of
view within 15 a viewed scene. SYSTEMS Several kinds of user interface
devi ces and nethods are currently available. Apart frominterfaces devices,
such as, nouse, joystick, conputer keyboard, touch-screen or infrared
renot e c8Backgrowredhnol ogi es, the nbst recent technology is based on

t hr ee- di nensi onal i magi or _.sensi stens that detect and nmake it
poseiBle to modal A8 FEETRTAT BTl R RAICB St e IS AR DaBBRyoBar (5 can b
extract ethib e hdhsddnahatdyafems UndeiamlE paritQI AR E8ncetned Gath typi cal |y be
nonitored with respect to their position over tine. The hands may thus be

used to bRBEak gegiwe urecsgniicohbased tusen Ibéerfanesgfirs edvigatiomear®b i magi ng or
sensi ng t These, gest,ur imto initiate trigger events and/or
provide %éﬁ?(ﬁlﬁ%ﬁgm?)}{ﬁpgﬁﬁy?qngs.a conputer interface that interacts
according to the resgipest VisiownttechiesiBh Mas®Bvolfed fethRr stafe where30A .
gest ure-based navigation systemis described in WO A- 2009/ 042579 that is

used@o E&Rlt HBle @asieHTAiRc Nreerimeasionshssagineh 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 interaction 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 imaging 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 system. These gestures aim to initiate trigger events
and/or provide continuous input data to a computer interface that

interacts according to the received input.

Description of the prior art

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

2009/042579 that is used to control communications sessions with



WO 2012/ 093147PCT/ EP2012/ 050115 2 custom sed icons surroundi ng a
representation of a recognised user. An enhanced interface for voice and

vi deo conwonoaisans i s provided in which a gesture of @cua®roi®ssiesogni sed
froma sequence of canera images. A uger interface is also provided that
includes a control and a 5 representation of the user. The nmethod is
directed to a navigation interface and systemthat uses inmage processing to
performthe gesture recognition to trigger control inputs. For exanple, a

t el econmuni cati on session state can be changed froma standby state to a

call or gestdnfiéat RobY surRUNARROAIrépRRepfatidn FRORGSFRIREJARE UM made by the
10representation of the user. O her gesture-based navigation

syst ens 8pBanfast intedace omerise 2atb Msssy eMNwWnigatmnsoie1 DEYElech Y
VO A 2004000598l i WP £+ 2009, 438I0so4 (RUPA S BhES Pt hod T or

processi ng gest user 1nter ons an interactive display in a

three- 1lmageend agad interfadeoiznalod @oeidddthhbietlidethe cdngpl aydrepr esents the
hand of a user with an icon that can interact with the system

I'n W A- RIFSPQHEBOQ, OlaNehs&hced NENBRNASih iR IPsB dNGEgHes of a user
IS descr | Befacd ahGRyEREN M soifmégiée?éb%%%sihg tE!QfeQ’fcﬁ%Pﬂ’]é @eﬁuﬁee””a' region
nt eracti on enents 2 I

of a control that further 1ncludes sposed
r adi al | yreaognéloat icotrigger tdeatrobmpudd. Fegicamplbea daleanmedunioptidn al so

i ncludes interacting with the control bas on the recqgni sed gestures of
the. user SCSTIGN SGHHEr GA1 eglAaRsp oEhe: SANEK PN AL GGt TR ¢ h t he
control . siHhe b@t%a%té%hiﬁ’ér?n@fnta‘h r@ﬁgabéhﬁrﬁhgeitmén Bhde Egrtrﬁes of icons

whi ch are sel ected using a broad scope of gestures of the 25representation
of tHe umpresentatien ahflieeysejestures fromthe finger to the facial

expression, through,hands bcﬂg& ovenments. Ln WO A-,2004/ 070595, a
devi ce and a net ho@tqe&rg?ﬂ"&%@@%@é‘\ Yq@kﬁﬁpr%ﬁt?rﬂa,ar&pﬁacr&eeéfm es, a nouse
poi nter WOan2008035¢05 2 WORIB0DURIEsg4NhAd f A 2000407 0BgR - 1 BPr esent i ng
apparatus is disclosed. 30 The device conprises a video canera for

gener at i KO=280R103P4PY, iardipleasypivaycat ceavsthed dervinsecsfing processes
I mage dapaspte hHEAUider! iffefactions with an interactive display in a three-

15 dimensional environment are disclosed. The display represents the hand
of a user with an icon that can interact with the system.

In WO-A-2009/108894, an enhanced input using recognised
gestures of a user is described. A representation of the user is displayed
in a central region of a control that further includes interaction elements

20 disposed radially in relation to the central region. The enhanced 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

25 representation of the user, for example, gestures from the finger to the
facial expression, through hands, eye or body movements.

In WO-A-2004/070595, a device and a method for
interactively controlling, using gestures, a mouse pointer in an image of a
graphic user interface of an image-representing apparatus is disclosed.

30 The device comprises a video camera for generating an auxiliary image,

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



WO 2012/ 093147PCT/ EP2012/ 050115 3 inmage, and a mrror unit for mrroring
the auxiliary imge. An analysis unit is also provided for detecting an

obj ect capbuoexhobi7t he vi deo canmera and determ ning a mpoenipasig/opassti on of
the detected object in the auxiliary Bmage. A nouse control mechanismis
connected to the 5 analysis unit and represents and noves the nobuse pointer
within the inmage of the imge-representing apparatus according to the
respective determ ned nonentary position, and a m xi ng and/ or cross-fading
device which is connected to the mrror unit that is configured to

superi npaaggé handrai MmitrdRERIt DA MifBriAg therRMkildvimhbaey ARagfiN ai ned by the
mrror 10unit in a partially transparent manner in the inmage of the inmage-
r epr esentNii¢ds alsparrayiged for detecting an abiest ceptupd dly theoidep og@eranterface i s

ot o o4 LB 2 ST oufb AN " PRI Wit el Tape o

t he noti aoxiligryofimageserA meatdr esntedlemisgbdnisar isobbrmdctéd fohehaiser
interface. However, a user nay be unfamiliar with a systemthat maps his

moti o oRNAKFISHEDI sl RIaseEsand s8OS the pnousepeinter withiref& ut i ng a
parti cul At ) | -Shti upava rform gestures
that ar eﬁg% ?ﬁéﬁ?é“@@? I?Egeégimghgﬁrﬁzga‘?éa%a I cat?@ﬁ%P{rh%\\l/\lfeiﬁ?)ﬁgﬁV/%sual

f eedback d2terminpecesemiéntgni pesitiore tarahalmigiast amdodatasstfadingederdess can t each
the user how to properly sture. The visual feedback may. be provided in
any nunb ISy 'S_sﬁg'?’é%?%d \Xﬁgg‘? mRigror it hat is g %‘I‘reﬁe@dﬁ‘&%‘ 91_?%e provi ded
usi ng ghesd Athih FRAGE arkl MEChiRURBUARNIAY iFEBSORbINEPD PHREAHbLPNS. The
system can al so process pre-recorded or live content for displaying visual
25 f&kdbaok inepr gxsetinliyndransparantt imamaker gies the enthgea.of Tthe inaget f eedback
can portr%ﬁ_ the,[.di ffer ences bet ween the actual position of the user and the
i deal geg pgerﬂ)&q RS Wo- A- 2010/ 103482 a met hod for operating a

conput eri sed syst elfset Sdtidbakk ¥roin \d GéértintdrRideoRr dbscribedq8 AOPRD I n whi ch
30user interface elements are presented on a display screen. A first

gesture AHHY12R744t Hiese, diorphyedirMics jfaesethio aaploss thramotion of aiser is WO
2012/ 093316&135:[(4 EReed %5;9%3"%6:6! to display a model that maps to the motion

15 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
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 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 visual

25 feedback representing instructional gesture data. The visual feedback
can portray the differences between the actual position of the user and
the ideal gesture position.

In WO-A-2010/103482 a method for operating a
computerised system, typically a virtual 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



detected, and in response to the first gesture, an area of the display
screen pre-selected by the user, by pointing, is identified. A

magni f i cayoemdwyal of one or nore of the user el enentspappPasizogiin the
sel ected area on the display screen ig then increased. After increasing 5
the magnification level, a second gesture made by the part of the body of
the user is detected so as to select the pre-selected el enent from anong
t hose appearing on the user interface. A third gesture decreases the
magni fication | evel of the user interface elenents. WO A-2003/071410

descri begegcaaledid i9eespore %Qﬂéiffrélopeéi@ré,ﬁﬁ edfe@nsk trR! ARrghlayhi ch is
related to body gestures, and especially related to the hand gestures, and

t hat use8CI€ept irpsetagied voYsdhe ouser, A yhrraniingrens| sleatifieénsoA provi des

of body PO fon Tl or el ot FoRELY B Lk GeloliFabhiaflo § BELS' ' The "
body par seletiedeareiahen hiaadigplandcidesi is thenpinsicaed. anieroihcassiig on over an

interval. The gesture is classified for determ ning an input into a rel ated
el ect? onthe Magntisation leyeh s peernkagritm madebnbwurat githe ff i nf or mati on

to separ fﬂeeu%s% d@f’é&t%d b 5B dkEL tﬁé%%.%g%&é&bgmwﬁ iaﬁgd%gr oups _that

interact wt e systemare sup‘%ose e a portion of t nd that are
i dent i f i Hebskaspedring dheth20usdroiméstfaceh] dcthifd gestune daneasss tre t hey are

identified has hel ﬁ)n@ing to the user a the‘); are denonstrating same |ight
reflect aﬁt?é’”%l‘;@ﬁ%? V& oh the sR{neage &EPUSe recognition is deternined
from the pose and {5 ARG 30% 1840 WBSciesSh gBHAHE gBBILES résogtiRRPsed to

1
represent the hand, the pose being related™ o thé position and orientation
of tHe hayslewhapé msthagbwhith foselatasl beibogyrgdsiuess, tamd bepedaty nati on of

he sh . ' i tion. b f d
hutomar | EIAR) BBeHRR ormillRl and Hhatled e bR S B0 e, o
def i ni ti gesidifiehsiBhhkserisen prowass titebldigigasioRaDposition ifbrmeagbrof dynami c

gestures_such as a specific hand gesture, a specific notion, a specific
sound, ofora phyalitymitdisgetearegians ofdodyrarisnet aoisers Gesfurasedd n which t he

user hasd B KRR Hacon MR 8L0R3AS PRETIFE2RAL OB Gugapture Tor

verificali is1s done he “use o er gesture, a sound, or a
t ext15 nppisition arabdeatatiok eevadid .intbbra. sPeeidasturgeist classifie¢dgni tion is
described in WO-A- 2Q10/011923 and WO A-2010/011929. In these docunents,
t echni queSEEMIRG B dPRYHINEP r @ UPHieH RBGHYUC €RYefi t ABnUBAGMIR cr i bed

Wi thi 0 asbanbhesbAmsldRalsdy BESRS IHidmesRac! e body parts of | N
WO A- 2018%%9%‘, anr? en%aLrllSéed %gt ectclgron 0 %?’?%ﬁl%r 0exgpaagesrrgnt gesture is
descri bethe usenfrimlihe bslchgrmuins. deikehgrbupis tthanintesactowithidhe systed t he noti on
data is sanpl ed at ints that e aligned 10.wt. he defi ned shape. Here,
the det e RutHosR B e PRERTob b TP BrLare idyhed BRsitrd Mot ur o
corrgj at blageét%tg@@t festh itRe dasiead CoMAsf ére Richtifad hekbesitiRg tethdy the
sanpl ed notion data. An application is controlled if it iS determ ned that
t he novi HeeloBpetreyi 8repalehwenatiadingheameq lighte seflpetanaee 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.

Dynamic gesture recognition can be performed automatically based on

undefined classification based algorithms, on definition of delimiter

functions to frigger beginning or end of dynamic gestures such as a

specific hand gesture, a specific motion, a specific sound, or a key input.

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



15W0 A- 2010/ 011929 di scl oses an enhanced detection of a wavi ng engagenent
gesture in which a shape is defined within notion data, the notion data

bei ng sangbedizalzoi nts that are aligned with the defi nedrarapensansli, based
on the sanpl ed notion data, positionssof a noving object along the defined
shape are determ ned over time. 20 Determ nation of whether the noving
object is perform ng 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, many of the systens described

above reguitife fheveTicaisR’ TRis8 dridby dfbagseds angtHe Gk Rf 0 the scene,
require at |east the hand body part to be | ocated into the scene, and/or

requi re stnchodel ﬂekh@Pdfoaarlwdé@émkaYbQﬁfdof a user fromwhich it is easier

e mai - body. par t 400k apePiR” ke ERE erod i oL 0DEE "Sort <°

t her ef or 20 aoy0a 2% tanal WIChA-RO B3O M 9201V e thede tj@cmﬁ@msd@e@mqws interface
that can easily be integrated with a three-di nensi onal

2012/9937pevEERPJ1 ZiroBlel 1geBuasadraediutien eﬁﬁescsiq':‘oﬁabe@emtnme§ made by a
user OrV\F?”%B"ﬁ% n%gg c%k%sgﬁ‘@d?rﬁf?o&f’rfgﬁtm t he operation of the imaging

system hou a representation of the user or of the

obj ect. In additi om Whe-2016/0n00280at eehented detqationrofdetiecuiaon or
tracking of the position of the user or 50b35§gﬁpe It hin the s egne. Sunmmary

of the |RUGAESMBANt PRSWER Jf cHARCELGAL IN MHHCH AVEFNSsh WitHere is
prov! dedyfyigh O@Q,a%ﬂg th8!RbAGH s 1 EnRIPAE o€ ThACESUAGRI COMPIT S1Ng

the step orm ng at |east on ti-dinmensional Tepresentation
of alGcewdhwihehdefired skhpe.of Hetegthef detairdinatioh dasvhether muindvingi nensi onal
i maging s

91 19 kPl p o S b o oo A 2Rk SRR B ot oL
represenhaba@érn%xﬁ@itédssmﬁe 3ashpfad irfleRdr fodtalg AR Bbpftationt & est
15candi dates from said clustered re resentation.

controlled if it is determined that the moving object is performing the

required gesture.

15 WO-A-2010/011929 discloses an enhanced detection of a
waving engagement gesture 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 to be prior detected and located into the scene, require at least the
hand body part to be located into the scene, and/or require the modelling
of a representation of a user from which it is easier to extract a position of
a body part, for example a hand, since hands are the main body parts
used for interaction with system interfaces.

30 It is therefore an object of the present invention to provide a

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



Step ¢c) may conprise identifying at |east one cluster that exhibits
coherent notion. Additionally, step c) may conprise identifying at | east
one cl ustwo 201val93i4s connected to only one ot her cl usterpcirmpbe@nabliys step
C) conprises gesture recognition. 20Gesture recognition May be determ ned
using at |east continuous trajectory analysis including the steps of:
identifying trajectory points along a trajectory of a point of interest
candi date; identifying at |east one nulti-dinmensional change in trajectory
direction of a point of interest candidate, said at |east one

mul ti - di FRAS hgr@st&ﬁaﬂg%ét%é@m&sarr%%erw & A8&CoP eRdomaENEala Ng @
reference seed identification order; identifying successive changes in

traj ect oﬂ?edjltOeantr@h the aapierafiors of dhe linaging sestenmmitbout dilﬁmnggfosuccesm ve
reference 0| nt and ng.sai d f eren e nd said

traj ect ompd%gian r?%?ﬁ%tbodbﬂfﬁﬁ gs%{e%r ‘a“r@‘ %‘3@ %r%g%ﬁ 2@%&?&3 recognition,
sai d ref abepgEir&aedt fof @bt Heté@hbﬁra;r@;ra@ﬁ“rngraﬂth@@oumd of tN@user or

2012/ 093147PCT/ EP2012/ 050115 7 Advant ageously, said trajectory

anal y&i sobigct whindtbaceses the step of : deternining, for each point, at
| east one of distance, velocity vector or acceleration vector in reI ation
to previous points. A further step of using geonetric and statisti cal

conput at Sumnary efitie puientiarw recogni se 5 the gesture nay be inpl enent ed.
In accordance with one e |nt rest candi aate may be

activated as an act q"?‘/cactoégg'b?ﬁ ﬂﬁhﬁﬁ’e pﬁeﬁjsglnag}vep pogit ﬁﬁ%'sfﬁr%'fje éformed a

predet er MdIRel BRSHIEr8ctirkpvithar Us¥ainksHR st d;csmsfﬁﬁ? théistépdravi ng poi nt
of interest candidate status. In this case, a region of interest 10 may be

assot® at el &) fanming at é@ﬂatmeemtw@dﬁnelaﬁlonah@p@entmrt REe PeRNR of interest

candi dat 1 A ted point of
i nt erest &@ﬂgﬁ%eﬁ%@oﬁ’ %ﬁo+fvg% ?gﬁ?g%ahﬁgiwe"(ﬁg{se%pe&%or'ﬁnﬁag]' aqa
predet er gystech; gest Wesforsiigl at rhelisdimensional t bensteaihed atckeétgmgt  of
interest still having point of interest candi date status. 15Moreover, at

| east on@P‘PW*PHé?” Py |%H't‘di'm%@‘@éfe%$ﬂét'6%ﬁ%Pﬁ%%atCH‘é% eth be
associ at r?tﬁh? n 2 | ﬁat sB?ﬁe“HrH‘erf %&é Jrf,alhgreﬁsmtmof ntér'étsfre.St Each

region o eres ve Ifs positi sl ons set ative to a
posi t% oncarﬁdﬂatssnfrﬂmcsb;d olustezad rmdenﬁatlen Addi tionally, the nethod
comprises the st EpSPf reco mcg}nrr])glse identifying at least one cluster that
exhibits coherent motion. Additionally, step ¢) may comprise identifying
at least one cluster that is connected to only one other cluster.
Preferably, step ¢) comprises gesture recognition.

20 Gesture recognition may be determined using at least
continuous trajectory anaiysis including the steps of: 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 change forming a

25 reference seed point having a reference seed identification order;
identifying successive changes in trajectory direction, each of said
successive changes forming successive reference seed points; and using
said reference seed points and said trajectory points to recognise a
gesture.

30 As part of gesture recognition, said reference seed

identification order may be used.



20 predeterm ned gesture perforned by at |east one predeterm ned point of

I nterest candidate within said at | east one determ ned region of interest.
Advant agewpbioosard user interface systemincludes a gestrupeoihasads vi rt ual
keyboard having a graphical user interface, said graphical user interface
having a predeterm ned arrangenent of elenments 25for selection using only
m ni mal natural gestures. I n one enbodi nent, the nethod
further conprises the step of controlling said user interface systemin
accordance with coherent notion of at |east one point of interest

candi date. In anot Agjaiagsoilif, SHHOMERIy dnalsIPHiIRtbrEBmptedIer Compri se

the step of controlling sal d user ‘interface systemin accordance with
r ecogni st stestaft dstermindn@,0fo? /c@sh pPOMHCEL [ERB0 DPLOFlistange, velocity
Cont ext ual .feedba c

d t f id
User 1 nt EPYREET Socetatng etern ot uB O araHSHs ol cabies St ng © °°
nul ti - r egphisihl YrohfBrEE aBtAt8EticADeorppOtalioRfef B5EIEBoRITRE dbdBRjMise each
mul ti-di mensional representation may conprise a three-di nmensional

r epr €5 enthit gesiureBmaybeDeydempntash of the Drawi ngs For a
better understandllrp]g ﬁéo@%ﬁc@r\?ﬁﬁn% 'E\fﬁi%dl%ntlg éSffn‘?roefnﬁﬁ‘:t‘er\Qﬂs{ now be

made, by way of exarrp acconpanyi’ng drawi ngs in

Figure lcahdidster mb@ﬂae’alaéﬂlm@laégirﬁﬂbmfatédil@diﬁitjdfrlnt@reﬁaﬁtﬁhasfflrshe pr esent
i nvention; gure 2 jllustrates a f] ow di agram of the

oper at i oHeEfP"néeQ'J%Pr%’tﬁf@f‘ﬁ%é@sﬁweaéé‘& askivadedinaintt ‘Pife'”Ef?rS%gF i nventi on;
having point of interest candidate status. In this case, a region of interest

10 may be associated with said activated point of interest. Further point of
interest candidates may also be activated as at least one further activated
point of interest when each point of interest candidate has performed a
predetermined gesture, said at least one further activated point of interest
still having point of interest candidate status.

15 Moreover, at least one further region of interest may be
determined that can be associated to said at least one further activated
point of interest. Each region of interest may have its position and
dimensions set relative to a position of a point of interest candidate.

Additionally, the method comprises the step of recognising a

20 predetermined gesture performed by at least one predetermined point of
interest candidate within said at least one determined region of interest.

Advantageously, said user interface system includes a
gesture based virtual keyboard having a graphical user interface, said
graphical user interface having a predetermined arrangement of elements

25  for selection using only minimal natural gestures.

In one embodiment, the method further comprises the step
of controlling said user interface system in accordance with coherent
maotion of at least one point of interest candidate. In another possible
embodiment, the method may further comprise the step of controlling

30 said user interface system in accordance with recognised gestures.



Figure 3 illustrates a flow di agram of the operation of point of interest

(PO1) localisation and identification; Figure 4 illustrates a flow di agram
of a nul twenesmlogiszon process; 20Figure 5 illustrates tlpermphéns@sol ution
process of Figure 4 in nore detail; 8 Figure 6 illustrates a flow
di agram of the use of a |low resolution depth map created by the

mul ti-resolution process of Figures 4 and 5; 25Figure 7 illustrates the use
of a constrained K neans | eader-follower algorithmto determne a |link
graph for centroids and extremties; Figure 8 illustrates a
refinery process fanfé’%&u&rfé@@bé’ci@in‘f’&hﬁtaoh@ﬁrﬁdcbkdéﬁdeo\ﬂltﬁ Qudreht xel ;

30Figure 9 illustrates the operation of the refinery process in nore

detai | ; siatu0oligaidasesrrgTacPepsiemopay s Pordgdre 10 illustrates the effect
of the refinery pragess,of Figure 8:; re 11. |IIustrates a
Flow di agram of {nEiebbr e, BOTBUE ofsie PuMHRArD kg
processing.
5 In a preferred embodiment, each multi-dimensional

representation may comprise a three-dimensional representation.

Brief Description of the Drawings

For a better understanding of the present invention,

10 reference will 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 (POI} localisation and identification;

Figure 4 illustrates a flow diagram of a multi-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;

25 Figure 7 illustrates the use of a constrained K means
leader-follower algorithm to determine a link graph for centroids and
extremities;

Figure 8 illustrates a refinery process for assigning a cluster
identification to a pixel;

30 Figure 9 illustrates the operation of the refinery process in

more detalil;



S5Figure 12 illustrates trajectory based 'circle' gesture recognition;

Figure 13 illustrates trajectory based 'wave' gesture recognition; Figure
14 il ustwetep/dosaect ory based 'swi pe' gesture 10r ecogrctriepnorzies@us e 15
illustrates trajectory based push'/'pall' gesture recognition; Figure 16

Il lustrates trajectory based 'click' gesture recognition; 15Figure 17
illustrates a fl ow diagram of a user interface navigation system Figure 18
illustrates a virtual keyboard main frame; Figure 19 illustrates a
preferred enbodi nent of a virtual keyboard; 20Figure 20 illustrates a flow

di agram for regi onfFRfurd MfEhiRstratdOthe NEHRRY UTERE: refinery process of
Figure 8;
Figure 11 illustrates a flow diagram of the use of the output
of the refinery process;
5 Figure 12 illustrates trajectory bhased ‘circle’ gesture
recognition;
Figure 13 illustrates trajectory based ‘wave' gesiure
recognition;,
Figure 14 illustrates trajectory based ‘swipe’ gesture
10  recognition;
Figure 15 illustrates trajectory based ‘push’/pull’ gesture
recognition;
Figure 16 illustrates trajectory based ‘click’ gesture
recognition;,
15 Figure 17 lllustrates 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
(ROI) management;
Figure 21 illustrates a flow diagram for POl management;
Figure 22 illustrates a flow diagram for the operation of a
POl manager,;
25 Figure 23 illustrates a representation of a ROl and POl in a
scene with a human being as the interaction controller;
Figure 24 illustrates activation and control gesture feedback
graphical interface to teach the user the gesture he/she is expected to
perform;

30 Figure 25 illustrates a feedback interface element;



Figure 21 illustrates a flow diagramfor PO nmanagenent; Figure 22
Illustrates a flow diagramfor the operation of a PO nanager; 25Fi gure 23
i1l ustratwe aiyepraesentation of a RO and PO in a scenecwmeprbo@okiiimn bei ng
as the interaction controller; 10 Figure 24 illustrates activation
and control gesture feedback graphical interface to teach the user the
gesture he/she is expected to perform 30Figure 25 illustrates a feedback
interface el enent; WD 2012/093147PCT/ EP2012/050115 10 Fi gure
26 illustrates a first preferred enbodi nent of a feedback interface

el ement; FiguFé 026 €ijliddtratbb UT fidk efreferp&f OabBAREItr 8l £nDodi ment  of
a feedback interface elenent; and 5Figure 28 illustrates a fl ow di agram of
an af t er fessihacklinterfaee giament, process. Brief Description of the Invention

The present invention discl nat ur al [ . control
navi gati on system g%&'r?tzfél@gﬁ%‘e%t 805%8590@’?%’%‘? eﬁ%'%&”i%ﬁt%xt ual
control Sf@uba@{amﬁt@}fgu@lejém@gf kage el enents, as vveI | as providing contextual
user feedbacks. Innovative inmage processing techniques are used to process

outpus from a thrEiguse i sllestEates nadilavy ¢agiase. ofagn affet wmeoba i s

I denti fi L. e-di nensi onal scene, the 15 PO interacting wthin
at Ieastﬁg%%%génﬁrﬁé%gm so that real tinme natural gesture recognition
anal ysis can be performed on each identified PO using an innovative and
efficient. trajectory and/or notion analysis. Qutput data of gesture
recogni t PORaHRENI SIS Ehe BB ed as a continuous pointing si gnal and
for.triggering evehs wkBhiid/BRiSH Yisbsd O RBuFARIBLEr $&iBed | on and
activation of elements wthin the system The systemutilises a natural
gest 0 e dontrein nasigationt eyftaoe arlthtitsi |aissoaiptddarmethiods thatuptawds natural and

ain-less controls. )
P contexEua? controls and contextual interface elements, as well as

-
8>

providing contextual user feedbacks. Innovative image processing
techniques are used to process outputs from a three-dimensional imaging
device. At least one POl is identified in the three-dimensional scene, the
15 POl interacting within at least one delimited ROI 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 controls.
More precisely, the present invention provides a novel and
efficient method and system that make it possible o extract, from a
25 semantic-less multi-dimensional point cloud or from pixels of a captured
depth map image or series of captured depth map images, some data
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 allows the user to control and deliver information fo the interface;
30 and the second one being the contextual data cutput by the machine or

system and a related application. In accordance with the present



More precisely, the present invention provides a novel and efficient nethod
and systemthat nake it possible to extract, froma 25 semantic-I|ess

mul ti - di ngowb14poi Nt cl oud or from pi xel s of a capt ured/spepbsiap | nage
or series of captured depth map i mages, sone data defining the interaction
bet ween 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 allows the user
to control and deliver information to the interface; 30 and the second one
bei ng the contextual data output by the nmachine or systemand a rel ated

appl i cat irientibn, BeCosatdnrefabtdystdin iftleaes feedMack/information to the
2012/ 093147PCT/ EP2012/ 050115 11 invention, the user interface system

i ncl udes Usekdioaddgth efofeniwersats afhdaigs erEvenomaset prasiselihelt takeP set s of
dat E denti f t
ata. kv Wé€%l% ﬁbﬁ%&%odt&@éﬁtﬁy%‘t%"dﬁ%@ %@fﬁe{%ﬂpotfs Bd e%B[' entify a

| east on to an O I nteract

with thetsysi em‘djmtcIthatelmssedSItmtiats‘racte.\mth the system/mbachihbRisepre, the
met hog and éstem of the present invention nmay al so define a contextual
i nt er? acHm @3 $&m which, in conbination with natural gesture controls,

requires the user FRiboiR@Ct iid) AelfR% Ak Ubldaif 230 L1 hedept wey vhi lst

provi di ng feedback information 10 relating t e expected gestures and
t hose peirfventred. malyl aido tdedineb ev e&ootettecalmirdetfhes ceystémaiwttish,ofn real -ti ne

Cross- platf [ m proces atibiljt Mor e precisel t he present

vent | oROBERAtRESVE Ralitabarairs conbeanitips bR USE S JeBEAM a; | east
cont ext ugl mbeesasks arfboeﬁrcmrﬁ vléig%nmst BP&flélﬁ?efe%HBHBIﬂﬁﬁorrﬁﬁﬁor?xafm' e, on a
di spl ay screen. The feedback e extended to any other device able to

provi@e é@igtmah@&er @xmcéadsgeghaes arlelehh@setneasformnedho@il ahthesgbown make use of
th di t at PO
t hi 22- d: gg% ﬁaﬁ t?@egceonr%t%?rﬁ%d%{ g?\g]etirﬁ ﬁ;g(?ﬁ §%§I8H%%r%%ssé$%asyst em al so

i ncl udescampaabmfyoedded real -time natural gesture recognition analysis
systemthat is performed on the detected PO, and nore precisely onto the
di screte readings HPremeesiselyafhecpwsgnt myeption duewdes griavigakielt ural gesture

recognt ! hainddAndsh Sien Shalbresdit o 188l gl idtlnhlks | dhekAeT 1 nterface.

Thi s disclosure al 0 user int aces
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 POI in a three-dimensional scene.

In addition, the navigation method and system also includes an

20 embedded real-time natural gesture recognition analysis system that is

performed on the detected POl and more precisely onto the discrete

readings of their frajectory. Output data from the natural gesture
recognition analysis system is used as a coniroller for the user interface.

This disclosure also relates to user interfaces and

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

particular, based on three-dimensional image processing, that includes

PO! 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 generates clusters

30 demonstrating spatio-temporal coherency over time. The user interface

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



25 contactl ess renote control systens based on nulti-dinmensional, and in
particul ar, based on three-di nensional inage processing, that includes PO
det ect i onwendin@surral gesture recognition. In this respecteprhéeopresent
invention utilises an i mged scene that can be segnented in an intelligent
way using a clustering algorithmthat generates clusters 30 denonstrating
spati o-tenporal coherency over tine. The user interface of the present
invention may use, as an input, depth naps representing a WO

2012/ 093147PCT/ EP2012/ 050115 12 t hree-di nensi onal scene where each pixel in

the scengrBasiimendiBfal s6as Q\VH@éeéacﬁfﬁPW(%l lin 3Be &cEnBoRAsxDaIR) yknown as the
depth value. Qutputs fromthe user erface include both continuous and

spor adi ccw@maieﬁraﬁlu&%iﬂ aﬁy Yesceordinale; knower asCoe edenthl valver interface 5

ek s B8, LS6E e, e S P BRRE S, RO L 561

a mx of effer@aprodueed! Bpdgsstlindd ores gsgnentahteRtuahl @r iMmémacdl usters may
be produced and destroyed at | east in accordance with the | eader-foll ower

10 seynefresbasks maj’oﬂﬁﬁlbm%@@ some predefined parameters. One such

paranmeter may be tl(h% {ggg?ynta‘gga% IthhBI %&lus ;cﬂ}g}ﬁge@g ?gdbﬂtd” esent in

each cluster. Alterna maXi mum ra nmay be used as

a par anmetiesters nmﬂ*ddnlﬂe()@patm dothetrhirfts esirigotypicadle armyixbef irheass ed to each
cluster an clfjlsters froma Erewo s frame and used as seeds f 15t he
current F‘F‘ er-follower segmentaljgn;algQyinmsn: GWsIeSh ANAHEF AHRAYC a user

Wi thin tBRgSCRREG08S tdhe 1ebdieth Ofcdiidrie CliHAT 3h8 BXFeiolibwr par ti cul ar

behavi our that ca i st1ngui she rom nol se or unintentional novenents
in the ssegmeatadionhalgefithme ard @me:lpned@‘rrtect pabsenetmmt i Onedsach bei ng a PO
candi date 20 that needﬂqto he anal | east ,a first,cluster has

per f or meBAENGET MAY: PO e BURITIEN Ny ercqfl?é’fei$ ﬂ?ﬁiyner? PRGPIESEEY as a PO .

Scene ang &k cfidfter hm’ceh%m@tye%t ﬁr@lxwumeﬁaawlof thed cRiGtert Mal sair rounds the
| ocation of that PO . Using the above, the present invention provides a

robust 28segha@se¥ mar@nleelﬁer mmtlmm@n @@ﬁtlh@atwdeomgmﬁ diocetrt rol for a
t | f
e’ sconf? SBTRUE Lok BRL RobP PR DETE roRln i BB K B P o L

eachl umee(tun'@nmmrﬁ@r med over tine; (ii) scene calibration as a
t hr ee- di nensi onal canera used wth the i magl ng system provides reliable
30measur enents i n & additiam) ipterdignal mevermeps ok A usariwithin 8699 at i on of t he

user or QbkQRL difdct '3f hATBRG ATtERCHTIE! Nith ZohaRRVdIDstRRAd - thgfpor al

can be distinguished from noise or unintentional movements in the scene

and therefore allows clusters to be identified as being a POl 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 POIl. 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 efficient method that can be used to provide control for a user

interface. ldeally, there is no need for (i) background removal from the

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 system provides reliable

30 measurements in a reliable coordinate system; (iii) identification of the

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



WO 2012/ 093147PCT/ EP2012/ 050115 13 coherency properties and al so bei ng at

| east an extremty in a preferred enbodi nent, the PO exhibiting coherent
novenent wo 2aix/@yan nore preferred enbodi ment; (iv) i dewtirfare@biosnn1of the
hands or any other parts of |inbs of 8 human being user as the coherent
nmoving PO will be the 5 one that supports the control; and (v) a notion
estimation or a tracking algorithmas the tenporal coherency of the
obtained PO is significant and reliable enough. Additionally, the nethod
of the present invention allows control to be provided using other parts of
the usermﬁ&énw%&eﬁneé badf 886, e?rg; b dipRfsearinBPireatgieftgled i n the
hands. Contr ol so be provid by objects that” are able to performthe
speci fi cem@dmemts tlﬁ@l%@b@xﬁtﬁ)ltﬂ@)ecehﬁmeﬁomemGEanD@E@mlrﬂ@lieon of the

SpeC|f|cE odi, nent f i r A on wll be
descri befl" t"F\d F&@%Oedé‘ﬂo“e{‘éh@ara? Qﬁogrﬂ;%ﬁ?mdg (gls%% r}?‘ e&# Srence to
certain gf pnbeast abhbniaimebemgamsr% e esierbhimhicathd P60 beTtie dr awi ngs
described are only schematic and are non-limting. In the draw ngs, the

si ze f eo@dhalf supRots B’\@eﬁ@@r%ﬁ'”ﬁéVbﬁa@@BP'&t%”ﬁ'@nn@’tadFaéf\M‘Qon scal e for
illustra unRpo e

i npl erren%fg;éﬁgﬁhg e‘a% E@e?eerﬁ orall rﬁogfezrae Yo o ﬁfeggéggn@% tgrzljl(sjgdsgﬁ@t%éﬁﬂ] such as a
home " doamd irsliabt@Bhtodh.er or a nul ti rredl a navi gatl on system connected to at
| east one device in order to provide context ua sone fee ack

i nformation, and afd@itipgaihs thgrmgtaod h‘ang“%jl% tolyentieR qVY'?f ormation. A
render | ngodeyiiG e FlicANding oRABAR & tHEVIsEr, fer SRARple, AR f, Used Lo

provi de some Vi sua edbac tion such 'as a change o he
r eprHsenthat harnd&éndtodjaﬂsﬁwe@m theehamﬂls i Cantrel majualsoém pmvidsfd a gr aphi cal

U co- 0i RBREIRGH N ATBARISE RATC o6 SPCC M G B RREXEha (Tirges of t he

scene W bhhohbghedtisgr is to |nteract The met hod and systemmay also in
anot her 2012/ 093147PCT/ EP2012/ 050115

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  purposes.

According to one general implementation, a user may
interact with a computerised system, such as a home “domotic” controller
or a muitimedia 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
as for example a device display, may be used to provide some visual
feedback information such as a change of the representation of at least
one element in the visualisation of a graphical user interface (GUI). In
another example, a capturing device may be a three-dimensional camera

30 which provides three-dimensional images of the scene with which a user

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



14 conpl enentary inpl enentati on enbed | oudspeakers, for exanple, in order
to provide additional audio feedback information to the user. Naturally

ot her dewvoesimyise used to provi de sensory feedback ofcotapesiziyaes.
S5Interaction fromthe user to the system may conprise straightforward,
intuitive (that is, with a very short |earning curve) and painl ess natural
gestures while interaction fromthe systemto the user nmay conprise sensory
signals such as visual and/or audio contextual information in response to
the user's actions. Interaction fromthe system 10 to the user may al so

provi de eempesashtaly Qrﬁh?le?ﬁeﬁthﬁoh né@badt loodspédieerys éor iexampecired to
perform he system and nethod nmay include, in a first step,

provi ?i ngrdaf tmintavide ardionak qusie Jepdack fPRMARCHEC: e USSHr aphi cal
I nter acﬁlﬁ@ﬁﬁﬁﬁﬁﬂéﬂ 'agvicgﬁ%%.uﬁ Jekhed ﬁ)‘ljo\\t}mﬂ’? f&%brgﬁé{(?%é% yoﬁhhurran 15

being w 0 uman- machi ne’i nt eractions changed. is step
ainms to ettmrtymssd initialise the interaction session. For exanple, the

gesture expected be a "hand wavi ng" jch can be represented by a text,
an am mated draw g@]){%ﬁ%ﬁom 9. th%e“ﬁ?gep%? ?Yﬁ%ﬁﬁ iR VCQRR¥ESt and t he

vi sual sigQos h ¥ REsf _r Mith \WavaNs6e s @ind thnd9 &g | east one

body par tbﬂg@hwﬁﬁﬂargt %ﬁgg’g’t gn obj eclt l'in rgdsto one (Ijﬁtﬁ hi's gody parts.

Typi cal | paindesshnatubaldyestarss whignnteeactnhiion the sydiermato thseuseut it will be

appreci ated that t hgﬁﬁpresent invention is n imte tg s[uch f body part.
S

|
Ther ef or B18% RBTRYISE FANSQPF SIS FHER-F YIS f%‘r‘i‘gllori Aege SYHE scene usi ng

a caner ajfigih&fon PeeEPERge &OIMR (R ctiBhOC fftetdtdiohdromd thé egatbhse and
recogni se the expected gesture, and then may | ocalise and define a

pref &0 r eth thegLeer oRYialse peaide REPIESERIBEORRIOE the interastions the 46ef ons wi | |

pr ef er ab| e lLooke in the future. At the same tinme, the system may
al so ide!%‘ie °£efgf°e$%’3$f@a PO (P01) which may be a group of pixels

representing the body ppstbrmnkineh rasthper herymadcitde, expecfied gepfure. In
30this case, the PO _is a partial representation of the user through which
t he next Prowdipgacin animgter e apfisplayescresRutomng park o i 3grpied! expected WO

2012/ 093: iy | i hi nsel f as

a systemﬂng%ﬁ%goE@ggﬁﬁ'@gﬁg?%ﬁégﬁzéggﬁeeﬁr@? Pégg[)ﬁg%ﬁ bﬁé&\%’ﬁrﬁ the form

t he $yst bringawitexpeahi mgnan-néchengrireradions wilieberexblogngad! dyss em wi | | nake
the i maged poi nt. or, the group of, three-di nensional _i maged points

repr Iesegﬁ_erﬁ’ga'lmﬁatongﬁﬂ qqﬂﬁi”‘“@?ﬁh%é‘?tﬁfﬂ | 8 Wé'oékp':e‘lert %’%rﬁel% it;}fti on gesture,
be the mabgRObxbbGed Y84 BE s> haPtEavify ! WRkhdanastrepiadainad bj s first step

may be aSsim at%ql to anm activation and identification phase.’ Therefore,
this stepits arhaanieted s&awing ttata nddeser Heedgsaro niry detuilivedd before the

et ot Ol 00 o A i A Y ) o
20  at least one body part or with at least an object linked to one of his body
parts. Typically, such a hody 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
25 localise and recognise the expected gesture, and then may localise and
define a preferred region of interest (ROI) into which further interactions
will preferably be looked for in the future. At the same time, the system
may also identify a preferred POI (POI) which may be a group of pixels
representing the body part which as performed the expected gesture. In
30 this case, the POl is a partial representation of the user through which the

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



In a second step, once, at least one RO into which at |east one PO is to
interact exists, the systemperforns control gesture recognition on the

i denti fi egofiziozRO that is designated as the nmain PO pcm/epeeienssids col | ect
continuous pointing information or gesture event 15 triggers. This second
step may be considered as the main natural gesture based control of the
interactive interface of the navigation system For exanple, fromthe
recogni sed gestures, the systemdynam cally and contextually makes the

di spl ayed GUI change. In one enbodiment, this may al so be done at

activati gesigesttheaisdengic htivate ihimsel?@s Bypystaml goriirdliensincexw/stsa vel y, the
system nmay display_on screen a nmultinedia nmenu nade of several elenents,
i cons an8p®rdiyeihretassback snswendp the form: he sxdeny wagtecings erent ki nds

of sub : ¥ }{}XQ{XF/ i i ; navi gati on,
a nusic p| a%g?%c.g&gi {dh%gr‘h% aye?r,%gy iév cﬁanne ea;’ﬂ?%'rg?%écmgmgﬁ% gal lery

pl ayer, geomsof thresdimdebonall immagedqrdints! repeeseotingdhabpihddhai lnss and so on.
The | ayout of the interface, .that is, each elenent, icon, and/or

{epr éhonParPuRed s BupRian A1 09uss b2 ErEneR .l FEEvaBER iSat i on, may
be Organgém@ !o“lo%k"‘ﬁyaﬁd“%ha(l)%%?sThﬂéeﬁr%ﬁ%fepoﬁ{éyob@és'éﬁ*nﬁéﬂ%tarﬁ”d nost

natural gesfure noverments to select, pre-select or activate any one of the
30 el eneattvationomsd emtificatiappbsent dinevefore, bisesiepon aharadierisadie i n sever al

- f le, in.i i ol f | ect. be. WO
2012/ 003 TuiBETPsss PePas el b5 AReGRH bIeR 15 dorriong! T RRET el ement
Ti mer copiolsdarsPthst ndedodyepagadr ibjeefanfifissndn Misi e pdth the

sinplest form Typically, selection, pre-selection or activation nmay be
per f 7 megetfarmoed i adyanc®, gesture renote control, by noving a 5

representati on of Ie W38k ofOT AT BashoMBYS6) 1R il 8f By 2vatar, onto

a desired QU el enen nwarting for an associated tiner period

| i nked t onghROlelsem@ninterads exisis, e piesoatani parfofmsé heortraregestapsed or the
remai ning tinme, bei n%&di_splayed_ on_the interface as the fee,dblg k
i nf or mat [HPINItIMOR A iantitd dusthBRY thatds desigiated ae-tBenaaini RR! or

acti vat | g §far absgoiRes PEIHAERY Bbiihg FRSEdHRRN PBedtRP-ovEYPi cal ly, but

not exclusively, selection, pre-selectTon or activatTon rmay be performed in
a twhb st tggareceShisi setontd rdea hay sihe staasidaredhas tha e madural enent i s

| ect ed i t t.i i nti f .of .15 th t hod
ond* sy st SRS PSS ORIOL i, O bip g veh JHRLROH P AL BRHERET gest ure | hat
may be cyidtRpl | ForerkampleNfoRf B! re@ddnisde! fitifes, SMEN sgstend I i ck

gesture or a push novenent gesture, that will start the interaction
at t acheddgnamijaqsily dndocemexwladyrangkes thee gisplayedabldcheogahi lotenge PO point's

oo BeHHTER. sty HERSRe LRGSR A0y GRSRIEAedP e, chanaino the
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 control, a voting application and so on. The layout of the
interface, that is, each element, icon, and/or representation
corresponding to at least a submenu or an application, may be organised
in a way that makes the user perform the easiest and most natural
gesture movements to select, pre-select or activate any one of the
30 elements, icons and/or representations. Selection can be made in

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



Both first step and second step of the nmethod and systemare conpliant with
multi-PO and nmulti-RO to allow several users to interact wth several
parts w tWonoalossgast one conputerised system at the sawertnpi®2/085114 O
interact with several conmputerised systens |inked 25 together other on a
networ k. In another enbodi nent, human-to-mnmachi ne and nmachi ne-to- human

i nteraction processes are defined as intuitive and natural, such that naive
or experienced users do not need, at least partially, to get feedbacks
about the gestures they are expected to performto interact 30 with the
system &chiieesdpl oirdingaut ths eGUIBslement!i t Tivadry cprtrdier amch othgur al wavi ng
gesture in front of a natural gesture based S)‘sehgmin order WO

| 3
2012/ 09398StBtes ¢Ppbe Hsgg i £8 ation; with the $18W!eHdoMit er acti on process in
t he sane way he V\Ophﬂ a I Cab| i IshaNn being. In
anot her exanple, a u%ﬁlﬁgbglé}lﬁgﬁ)us’e?rﬁh%@ ngawegcc}g)agégeh%{:%; a natural
gest ur e pedennedt thraggh onatyral egestord drenutter egpninog doyy rdogipgayed
i nformation on a5 [%rcf(r;ﬁento em nd r?Iimor to teach 0 make a main

hi m how
menu br LRGSR SHSR, I RGTPIRN A PLSE RGN A \%afa&' know t hat ,

at any thAR alYedhd GUT S8t 64 @8R SHAiIRy fHPBNMBASLAABY thet he system
woul d appear on screen, and that, once the Tnteraction with gesture based

i nt er?ctpgléoéﬁsk@lﬁm#wiselagmﬂ epgS,SErrEDmﬁentﬂti@:cm efcthevimp eiapgest ure, 10 such
2gain wobl B deBati ip RERGclaRleh b fre Bt St edun? F8bA& 2501 icati on

or the dinsé¥namrgh.i nterface on screen. Alternatively, a semantic gesture,

such as using the hands to cover the ears of a user, could be used as a
contt®dl gesture foln nanpHersotmBodineMe $Spladdion. 19resglegionhe?! enbodi nent

of the p " i j N i ] : gestures may
be ill us%%’éns@}é?h%a%&gerfg%rm%@stm]r@ﬁggﬁﬁiﬁggeméﬁ" ag;\ﬂl‘tlf’]ag‘k’gest ure", may
be used bot didtf exehisively, atlatitibher pretsdledion ebratactivation t hmystlset us of the
systemand _.its applications. In a npre pregcise exag}l)l,e, wi,thin the first
step, th@eﬁxﬁ'i?'éefbggfﬂw& HEp acess nseuling 2 fist pigp; igavhich & gegredict j vat es the
| nt er act biem iR 9RIbcRed A ARk B PaL MBI ib S p BN MY toaird ol Mat ed,

pi cture based information asking the user to performthe "wave gesture".

W t hifh athee owmidod taeyl, system, tavel assecans! atepi basert onhandtheemattriale syst em by

perform ng the requested gestur the "wave sture'. ke .a sound
contr ol F%ﬂ%&fgﬁsg&gp%@gm%éﬁgn‘f@”(ﬂg ﬂ?%?laﬁé?m_t'ﬁﬂqu%q@' per f or med
what ever gfdif ast atdliek Qestire aPRIpJueAl ele®ent Bestard, hasplixedt ther a third
step, if the sound control nenu is displayed, perform ng the wave gesture

agai n woiiteragtiere dttached aypired 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-ROI to allow several users 1o
interact with several parts within at least one computerised system at the
same time, or to interact with several computerised systems linked

25 together other on a network.

In another embodiment, human-to-machine and machine-to-
human interaction processes are defined as intuitive and natural, such
that naive or experienced users do not need, at least partially, to get
feedbacks about the gestures they are expected to perform to interact

30 with the system. For example, a naive user may intuitively perform a

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



In a preferred enbodinment, if a determ ned application has 30 been

| aunched, the control associated with a gesture nay be dynam cal |y | oaded
and unl oagtedo1dmsi4exanpl e, the "wave gesture” may dynanmpcalaryo12)0€d11s
2012/ 093147PCT/ EP2012/ 050115 18 be aswociated to an interaction process
such as erasing a character selection in a virtual keyboard application
interface. The "wave gesture" may be automatically re-associated to the
call of the sound nenu bar when quitting the particular virtual keyboard
application. 5In a preferred enbodi nent of the system and net hod, inmage

capturi nfp tivalize they int@deetions orotedsvin dhesasionaly hameo@dd etgagoscopi ¢
canera, LIDAR, _sonic-inmagers, three-dinensional canera including the
commonl yCQWBQ/W'%QtWCMhea Filséq‘ﬂ PHMEB- BPiNgnsi lBnanoheRe®@mpig. 14 ne- of - f | i ght

(TOE) C HGHAR db %sBPWﬁoWi ahes %H&Bta n&flﬁ ﬁ@esgé’r%tl?é@,e%{‘d met hod

makes use or thre poi n i nput” data types.
In a prefrmenaetiomﬁtystbm’ewbuiddapt heqapeomnynﬂnﬁplayhdmmfsrmaﬁbnm rda clouds are
clusters, each cluster being

rouped into spatio-t orall ani n
et o5 enbaen,Baresantl D O (RAH AN dSrTRKS Arah U & ldows ¢ r acki ng
of its i E@hﬂd @Hﬁ{rolnﬁl\é%%ﬁﬁeé’ﬂ tﬂnrégdé‘?i%hcé@ Js'eF‘%vodia‘ k%oﬁpfrﬁatpéﬁf err Ed

enbodi nent, three-di nensional scene clustering may be, for exanple,

constr ai aexd tlmerdanperfeerdmg & giicengestureisther magm a’le;mr pt tha systeamot her

embodi nent @CO and RO detecthﬁ) Iocallfhﬁee r% artld d tlfltcatl on utilise
si gnal pYV8B ?PHSaEIO@OISFE% paé} e PTEH raq 'REUW ALY ENd nore
especi al bysedintamativs *si?ﬁeﬁ‘l Had gfa?rtééirbfﬁéﬁéﬂmﬁgf%%&%hén g'e@.tt#epr ef erred
enmbodi nent, at Ieast afirst PO is identified and attached to a centroid

or al®l useat aiSfat ‘wavirengesiuee orascHesarinedhaboyser pIFeratng e veayingdsat i on

gesture [ e [ e centroid or
rel at ed Stﬂ Fﬁ‘ ﬂoawﬁ%og%éeaép@% géﬁoe Iﬁ/tg?ll 'g;%ﬂge‘gﬁ eLIiags to be an
extremt sha)fapglm:a&gino or ang adisplayed igterfave( BAGCcreént haltetrisivelyed

mul ti-di mensignal scene point c¢loud. In an even nore preferred enbodi nent,

det er m nPAGANHC ISABENSUHL A HPIRY 1 BRETS 0 CaNET dTeieat 6F AritSabest PO
candi dat gsuiqids |18 BSRANK LOLRIRY SO Lo RRPI K8 anbi gui Ly arong

several can tes In ano no c roid or cluster has
al r ety In another embodiment of the present invention, contextual
interactions with natural gestures may be illustrated so that a natural
gesture, such as the “waving gesture”, may be used in different way at
different time relative to the status of the system and its applications. In a
more precise example, within the first step, the wave gesture may be
20 used to initialise, start or activates the interaction 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
application or the GUI displayed. In a third step, if 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



satisfied the activation gesture, the master PO w Il be the one that wll
WO 2012/ 093147PCT/ EP2012/ 050115 19 performthe activation gesture first.
Any ot herwoeber®pisznovi ng extremty in an area around t peTnmeen2/o§d115ay be
assimlated as a slave PO. Master ang sl ave status of PO may be swapped
according to sone predefined rules. The area around the PO is the RO, the
position of 5which is centred on a spatial |ocation relative to the
position at which the activation gesture has been detected.

The RO position can be either static or dynam c. This nmeans that the

posi tion beaassﬂmtgd tc aor mieTgctian airomeuohneasP@raq;ingia ighrarad®nmensi ons of a

RO b t h d t hat dj
be o PRGNS dha Uikl kYR dareloR i ietase | AhE T aRrs GeeturRed RO
If after n?a;Fﬁéta'thBrr%bﬁﬂy %s@é‘d’a@d idﬂ%&@an'd? RelSS &1 Wo?% are not

novi ng enough, or any of the identified PO have nove he RO, the
syst em mi#pedestittiog thﬁ@admuﬂﬁsmﬂilmgbmd aprlicR®nsi nce 15 they can no

| d eract hat th st | | t f
non i Pt o i, B B enftindiiht 1o e VSRt A e oag  nt ha
first stepagé ¢dppuiing m;@é\dnaysm:red%@r@ﬂowom\éﬁsuohm apidiar embodi nent

a securi t%étl mer may allow the recently disabled or de- activated PO to be
enabl ed &fereescapic @aﬂ&namh@ﬁao SppicsimAgess.i ireg-ginengonglatamera movi ng

onough oindyse LS R ok Bkl S BRSSP cald ",

de- act i vahddinmeref-Gigtht TOP¢icageatast rinyethoré iprefedidtieempbeingsite theenbodi ment ,
nat uyr al gesture recognluon is perforned by anal ysjis of the trajectory of

t he BHED 8pd peethad repkRs W %ﬂepﬂb”?@g%m@%(ﬁ"ﬁﬁm'oﬂﬁla@@”’? egar dl ess of

t he partbwhqﬁ altibddre method and system This nmeans that, for the
first step in e\%ﬁ a@t‘%vatlon gesture is searched, or for the second step

in which control ghfsalmreferrsds@’abod:hzmentgéemthrmapexroguihtdlmnseinabs on

dgt ?ﬂ |n o%ifcﬁ{ul%'ﬁﬁg%trgéﬁéd into %Ba? o—‘tempora?ly mefmngﬁ.ﬂ ci;.lglterg kc'-:"ach pul 1

cluster being represented by a centroid and having an identity which

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

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

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

in another embodiment, POl and ROI 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. [n 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

graph (RAG) of the clustered multi-dimensional scene point cloud. In an

even more preferred embodiment, determining if coherent moving

clusters or centroids are the best POl candidates, it is necessary to
remove false positive and ambiguity among several candidates.

30 In another embodiment, if no centroid or cluster has already

satisfied the activation gesture, the master POIl will be the one that will



30as well as basic geonetric shape detection, such as, "circle", "square",
"rectangle", "lines", "cross", "triangles" etc. WO

2012/ 093 @RMR/dep2912/ 050115 20 In a nore pcefmpréedsorls
enbodi ment, gesture recognition is penformed on nmaster and/or slave PO
trajectory in a corresponding RO. In an even nore preferred enbodi nent,
the gesture recognition is perfornmed by analysis of the change of direction
of the PO 5 trajectory, tine between consecutive PO change of direction
within a determ ned duration, Euclidian distance between consecutive PO

t r aj ect opgriorarthe sictiviatibir gestunfirsPOAnypethdr beteveah moairgpexitémity PO
trajectory changes of directi.on znd P acc.el,er%ii on gﬁtweﬁblconsecutive
PO traj é%/ta@r #r%h AN die Bk Phinapde gesimilaies PScRaBYE &Pho direction
means at M&ast aRdCHateSsthilisXof PO YrayObe | dwdplid 8ebbidfih@Plto tdipn&D from
frame to franme of the consecutive captured inmages. These PO trajectory

changes ¢Fedginedefdessnddiesamp priundsiieo PRHiis ithe IROEdihenpositian ©of on' s of a

PO are e ditiagn, , the trajectaory, anal ysis - preferably

i ncl ute a“niawyE E‘:’l(gergéébo%@r?q?g'aérloecﬁ’ﬁPBHeﬁ'V?EQX?%PQ?é‘HQeatg@ﬁaﬁi oints in
order toactegpnN gestiRehALhéS HBtbcgnst Ur e. In an even nore _
preferred enbodi nent, the tra{ﬁactory change in direction analysis nethod is

used to deternine ¢BReRBAtPIRINAMGaBEhE rethes %iﬁti@:cQIs_ﬂém%mmr@iPO
candi dat gge s 40 Eo%tsh% @ n)%ha%gfgl?(g?ge@?ﬁttﬁeagllég&f:bﬁ?y@@gaﬁges -

conput ati on of cunulative di stances : raje

di rect i opositioni Dinreionatofl£REY canpaied deagitienetatidsegdngic. This In

eith‘ﬂi activatjon gesture or control gesture of the first and second steps
b

desct? bef sy ihat gUBERBIRNS SEFRE tMedified hare statigPEH meyeswoth of espect to

time to exd mpdivRsheEagkdnteraction triggers, such as, "click", 25"push”,
"wave" gesture gvents etc, and/or continuous data information, such as, a

poi nting position.If after a certain duration, any of the POl in a determined
ROl are not moving enough, or any of the identified POI have moved out
of the RO, the system may destroy the corresponding POl 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 system. This means that, for the first step in
which activation gesture is searched, or for the second step in which
control gesture is searched, gesture recognition relies on detecting
natural gestures, such as, “wave”, “push”, “click”, “pull”, “still", “pointing”
30 as well as basic geometric shape detection, such as, “circie”, “square”,

LI n i

‘rectangle”, “lines”, “cross”, “triangles” etc.



In a particul ar enbodi nent of the method and system gesture recognition
may be used to control a virtual keyboard application, the |ayout of the
QU of thgowvoidovads7keyboard may be arranged in a way 30pthatr2@blosnsst he
user to performintuitively very sinploe novenents with a Iimted nunber of
gestures. In a preferred enbodi nent, the |ayout may WO

2012/ 093147PCT/ EP2012/ 050115 21 require the user to performonly forward
and backward gesture, for exanple, up and down or left to right etc.,

poi nti ng novenent with a PO representation to at |east pre-select and then
sel ect a charact er innia moore prafeueheem@edtmera desturex seqgmitidrnds | ayout may

be made of .a pre- sel ecti one sel ection zone underneath the
pre- sel eE?ﬁBWﬁﬁ‘gﬁg,maﬁ&ran’}éthad@xP@ﬁF rgip dogesrandiRdieter can be
di spl ayed under neajh awe Pig- %Ir@cgreg@gégn%mb%éﬁhbhpn%%ygea pord
pre-sel ection zone nay a so be provi el ow the teéxt bo y novi ng up
and downrecdgmitieol isrmﬁfoemdttmamiyaataﬁm cbangqoﬁdlremcm el thedPDE of the

correspondi ng zone 1 which it is .anot her
enbodt etpleitg: i Bebyeds Phsnrutbd PoiEaRingen PR et dest ur e on
each zongetedmitidd daddtibhe BEEIRGAEIIRIARNbethBeROR38EuUthe G| di scl osur es
of the prior art docunents di scussed above, the present invention provides

a user | Hemciew echangasd in sligetiony &dnspeeh hetweah- conaecutiverOt i on

e or 1 BB BRSO PRRRAEn. kot of DT RSP  BRRAE mi mec

i nterf aCeoﬂé@:rmﬂéSP(DlOtré]@cl@IrySQh@rYM ofdifeRttiohl GO Wajeeineshange bf obj ect
i nt eractl ons, The method and system are ergonomcally optimsed by naking

use W adieshiqi wernsAilsasi@ %%ﬁga et iR - t%n\zomr%wcxmeofnﬂa@tl?@bmmn and
known hufFBFh %ﬁ‘féJ (‘fr‘Sfranf;é’rof%@”@éﬁacuﬁﬁé&tda@?{%}gﬁetﬂ%lg%ts' NYhese BYE . ' Push”,

"pul I'" SW pe a ggers, “or aII t he m)st

conmmon ghrayaetoryca’nangmpe&até rremidnd:e aeedt peintettih oghigh dsyssigeenar e
er gonomi cal rove the experience of

p%] m ni S|n ffor%t0|
Ehe loer PotitasPha RSFAretoBbaiany & Fiuamdhe JRieHBATIE o
I nteract b%?érabﬁ@ﬁn&%@é’r@r%’i Sy cﬁméﬁ‘deﬂn Sc?reQici?ﬁ I3TEhe tdlefefidBl §iid on W th PO

posi tion, or by making use of sinple Contr gestures to activate an

i nt etd acpoinéainuerdento mmobnise the geviormedAjasture. i n a navi gati on system may be

provided that In an even more preferred embodiment, the trajectory
change in direction analysis method is used to determine coherent
moving centroids or clusters among POI candidates if a computation of X,
Y, Z changes of direction and a computation of cumulative distances

20 between the trajectory changes in direction remain under at least a
predetermined threshold.

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 extract gesture interaction triggers, such as, “click”,

25 “push”, “wave” gesture events etc, and/or continuous data information,
such as, a pointing position.

In a particular embodiment of the method and system,
gesture recognition may be used to control a virtual keyboard application,
the layout of the GUI of the virtual keyboard may be arranged in a way

30 that allows the user to perform intuitively very simple movements with a

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



supports control elenments, such as, icons, button, avatar etc.
30Alternatively or additionally, the control elenents may define at |east a
mul ti - medive 20en93and/ or at | east a virtual keyboard. | deabiryp2é1th@s01V0

2012/ 093147PCT/ EP2012/ 050115 22 arramgenent of the supporting control

el ement is organised so as to inprove interaction efficiency and

I ntuitiveness and thereby the experience of the user. PO detection is
based on nulti-di mensional scene analysis. 5 The scene conprises a

t hr ee- di nensi onal clustered scene, the clusters of which denonstrate a

Spat i o- t esxporealthe oleeretac perfohe snlgntoraned yaids balckwasdigesitdre, dosi ngl e and/ or
mul tiple s of interest as a S|ngle and/or. nultiple regions of

|
interest® Q%@%%%W Qﬁﬂ’ns?'s'tggﬁ%}gm giC-pPRBERY MeXRmeNIMt eSO 0 support s
the det ecdi @8 Qhtidh th \RULAG ;?f%s%él'éﬁ r‘é&"tl’?éh Q@Ifeb SScHAAO et W‘?thgg into which

gesture- ased interaction w and at east a nain of scene
that wi| Bngestbeatgestutes e Fontexaayile otheydayaut eway Gentmade gésa ypres are used to
nteraction ere t ition is med by

t f
Feal 51 neoReloh EafiEe R RS s uieaat RO seiegor SRS Ak | on of ¢ he
PO pr OVlaC{éﬁt Béx it shidressiBael apyétet BSn %@Vﬁgﬁﬁye@hnﬁﬂﬁ@a@l td its

position with respect to tine. present invention wll be
descr i befrdeeleation zane e sfudditionally, awordap@—sl%{ee@rdé@mmmalsadme vation

gesture o PQ .candi dat contro ture,re ition from

v o BEFORH Aebycie Gl e Rl PR Eiiid i FRMIL S TR Th r espect 1o
t l me; Mmarsgessmttion a@ltbmd@clfﬁl?/fs&eﬂ?@lc@@[eh‘\rbhfs dsieméaedrréspohun% zdrig eraction
between PO and a user interface; optimsation of a contextual user

i nt et acto Whighgihis erentiv Fé@iﬂti%gwdhbﬁﬂ@’fﬂﬁeé gmsdimenidhe sser msy be
gesture- %@ﬁ%ﬂl ‘E@S%g m kae%ﬁﬁ %éd"BEEtu‘r’éeorn éQér“r‘ foﬁéeto \?Eﬁllclgfé: yaure 1, a flow

di agram ree nai enenting the
user i nt seleatzel obntdné present |nvent|on i's shovvn A PC] W|th| n a scene is

detected (step 110?n lcjzcsznmgstl

allwsle Sda sclosures of the prior art documents
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 marker-less 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

n Bt » [13 |” 13

example, “continuous 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 timers in combination with POI position, or by making use of simple
control gestures to activate an interface feature or confirm a choice.

A menu in a navigation system may be provided that

supports control elements, such as, icons, button, avatar etc.

30 Alternatively or additionally, the control elements may define at least a

multi-media menu andfor at least a virtual keyboard. Ideally, the



and identification techniques in conbination with an activation gesture
recogni tion based on the trajectory analysis of candidate el enents. Once 30
at | east woB@2das7been detected, gestures nmade by that pe@irpasens@iect ed
(step 120) based on the trajectory amal ysis thereof. Navigation WO

2012/ 093147PCT/ EP2012/ 050115 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 200 show ng t he operation
performed in a user interface according to the present 5 invention. In step
205, i npatradgémens qfrthei gegbdrting f@ﬁtmmmentésajrggnisgStsa:masTtd S input data
isinthe formaof, a three- #l nensi on ﬁe of the c&lr%g i ncl.udi ng at | east
a depth MARrYE dnigipetion opfficieney- & n'é‘?‘ﬂ Ngssi AN ebyrhih&iept h map

correspogd &e’”kﬁ‘tﬁ ce of each point in the point cloud froma canera
formng p éer‘ié}} e %e%rrrestgrng system of each 10 pixel in the

t hr ee- di nensi onal P@igietecﬁme is baeed dinmeukirdimainsionad ecérse ahalysisegnent ed
(step, 21 to create a | n st | ist of

lity.of clu
(T lehrs g 2 GhtriisBs HAuet MierS AL dlstesd sh88 FEdtuded usters i s

then useaf %;drhaem@hgira{e% s@aﬁaﬂém%rraﬂ @herdiy. r?ﬁé%@éﬁel@rﬁ%@ step 220,
whi ch provides a list of candidate clusters, step 225. Candidate 15 cl uster

ref i ner yalsorslipperiser singlerandinbmyiltiple poinés ot teres! as weflesaa singlsst t hose
denonstr r rty ng an extremty of the scene RAG and al so
havi ng c%hgﬁgﬁ{’&ﬁeﬁ r§§|ol51§ 5ir$t?Fees§ These candi date clusters are used in the
activation gestureThech@dd UhdPIHERFH bN thit epreddft ibhent®inmaido which is to
determ ne which candi date cluster has first 20 perforned a predeterm ned

act i it i SHPRREIES theedelrgtipn of astivatipn g@%tytﬁSeWht@@oféefmqwthathﬁ%@ of points of
interest;anq,a-4 gé§tu?é baSdy %@raﬁftloh%gbgslgﬁg, %&@g{‘%gag{g @ fcg 235. These

| ists are manage renove usel ess ew PO or
in the pof)seelse tlsétepnll?gléheram Hwstadnfesactidmngedtardsor Coobbl gesigess ur e
recognition, ste 50. The control gesture 25recogni tion prow des events

trigger saéﬁ"\dJS@gnEq’ Hfigaer daat NRTactQrE WREE thehidasiuPe IR 1S ont ext ual
I nt erfac Befl fl'hé&" bySBRI-HEE: POI trajectory %‘n@ﬁfs?s 3 1y usddiges & flow

di agram at shows a particul ar’ enbodi ne in which PO's are |ocalised
and td3entrggresentatiopof thiaP®| mugvides ahleast fdedibach abautithet mowamenbDept h map
data is iop%uet Pb?arsi%l i position with respect to time.
The present invention will be described below with respect
to: POl candidates detection, activation gesture recognition onto POI
candidates; controf gesture recognition from POl trajectory analysis;
20 management of an identified POI with respect fo 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.
25 In Figure 1, a flow diagram 100 illustrating the three main
components for implementing the user interface of the present invention
is shown. A POI within a scene is detected (step 110) using localisation
and identification techniques in combination with an activation gesture
recognition based on the trajectory analysis of candidate elements. Once
30 at least a POl has been detected, gestures made by that POl are
detected (step 120) based on the trajectory analysis thereof. Navigation



30305 for a rescaling/nnulti-resolution process, step 310. The output from
the rescaling/nmulti-resolution process cornprises NIlevel pyramdal WO
2012/ 0931w @ReR/dPR012/ 050115 24 i nmages i nput data, steppétmp2oihiosoidata is
then used in a constrained three-dinemssional clustering and/or in a

t hr ee- di nensi onal scene segnentation, step 320. The clustering and/or
segnentation step provides N-level clustered input data that includes both
| ow and high 5 resolution data, step 325. The |l ow resolution data is then
refined in refinery step, step 330, which produces clustered i nput data

t hat i nclgingstheatderlinierfand isithdn nesdd usingnthel disteetesl, gedtares3@tep The

cl ustereq 'bn t data is then used in a region adjacency graph (RAG

bui | der, 18Pkplhess steps are dgsarbrd ek felalbelWdet ect or, step 350, and in

a notion and COherP Yo 19 %é%'trﬁéé_é”ﬂ’&\ﬁsﬁhagzéﬁp 0P shmﬁn diggcency graph

bui | der produces a regi on adjacencies grap ef 1 ning connections status in
bet vveen opesttiens peffotthedsaene, userepnidgdfacet hecorditigreiositiosn preseetn ti es

det ec uces a f. scene, cl uster a co ri se graph extrenties,
of ep Bos RO - Incsiep SAe jaB b RSteC e o, & I ST Bos et ety o1  of

coher ent s#@l&hﬂ@ﬁ%@ M%L!Ft%a% $ m&h@ﬁo%%f alffe- Bﬁﬁﬁélﬁ%l%ﬁagé@i‘tﬁg these three
el enments torns the input for a cluster and/or IdentiTication process,

step 370sceit dhclddngrati least at depthsmap OF rsMUHB Oaihrbérmgleasfdneést coher ent

novi ng cl e t 5 and as _bein ene.extr p 355, that
denonst rgﬁit C@“é’;eﬁ*?‘? gp%maé? S@ﬁngg%i@%g@agn(ﬁﬁn@%%ﬂg "™n activation
gesture. t d&@iht albuaffrdﬁﬁlaScaﬁﬁ@Iraafokmﬁ-tg ©4rt Bt e mﬁ%@sm@ﬁdofééw 375. The
lists of POs and ROs are input to the PO and manager, step 380.

I n st@pspixeb imibe 3hiee-disipnsionad| inagene Thedéreedimpasinnak |maseescb3 uti on and
three-di ﬂ?é‘r?e%}ﬁ{aet%‘aet%%tpsfﬁﬂﬁﬂt&éét%% Eu&lf@ of TRRLy .”ﬁn%fengi@ gtage. It

wll be appr r esol u Iron 1s an optiona process and the

same reslisttaf digstersas pbdvided asube pgimithem pteac2sGeThe list of clusters An over vi ew
of the mul |-re%q>fLut| n proc Ss 1S shown enerall in Flgure4 A flow
di agr am $oB'S"sY ﬁa‘FpHE @ GRndidat® (isien iRfHieRy PRo¢esSelSIBR on dept h map

A T G e Ay AT
det al® beluster réfirernyudinis teedetanmimn amtmgaakt tits tsepna 2t stersnpt leses pyr am dal
processi ﬁ%se 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, step 235. These lists are managed {o remove useless POls
and ROls, or to add new POI 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 are used for contextual interface control, step 260.
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/multi-resolution process, step 310. The output from

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



WO 2012/ 093147PCT/ EP2012/ 050115 25 down-sanpl e the high resolution depth
map to produce at |east a high resolution depth map 410 and to produce at

| east a nyvd/201v@sreedi at e resol uti on depth nmap 430 and arptewpe@3l0bkoitis on
depth map 440 respectively. The nul ti2zresol uti on process 420 conpri ses
dividing at 5 |east the resolution by two for each pyram dal |evel.

Al t hough only three levels are shown, it wll 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 8irpiag@é fnpug ddtaywstepEads. 11)h|piok33tla ibathen ukegl I watorestefindd 2, 3, 4 or

5 arran as .shown. These val ues iven of . exanpl e and i ndi cate
t he di s?gﬂ'@@ -dinepsionabi QlEsteringmap %rme a @hé@éﬁﬁﬁ‘ﬁnﬁw ggc@'?f’e i magi ng

ystem _LhglbhtatfASestcbn8of! T anE00ubfernd! 8ERA LaghniARResRgLali ve of the

hi gh resol Ut aving a natl v res When t he
hi gh r espraviden Nimeh dmaﬂ:enest gyt -chsdiathatd lnmdembnéxﬂowm hlgrhe 8 x 8

array.is_do ed to 4 rra in Fi ) and the
ni ni mﬁ%séij\@ ”%La $eBa gfgﬂﬁ’)a} %Iet?g?ﬁ'ﬁinxa% I5 g}erg gr oup 510,
is kept asfirkrpbiy, %tegj 80, ﬁﬁ@h g8yl aug@pé@mﬁh%t&iha‘i |n¢|@d@§ray 540.
Array 540 is 1ntend be representative of m d resolution | evel

of the othjT oml ang igh @@lujloln(ﬂiuﬁteﬁﬁt Istemg 3] rTheh@ua@md fwmpldatey process,

L o el 7 o SOEBR D o AT B R B Lo L
md resoumﬁemﬁéﬂ’crbmm G&ecRr sstep 3510 WdSiA DkREioh Ginddcdhdremey esol ution
depth map as shown in Figure 5( cé@ Here, the 4 x 4 array 540 is

down %anﬁﬂ@ﬁsﬁopm&ﬁ?xas@pxwoaﬁ achﬁfé?@yogiﬁpdﬂ bpidar @rogiypgs 550 | In array
540 is SP%%’?@ a*r%r%g@%gﬁﬁﬁ%ﬂ%ﬁmng?%énﬁeﬁ%ﬁ% Qngud %%ﬁ?e@nuélb&@ Pi xel 570 in

| ow reso e mninumva " 8ach group of
four pi xef the scdnmotstem mﬁethmwdlmnbml extranitieh detgctor prddUCES&Ocase 3. The

20121 093 IS PCHABRLUNROS PN B LIPSO ERBIBRe 1oy Shbra 1R r esol ut on
ot a4 150 ot T S
15  clusters, step 365. Data relatlng to each of these three elements forms
the input for a cluster and/or POI 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 ROIs are produced, step 375. The lists of POls
and ROls are input to the POl and ROl manager, step 380.
In steps 310 and 320 respectively, the order of the mulii-
resolution and three-dimensional scene segmentation is not important at
this stage. It will be appreciated that multi-resolution is an optional
25 process and the same results may be obtained using other processes.
An overview of the multi-resolution process is shown
generally in Figure 4. A flow diagram 400 is shown that starts with
obtaining a high resolution depth map of the scene (step 410) and
processing the high resolution depth map using multi-resolution
30 techniques (step 420) as will be described in more detail below. The

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



arrays are given by way of exanple only. In practical terns, each high 5
resolution array may conprise an n*n array which can be down-sanpl ed any
nunber ofwbiemotara resolution (n/k)*(n/k) until it ispoe/HPen@®s0IRPOSSi bl e
to down-sanple. In Figure 6, a flow disagram 600 is shown that illustrates
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 segnment the scene in
spatio-tenporally coherent groups of pixels; the clusters (having a

cent r oi djowhhszmeplartbet highearegaiution udapih snép a0 groguddal 1629, a mgrel y, a | ow
resol uti on i nage 63(?1]of | ow resol ution clusters, a |ink graph 640 of 15
cent r o dEesHution: depiu@an 418nand rtenpiosece| aiklegshgh midisteraeasliale | ocal i sati on

and i dentddd j 0 t£0id n . anl [ ot her
centroi dFéstIdrI\tgﬁ%dl m?pgﬁagiég{ﬂ coérpl?#i éegﬂgnﬁé;\éo I Ir?e%zsqle nﬁ)l ﬁﬁ? S%a(gh where n =
3. Fi gur eespeajively] udheatresti-sedatutiore podeassod 2D negepdseprdivding 20 pi xel depth
val ues, the, inage havin 0 he clystered with, f ex | e,.,a constrained
LF 5 gliet HiF B erogy Svafor setopiagaghLiesh RHagH RO tahonn | hat
conpri sefvaR drk shoin,af (Y be ERpRedr8! thhthEGroREESU 2D FTaR iGRId val ue of 1,
2, 3, 4, or 5 as shown. Gouping the pixels into clusters where each

cl ust er BAy sddpble vahbesot lexelsar An axamée mfitpyramided deoammesarsplfgshown i n

Fi gure 7§b%i. WL 5 In Figure 7(b), it can readily be seen that
clusters WE B 19Y68°and 710 have the sane dept h val ues. For clusters,

702, 703, 704, 705n FigoreBeh)/8R.artd|e50@icp8i % 8 MkelBiix8hswhn gh@se clusters
have the sane depth value but there may be a few pixels having different

dept B vaPirel hagm depth valye abpr deilatdeer thhatrangeth asf showae Phssst s havi ng
di ffer enf,

of 1 cct L veTGoR e T Ry Rel D A B ob B ErRe <5 1 e

cluster pixel frignt heassara thapfdimeapare of the malsljing @ysteinen this caski Mt to the
maxi mum si ze of cluster that is permtted for ease of processing. In Figure
7(c), ce AL Sv8 s | ledriphe represenfgtive gf thezligh 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 is down-sampled to form a 2 x 2 array. One group of four pixels 550
in array 540 is shown as being down-sampled to form one low resolution
pixel 570 in low resolution array 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 resolution of (n/4)*(n/4). It



759, 760 for each of clusters 701, 702, 703, 704, 705, 706, 707, 708, 5
709, 710 respectively are shown. The centroids can be linked in

t wo- di nengpeogdossifaace as wel |l as three-di nensi onal spacecaspsd@wsoinf Fi gure
7(d). In Figure 7(d), the centroids 72, 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 substantially
different to those of their surrounding clusters. This is because these
clusters are not 3D connected but nmay be 2D connected. 2D connection neans

that cenwoeldbe gigesivie Yo @ﬁaﬁ@@&w@l rédblitien df aragisslstodiaem3Psignect i on means
that centroids are connected 15 three-di nensions. As a result, it can be

seen t haPixebiiteauirad thag hasa r?@@'“éﬂpé Wb ANA3) $M8onnect ed one adj acent centroid
i an adjacent ¢l ugtelpaRBlkiac HLOHE § Y aahcanLLflg 15§ As shown.

Clusters 708 and 710 an ir associ at ed centr0| are
t her ef or erregs lare givarabiy weay bf erample eniyt yln amcazrmmg, eamh thighi gure 6, as
described with reference to Flgure7 the | ow res ion i nage 630 of | ow

resol Ut i LU BF8Y MALCPMAKSE R NeAGAY ¥ihighhgar ﬁ"t Qirsa 4 he I ocalised
extren t has nfRthedof t;ﬁ‘r’ésetbfahfé%%iutﬁn%%lﬂ*l‘ﬁé&%t%%soh?%% {E’%Bﬁllés?’o of low

resolution clusters, a hi resol ut gh resol ution
cl ust er st@8ownedsngplaed usi ng a refl nery process 660. The refinery process

660 may only be appl Led t s bel own) defined
by the three-di rrenB] EWHF an#r @ﬂ (?&? ovgp%@%ﬂigs(t[agg%?@% At start
up, namekispsf forgehe @fistefingo R%wh%%onﬁi%n e@ﬁthvmba%‘m f&mgated, the high
resol ution |nage 670 is the same 30 as the | ow resol ution inage 630 of the

| ow 1@soinpuitda @ lapsstamneddiguecans H@@cﬁr—fallmr atgagigimnegeVLE) 620er s out of

the RO Ry RRILFPR HShHOEFKABHN MQARKR R IR SR 04gHRO S

scene in spatio-temporally coherent groups of pixels; the clusters (having
a centroid). There are three main outputs from the KMLF 620, namely, a
low resolution image 630 of low resolution clusters, a link graph 640 of
15  centroids of each cluster, and from the link graph a extremity 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 5 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).
In Figure 7(b), it can readily be seen that clusters 701, 707,
708 and 710 have the same depth values. For clusters, 702, 703, 704,
705, 706 and 709, the majority of pixels in those clusters have the same
depth value but there may be a few pixels having different depth values.
30 It will be appreciated that each of these pixels having different depth

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



28 only those inside the RO nmay be refined. Coherent noving extremty
clusters out of at least a RO can neverthel ess be refined in another
enbodi menyo 2bix9se78 il lustrates the i nput and out puts ebtraipp@dosnesm t he 5
refinery process 660. In Figure 8, a #1 ow diagram 800 i s shown where
different resolution clustered input data 810 is input to the refinery
process 820 to provide an output of high resolution clustered 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 exanple, when

goi ng fr anothewchesserl haviog the saind destal vidliion Imadditibanticre ié ahtimiesol ution. At
each | evel t he lllp}%ran‘id for each pixel, the refinery process defines to

f
whi ch cl #_%rmﬁ@] e phclpsler fRatde ParRigdiaEpass of PidkRRYNEhe _
dent 1T1cation of INPigBIyIEY coRbide X Tso, 785 PEN AW XAtz 1o 1 ass gned
I's the’c el of Euc

to the cluster whic osest to it I'h s rdeah 15 di stance
for exanpgh®, 760 fof ldacheofagipsiecs ai0dd ADRat7 08t Y&, FOSh @S, GT07d&W0Er m ni ng

"cl oseness’. ween a.pixel and a cluster can al so be used. The refinery
proceds Zég it}‘ibsrﬁﬁRﬁgti‘PﬁhhﬁFee Sﬁ@i"’&i-l LrF'ﬁ eERids ¢an he gﬂb‘%ﬁ’én a8y, a | ower
resol uti ginandianal999adss sshQum her rbeliEndidprat Shheats Ligre t, LR(t).
Five pixels arle c';ého% "A" to 'E t20 %i'axelén$l 'Qi Issb?ﬁi %ﬁe%hg?ml rllr?g‘rest here.
As the | biggre7édol ution array 900 is up-sanpled to a higher resolution as

Tonger pixel b bul BB oty BEPEINS B Drkel >4 oS, e P the |
i dentity760 cAhX®l corect@d td8né BRotHerSRVETN v BleHadiddS7 SNy afy array 960 of

Fi gure 990% at tinme t-1, HRét-lgh. 25 However, for each pixel, it is
assi Hhed/Pd canaot bescennemiee s el skstarsihaveedapthovalggethakare di st ance

" . ) _ . S o b
compar e Bl BRErAE 1 A6 & feid KBl HIRE AR uadtl br pixel -
can be ekpcmssethese cdunstens ateheotl 3D lconwhsoted RRIRay &k HR cohhestedD (Dm n(V(E);

V({A B, C.D} LR (t)) : V({0.1,2,3,4.5,6,7,8,9, 10,11} HR (t-1 VO
I2(():1{LZ/ 09325%#@?[‘%%2@%&1@@9 cRAbPids Breapniys Ciq'i%\fﬁcwgtim it\)v%)ag of pixel

a, dimensions and 3D connection means that centroids are connected in
15 three-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 6, 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.

The refinery process 660 may only be applied to clusters
belonging to a ROI (not shown) defined by the three-dimensional ROl in
which at least a POl is located. At start up, namely, frame 1, or if no ROl
has been activated or created, the high resolution image 670 is the same

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

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



LR (t) is the lower resolution image at tine t; HR (t) is the higher
resolution inage at time t; 5HR (t-1) is the higher resolution i mge at

time t-1;wo 2012/093147 Dmin (V;X) is the m ni num Eucl i dipam/rbesasngs bet ween
pixel "E and X, where X is the positigon of the centroid of the nearest
cluster; V(x) is the three-di nensional val ues of corresponding

pi xel the ID of which is x; 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 pixel cluster identification candidate

list in ohly tHogkeinsidestleUROIMMaY ey réfredat Clohkrerdtnmetingr extrardisy the cl uster
I dentification of Sixel 'a' at timet 15 in the higher resolution array

930 i s démstssrned 8Y at heash ailR@ncaocnevrstielenss Panelingd: edRothRe pi xel ' a'
and the ggiHdfphdnof the cluster to which it can be considered to be

assi gned.” As given above, the cluster identification of pixel '"a' is the
m ni mum di st ance abigled iSndldstogtestthe eeputi arehsutmad obtdined froim tiee

" o PR Rradas Bhledbliabln oA o siamarn BOGrs emropnere 2 11
cor r espoRdegntP r&dIGtior olyustErdd i@%ut' Hatal ‘é(1bAisB,iﬁ?|iHi} It()yl%p%t ?éﬁng?yt he | over

resolution array 900 at tine t; r ee- di ‘nensi onal

val ues opreagpsdizd iof proviele2atT outped wh it e pilutiinsclugterad outitit data
;2/( E ?rré %3@ 4’ﬂ‘xe6’gur%bgé 181’ ]ﬂ%é ll_é mgtri 1B%cciesns télfo hllsg oershra?geor% u&s on array 960
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 t, 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 pixel ‘E’ but can be considered to
be pixel ‘a’. However, the identity of pixel ‘@’ can be one of several
values as shown in array 960 of Figure 9(c) at time t-1, HR(f-1).

25 However, for each pixel, it is assigned to the cluster which is
closest in terms of Euclidean distance between the pixel and the centroid
of the cluster to which it is being compared. As shown in Figure 9 above,
the cluster candidates for pixel ‘a’ can be expressed as one of the
following:-

30 ID (a) HR (t) = ID (Dmin(V(E); V{A,B,C,D} LR (1)) ;

V({0,1,2,3,4,5,6,7,8,9,10,11} HR (t-1)))



Figure 10 shows a sinple illustration of the outconme of the refinery
process. In Figure 10(a), two clusters are shown, 1010, 1020 in a | ower
resol ut i owoi20ege3UO00. Figure 10(b) shows the sanme two PQOTIEPINIRHNS011960,
1070 in a higher resolution imge 1050 after the refinery process 820 has
been carried out. WD 2012/093147PCT/ EP2012/ 050115 30 In an
enbodi nent of the refinery process, such as, that described above, pixels
are not considered for processing if they have not been validated. For
exanple, a pixel may not be validated if the infrared beamfromthe canera
illumnating the pivkelefalls under a 5 predeterm ned threshold, if there is
bad illum nation gradient, if the pixel is flagged as being part of the

background or if tH(§iigdnejaenditn tgod rixelide virtual linits of some
clipping planes; t L P I it ; hr ee- di nensi onal space
that is processed. DEI(Qﬁ@?ﬁ%#ﬂ%@?’g{u%iﬂ%@?%& |1félgr am 1100 relating to an
10 enbodi ment of aHbS@)isithedridrereeaoidtiomirmagspetimaltty to t he detecti on and

the identification the PO, which wl] support the control and/or
i nt ergcti ons. In _th'g:{ (t'ejr)rﬁ%gl%'\gg?r f%@’%’gpéﬁﬁ?tm%t‘ﬁhput s to the user
interface activatipn, Q(ﬁ{ﬂ}lfsethlérrﬁﬁﬁﬁﬁrrgﬁ}ﬁﬁdiﬁﬁ disthEe %%E\Aéé/e(rﬁ)ixbﬁaﬂ a high

resol ution of |ow and i gh resolution cluster image oduced as 15
one out plit’ and Xhehetsehds teupesitiomgf the eaadioid btheatearestdliuster,ef er ence to

Figure 6) and the gluyst i,s_identified has bei an extremty 1120 (al so
produced as an indm c]f'eihﬁttﬁ[ﬁe' W%é%'aﬁﬁﬁse??ﬁﬂr%?%m PB%&I above with
referencehd D bf @gHIcBSs & and 7). The clustered image 1110 and the cluster
extremty list 1120 are input to an activation gesture detector 1130 20

whi ch01 ooks at al | {A.BeC EBnisribedeixel clupigstidertificalion mandidsdedist &yged as bei ng
extremtj ' i 6 in Figure 6 and which denonstrate

coher ent &%Snkoih%ﬁ&g%kié@ﬁﬁ%9%poaéﬁ%vi ng centroid is determ ned by the age of
the cluster to whi{(h)1,23,863 6,705 9a10d11)sisdtHee pidehedudigr identiiastiont hat it
denonstr at e%gm)verrent with alimted amount of noise (that is, not a 25

j erky tr&pREHBRHStin e Bignahtespeition arrePS@apkddet ermined threshol d. The
coherency of a mvlrﬂ&hgplmgcgél%,yfh%eélnét%r?t?e?ﬁiﬁcéﬂ&?lﬂf pAXeflPlat Binfe HSTEr, My

be, for exanple, determn tecting successiv anges in the
di retdi om dhet highed lresolutehny antaye 98€ntis adeteirhimeldf byatite coimpmuimg sone dat a

Sochange ERIG9H) AT HeGRRPTaaT PR Sanvidne e PRoD PR g I8 ho

|
30change il
ref er encehs@er BRI BY soh&dBrbd & b ra@js%gfe@r YAS ARG ab8FAth8Mustep One

exanple, a WD 2012/093147PCT/ EP2012/050115
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 900 at time t;

(i) 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

(i) three-dimensional values of any one of the

25 corresponding pixels ‘0" to '"11' 1V({0,1,2,3,4,5,6,7,8,9,10,11} HR (t-1)) in
the higher resolution array 960 at time t-1.

Figure 10 shows a simple illustration of the outcome of the
refinery process. In Figure 10(a), two clusters are shown, 1010, 1020 in
a lower resolution image 1000. Figure 10(b) shows the same two

30 clusters 1060, 1070 in a higher resolution image 1050 after the refinery

process 820 has been carried out.



31 trajectory denonstrating changes in direction of a PO at each frane may
be consi dered has being not coherent and by the way usel ess. In another

ot her exanpl2@12/@3i47aj ect ory denonstrating hi gh speed novemaphoirnsdihe
opposite direction fromfrane to fram® may al so be usel ess and 5 consi dered
as not a coherent noving point Generally, PO novenent coherency requires
the novenent to be within a certain range of velocity and accel erati ons, be
performed by an existing PO for a certain anmount of time, denonstrate a
certain amount of direction vector co-linearity between successive
trajectories in thn sanemtbiodénentoof tidAefinedgt pastegestucl aketigati on in step
1130 i ncl,ude rform n_g PO trajectary analysis and therefore relies on
det ect i oﬁleﬁ?rﬁeﬁﬁgﬁb%&i Rixglsy @& nehcensigdaredpar Rresassid ythayuhaver ocess
relies o ; e j hisf ~an! ' i; the list of
PO is rggE :El%gf@l l\gl%?égfjsﬁﬁ]reé%acrﬁtalf\%ﬁ g%@gg?ﬁﬁgig%ugglﬁ&%gr{ﬂi ate list).
For eachirfteragebéamlfom dhectamgrali ifewiriatingf thendhixel falkeuedee seed point is

defi ned ib b Al th f. ] d i iti
tor eb | RedrSEpEinRBRE it bisce &R POy BNeHe Pe kb UiR Dish neans
cont i nuoksSflagd 86 %leﬁfg bAre of &l Sﬁé@rﬁund\br@ﬁﬁatggieflh@ oiil?é?élé”b?%é’y the

i magi ng system at |least the PO distance, D, e latest known reference
seed posvitiugh liits20f comeitabigpagd ptanest dihal clippimgt blanes biitings the aj ect ory

since th Stur en detected and within a certain nunber of sanple is
al so det g}rrghgh&é'g'?g?%ﬁglro?eﬂe%eg@?ﬁse‘?{%‘?%ﬁ? "geonetrical and statistical

properties in betwegrd her suRtRSSd e fIHRT BTRPSS 9960 ROAHES t6 U espond to
those defining a gesture, the gesture is then recognlsed I nst ant aneousl vy,

and the REWOMERT o dusAGINieRateped She epesighyitatthe detedioneand
An activald q?e%@ﬁ:&%ﬁ gf"ttﬁgt ®o L hilcArakfs sﬁeé&@l tHd TgoPﬂ{éZ: %@d/éﬁm the

trajectory o candrdatés that neet the iteria extremty
and in cotieraetibnsrotin dnati embodienertotidet efrgithve inkirt ingtsres efe LBer acti vation

gestures,. (%x ected,, §uch t%/tges of activation %es_tur es wll 30be described in
more det KiPTeRe aRtivation gesilapresestedelecty 1 Tercaly At d2ash@ Migh r aj ect ory

anal ysi s &b\ GRA EPIGH Addthich” RsBRRBHISLE
092! o3 TOIGRIN BE 1A dAniBhioh' fos @?Peﬁ[’?&ééﬂ}aﬁ% ﬁy(?i?gfogj“g%@v?sew so that an
expeth edonetauiritti dfrihgeseneecciesinribg adedessribed dbwe wihie refapendesth acti vati on

gesture been detected, a I.s created wthin the field of view The
POl caan@t’%%% %B‘?aﬂ‘d?t'&r i%ﬁgrﬁ@?gr :W?'Pgiad} eﬂ’i%ﬂ"ﬂ r1018§c 4 he
activati pbdieel Ui ahhipRirdGcompst bh&ceRe MANtEANEds ddsdribacasaled RO .
Additionally, the activation gesture detector produces a |ist of clusters

i dent i fi withaefayeneg tpdigurperd endi Ay Thearugerashimaged 110491d ther at | east
o7 ot ok Bl s Pl < RSB I et
the 20  which locks 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 movement with a limited amount of noise (that is, not a
25  jerky trajectory), the amount being under a predetermined threshold. The
coherency of a moving object, in this case, a centroid of a cluster, may
be, for example, determined by detecting successive changes in the
direction of the POI, namely, the centroid itself, and computing some data
calculation and statistics regarding the respective positions of each
30 change in trajectory localisations as well as the ordering of the reference

seed points found (at trajectory change location). In one example, a



10 identified PO in the cluster list, that is, the identification of the
corresponding centroid in each case, to check that the three-dinensional
positi on wd wimesantroid is far away enough from an al r eadypexz®siing RO ,

if nultiple ROs are allowed in a pardii cular user interface application,
and/or if RO 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 existing RO does not have any pointers and if an activation
gesture is made out of the existing RO. Pointers are considered to be

poi nt's ofrajertwy elehtoridnatingahanhesm tilectidrf ofed POlameathdedmy atdyon gesture or
after the activation gesture but the position of which is within the RO.
20 | n adBetsipidergd Bantiang RMfagohrisnhaie Puethgcwayabsdgsgestiure may

b t j in t f the RO
manager TIA0er piterREeRAE, 4 heldkiof dhbhiind BERscef BRIt Phe' oy i
may becomettenoppesitePirecttoofrdimfaie tdh&amerhery akoRfé siseldsevead i n t hat RO .

The manager 950 outputs a |list 25 of s and a_list of POs for each
O P dSteg an a0t I aERE ot TBRYIRG RbinbcoaRalY. BIOITHRYCTRE! ROl ranager

uses_t heoblaBhbf redlifedinglmeaeheRtlo bORlinhe babi Paddieocasipgpondi ng RO

to manage t hat respect to tinme. It is to be™moted that the RO is
a n-di neasd aeatlesatirs, behperBonmdicnien ancxistolg Rl ¢dr acertpinedmoentn ned i n

accordance ,Wwth the particul ar .system_ | not.her enbodi nent,.. t he

i mensi of i SEMERSRYEGS SO0 1SrB0Y SRR 0B SR TB SR iy nan cal |y,
for exanpbfvedn sidcBShive tifsctbfedMVPeldm@tiracti®d.. It is also possible to
define diagonal extremties with at least two POs within a RO. In

additd on, a RO whielivatige ngestare agetagiiond innsstep i 113G r inclydesiet er ni ned

duration i j. : . troyed if, | renmi ns

deacti vaP%@&rf‘%'baa'géﬁﬁiﬁée/(ﬁ&ﬁgaag&gﬂsn;ﬁ%gﬁgﬁe?(g%l E)eﬂ%%[ﬂ]] detéct%n gr An

acti vat edh#¥ded i anectidralof ithe dPOEXESHIOitesdiirel PRd8AE @fids ehiid t s coher ent
notion. An activated PO which does not nove for a predeterm ned duration,

D3, is deABEiRacews idifferssenly bydbgdnpylatines the lig of @herresbisiatiet er ni ned
g]‘c” ?L'eoggt@ﬁs tﬁé dcﬁvéﬁWgQ@tﬁPé BM{%‘Per candidate list) %P&cﬁ’"@h&ﬁ%%@ved out

S deactivated once It crosses the ‘boundary to It is
dest thoyetiajetctary déiection dewad, i av edfertricer seedppeide tsedafimesasi deatrimed D5.

e e L e e e oo el 8 S8 Y
Continuous activation gesture recognition means continuous analysis of
the frajectory. At each frame captured by the imaging system, at least
the POI 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.
i 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.

An activation gesture detector 1130 makes a real time
analysis of the trajectory of POl candidates that meet the criteria of being
an extremity and in coherent motion in order to determine if they maich
the activation gestures expected. Such types of activation gestures will

30 be described in more detail below. The activation detector 1130 carries

out a trajectory analysis of centroids that are considered to be at least



15 backdoor region) at a position close to the one where the previous PO

| eft and before the D5 period expires. A backdoor region is a regi on where
a PO re-wohersotie RO at a location near to where it Ipefriepbdve/oRhsfor a
predeterm ned duration controlled by ® threshold tiner. Turning nowto
gesture controls, it will be appreciated that 20 there may be many gestures
used as control signal but only "circle', '"wave', 'super wave', 'sw pe',
"push', "pull", "still', "click' and "pointing" will be described. Having
determ ned the presence of an extremty of a user or object that can act as

a PO w ehiramitks ihithedietd of/liew sd fitat'apl &deted actveidnagestGreadaraict i vati on
gesture, for exanple, to indicate to the inaging s%/stemthat the interface

is to be Q&qt%i?éd Qicasthier expastesh acivationgigsiuieeambeen Rstasied 2 t hat an
activati ey qeetddiSq Wil 4 flﬁg%? S ! ¥h% B ﬁd&&t({)oY%&Sn{ﬁ‘%néf‘ser

I nterface 1n accordance wth preésent i AVENL y determ ne
whi ch PObIUIsaert@antm@)rﬁm mddrcdsh’fhel mtaﬂatnanegeelﬁurgtmhenliieﬁﬁméé. thsd r at es

trajector as "circle' gesture recognitio

2012/ [&%‘FE%T 28M 309 5%¢ ?dB% Aé)agt:onaily, ItHeF‘f’@tﬂﬁaé'(’@ZQe%tHEe trajectory
of the P r ntroid

posi i on%téﬁf?l?%ﬁé%%‘%iuét AHLERIE dehiiiearEs BBy PNe Bertoic T oL g
nmovi ng i mteractionksiepel tHa, ot iab neast @t&)mm,sterl“(é’@lrmreildatey tlodit hde centroid is
shovvn as _it, npves ar ou T?ntrm d noves around the

“circl e MAdGAISATIRAGY %Héﬁ-&’&z‘é‘eﬂﬁis pt ?@B’F‘BPQ 9GPIEEEi on with respect to the

X- and Y-axes are pebSRt@r-box manager ROI Hénég%ﬂrn1990nﬁsé?> e poi nt A,
there is a change in the direction of e +Y-axi's; (ii) from

poi nt0 A tdenhteat PRI imethe |C£JséercH§hgéhatn is,hdha Oiglentication off thee +X- axi s;

corresponding centroid in each case, to check that the three-dimensional
position of the centroid is far away enough from an already existing ROI,
if multiple ROIls are allowed in a particular user interface application,
and/or if ROl 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 ROIl. 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 fn addition, the centroid that has made the activation
gesture may become the master pointer in the created ROl under the
conirol of the ROl manager 1150. If a subsequent coherent moving
extremity enters the ROI, it may become another POl according to the
number of POls allowed in that ROlL. The ROI manager 950 outputs a list

25 of ROIs and a list of POls for each ROIl. The POls may be flagged as
being a master POl or not. The ROI manager uses the identification of
each POI that belongs to the corresponding RO! to manage that ROI with
respect to time.

It is to be noted that the ROl 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



(iti) frompoint Bto point C, there is a change in the direction of the
-Y-axis; and (iv) frompoint Cto point D, there is a change
in the diweebiznsal the -X-axis. 15The 'circle' is deteetedpbyizakiiges nati ve
changes of discrete readi ngs point of33a trajectory changes in the direction
of the +Y-axis, the +X-axis, the -Y-axis and the -X-axis of the centroid to
determ ne the nunber 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 four

ref er enceysaaitallyp] for xampl) itla PORIGES tomdlier eatt ofoan R@w eltheesalet ected. The
‘circle' Is detected when at | east four consecutive guarter circles are

det ect edPPssiblestn geling (diggenad rsxtigmitioe Withet deast tvpePEHagtinia direction

of the ¢ r oi %ﬁﬁ r e d di st ances
bet ween Sg[nt SIHIZ aﬁdgg:{éw(:ﬁ @a%?{o\/\ggﬂ powéé]aﬁsm% %fbgeeq—l
det er m npreded¢ingined dieationi D1hés dexetivated; thd iacthienatiesiroygesif Lt e of a

ne a ‘'circle' include. at |east four

‘circle'. Para te
succe‘lési (ﬁé“a'tﬁ‘éﬂi@tc 'E@tfagé%%"saM@t@@dﬁe{'ﬁ‘i‘r}?dt%agaw& rection, for exanple,
clockwi se or anti-ghokvhes PO & b ﬁ1a'?t'|§’énc§xtrlé"rrﬁf§/eéﬁh@‘l=@&é §Hd“9”5' ons; a

circle perfornmed over a certalin 30duration; and a’circle having a certain
ci r cul ar exlibits coherent amtidescri bed above. WO 2012/ 093147PCT/ EP2012/ 050115
35 ure .13 il trates trajectory based 'wave' gesture
recogniti on. The t’?‘ﬁ,%&f’ﬁﬁ%’ lgb? Hhictpepe §§1’og ,eyngdor]epgﬁwrb to frame as
shown bydunrgioRO DROSIk! ideRstivdtede. RoiithisdillAdeBetivataddide Gorfugagend to
reference seed poi nt's (extrem ties of the wave gesture traj ectory in that

5 cabl) predeterminad deration, 614, itte thrm destrewedexecut es the 'wave' . Starting at

point A the PO t d t o .pgi r di stance
back to point C a}%gﬂgl ﬁ’g;}ﬂ bﬁ%ﬁ%fﬁgr&glo&tﬁéc@ %(E r%'t%‘s%j| gééeghown there
are Chanﬂeﬁossescthstwm@eawmbll%@ bt i$ Hesteysd mutdstillruera@ﬁmﬂ fof the X-,
Y-and Z- axes of Dx, and Dz respectivel %{Q{Dﬁ ection of the reference

10seed p@lﬁfﬁgetﬂrmB‘edCdlérﬁ@OD BRd HPW?&WCé@e vean Be rereiadrd KR i ndi cation
that a ' weNErenB ARIVHE RASMIE 3 APAG) enters back into the ROI (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 POl 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’, ‘still’, ‘click’ and ‘pointing’ will
be described.

Having determined the presence of an extremity of a user or
object that can act as a POl within the field of view, the ‘circle’ is used as

25 an activation gesture, for example, to indicate to the imaging system that
the interface is to be activated or switched on. It should be noted
however, that an activation gesture may not necessarily launch or
activate the user interface in accordance with the present invention, but
may cnly determine which POl is to interact with the interface. Figure 12

30 illustrates trajectory based ‘circle’ gesture recognition.



The 'wave' is detected by opposite changes in direction between two
successi ve reference seed points of the trajectory. The distance D1 between
two consewptwmesaler ence seed points corresponds 15 topaTh®béizwsmes
Several kinds of reference seed point® can be determ ned according to the
properties of the change in direction. Each gesture may be a conbination
wWth respect to tine of several kinds of reference seed points. 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' anth $@ws. 12°~rtﬁeft&éjedt'o$3t @ﬂQI&e DP0| & detumitet @dnas | ong as it
i ncreases the nunber of half waves. his other distance D2 falls within

a predet EeMSraReRs shewn Iaath%sentéwamqﬁ!tt% mferting Aranheneehtroid is
wi thin atPR:T( Egﬁttéseoﬂelgﬁfligvﬁl Bebtyr [5%mg&tﬁ?oln%ﬁﬁckhﬁehglf?ﬂtmnw to be

det ect ed t’he’ number  of nsecutive waves is al so
gr eat er shawnathetitaEctoryedietrer cenedidvial steowit lzat it imoved ar@asd tiewo hal f

waves The ' syper wave fers fromthe '"wave' in that the
di st ance W&l ds th?ect'tt@@m‘@&%rwegetﬁe Sl éhen@glowénsﬁeaﬂ%@st han t hat
for the imgxgctdPdirkbfdn Wif ré@éé&ﬁ'témé’k EH&WQ%éQt@dé‘%ﬁtéﬂ:ﬁo be great er

than that 30 for’the "wave' and th for exa he nunber of
consecutive half- vvét)/es frony peittteld tohamrlth%t ttfeute ishe ¢heage' In thaD

2012/ 093 47PCT/ E,[Pt 01 050115 36 Figure 14 illustrates a
trajecto yaxi gesture recognltlon The POl noves fromleft to

right in the execu(i)on bR poiM Refo BBME UB ethdrBeist & adiRfiger h &e t he PO1
bei n?Odeterm ned fromframe to frame as shown by the centroid positions at

PAT170 pAdlirectimmref theAPGadisd 5 PATS. The pOS| tion of the POl at each frame is

shown as PAT1, PATZ., P PAT eIo o, of the PO at
each franme is sho |’|) Aﬁ%m \99?4\)% @ng @ﬂ r'e gb%%t %@Wanﬁ%ﬁ“ irb responds to
t he poi ndiréctign EbthborY_ex;anah@ As shown, the distances with respect to the
X-, Y- and Z-axes, may also vary fromframe_ to frame as the
10P0| moves froth\é) fi Fretn @@mttqlot@ PPIRT 1D, ihertis aahangssin th, PATS.

The svm ecﬂ ﬁ,e[rhgctxag xisf the velocity of the PO exceeds a predeterm ned
threshol that the centroid has a linear trajectory. The di stance
covet®d by the PO1The ‘tinelel |sndatectecajchalteryla’a\lresca:haegels ctfodlecm—:-@d a

predetermn dthre 15Fi e 15 jl]ustrates traj ased 'push' or
"pul | 'P%%P?B‘zf)ﬁ géqjﬁato g'éQﬁs inrihg @Ct'ﬁﬂ\@(stﬁ% %s%ﬂ‘? ons PAT1 to
PAT4 in ubteax.@u% -gesddiapdaté X RPHT 4nk Ocdifvold itB aétermmél khe gesture, the
trajectory of the P01 being determned fromfrane to frame as shown by the

PO posi nHawer sof pudier RATES d’NB@t%thd RARD! merforpengcatt {easédoor 20 of the

cor  as pofHer T CTHES Jb; A He 15 be' Deftbfiniiy a°GEE antElne ckSuBF Lt el y 2

ki nie®@f cosffipent Rah bed det@nfieid byisidg e Sit Iéé‘sltfouﬁ refeferideesélbd ect i on
towards the camera. In particular, the position of the PO w.th respect to
the X- aB8iIMs gkwhighhehkangas @hgyﬁ@@on 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 points B and D, DeH, to determine whether a
centroid has executed the activation gesture of a ‘circle’. Parameters that
define a ‘circle’ include: at least four successive quarter circles detected
within the same direction, for example, clockwise or anti-clockwise; a
circle size of predetermined dimensions; a circie performed over a certain
30 duration; and a circle having a certain circular coefficient as described

above.



25substantial ly. The "pull' is effectively the same as a 'push’
but in the direction away fromthe canera. Figure 16 illustrates trajectory
based ' clwokoigesisare recognition, the trajectory of theckPPibelosgis
determned fromfrane to 30 frame as mhown by the centroid positions at
PAT1, PAT2, PAT3, PAT4 and PAT5. PAT1 corresponds to the point A at To. In
this case, the PO WD 2012/ 093147PCT/ EP2012/ 050115 37 noves al ong the
Z-axis from PAT1 through to PAT5 and then returns to PAT6. Only the
velocity vector V1 is shown in Figure 16 since velocity and/or acceleration

are properties conpigues f160mlusrtmt@st®raﬁécn@@ fisdisddhewde’ agystutare.
5" Pointing' gesture corresponds to the relative fp03|t|on of the PO wth
respect fQPOQP‘tICé’aSTh‘? Hajesitery i thad @f ist drtermained frem\iFares te frame associ at ed.

The_ PO %h%’”h@?%qﬁb?ha goné’r I-I%rétﬁ%ﬁﬁ@%rﬁ (E?nd Iﬁ‘%oﬁggb%ﬁé’i@l gesture is

ere Ins in a pre erm’ned position during at |east a
pr edet er nfesshodusedd points extitamities roftthe veavyg geplarsitnagedROly. in that

and o1 baagleot Bie, FaIRGIo6Y G 45 (b B i BHE GBS 48, Weve of SPEHED B ed poi Nt s
T e bFSPAES BEHORLILS UaAa 9 IR Y UG ilthed 1 o
al so det baok tegoins Chngndef rearhceinsleedisiance toopoiet DnA\sasadwis, there
are changes in distance travelled by the centroid in respect of the X-, Y-
and Z- axes of Dx, Dy and Dz respectively. Detection of the reference
10 seed points A, B, C and D and distances travelled provide an indication
that a ‘wave’ gesture has been made.

The ‘wave’ is detected by opposite changes in direction
between two successive 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 determined
according 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

25 consecutive half waves is also greater than an other predetermined
value, that is, at least two half waves.

The ‘super wave’ differs from the ‘wave’ in that the distance
between the two consecutive end points may be greater 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’.



Figure 17 illustrates a flow diagram 1700 of a user interface navigation
system The system nay operate in tw nodes, nanely, a passive control
node, as wodoaleed7by box 1720, and an active control 2@chrE®eo12anis

i ndi cated by box 1760. Input data, bwme¢ 1710, is used in both the passive
and active control nodes as shown, the input data formng an input for a
notion detection, user identification, user |ocalisation and PO detection
nodul e 1725, and a gesture control, speech control and hardware control
nodul e 1765. 251 n the passive control node, the navigation system may

operate in a standblgur@desd ihgxirdtédOa trhjereorynpasedab@imndgastoge of processes
in step 1725 are tri ggered as an event that guts the systeminto the active

control FREEENILRN: ht e PRI repsoliian st da&gbbii tartexeruligr 6f answigee 1735 may
det er m nﬁ%%@?é,b@%ﬁ%@&@é}éb?mé ?’dt%&ﬁ%%ﬁérﬁ%gﬁj fr%rng tﬂ%n’?’({fm«?% in the

st andby receives input controls fromthe nodule 1725, the
i nput coasrsiovreibygthey pésiadill ypdsitians at PAIT1,CRATR, PAT3, PAT4 and

2012/ 93%%?4_EP2012/ 050115 38 standbﬁ_ node" or "stalg or switch in

acti vate ethe pesitionpidhe PQ! akeach s wyshowr am ) 1aPAdZent er the
field of ppheaw i L -be identified
in step ?76‘5[? %Teépﬁcféﬁtg%d:g@ng?@g% g? eiﬁfsgw(?gghggté@ feﬁ]nj(]aé rlé;vi gation
system showh am¥/ 1, WVt dadnyd Y4noekpectivelywi PAT 1i comesporaisetd therle, by way of

a three-di Si | scene copntext anaglyser in module 1735, jch interacts
N h o cORTEA ol o HEREADRIE kS SERYAX e SasPs SAM 1STPAGHSI BE R 70 of ¢ he
act i vat ey. gpdez-aked N8, TYSBAMNDS Phaf uRBDIRy e RraPid ICHaRR 49tRCt i vat ed
mode, the system nay di splay on a screen a main nenu of a graphi cal

mul t 1Gred P! 100vas fspmhdbe firstguhgitiom PAT 1, it thaulast positien.addfA5wi t h a cont ext ual

user control nodul 175 d /2. ecejves i.npu ontrol, signals from
nodul e 1765, the i ﬁB%tS%‘Bﬁ!tvgo#lét%a%rqg?tﬂ}ep?’%@f:ﬁ\} Oﬁéﬁﬁﬁ:acﬁ %fécseteﬁ!?ea contr ol

al |l oned predenéeiinet thrdsholdeinfdUthatTine comiEyt had aMingamb@fcstoryont ext ual
application nodule 1770 can take many forms and provides I nterface feedback

for a 15Theetistapse covard by the BRI iatted lnegat@ierionbalsgseeedsota ndi cate t he
gesture EF@éed .prr&?é{iafrﬁﬁi.engé%ﬁl‘@%c'[ with the contextual nenu and/or
ul'e .

cont extual application no Figure 18 illustrates a virtual
keybtiard mai n frangigh8d0s ilstctes aajeetorg baset exdashalor gl gesturesn | aunched by

nodul e 177 f Figure 2 . mai n frame 1800 i ses re-sel ection
rea 16160 Beite, 80pGHER, ohha 20, MRvEBITEER ok 1088 JALE (O AN Afba 1630, and
a proposid Pus¥ esh§40and o pATE! F&tlpm 3h SRe 1Bl GRERIESER N Sub

pre-sel ection areas 1812, 1814,..., 1818 in which are“l'ocated icons or
el enent strajectary idddke ERlegring eleteinzined fonn drapee e fraoteeds Ishowhnebyuser. 25

Typi cal | el enent g e cordi o-the nat.ure qf the

char act eﬁge. b&ﬁ@%\‘g\o@étqﬁdrgf&ﬁ?'egﬂﬁ2g>pba@r@'?$s@§r% ;ﬁ]'ﬁ ‘é%?%’ Y&HCar eas 1822,
182420 . . of thBROIi 4t adurchramieeis! sAlehsav$el/ecindV3ofesheetivelpr /A enents
relating to a particular category that has been selected by the user in the

pr e- sel eB€iose AAEA comaaperdstaiherpalelyd@hde view area 1830 is
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 POl with respect to the X- and Y-axis does not change
25  substantially.
The ‘pull’ is effectively the same as a ‘push’ but in the
direction away from the camera.
Figure 16 illustrates trajectory based ‘click’ gesture
recognition, the trajectory of the POl being determined from frame to
30 frame as shown by the centroid positions at PAT1, PAT2, PAT3, PAT4
and PATS. PAT1 corresponds to the point A at Ty. In this case, the POI



30 where the selections made by the user are displayed. The proposition
area 1840 conprises n sub proposition areas 1842, 1844, ..., 1848 WO
2012/ 0931w @RoR/dPR012/ 050115 39 where suggestions are pwrTfEpeyisoiio the
user for the last selected sequence it in the sel ected sequence view area
1830. An inplenentation of a virtual keyboard is shown in Figure 19. In
Figure 19, a particular arrangenent of a virtual keyboard 5 1900 is shown.
The keyboard 1900 conprises an area 1910 in which groups of characters are
di spl ayed. Each group of characters 1912, 1914, 1916, 1918, 1920, 1922 are

i ndi vi dupddvessibrg tied [7ea:a8 drdnh @ ATTRRBUGH 16PNV affl thERTELHes o may vary. On
the left _hand side of area 1910, an area 1930 is provided for allow ng

nunbers P&Te EndpEhs Eelociy vretaseht isaphawn g &igweet® isiceavelacihv 10, and on

the i oht AP RLALafln 2LLB: s AOALES: AAAONLA BARGHAIPIRI aCTers s

provi ded.” Areas rrespond to pre-sSelection areas 1812,
1814, .. POIE}MGims. descri bed above with reference to Figure 18. Area 1950
corresponds to selection area 1820 in Figure 18 15 and is shown here with

char adt er s K L, MPating” geshEe r?@r@ﬁppﬁﬂ% tq Hre wlpldeq positionQE@ haracters K
corr eslooipgi ’WlLIﬁ ‘?e@&fcé% éthI%a§PﬁweS8|n?§ﬁéiﬁr% ?F ¢3S ROPwith LRk it is » 1828

(Figure ea 1960 corresponds to the selection sequence view area 1830
of Fi gur esd&iatedd TdreeldO1 870 bedheespsiad PGl or theibseqpest POan area 1840 with
areas 1972, 1974, 1976

.20 1978, 1980, correspondi to the sub proposition
roas 1842, 1pas. AN addifendl ey R SIAHAER Hd QHATARS Hihber of
char act epfed@yrmYiREY ;bé‘sif?&r?%ﬁﬁ%ﬁ%t Veaft 8OPRJMSHARE AIaHoR UaRs- I n Figure
19, area 1916 has been selected to provide the letters K, L, M N, 0 in

sel et i owithinethe1@B®EspPheingdRObr K has been 25 selected and is present in
t he sel ection sequgn i ew_ar.ea 1960. he lLetter K . has been selected,
various options ar@eﬁgf)%@sege?wﬁ?%earﬁr o{éigft’t?ﬁor?yarcé’gnﬁtg'f@. Wé% anot her
letter igesrlctdapd, tepgdialr &R@MAMIE GajeERN PReAEES 5ni Bebhigersel ection
area 1950 or froma new set of characters selected fromthe pre-selection

area 191BUEIRFSHCsHRIENcE sprd JiRtSe ALBNTeiFreAce BBPd PRIt APOSHI s in the
proposal ,gLiaan 1 (bhith | dirdent RARY 66 +aRCASY f18b¥rty has been detected

15 as described above. Gestures are also determined using reference seed
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 identiification, user localisation and POI
detection module 1725, and a gesture control, speech conirol and
hardware control module 1765.

25 tn the passive control mode, the navigation system may
operate in a standby mode, box 1730, if no input data and none of
processes in step 1725 are triggered as an event that puts the system
into the active control mode. A three-dimensional scene context analyser
module 1735 may determine whether the system is to be activated 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



WO 2012/ 093147PCT/ EP2012/ 050115 40 It wll be appreciated that
if the nunber area 1930 or the special character area 1940 is sel ected,
nunber s owopemisads7characters will be displayed in the selrgpbignsaisa 1950
for selection (not shown). Although askeyboard havi ng al phanuneric and
special 5 characters is shown in Figure 19, it will be appreciated that

t he keyboard may have ot her synbols or characters instead of or in addition
to the al phanunmeric and special characters. In the particul ar enbodi nent
descri bed above, user experience is inproved as the necessary gestures to

be perfostdiber @ode” At vy or sWitth tih wtieaRd AiddeeS SFoFekamsreTd €, i f
considering that positioning the gesture controlled pointer onto a sub

pr e- sel e¥BPOANISIINGFBIPAP r&@)ﬂ@'%@@iﬁﬁﬁh%éﬂdyOfu\ﬂ@‘dt@fsthﬁl”@m@‘@v@@ﬂ 1910, then
t 7 f 1950,
g(r)]:jnt IhQ%”%f#% Qra%ﬁ#oef t%u ba Q?Wa%@§ %?%%gﬁﬁ@eeﬁghﬁﬁed’ I ew o

ing a su ectlon ates the
sel ecti omozloaveﬂéi:tlvé&&@qu@sm ﬂherma/wgammtyste@ ahich waisnig dthadippi nter, and

optional | ting . to one of the proposition elenments 1970, using
such F¥Q‘¥f2|t0 I@@S}tﬁgd‘i‘ @Ctivgigdragde, Ry M‘@Veo RTgrdIMEnsionaheceRg nti ng) to be

per f or weeon@&paﬁﬁggemm%bwémw ngrﬁm intQRldts g&g%&ﬁt&%fﬂém@r d)

novenment s per t he user ess i cl ent odi ment, el enent
pre- sel eanhdion ammte;éumcapmmabon mnmhﬂelﬁ'f@noﬁ/ﬁiei detiviabed maydebef fres f or ned by

t t, th d el t f for, a pre er n,ne eriod of tinme that
Pgl Pralngg@gﬁﬁ Squerﬁ%)?aemBe ¥ errh EH, C'&'”Hetaoi F" ag?érmﬂge'aﬂﬁpﬁg?tﬁm i ngI at

| east ongnt RpIAAtN & L9EENTE SR Aend ofld (‘d?aplgléﬁF Yr Gt | bed above.
25 Figure 20 i I l'ustrates a fl ow di agram 2000 for a RO nanagenent. An

i nputQ 20Iderfacer Modidel 17HAL icbirpr irderacts witbta ebnREtualarsdirdandsl and a | i st

of PO c¢ i (t ers that have, made, ap_activation gesture
The inpuﬁ{%ﬁ%tﬁz h@@ﬁgf& TF%E%‘%‘?'W%@ L\&Ctoﬁ‘grpla EW‘% Snﬁ'Pm B]Oéﬁﬁeegl ogs of )

i nterest 1a650m@deat epn2626ing Ithpiealy nangaRgdstufe 30alrbIoMRAved Ren the system
checks if a ready exists within the system (step 2030). If no RO

al ready BieRCEWIth th@ﬁhﬂo The centextieal npemie pndianceniexted FRPHEINEP2012/ 050115

module 1770 can take many forms and provides interface feedback for a

15 user. For example, an animated figure may be used to indicate the

gesture that is required to interact with the contextual menu and/or
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 fo the nature of the

characters. The selection area 1820 comprises n sub selection areas

1822, 1824, ..., 1828 in which are located a selection of icons or

elements relating to a particular category that has been selected by the

user in the pre-selection area. The selection sequence view area 1830 is

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

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



41 2040) based on at least the first RO candidate, and for that new RO an
associ ated master PO is set (step 2050). The output 2060 then conprises
refined Iwet®simfo3f4egi ons of interest and points of intepestePpaiivsorns
potentially at |least a master PO flagyged. 5If nultiple regions of interest
are allowed, then the systemchecks if the RO candidates are valid (step
2025) wusing input paraneters 2015 which conprise the nunber of regions of
interest allowable and at |east the dinensions of each RO. If the input
paranmeters 2015 of nodul e 2025 are satisfied, and if RO candi dates do not

overl ap wréowé;geen@@s agresput fevard newtiROlusied fof ek erst rsefaoiéd | east the
first RO candidate. An associated naster PO is also set (step 2050).

In addi t S6AUENgGe aPudl Nl dhroselested | sagernafl MeWeRTpaexi®s0s, thien a check is

nmade to gﬁ?ﬁhﬁ*ﬁ{"’{ on%;rﬁ} B@%&Irﬁtl gh tl’?rﬁgﬁﬁe |9n that RO is active

(step 20 mas ter existing 15 RO may be
destroyed (step 204bFicamel 18, eyarREllar arrtahgah'@dltbﬁhe\prtﬂﬁlél@yblbemtl ve to the

ndi e and its soci at e ter gure 21
|IIus raﬂg@defan. é@*ﬁ Mmg P@mﬁﬁﬁ%@ﬁeW@a 1%%“ SN 2110 and
i nput pa ?d’[gbtse €4 0 HERLHR e t 2130) and
sl ave POb tehﬁchég&té'rs %Q{%ﬂ%z% but n%{?o%‘@?fﬁfgd\?%te?i 1%szfer PO is
t he PO ﬂﬁéﬂ 31%1@)e19‘1(8r ﬁﬁﬁOt m92&are iralividuallyeslectabkEnand the/\humbea RO is

attached. ;I n SOITE t her, enbodi nent st nd, sl av status may be
exchange&f Eerd rfg‘atr%d?@n@ Vé’t%t ’h{% Iﬁﬁ rgs' e&f a&%ﬁ'ﬁ?g a3 f the naster
PO is | apda 1836 isrviodd mxenb%%hbmersa{dlﬁeQ{fsmﬁseemsmerce%@m The outputs

25 from each of steps 2130 and O are used to correlate master and sl ave
poi ni@ opre-gelecten a(esﬂ ¢910.138) on theerigbkhand siletafiasea J916, pn@veale an out put

2160 tha t. i f p i_nt,e and a new
| ist of gﬁ[ﬁB‘E s@%ﬁlrazgc@%ﬁ%ét%% E’%‘%"g‘gé 'I‘!P\rggéof#@ a?(‘?"jb% %Zd mast er and
sl ave powtresmﬁnd b giresdele@ion Ardasdegd2aasiyat i ng8nei ad %e@ﬁnbéﬂ erest that
are 30no | onger active or useful. W) 2012/093147PCT/ EP2012/ 050115 42

Fi gure 28bpy¢ withrgfeagnee 19 bigug® 4§r am 2200 for a PO nmnagement process.

| nput data 2210, n I Si s process
2220, where the ou"?[%ét )s‘gg?ecgglets ?&ﬁg 'SE §!83%£§91I§§qut aiZéZISO or
passiye 2aB85s sHoewe hetd pulmsclaarecm]pll'(,eti M,tN, @ BO bemgptanonesfoanal ySi s

rocess 2240 .together with i ara fers 2215 .inclu as for exanple
geveral BlrgHon, g Ch%tedﬁgg 9@?‘35 gy 19 9”92’16” %lﬁ%"@gt'?ﬁ operti es,

T Pl e
2240, onégelectiomreeqfencee 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, O in selection area 1950. The letter K has been
25 selected and is present in the selection sequence view area 1960. As the
letter K has been selected, various options are proposed in the
proposition area 1970. When another letter is selected, either from the
current characters in the selection area 1950 or from a new set of
characters selected from the pre-selection area 1910 and present in the
30 selection area 1950, the proposals in the proposal area 1970 will be

updated accordingly.



10 follow ng outputs are provided: update the PO status 2250; backdoor
managenent 2260, update PO position 2270; PO mnaster/slave correlation
2280; andwBQaidnoaakl i st 2290. A PO blacklist is a |istpcemrasnios@is he
identification of points of interest 4hat are not useable in a particul ar
RO . For exanple, a PO that has noved out of another RO 15 may be
de-activated and then be entered on the blacklist. Such a PO nmay be noved
off the blacklist if it becomes disassociated fromthe other RO after a
predeterm ned duration, and then can potentially be associated with the

current RO if it Rayillsie epprevisedl®as fagroaumbed awa mddoeor wig ent RO .
20ln Figure 23, a representation 2300 of a RO and points of interest are

shown. | BPedial ehyestsmras it soselegtade prusakars 1 thechd! ehafadgrs bei ng user

2310 i - oW - e ; pan )
Wi t hi Insa{}vl!@!é 9%%%%%%?%@“%&8% ggégﬁwaﬁgé&ﬁéfﬁﬁgﬂﬂ% not are Shoun
excl usively, for aAhhomgh beikeyboaedr kaeng abipbanafetrice a28 Bpadial The RO

2340 is shown as a dotted box in three-di nensional,K space that enconpasses
ot h & he CRRIAHSS o8 ShAvBrB S0 821D, TDUlcPe ERBIFGASY HaSUNBHRHPGaE | n or est

corr espopgls, havé dHseH & 'eo@nﬁr gﬁaﬁagg&gqﬁs@bd%ﬁ BF %-ﬁ@h%ﬁs{ooﬂ?é extrem ty

of the region adjacency grap correspondi ng clustered 1 nage of the
scene - Alphehumeriesnd speeidlahadsacters. 30 extrenities of the hunan body as

they are located af the ends of the arps. One PQ, PO, 2320, is chosen as
the master PO and}n( h&ot 'C&ﬁb ?6?2%‘3%%7&%%9’@@901@%@@1%%3

experience is improved as the necessary gestures to be performed are

10  natural, intuitive and painless. For example, if considering that
positioning the gesture controlled pointer onto a sub pre-selection of 1930
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 pointer, 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 ROI
management. An input 2010 is provided that comprises a list of ROI
candidates and a list of POl candidates (that is, clusters that have made
an activation gesture). The input 2010 is checked to determine if there
are multiple regions of interest allowed (step 2020). If only one ROl is

30 allowed, then the system checks if a ROl already exists within the

system (step 2030). If no ROI already exists, a new ROl is created (step



PO, PO 2330, is the slave PO. In this particular enbodi nent, both the
master PO and the slave PO can be used for control gestures, for exanple,
sel ecti ongp 29a)dogatri on etc. Activation and control gest gpre/EpRéis@AGE
feedback is shown 5 in Figure 24. Figure 24(a) illustrates a
user/controller representation 2410 of the user with an oscillating
novenment of a hand 2420 illustrating a 'wave' gesture. Simlarly, in Figure
24(b), the user/controller representation 2410 is shown together with a
circular novenent of a hand 2430 illustrating a 'circle' gesture. The

user/ conR04f) baseDon eplestnhafirsirROf ¢tandidakotantifot ted ety RGAtarshown i n
Figures 24(a), and (b), but nmay be represented in any suitable formthat

woul d ea8F$QLialed: grasdel dedl by setutdep A9R0)uselhe RitPel 12060 Histesent at i on as
b . ! - _ . | .
shown | NcBnces rée | gof(l@gl&‘?é"oi‘%ﬂbg%tgéeﬁg?ﬁ?ﬁéﬁﬁgf fhelRedhars

information to I ndica user whi IS require
parti cul potentiaty dtieasta mastenPel dagged Wi th the user interface in

accordance with th resent invention. Fiqure 25 illustrates
one n‘gn- restricti v& "BH@B& FF‘&‘I‘P“SOPF iHewEst 4e alreeenthe e B a¥REI500 ol | owi ng
the int i j f : | t

e i nt epREHsANtHY RO BaHgRhId Ak \aﬁeggaze&%p%@ﬁ% m?ﬂf‘?ér%m?lb?srm”

representation or icon i1s showmn at 2 d/or after user

i nt er act 205 wrhieh chmpriserth2sionbehef iegienavalyinteredt sihwgield arsd ahe of the
fol | ow ng; hange of surtoundi S at 2520: a cha of . form as
shown at %ﬁgdﬁea‘j'gﬂ?&ﬁ&é‘ﬁ ﬁ’¥ c%?ﬁeﬁt%asqgm%\ﬁn%tﬂ Eg%?et?fsa%qtshgfsarre as
shown at nihfofls 2826haRySafisficR0drid FIRENLAdiRREStdPRoRDvENGPaRE 2560; or a

conbi nati on of chan%es, 25 such_as, change in form surroundi ngs and
cont Hht , existingesatthes @ new ROl is creatggiipra 2k least uber st RQAIfi r st

preferre i f. ' . f process 2600 in

accordanggﬁ%gg%' ?ﬁgésgﬁgrsag%q %@%ﬂ?@gﬁélggggtﬁ%ﬁgﬁﬁron 2610 of POl

control | ing the inkeadditioanifna tdndgloeROY s$ eMowetd ame dlreadyadxigtshand, is
aphical user interface 30(GJ) control elenent representation

2620 1 n {0 4 BhRdofs BadkrleaPmaae bl SCbR maRler FOlSNdnBh shown. |
w1 be apRrieci@ledstdipboss PO thedmalfer MO 2016t QRS HRETLESRRYL2/ 050115 44
15 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 POI that as performed the
activation gesture and to which a ROl is attached. In some other
embodiments, master POl and slave POI 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 POlL. The outputs
25 from each of steps 2130 and 2140 are used to correlate master and slave
points of interest (step 2150), the result of this is to provide an output
2160 that comprises a new list of identified points of interest and a 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

30 no longer active or useful.



replaced with any other suitable enblem term nology, or colour that wll
enabl e a user to understand what is required or wwth which interaction the
correspongpngixlesient i s associ ated. For exanple, the ' pCOp20mpshaes
replaced with ' START GAME' . As the buiton 2620 is selected, its 5

appear ance changes, for exanple, the button becones filled in or

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 sel ecti on. CRigard h22 biliustrateachi efices diagrarar L2OD IdrappeROANCe
activation of the button, the user nay _rel ease or de-select it

2 cat .

:512 Lﬁgm}]rf}gﬁnagewrsrma??%t 1Pt Gata 2%1%r%??'ﬁgam¥%_‘%_atﬁ’é’ﬁﬁ¢ dBrésent ation of

the user P@tﬁétfug%ahgi‘se gpt%és%@m .v?ﬁér@rtﬂetd?{t;?ﬁt% ArB! diridr W@P@@f ance 1n
ctivation'i ction

readi ness for the next Intera oes not nmake the user
i nt er f ac@22b e testied 22§6.0r1B0I1 gassive 2235l utheskt estpaiwaleapplief er r ed

interface el nt feedbac rocess 0Q. in accordance with the present
| nveri | ofp ST PiopERaca Y SO e AAARIO00 S JULRLL BTAMERES Sane ey as
the feedbagk iRERERRS aderfr &REALM EBydraf ShfCHaliesF %@ep%g)eﬂ?é&/e- In this

case, as the button 2720 is selected, its appearance changes but this 20
time, ananalysist 2340 i evaluries opropefties, rsueh ag30mes dengtedof timet éges wit h

' h 2740 2750, 276 i ndi cat i f th
tatus oPSrRal S EY BRTH e GO ané e e2 e PR B A PRRERATT Che desi red
action apeWeretel eplbhPnhBagrdpesties Rinkly@ise@240Ncehd ke Ridhd O6F @i eves the

correct appearance indicating activation of the button, the user may 25

rel etse EHlowing ubeutsareaproyistadn wndaty Abe J7 Ok status i 4258, draakdgoni t h anot her
i f i | i 1 . dj t Kk th
or api cananegeiferio2Pl,, B3ERE BAE Pouitdt 2018 Rl I (e

appear ancerrelatioga228@s anfl oPQi higlankligt 2290.vani GOl biddkésigisaphilieal user

interface does not ¢ an,?e.,BOI nterface user representation feedback can
al so be PPUGETRY the, dendificatiogy olpgintsot nigregb@t iase okiusrablgfiBrnce to

Figure 2gafiRUidrBEI.T #6f example, a POI that has moved out of another ROI
15 may be de-activated and then be entered on the blacklist. 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 ROI if it satisfies parameters associated with

the current ROL.

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 ROl 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
space that encompasses both the points of interest 2320, 2330. Each of
these points of interest corresponds to a centroid and is located at a
three-dimensional extremity of the region adjacency graph of the
corresponding clustered image of the scene — in this case, the hands are

30 extremities of the human body as they are located at the ends of the
arms. One POI, POI 2320, is chosen as the master POI and the other



WO 2012/ 093147PCT/ EP2012/ 050115 45 el enent feedback. Representation of the
user is shown as changing in accordance with interaction status. This

i nt er act iwo 28ixdoss7may be contextual |y defined with nmengcelspo®nioso1®s with
user gesture controls. For exanple, a3cursor/pointer representation may
change according to its 5 availability, its status (active or inactive),
its location (wthin a designated RO or outside that designated RO) or
its interaction status (interacting with a contextual interface control

el ement or not). As before, during and/or after user interaction with an

el enent, POlePel 330 igrihe QQV@iPﬂﬂ ametﬂmapamwlaﬁferﬁﬁbﬁlﬁ’l@hi Qetmghe a change of
surroundi ngs; a change of 10 a change in content; stays the sane; a
change i Mgt PQinarthdherslave d?@bﬁa”obedJ%nfﬂrna@”té?i @?Sté@ngcéé such as,

change i XémH? }%rIBHQC{;E{rgQEIgHgt(’content Addi tionally, the enbodinents

descri be ence ures 26 and 27 nmay al so be inplenented for
user interface repAethaationt aoh cbe&dbgekturéﬁﬁbrfaoaéeedbaﬂksersrmwmnt ation may

chan accqr di ng vene ection. For exanple, the cursor nmay be
repr g'genf’b igirea2 % dgé@g iasiralge v USRECORE 'l?dni?prr%?ﬁ"ég*é‘?ﬂ ation stays
open wi t baqGRA uBQr \tNitﬂPan ?é‘tgllé?tm m%bé:%ﬁ% Iﬁabdﬂiadﬁ:}’w:lllﬁéﬁgtnﬁ presentation

when an el enent has been se ted vaI i dat ed gra n the i1 nterface. 20
Fi gure 28 i'Whvat rgsigean |S1mdaﬂ3a,cenaﬂ:u@rrec®4t(bpl thent eserétardmllpr ocess in the

formof a flow di.agr 800, In the dia m 2800, a first erface status
2810 is Eqﬂfﬁﬁe?tﬁh?ﬁﬁ]@ﬁe@QWn {%ﬂ %&ﬁg%sqr&p@rr@% Wief‘# %based control
process R8r®. MWCS FPIU@ﬁQﬁﬁ%p@V'dﬁ%%a yeghirel toTRR afit&rcHriilep! gesture
based validation process 2 whi ch ﬁrOVIdeS 25 as an out put a second

i nt etq ac@@@ﬁ%ﬁﬁ@@@émmm@t pmitedds that shown inikiguses @d(@)oand (Y, i nt r oduct i on

of a ges ro g e control
val i dat i EH{ grr]g essqjlegyﬁasgn\?%’ 'ﬁa?gy g@@’ fﬁﬁﬂ gﬁ‘é &88@%‘%@2 lg sture
control veddynisesl byphesafter control interaction to prevent further or 30
erroneous gesture to execute an unw shed control/comuand/ action.. For

exanpl e, a user mayNPeHSIYGATATQURT ClCRTRREANRHAN \3F |SROMBLKN nhiICA®Dvi e, sai d
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 control element representation or icon is shown at

20 2510. During and/or 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 crientation as shown at 2560; or a combination of changes,

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

Figure 26 illustrates a first preferred embodiment of an
interface element feedback process 2600 in accordance with the present
invention. A representation 2610 of POI controlling the interaction with
the system, in the form of a hand, is shown.. A graphical user interface

30  (GUI) control element representation 2620 in the form of a circular button

with ‘ICON’ on it is also shown. 1t will be appreciated that ‘{CON’ can be



WO 2012/ 093147PCT/ EP2012/ 050115 46 circl e gesture being associated to a
process in the system which nakes the main nenu of the system appear on
screen. TNeewaidm@siaeontrol process nay nake appear a ' YEBch/EWebizwadinsiat i on
box asking the user if he is sure that4 he wants to quit the novie and
access the main nmenu. To 5 make use of the 'YES/'NO validation box, the
after control requires an input using another natural gesture control, for
exanple, a right swipe indicating 'YES and a left swi pe indicating 'NO.
Furthernore, in another enbodi nent, the control of this validation box may

only be agpibvad ethi any bme?@u;tamceﬁribmtfe@rrm@)gv rl SoldBt Haiviipd at a
predeterm ned | ocation for a 10 predeterni ned gerl od of tine. The

val i dat i §hapist2ppack wrgersieag winatissequitcchphwith aviieh intergeion dce with the
contr ol %Shgg%&?dlby}ﬁ%ﬂemf %r?gg%fc”%}éﬁ #&Bexe% f?ﬁ& @j(NC@%_E}gEefromred to

green once I'on I'n bé re to be us

Addi ti onagplced heithmESTARTArGAREL emsofthé rtmtwneseao iSiselegrdd, oits has t he
(1) Scalability to capturl ng devi ce

foll ogvl advant ages: -

i nput da%&Pe?'F?é‘tcel shangam fonexample.i Hegduition Begomesofilled dn: or

(i1) Rea r Haz’wﬁ"ff ORfi Ng, I h any

har dvvarehaq]Hdgﬁte(aoggfsatl ng %?{ne}r%ﬁ %Iaﬂi IS&EEtétﬁs cﬁgﬂgfr%/ ?cr)]gé}tgc r?:Iet ection
and/ or i thetwedn tet User aedjdhe editton. This is shown( pm)grétslwlymt 263€r part/ obj ect

Class! T1 @PHPogaPDeHlioh (GRyAs o PRt ABPDI WOFt Ilplastha ASkel that s,

mul tipl eaBidn aﬁﬁé[éfr BHldctiBhe USHHcE ORkeHitfon achieves the (dfrektMultiple
POs my be allowed, that is, several POs allowed in each single RO;
(vii1) Nepppawancedndicating mgtivatioronf dse bwiphothealiger maymelease or
de-select it as shown at 2670 or directly start interacting with a new
representation of the user interface. The button may return to its initial
appearance in readiness for the next activation if interaction does not
make the user interface elements change.

15 Figure 27 illustrates another preferred interface element
feedback process 2700 in accordance with the present invention. The
interface element feedback 2700 operates in the same way as the
feedback process described with reference to Figure 26 above. In this
case, as the button 2720 is selected, its appearance changes but this

20 time, an animation in the form of a ring 2730 is formed in stages with
respect to 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 selection has been initiated. Once the button 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
interface if the control associated to the corresponding element makes
the graphical user interface change. The bution may return to its initial
appearance in readiness for the next activation if the graphical user
interface does not change.

30 Interface user representation feedback can also be provided

in a similar way to that described with reference to Figure 25 for interface
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I nterface of the present invention has been described with respect
cul ar enbodi nents, it will be understood that the present invention
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For example, a cursor/pointer representation may change according to its
availability, its status (active or inactive), its location (within a designated
ROI or outside that designated ROI) or its interaction status (interacting
with a contextual interface control element or not). As before, during
and/or after user interaction with an element, the element may be
displayed as one of the following: a change of surroundings; a change of
form; a change in content; stays the same; a change in position and
orientation; or a combination of changes, such as, change in form,
surroundings and content. Additionally, the embodiments described with
reference to Figures 26 and 27 may also be implemented for user
interface representation feedback.

Moreover, cursor orientation may change according to
movement 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 to a hand closed representation when
an element has been selected/validated/grabbed in the interface.

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
as an output a second interface status 2840.

This process is an illustration for the introduction of a
gesture control validation process. The goal of the gesture control
validation process is to validate a performed and recognised gesture
control with a simple after control interaction to prevent further or
erroneous gesture to execute an unwished control/command/action.. For

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



system b) performng a nulti-dinmensional constrained clustering
operation on said nulti-dinensional representation to provide a clustered
repr esentwbi2om/®i4sai d scene; and 10c)identifyi ng poi nt pofi/EPdé1@esl s

candi dates fromsaid clustered represntati on. 2. A method according to
claim1l1, wherein step c) conprises identifying at |east one cluster that
exhi bits coherent notion. 15 3. A nethod according to claim1l or 2,
wherein step c) conprises identifying at | east one cluster that is
connected to only one other cluster. 4. A nethod according to any one of

t he preceptlegcst@eBeingRketiatetD &) ahretesPPHeSHHBIERSWHICA mhakegni tion. 5.
A nethod according to claim4, wherein gesture recognition is determ ned

usi ng at thegain e ofibesystes) eppeanompalepsi $he witengPhok preceseps of :
291 et kS PRS2 Bk SRy P B €T
traj ect osMreditiztciié erardé t@ quit tHe edovidtzewleatcasantiedaiasin rA@my alo | east one
mul ti di mensi onal change formng a reference seed point having a reference
5 make use of the "YES/'NO’ 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
embodiment, the control 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:-
(1) 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 (iii) No prior user/object detection and/or identification
required;
(ivy No prior user part/object part detection and/or
identification required;
(v) No gesture classifier required;
25 (vi)  Multiple controllers may be allowed, that is, multiple
ROl and/or multiple users/abjects;
(viiy  Multiple POIs may be allowed, that is, several POls
allowed in each single ROI;
(vii)  No specific tracking/motion estimation algorithm

30 required;



30seed identification order; WO 2012/093147PCT/ EP2012/ 050115 49

i dentifying successive changes in trajectory direction, each of said
successi weobanges7f or m ng successi ve reference seed poipotrgEpP2@n@suss ng sai d
reference seed points and said traject7ory points to recognise a gesture. 5
6. A method according to claim5, wherein said gesture recognition
conprises using said reference seed identification order. 7. A nmethod
according to claim5 or 6, wherein said trajectory 10 anal ysis further
conprises the step of: determning, for each point, at |east one of

di stance, vel ocity(iyect ghpRivedCLEEr &fgtidneecivdth iminireAlatphgBickP previ ous
poi nts. 8. A method according to claim7, wherein said trajectory

anal ysi seflgrtintetfaes, thahisr inderdagenlayguprdenisaiiPily georetric and statistica

o any one of tho (9ar nlittvd 4 BRI hEFIARE: MG, Wimd el TVt i ng

a poi nt paturat@rstgesdanchrtadieams an 20 activated point of interest if it
has first performed_a predeterm ned gesture, said activated ?oint of
inter®st still havixlg pbitaligent cemtex iRferpAten deedhacksfrom 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.



10. A method according to claim9, further conprising the step of
25determning a region of interest associated with said activated point of

i nt er est .wo 2012l6b314A net hod according to claim9 or 10, fPurtdres2080Rsi Si ng
activating at |east one further point4gof interest candidate as at | east one
30 further activated point of interest when it has perforned a

predeterm ned WO 2012/093147PCT/ EP2012/ 050115 50 gesture, said at | east
one further activated point of interest still having point of interest
candi dat e status. 12. A nmethod according to claim11, further conprising
determ ning 5at | east one further repAmMSof interest associated to said at

| east one further activated point of Tnterest. 13. A nethod according to
any one 4f cl af\nethadofor antevgriing with actisardgiestacersyistRrera@siPTaRd i t s position
and di maﬂ%?t%ﬁs%ﬁf relative to a position 10of a point of interest

candi dat e. . A nethod according to any one of clains 10 to 13, further
conprising theaptep farmiksatiehst oge auiti-aintrsiohaladpagesintutorpsfrd or mred by at

| east _one predeterm ned pqint of interest candidate within said at |east
150ne® deBeens WihIn @@plgino ofiew fif said; pt 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) identifying point of interest candidates from said clustered
representation.
2. A method according to claim 1, wherein step ¢) comprises

identifying at least one cluster that exhibits coherent motion.

15
3. A method according to claim 1 or 2, wherein step ¢) comprises
identifying at least one cluster that is connected to only one other cluster.
4, A method according to any one of the preceding claims, wherein

20  step ¢) comprises gesture recognition.

5. A method according to claim 4, wherein gesture recognition is
determined using at least continuous trajectory analysis including the
steps of:
25 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 change forming a reference seed point having a reference

30 seed identification order;



15. A nethod according to any one of clains 4 to 14, wherein said user

I nterface systemincludes a gesture based virtual keyboard having a

gr aphi calwo2er2/dosiser f ace, sai d graphi cal user interfacepboampd@2850115

20pr edet erm ned arrangenent of el enmentvs for selection using only mninal
natural gestures. 16. A nethod according to any one of clains 2 to 15,
further conprising the step of: 25d)controlling said user interface system
i n accordance with coherent notion of at |east one point of interest
candidate. 17. A method according to any one of clains 8 to 16, further

conpri si ng t hejden@fyiny 'sudessied tdhingeBdins rafkctisgr dirddtionf agehsyst em in
accordance wth recogni sed gestures. WD 2012/093147PCT/ EP2012/ 050115 51
18. A nefAEBULEessMe ghanget faming sueressive igfripars seee pobisiiand her conpri ses

the step of prﬂ%ibﬂis%ﬂgcr%%r%)ﬁwaée% a@gﬁg@gﬂg‘n&?@”%je%[b&”p&ﬁfso'ic?ance with

current status user rnter
recognise a gesture.

B. A method according to claim 5, wherein said gesture recognition

comprises using said reference seed identification order.

7. A method according to claim 5 or 6, wherein said trajectory
10  analysis further comprises the step of. determining, for each point, at
least one of distance, velocity vector or acceleration vector in relation to

previous points.

8. A method according to claim 7, wherein said trajectory analysis
15 further comprises the siep of using geometric and statistical computation

for each point to recognise the gesture.

9. A method according to any one of the claims 4 to 8, further
comprising the step of activating a point of interest candidate as an
20 activated point of interest if it has first performed a predetermined
gesture, said activated point of interest still having point of interest

candidate stalus.

10. A method according to claim 9, further comprising the step of
25 determining a region of interest associated with said activated point of

interest.

11. A method according to claim 9 or 10, further comprising
activating at least one further point of interest candidate as at least one

30 further activated point of interest when it has performed a predetermined



19. A method according to any one of the preceding clains, wherein step b)
conprises using nmulti-resolution i mage processing. 20A nethod according to
any one okotbe/psacedi ng clai ns, wherein 10each nul ti - dipcemeb@nabo11s
representation conprises a three-di nesesi onal representation.

gesture, said at least one further activated point of interest still having

point of interest candidate status.

12. A method according to claim 11, further comprising determining
5 at least one further region of interest associated to said at least one

further activated point of interest.

13. A method according to any one of claims 8 to 12, wherein each
region of interest has its position and dimensions set relative to a position

10  of a point of interest candidate.

14, A method according to any one of claims 10 to 13, further
comprising the step of recognising a predetermined gesture performed by
at least one predetermined point of interest candidate within said at least

15 one determined region of interest.

15. A method according to any one of claims 4 to 14, wherein said
user interface system includes a gesture based virtual keyboard having a
graphical user interface, said graphical user interface having a
20  predetermined arrangement of elements for selection using only minimal

natural gestures.

16. A method according to any one of claims 2 to 15, further
comprising the step of:
25 d) controlling said user interface system in accordance with

coherent motion of at least one point of interest candidate.

17. A method according to any one of claims 8 to 16, further
comprising the step of:
30 e) controiling said user interface system in accordance with

recognised gestures.



10

WO 2012/093147 PCT/EP2012/050115
51

18. A method according to claim 16 or 17, wherein step e) further
comprises the step of providing contextual feedback information in

accordance with current status of said user interface system;

19. A method according to any one of the preceding claims, wherein

step b) comprises using muiti-resolution image processing.

20 A method according to any one of the preceding claims, wherein
each multi-dimensional representation comprises a three-dimensional

representation.



