WO 2011/ 080281PCT/ EP2010/ 070819 1 "Stabilisation nethod and conputer
systeni’ TECHNI CAL FlI ELD 5The present invention relates to nmethods and

devi ces fwo 2811ai8018i1Si Nng a series of neasurenents of a plrgsirPadi0wa0s1abl e
captured by a digital sensor. BACKGROUND OF THE | NVENTI ON 10

Wi | e physical variables are usually continuous signals, digital sensors
can only output discrete readings of those variables. The discrete readings
of such a continuous physical variable by a digital sensor may generate
sonme noise or nodify the accuracy of the digital 15 expression of the said
continuous physical variable. Wile filters may be applied to reduce or
suppress such noise, they may then also introduce perceptible | atency/del ay
or mask slow, but definite, variations along the series of neasures of said
physical variable. It is thus advantageous to devel op a stabilisation

met hod whi ch can suppress noise in the series of 20 neasures of a physical
vari abl e captured by a digital sensor without significantly affecting such
slow, but definite variations, and w thout introducing an additi onal
percepti bl e del ay. Such a stabilisation method is particularly
advant ageous for stafi/lising. ;0N measur enment s
captured by a dlgltaﬁiﬁgikﬁék‘ ] part+cul ar a series of
spatial position neasurenents captured by a 3D dlgltal i magi ng system over

time. In
TECHNICAL FIELD
5 The present invention relates to methods and devices for
stabilising a series of measurements of a physical variable captured by a
digital sensor.
BACKGROUND OF THE INVENTION
10

While physical variables are usually continuous signals,
digital sensors can only output discrete readings of those variables. The
discrete readings of such a continuous physical variable by a digital
sensor may generate some noise or mod'ify the accuracy of the digital

15  expression of the said continuous physical variable. While filters may be
applied to reduce or suppress such noise, they may then also introduce
perceptible latency/delay or mask slow, but definite, variations along the
series of measures of said physical variable. It is thus advantageous to
develop a stabilisation method which can suppress noise in the series of

20 measures of a physical variable captured by a digital sensor without
significantly affecting such slow, but definite variations, and without
introducing an additional perceptible delay.

Such a stabilisation method is particularly advantageous for
stabilising a series of spatial position measurements captured by a digital

25 sensor over time, and in particular a series of spatial position

measurements captured by a 3D digital imaging system over time. In



WO 2011/ 080281PCT/ EP2010/ 070819 2 particul ar when the capture of such a
spatial position neasurenent also involves an object recognition step, the
obj ect rewognitdsarsial gorithm may i nduce significant noi PETIRP2GI0OCIBISI Ve
measurenents of the spatial position of the object, noise which nay be
aggravated by the imted 5definition of the spatial positioning raster.

An attenpt has been nade in US Patent Application publication US

2006/ 028944 to suppress noise in a chronol ogical series of position
measurenents captured by a digital notion sensor by discarding or

att enuat i ngagicelRadsen thedcftard boBub®assiatiakpositibntrheadteridnt @lsmnce with a
previous position neasurenent is below a certain threshold. However, such a
st abi | i sat inyelvescahphigst eernanitiosasiepothe ebieet rappaniivn algeriM A% ot i on

bei ng unnot| f ' | Ak | Nt il on
o r emonUER, Siriffent ife R, SubGE fSac @i b 1% RERE Coure.
t hi s t echnpasitiohsofothey objeget,i eoispushichainay ba ddgresgtedsisy ttoe dinpited i cul ar
event . o US 2008/ 165280 di scl oses a net hod of video

st abi | i $at Agfinitian phihesraiial BPRBPNINGIPFER of an i mage is achieved using an
initial set of imagepastabbhlesahhLon r s, ingt r fiicati
stabilisation algori ﬁﬁmﬁﬁgmpﬁ @gﬁs% aﬁ@gggnﬁcagga:p%ﬁrﬁt g@rlfaﬁilosn descri bed
wher e the geablichtidon 8 2006§e28%4etchalifpness neisenircausadndlpyicel semes s used. A

conpari son of rtial j ecti t Jial f t i ;o
cart; ed ouP! (RO HERSEHETEeSPRRAIEh 1t Ho HPRR IS CRICET &Y ween' ¢ he
two vect or §iRaidieg COHBRERGITPE Bhandd 8h & PHRARAN medburémbat if @igul a is

used to conpensate for jitter in two-dinensions, the filter fornmula being
expres$t@d differencss with 25 prewossnpesiden moeaswresdnt nigt Belowy daisitad f act or, a,

is disclosed that eers.t j Lt - r r ted from
frame to fﬁyﬁﬁﬂ‘?‘g ﬁ?ﬂ%’%&a@gcd %rstt%éh%ag%k%%glﬁﬁ[u%e@d\}ﬁ%g%%cg(?ng?%a\g’t
frequenci egyRhigal THAtIMAR AbtioACbeihghaanatidedr Bl riefledtedabyea vibrkig 0 <a < 1.

US 2008/ 030460 di scl oses the conparison of a referenge 30 inage to a
conpar i son VRFalRN tiB g desftien mheasurensnisr AgRaIMYalqledisr 3591 i ed t hat

ggfﬁfBé\égg%ﬁéﬁﬂﬁg@&gﬁ%%qgs%@ thit REEHIGEI IO BRIy afplid@BundBally in
15  response to a particular event.

US 2008/165280 discloses a method of video stabilisation in

which the stabilisation of an image is achieved using an initial set of

image stabilisation parameters in the form of a stabilisation algorithm.
Both causal and non-causal filtering is described where the decoded
20 images are buffered when causal filtering is used. A comparison of partial
projection vectors, partial areas of two images, is carried out to determine
the best match (the minimum distance between the two vectors being
compared) for a jitter component. A filter formula is used to compensate
for jitter in two-dimensions, the filter formula being expressed in terms of
25 the computed motion estimate. A damping factor, q, is disclosed that
steers the jitter towards zero and can be adapted from frame to frame to
compensate for handshake of the video camera at frequencies 22Hz.

The damping factor has a normalised value where 0 <a < 1.
US 2008/030460 discloses the comparison of a reference
30 image to a comparison image to match features. Two threshold values

are applied that effectively splits the image into three regions — a high



danpi ng region, a | ow danping region and a gradual or |inear region.
Positional information in the imuge is used to control the application, for
- exanpl eyotzbe/qgemiti on of a hand within a region of interarto10d®BMARY OF
THE | NVENTI ON Accordingly, the present invention conprises a
met hod and a device which can reliably filter noise in a series of
measurenents of a physical variable captured by a digital sensor, while
still satisfyingly 10 reflecting slow but relevant variations in said
physi cal variable along said series of neasurenments, while substantially

preventing d&ahﬁaih@tréﬁidug:td RV eanpingtregieabisd deymdzetomirizal hegidngi t al
expression of the physical variable and its absolute expression in the real
wor | d cont iFesipat pueenatioi: by tenignags isnessst & eantrelnifieranrligatia.nfef hod f or
stabilisin I.8S:. {Feas S Leal variable captured
by a digi t%lxg@é)ﬁ%gﬁégggr%l%ses t%(‘aoe\g’?@%sa E?g%n 6f9]t9é{'%ls£ capturing, through
said sensor, at least a first neasurenent Pt-2, a second neasurenent Pt _i,

and a third nmeasurenent Pt of said _physica i le; 20if a difference
At i bePween said first M%ﬁﬁ&%ﬂﬁ'%@ second neasurenent Pt _i
is below a threshold 13, replacing in a digital nmenory said second
measurenent Pt i with a corrected second neasurenent P11 in which a

di fference with respdéctotdinglpi ihef presennidsisotiemeomphse? ai metheduardl usi ng a
filtering strength . a; and &é)if. a difference At petween said corrected
second neadufefenvhih can reliaply filtar pRispdn R SETieS AEMEISUTSEeaISY el ow sai d
threshol d b%ysibﬁﬂvﬁﬁbﬂl@ cApfured 9y & AT Yerfsir d vitiler dtimegsisfaigpt Pt with
a corrected third neasurenent P't" in which a difference with'respect to
sai d cdPr eceidrrtivgcion bt selevanevariations.in said pbykieald/anigblyalpngisaier i ng

oo oSt B e 3ok 1R bk SLePsTE PR Bl kbR o po oo
"digital menmsticeable dSlaybabienthe digital expreesidalifenapthysieapudablav i t eabl e

data storage nedium including, but not restricted to, a solid state nenory
such as a @afdismkastdeSxpeeasion Bythg rephwArldeRBHUOYSSPEASs0 a magnetic data

storage medi um such ag.g-4iY o W& Hresent invention, a method for stabilising

15 a series of measurements P of a physical variable captured by a digital

sensor comprises the steps of:

capturing, through said sensor, at least a first measurement
Pio, a second measurement Py, and a third measurement P; of said
physical variable;

20 if a difference A1 between said first measurement Py, and
said second measurement Pyq is below a threshold B, replacing in a
digital memory said second measurement Pyq with a corrected second
measurement P’y in which a difference with respect to said first
measurement Py is reduced using a filtering strength a..4; and

25 ‘ if a difference A; between said corrected second
measurement P’yy, and said third measurement P is also below said
threshold B, replacing in a digital memory said third measurement P with
a corrected third measurement P’ in which a difference with respect to
said corrected second measurement P’y is reduced using a filtering

30 strength a; lower than the filtering strength a4 applied to the second

measurement P.q.



5 drive or a magnetic tape, an optical data storage nedi um such as an
optical disk, etc. Because the filtering strength decreases for
each subswquentosnmasurenent that has to be filtered, thechiEr@o@dsout put
will eventually converge towards an i#put that noves slowy but steadily in
10one direction. Short termnoise, on the other hand, wll be filtered at
the highest filtering strength. In the nmethod described in US
2008/ 165280, there are no nmeasured conparisons or correction of the
measurenents in accordance with a difference being below a threshold val ue.

In this video stabil igyatdigifal s BuReadt aRy IcorRiUtenrdadiabiharyed by
keepi ng the sanme portion of the inage in successive frames according to

jitter andoompuier-agiteakleidata slafagemedival, ingugdjegi Butthdgpeliiclashi®. t her ef ore

destroyed) _and,.th r J is.u r_iont.erpal o] i he next

i mge, the aaﬁgu(%t&%fe @F%ﬁgfyngag&éns; adi?'gqgnqﬂnaed&alsg Q%ﬁé@aﬁ%g \t‘;\lng'tﬂtr'l t he

det er m ned rhéfmbey, -buGilsdNai magnélic A8RB61088E hatligml sirtsas kehagpdiskat i on of

t hreshol d val ues, these threshold values effectively split the image into
three régi éliye pageMagngtititape.damapigal dgteoatorage Mg‘éiﬁ%bﬁ%ﬁ @8g#Bn and a
gradual or dﬂti@gfﬂislr(e&kon' Positional information in the inmage is used to
control the application within a region of interest. In this nmethod, no 25
dynam ¢ adj ust nent | Bguaose ddteasfileringnestremgihct decreasesisddr f eacdanpi ng

B oA tuiananat rap v BeeR TEME gL L0,
o apply1 ng S R R g et an LA Lo e e oyeey SPue) Bl steadly a0 I Lor i ng
st rengtlB a;orendiredtiomayshost Eancudiaeedn the othefi kand|wioectitered atdbeording to
the equati cf1r|]g:jhest filtering strength.

In the method described in US 2008/165280, there are no
measured comparisons or correction of the measurements in accordance
with a difference being below a threshold value. In this video stabilisation

15  technique, stabilisation is achieved by keeping the same portion of the
image in successive frames according to jitter and motion estimation. The
original image is cropped (and therefore destroyed) and the cropped
image is used for interpolation with the next image, the amount of
cropping being determined in accordance with the determined jitter.

20 Whilst US 2008/030460 discloses the application of
threshold values, these threshold values effectively split the image into
three regions, namely, a high damping region, a low damping region and
a gradual or linear region. Positional information in the image is used to
control the application within a region of interest. In this method, no

25 dynamic adjustment is provided as a linear function is used for damping
between two threshold values.

Advantageously, in this method, P’i.1 may be calculated, in a

digital processor, according to the equation:
P =Py A (—P” — szj

A

-1



PP t= 1311-1-1-N1( A, 5wherein A't is the result of applying the
filtering function f(A) to the difference At i with the lower filtering
st rengt h wo.205i0861t hese equati ons are applicabl e not | estr/Epeosoadsay , but
al so to vectorial neasurenents P, thesnethod according to this particular
enbodi nent of the invention can al so be used for stabilising series of
nmeasurenents of a physical variable 10even when said physical variable is
mul ti di mensi onal . Even nore advantageously, the filtering
function f(A may be a power function follow ng the equation:

Advant ageoygiereins@ald fsl Hsd reSgiE astdappipthgt Bi fikermpSuneienf@) o ey be
successive in tinme. The nethod according to this particular enbodi ment of
t he i nvent idifferaage dhuwithdillgsag strengte®iii #8é a series of chronol ogically

successi ve Fp'erﬂ%y%%p%y%ﬁat%f hA Bﬁﬁl{a?B}oc\é?&jt)r?%&orjgﬂw\gfﬁ)ﬁg\%e%ﬁla%ﬁ! uate the

evol ution of''s sical’ vari e ove sl'y, said
physical variable may be a position. 20 Aves re advant ageously, said
physi cal variable may be a po#i, tildn, A a‘—(—ﬁé%?di mensi onal space. In a
particul ar enbodi nent, a different set \of Kil veri ng paraneters my be
applied_for each axis in this three-di mepsi onal. space. T , .especially
when ;af’d M}Eﬁ'r“e niSs g ée§WF &Ro?wv'@& BX? gﬁﬁ'&%%gﬁ%tfoq E@in{ﬂ E'g% accor di ng
to this pardif&ahas 23 wPaH IR Blerfldestdhntd, OBinFRYhESe UsRatibAs Fi | ter
noise in a notion captured using a digital "position or notion sensor

wi t hout si gefappdinable rdtfjost thgcalhe butaglee daaectarial dneggurbments Eady

novenent s. ar t i cul arl dvantage | X el sensor
oy be an iEgTRGedaresringp s HanedR RRIPBPEENR Ly E Piemell b oot
posi tional a3 p3QLeHG8PLBbRSTHERHIEMIMESdFements of a physical variable
10  even when said physical variable is multidimensional.
Even more advantageously, the filtering function f(A) may

be a power function following the equation:
A
S (A):{EJ p
Advantageously, said first, second, and third measurements
15 may be successive in time. The method according to this particular
embodiment of the invention may thus be used to stabilise a series of
chronologically successive measurements of a physical variable in order
to evaluate the evolution of said physical variable over time.
Advantageously, said physical variable may be a position.
20 Even more advantageously, said physical variable may be a position in a
three-dimensional space. In a particular embodiment, a different set of
filtering parameters may be applied for each axis in this three-
dimensional space. Thus, especially when said measurements are
chronologically successive, the method according to this particular
25 embodiment of the invention may be used to filter noise in a motion
captured using a digital position or motion sensor withdut significantly
affecting the measurement of slow, but steady movements.

Particularly advantageously, said digital sensor may be an

imaging sensor. This will further facilitate the capture of positional



6 measurenents, especially if said digital sensor is a 3D inmaging sensor,
allowi ng the capture of positional neasurenents in a three-di nensional
space. Suwb 2803/isomgi ng sensors include, for instance, LPDARPI@0S00839
Time-O -Flight (TOF) caneras, caneraséw th scanning | aser 5triangul ation
or any other kind of tel edetection system Particularly
advant ageousl y, capturing each neasurenent in said series of neasurenents
of a physical position nay conprise recognising a given object in an inmage
and measuring its position in a reference frame. Existing recognition

al gori t hms méateierdents] @stﬁléllﬁﬂtﬁald digitdihaseopicwi 3DdImagiligetesad i n
| nt ernati onal Patent ication Publicati on WO 2008/ 128568, all ow t he

recogni ti or@“@er@nt%F@'ﬂWe §ﬁ@ﬁsé'§nﬁbfﬂeiaﬁ§f%@'ét5dnbéé?r%'@ﬁtefr'éfﬁn@/, in an
| mage, posgkgl}%{hree g nensgmh%e%o?@%l&t?@%ﬁm&aﬁ% mv\ﬁ% sEREQENI sing a

volune with space 1S disclose

t hr ee- di me$iner@d-Flighige(TRFR camperases aaméraspl withl | sgamiingoi laserwi th t he
t hr ee- di nensi onal  space. These 0| nt %&te clustered and a cluster is

sel ect ed adriangtatian, MaFMtOé'F%&' RELOMPYSIPM- t he sel ected cluster are
re-grouped into sub- ﬁ’laﬂ?&ﬁérﬁr a %rl?ta oV@gCQaBﬁNi‘n Jedctt fREaSIrdnaRe a vol ure

associ ated with the centrol ntr nnect ed to for.m a networ k
i ndi cati ve infsaih sebigecof m&asumemsxbf mphysxsalapesutidenmﬁaf{i eampesdei ng a
centroid that is .connected t.o onl geone ot her cen

However, theSPN$IHSA OHRD ARIGCH it PBJTEGES a'&%f‘i‘%ﬁ‘%‘r'”lngv'& PSFIURBI B in t he

measur ementefebeddie frBRR. (EASNRY rédghitdy QF@bntH}n§U§G@1’$%ISV¢oﬁ iReffee, The met hod
according to this particular enbo ment oOf 25 invention provides a

st abi | 18at |tmﬁe)pretwrm13¢wdts@l§>§eden|doarmtmml Hﬁé@@uﬁ\m@ﬁiﬁlgnd?utél&laﬂormbj ect

bot st eady WOVRIERILE AW R s lion of a6 Sbleesidites fRARES on of & "
not i ceabl e mdelsyysbedxeaint hin r&al inpagd t ipessibnd 4 haDdiigidgeseth VAl@ie of said
position. WD 2011/ 080281PCT/ EP2010/ 070819 7 The pet hod al so

rel ates to 28086138966 amesinag | reerenising cayrlumedrithin dbiser HEIARN@ abl e code
for perforgpg%? id) cﬁsc?é dng\%ﬁégpihrggzd?ﬂgn Bhal ﬁ"ﬂ to%ﬁa gﬂ?ﬂ%‘e% data

storage ne any corrpu er-rea I'e sup cont ai ni ng
di gi tah5dat;ﬂ.|ralmycbﬂ¢blomgs viitht  tnetthressdimertséahal ospaa:esdThe&espamE; @eeory such

RGNy R T o TR I
tape, an ophécalledBbaciaberage PRgrolipett toasuliRiRRtisC dachi oK wiaks-
having a centroid and a volume associated with the centroid. Centroids
can be connected to form a network indicative of an object and the
20 extremities are identified as being a centroid that is connected to only one
other centroid.
However, these algorithms may introduce a certain level of
noise in the measurement of the position of said object in successive
_ images. The method according to this particular embodiment of the
25 invention provides a stabilisation of the successive positional
measurements of said object against such noise without significantly
affecting the transmission of slow but steady movements of the object,
while avoiding the introduction of a noticeable delay between the real

position and the digitised value of said position.



10The present invention also relates to a nethod for inputting data and/or
commands to a conputer systemthrough a series of neasurenents of a

physi cal wernalbisescapt ured by a digital sensor. |In a parCrare@o/oeostodi nent
of the invention, this series of nmeas@renents is stabilised as descri bed
above. Advantageously, said data and/or 15 conmmands may relate to a
conput er gane executed by said conputer system Said physical variable may
be a physical position of a body part of a user. The
present invention also relates to a conputer system According to one

preferred enbodi ment Teé Hikghdd esledt relanents oa, cmplter-réddaisiepdats system
conpri ses: an i nput connectable to a di gll tal sensor for

recei vi ng &tosage @Eediﬂmn%tﬁﬁﬂgéﬂ#@ﬁﬂﬁbdﬂ cadpigisPeAPrYag IS %aéﬂiﬁ@mréd by said
di gi tal Sedshad. a digital nmenory conprising instructions
for executing a 25 nethod for stabilising said series of neasurenents
according to the invBgpticomputerdreadable data storagelirgediam’diitis meaatssor

connected to said digital penory and sai.d ir for executin d
oy ok oBaY SO A0 R RO PODEYIIng SR SogR RN UBBECRIBFPbN OF THE
DRAWNGS  ragtricted to a sofidRALTe Hiehi eéﬁ%ﬂdé%%n@émt&?ce'sg‘fﬁ@ﬁwbﬂﬂ av |1 now be

described in an 11| strative, but nbt restrictive form wth reference to
t he 5f ol | ovlasiy NMemganesr a read- -only memoky, @ut]als@avmagnetlmda‘&x Sf@rag@w of a

L
fl omchart Qforégéhi’éalum%% ﬁi@bhﬁ@al%ﬁsﬂ@@t’é ng 10 to a particul ar enbodi nent
of the invention; and Fig. 3 shows a graph representing the

effect 1@0f the stabi | Thatiresemtdnventicicalspdelaies to araethoddet inputdng sever al

different O% %:e | Wwafest%e%t c%ﬂ‘np%ﬁelj %ygfe?lll {P{F&?dﬂ’ eéTEggFI'GSl%PETAI LED

DESCRI PTI
measurements of a physical variable captured by a digital sensor. In a

particular embodiment of the invention, this series of measurements is
stabilised as described above. Advantageously, said data and/or
15 commands may relate to a computer game executed by said computer
system. Said physical variable may be a physical position of a body part
of a user.
The present invention also relates to a computer system.
According to one preferred embodiment of the present invention, such a
20 computer system comprises:
an input connectable to a digital sensor for receiving a
series of measurements of a physical variable captured by said digital
SENsor;
a digital memory comprising instructions for executing a
25 method for stabilising said series of measurements according to the
invention; and
a digital data processor connected fo said digital memory

and said input for executing said instructions.



A specific enbodi nent of the invention is illustrated in Fig. 1. In this
particul ar enbodi nent, the nethod of the invention is used to stabilise the
noti on ofwoheiwdsgist hand 1 of a human user 2 as percei vedta®2dlonmsgh a 3D

i mgi ng sensor 3 connected to a conpuser system4. In a particularly

advant ageous enbodi nent, the 3D i maging sensor 3 is a TOF canera. However,
other types of digital imging systens, such as 2D caneras, stereo caneras,
LI DAR, radar, sonar, etc. nay alternatively be used. 25The 3D i nmagi ng
sensor 3 captures 3D i mage data of the roomin which the human user 2

stands, conprising a BRIEFEESCRIPTEONGPTHE DRAWINGSl ity of pixels and a
depth val ue for each pixel corresponding the distance to the 3D i nagi ng

sensor 3 of the point inaged by that pixel. Since the X and Y positions of

the pixels in the 2D/3€’$Fairﬂa9§r té}ﬁﬁ?‘%@'ﬁ Sprthgsﬁﬂ{égﬁ?ﬁe@g&d]w agéi azi mut h

angl es of the points ey [eprese respec I magl ng sensor

3, these 3ldgsgribed iV\en3MistiARE281PRT FEHR20REOOAH] With dédrancano like
illustrated by a three-di mensional cloud of points corresponding to visible
points of tAOVBRYAIHEES n range of the 3D inmmging sensor 3. For ease of

processing, the dept fang shBﬁzszé@ghQnﬁdi‘i@ \ﬁé\ifv”?:FQ iﬂl?ﬁéd‘?ilsﬁf, 5%}?@@‘?@ nt wth

respect to the 3D i maging sensor can be converted into Cartesian
coor di nat esensor, and a compulepsystemsaccordingdh apariwelarrermbedig2nt migi ng
sensor 3 itself, in the conputer system4, or sonmewhere in-between, applies
a recogni t it6% MMEFHPt hm whi ch groups the points of this inmage corresponding

to the human user 2 iF'l’ﬁ.QZ SRYRS @l ficveresta sefilibatibHThethodczerdiggpondi ng
to, and tagged as, a body part of the human user 2. The processor also

cal cul 40es tolaeparticular embotirngrt ofdhe imieition; aadh cluster, and assigns it to
t he correspondi ng bo part, such as _the rl] ] ) ver,..as the 3D
i magi ng sensor 3 capﬁﬁ'e . i%&?s aofartaﬁg ﬁ%ﬁ%&gﬁ@]d\% cqlfggfe&gt}egessi ve in
time, even gi@binsatnan@sthol Natéatinigndo MM¢e invention on several different

differences with respect to an initial measurement.
15 DETAILED DESCRIPTION OF THE INVENTION

A specific embodiment of the invention is illustrated in Fig.
1. In this particular embodiment, the method of the invention is used to
stabilise the motion of the right hand 1 of a human user 2 as perceived

20 through a 3D imaging sensor 3 connected to a computer system 4. In a
particularly advantageous embodiment, the 3D imaging sensor 3 is a
TOF camera. However, other types of digital imaging systems, such as
2D cameras, stereo cameras, LIDAR, radar, sonar, etc. may alternatively
be used.

25 The 3D imaging sensor 3 captures 3D image data of the
room in which the human user 2 stands, comprising a 2D image of the
room with a plurality of pixels and a depth value for each pixel
corresponding the distance to the 3D imaging sensor 3 of the point
imaged by that pixel. Since the X and Y positions of the pixels in the 2D

30 image themselves correspond to zenith and azimuth angles of the points

they represent with respect to the 3D imaging sensor 3, these 3D image



15 lead the recognition algorithmto assign different points to a given
cluster, generating an apparent notion of the position of the correspondi ng
body partwoevemsoisit he human user 2 is in fact standi ngppempeciloyosssil | .
Such noi se may be introduced by a lighting perturbation or nodul ati on, by
the limted definition of the 3D imagi ng sensor, and the raster of the
reference frame 20on which the position of the body part is |ocated, by the
sensitivity of the 3D inaging sensor, and/or by previous inage processing
st eps. In order to suppress this and other noise in the

neasured peRitdi eAnofhet hitudtatdd 1. bybud ERbeslidwnyidhanctived afdpsirgady notions
of the sanme hand 1, the corrrlpeuter system 4 carries out a stabilisation

met hod 25asoriesnendiagds visiblenroinisodicthgrebiestsn gange of the 3D imaging | n a fir st

step 101, sré?lsgpgplébfeﬁ%%tfﬁ%éesrsﬁfqe ti‘{g?fe%ttﬁgﬁﬁ %%%'nﬁﬁls%rﬁjeé%i i sive

series of neasurenen e posli € axes

X,Y,Z, as cagley efl cabhasght With @Speor tige SEndaagidigasehdont 2roanebed by the
abovenenti oned recog{nl tion, al gorl t hm 30and conprising, for each one of the
axes X, ¥, z,copverted dito Lartesian Co@sdmsie$-080281PCT/ EP2010/ 070819 10

Teasurement Pt_2. a seandJIBASWARIPHA Bodint i dDTHARYRE BT Of the

position of t he hand second step 1 a processor in
sai d conputitselfsystieenocbnualteulsystes) 4 ar mmbwbaze arf- betmaaxemooﬁev &, the
di fference At said first neasu sai.d second

rreasurerrentreﬁffgr?'P%c Qf?rﬁamc oM e 8IRHA SonEhe pomts o tg'f % dP8Frd step

103, this didkfepengfg ) tHe hUﬁatnhggeICQWﬂﬁf Qdvéi) NteLe IR ARkl hr eshol d
13 by the processor. In this preferred 10 enbodi nent, this threshold 13 may

be i ndilQi dusiregpsedingoto, mtaggedoas ta1b0day<9§rt>of\thz hunfan weew2f Teeence At i
oo BRI BSR o  w RAPE A EBE B o)L e
processor \Mgslgngaltctal ﬂieeco_rr@spofﬁmu]@ttfb@ pgrtl%ﬁchaamhémgmmawd ue P t..1 of
t he second rreasur enment .i_to replace
However, as the 3D imaging sensor 3 captures images of the human
user which are successive in time, even minor changes in lighting may
15  lead the recognition algorithm to assign different points to a given cluster,
generating an apparent motion of the position of the corresponding body
part, even if the human user 2 is in fact standing perfectly still. Such noise
may be introduced by a lighting perturbation or modulation, by the limited
definition of the 3D imaging sensor, and the raster of the reference frame
20 on which the position of the body part is located, by the sensitivity of the
3D imaging sensor, and/or by previous image processing steps.
In order to suppress this and other noise in the measured
position of the hand 1, but not slow yet actual and steady motions of the
same hand 1, the computer system 4 carries out a stabilisation method
25 as illustrated in the flowchart of Fig. 2. '
In a first step 101, the computer system 4 receives a
chronologically successive series of measurements of the position of the
hand 1 in the three axes X)Y,Z, as captured through the 3D imaging
sensor 3 and interpreted by the abovementioned recognition algorithm,

30 and comprising, for each one of the axes X)Y,Z, at least a first



15 said second neasurenent Pt_i in a conputer nenory. This corrected val ue
Pt i is calculated according to the equation: Pt-1 Pt-2 -1- N-1 1Pt-3
wher ei n AvD 2n11/Bomi1corrected difference resulting from applepregoa08i9 | t eri ng

function f(A) to the difference At i mith a filtering 20strength at_i, the
filtering function f(A) being a power function follow ng the equation: f(A)
(-A5 In the next step 105, the processor will then

cal cul ate, for each one of the axes X, VY,Z, the difference At between said
corrected 25 second neasurenent P't i and said third neasurenent Pt,

accor di ng hiedsieeraghaP] A sec6hd20&34 8aRAM PCT/ &R A 1A A0&IRirdrhent
In a step 106, this difference At is then conpared to the sane
pr edet er mi Fedfihe 8epiPra oftheyharéeh corresponding axis by the processor. |f

the difference At i Slm%i té%ng(ri[&??@%hée%%gggrqm%@{@%rﬂp@gr tgaﬁeH rst

measurenent is left un tere erence sald 5
t hreshol d @, cdltdatespéerssawh ane of ted aneéaXeY 4, nhe déferédde Aa,; betwast ed val ue
Pt of the thi dt measur enent pl ace said third ?asure nt Pt in a

g Pt tpre h
conput e? Ak s W@%‘?W?%‘?féoequ?%@ gecondMeaswEMat FradCePd™y to the
equati on: %tl‘l%fé@\t‘fon'::’t - Pr-i A,

A= “(PH “Pr-z)”
In a third step 103, this difference, Ags, is then compared to
a predetermined threshold B by the processor. In this preferred
10  embodiment, this threshold B may be individually set for each one of the
axes X,Y,Z. If the difference A4 is higher or equal than the threshold (3,
the second measurement is left unfiltered. However, if the difference A4
is below said threshold (3, the processor will calculate, in a fourth step
104, a corrected value P’y of the second measurement P4 to replace
15 said second measurement Pyq in a computer memory. This corrected
value P’ is calculated according to the equation:

P.-P
Prr—] = Pz—?. + A'r—l (-H—HJ
AI—]

wherein Aty is a corrected difference resulting from

applying a filtering function f(A) to the difference Ay with a filtering

20 strength a4, the filtering function f(A) being a power function following the
equation;

AG{
A== -
f()(ﬁ]ﬁ

In the next step 105, the processor will then calculate, for
each one of the axes X,Y.Z, the difference A; between said corrected
25 second measurement P’r; and said third measurement Py, according to

the equation:



10wherein A't is corrected difference resulting fromapplying filtering
function f(A) to the difference At. However, before said step 107, in a
step 108 wbeoprsemssor checks whet her the previous nmeasecemPral/ovdsas is,

t he second nmeasurenment Pt _i, was al saticorrected (that is, whether step 104
was carried out). In that case, the filtering strength a in the 15
filtering function f(A) will be decreased by multiplying it in step 109 by
an attenuating factor a, wherein O<a<l, before calculating At and P't, so
that Q= G am Al t hough, when a decrease in filtering

strength is desired, IRalstdpt 106, tis diffeentd & isotheht esmpbiatkty tset a equal
to 1 in those 20circunstances in which an increase in filterin strength IS

not desire@ame Pfedeterm'nEdFﬁ'Fe§hﬁPJ§eEuf@ﬁteﬂﬁl‘hS?QFr@ﬁ@PﬂCHng|ﬁ”“%Hé’ ¢ ference to
h
each previ %‘l’écef&%ﬁqmay gfffeh—:?‘rr &IE% K atl rfr‘?arli meeﬁ?g%ﬁcg&?t thdre

filtering strengt tenuating

factor a, diestt hetastieeneotr rSeGHfEdmIﬁEalsBdr elfmneSdlﬁ’éremél ApW\beﬁcgle standvards t he
actual 25 maasuregq?nts P. bsequent urenent  the neasured

di ffereﬁceﬂﬂ@sea'@ tap %%ﬁéwwtﬁgwgv@t% wstep 101, tBFPHECEH @R Rta wil | be
reset at 11t 4 ﬁé'tﬂfr@ﬁe%ﬂr@ﬁmnt P to, replace aid! tRjr§! rﬂe Surehint’p

di fferences l'otted as function o measuredt Qlfference A
for an i ni coalputed meniang. §ﬂ‘1lseug1r¢ctad vialugf P4 is3Caoulated acacsdiogttodige f act or a
of 1/2. Gaph 201 corresponds to A°'t_1 and WO 2011/080281PCT/ EP2010/ 070819
12 graph 2&3Y88°%% . As can be seen, in both cases there is no filtering
above the threshold f3. However, beI ow §§|(},t reshold, At i is filtered
nmore strongly than Nt- Wile pPn=tihe +m’£f_er_r_edjenbod| ment di scl osed above
the 5 differences have been cal cuI ate donpared and filtered individually
for each one of the axes X, Y, and in an alternative enbodi nent the

modul udQof the vect oMhgreigi %tta%(%r'@@i%éﬁfeiﬁ'&‘é%éﬁw%ngré@mr@%ﬁ'ﬂ& coul d be

used 115t eqfteritl3 WISbHONNARIPHRAURLIATE AYRIdwevel, BB S8IeLERh oPod! ment

di scl osed above
in a step 108 the processor checks whether the previous measurement,

that is, the second measurement Py.q, was also corrected (that is, whether
step 104 was carried out). In that case, the filtering strength a in the

15 filtering function f(A) will be decreased by multiplying it in step 109 by an
attenuating factor o, wherein O<ag<1, before calculating A’y and P'y, so that
Gt = O Q.

Although, when a decrease in filtering strength is desired,
o<1, it is also possible to alternatively set ¢ equal to 1 in those

20 circumstances in which an increase in filtering strength is not desired.

For subsequent measurements, if the difference to each
previous measurement is each time below the threshold [, the filtering
strength may be multiplied each time again by the attenuating factor o, so
that the corrected measurements P’ will converge towards the actual

25 measurements P. If in a subsequent measurement the measured
difference is equal or above threshold B, the filtering strength a will be
reset at its original value.

In Fig. 3, the filiered differences A’4 and A’y are plotted as
function of measured difference A for an initial filtering strength a1 of 4

30 and an attenuating factor o of 1/2. Graph 201 corresponds to A’yy and



10 digital sensor is a 3D imaging sensor, and the physical variable
nmeasured is the position of a hand 1 in a three-dinensional reference
frame, thwormeiinsesiand devices of the invention nmay be a@pplEpeaodorsivari ous
ot her types of physical variables, sueh as position, speed, acceleration,
tenperature, pressure, etc., captured through other types of 15digital
sensors. The present invention can be used alone or in

conmbi nation with other user interfaces suitable for communication with a
conput er system 4, such as: switch, keyboard, nouse, trackball, tablet,

touchpad, igeawhso? esny, Aslegh UE@@&th@bth c@s@mke |33ﬁ@'ﬁp@|ﬁhg Eboven tracking
20 system eye tracki ng devi ce, datagl ove, , Voice recognition,

bi oel ect r| é %éh@?POl%&Jr%@\M@Vﬁ’rntt@'@\&c%a'dtflhé%%ﬂﬁkﬂI Atst*ﬁtf”@?rﬁijc'?‘é’r% r owi ng

machi ne, r@ﬂﬁ]y%gﬁr »sensor or interface suitable for providing input to a
conput er sy mhg the commands and inputs that may be provided 25
through the devices gisilemit thespeffetréd @mbsdintertndisolosed, avdver ¢hare: 2D

and/ or 3D navigation, such as point of view rotatjon, tran

posi ti oRi n§iTigraNess beve hesn, %{Cmégeqf\élqml%%’egtﬁ@ﬁ‘l}? old éff%ﬁ]i‘tfgfs such as
per specti v 20:inCh aitelfht bodiment th

2011/ 08028%8&#%0?‘7%7%?9%29%&% erflgce grrentweng\r/rl] goatlrlngﬂ ceorrprl si ng
e.g. navi gahu)d]ﬂss vaft ﬂhlenvm'tnuai, distancs Wmtmmce%ﬁeeneawr&hmﬂtas nput
fields. Mani atlon r|si nﬂ@ﬁéagg avat r control control 5 of

appl i cat | oﬁoHﬁjlé%FS%% r“§'n% e 90RO, orientation, translation;
rotation, appearanceyysRame tﬂ@d{)@felfré'dlcémﬁﬂdlﬂ’ﬁéﬂtoﬁtsél@aéﬂ Okbife ISt em
parameters. Triggering, such as validation of e.g. action comuands,

par anefler digiiagesensarardsa adld/ onaging skasge andsthe eohysiashndiiakiet i on
Coms L B TR BT ISpAE Pl JPn i iR oL
appl i cat i ofrzphd etes matheds eifd teviaestofolhee aiventieh omay be applied for
various other types of physical variables, such as position, speed,
acceleration, temperature, pressure, etc., captured through other types of
15  digital sensors.
The present invention can be used alone or in combination
with other user interfaces suitable for communication with a computer
system 4, such as: switch, keyboard, mouse, trackball, tablet, touchpad,
touchscreen, 6-DOF peripheral, joystick, gamepad, motion tracking
20 system, eye tracking device, dataglove, 3D mouse, voice recognition,
bioelectric sensor, neuronal interface, treadmill, static bicycle, rowing
machine, or any other sensor or interface suitable for providing input to a
computer system 4.
Among the commands and inputs that may be provided
25  through the devices and methods of the present invention, there are:
e 2D and/or 3D navigation, such as point of view
rotation, translation, positioning and/or orientation, as
well as other vision parameters, such as perspective,

range, colour, exposition, etc.



15 Force input, for instance in physical sinulations. Qutput paraneter

adj ustnent, for instance for sound vol une, appear anceof applicationobjects,
pr esent atworzonifosegspl i cat i on obj ects. Plhe/pPonmpot@io syst em
4 can in turn be connected to any of ® 20 variety of output devices, such
as, for exanple: Conputer output devices, such as a 2D or 3D display

devi ces, | oudspeakers, headphones, printers, haptic output devices,
ventilators and/or background lighting. 25 Virtual reality output devices,
such as virtual reality goggles, portable display devices, nultiple display

devi ces such as Cave(r)s ||geeacdi sglgmérpﬂevﬁ@\ﬁ%amh asmpeasihpt yegenter (r),
stereoscopi c screens, force return devices, 3D display devices, snoke
machi nes, 30and/or spri nkinevigatiop® vithin/meovs1iets/ PreaMele0 W®IEs14  Hone

aut omati on devi ces, such ' hutter control devices, heating control
devi ces and/or lighting c%ﬁf’ﬂéﬂg@gﬁé&é Honme

entertai nment devices, SU(I\h‘arﬂﬁul’éil'én,aGé%Qﬁsiﬁm@.PCawﬁatrmt{olfﬁr_ﬁﬂme
devi ces, such as portable nusic and/or video players, positioning systens,

personabP digital assistanto agpicaten ohiefipRAGMEIBIFd/HICNNBHIRASIHAE, ephones.
10 Qrher devices connect algri%n{a(?ioﬁ, ‘E%’H%\éttr%h; ?Xt%ttism éppearance, shape

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

» Triggering, such as validation of e.g. action
commands, parameter change commands and/or

10 change of state commands, action commands and/or
commands to change the state of an application
object, a control parameter and/or other.

o Selection of e.qg. interface elements, application
objects, real environment objects, etc.

15 » Force input, for instance in physical simulations.

¢ OQutput parameter adjustment, for instance for sound
volume, appearance of application objects,
presentation of application objects.

The computer system 4 can in turn be connected to any of a

20 variety of output devices, such as, for example:

o Computer output devices, such as a 2D or 3D display
devices, loudspeakers, headphones, printers, haptic
output devices, ventilators and/or background
lighting. _

25 e \Virtual reality output devices, such as virtual reality
goggles, portable display devices, multiple display
devices such as Cave®, large display devices such
as Reality Center ®, stereoscopic screens, force
return devices, 3D display devices, smoke machines,

30 and/or sprinklers.



such as valves, treadmlls, robotic devices, etc. Al t hough the
present invention has been described with reference to specific exenplary
enbodi mrenwe,20ittosudst! be evi dent that various nodificati eocs/Eerdooh@srges may
be made to these enbodi nents 15 without departing fromthe broader scope of
the invention as set forth in the clainms. Accordingly, the description and
drawings are to be regarded in an illustrative sense rather than a
restrictive sense. WD 2011/080281PCT/ EP2010/ 070819 15 CLAI M5

1. Anethod for stabilising a series of neasurenents of a physical variable

captured by a digital sen$fime SRit6mEBOHUEVRIEDSUBASad REnGh @ Rshudter S _
-capturing, at least a first neasurenent, a second neasurenent, and a third

neasurenent of sai d physi 6antrobrdemites, Aeatingt 6PnHg! edRYiceeadtd®fent of

sai d physical .variable in, o]l ; characterised in that said
met hod further conprises Pﬁgﬂgfé%?kggﬁﬁg%%iconparing said first and second

measur enent s; repl Munmg &bdaineismddepesd)r engntaswng angfrr ect ed
second neasurenent if a difference between said first neasurenent and said

second fAeasurenent is bel SWHC BY¥@@Ser ni ned threshol d, said corrected
Tomeasur enent whi ch hast DESTEPEISAERs: Sirh 48 RETERlS (B 2008 ng .
conparing said corrected gRiRGIaVRRSUSESBITINGNEssarng, perdathamesigitaienent ; and
assistants, portable computers and/or mobile
telephones.
10 e Other devices connectable to a computer system 4,
such as valves, treadmills, robotic devices, etc.

Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that
various modifications and changes may be made to these embodiments

15  without departing from the broader scope of the invention as set forth in
the claims. Accordingly, the description and drawings are to be regarded

in an illustrative sense rather than a restrictive sense.



replacing said third measurenment with a corrected third neasurenent if a
difference between said filtered val ue of said second 20 corrected
measur enew 2anghsemitd t hird neasurenent is al so bel ow saipdTiHP2@9h@Isdy sai d
corrected third neasurenent having a ifference with respect to said
corrected second neasurenent which has been reduced using a second
filtering strength. 2. Method according to claim1, wherein: wherei n
Pt..2 is the first measurenent, Pt _1 is the second neasurenent, Ft-1 is the
filtered value of the second neasurenent, At i is the difference between
said first and second neasurenmentsCIaAIMSN t _i is the result of applying a
filtering function f%A) to the diff erence At _1 with the first filtering
30strength; and WO JoRimedurkipcstakitisingor GedigsPi1meaguigmanteyradin Pt i s
the third : ' ' Ll A
measur enen 9%# 5Iievsra% (136 g?ét#é?deﬁgéah@g[t%éeeﬁ{sggis Sﬁﬁ%ﬂéﬁ %ﬁ@p{nﬁ?é gqe

steps of:

5 - capturing, at least a first measurement, a second measurement,
and a third measurement of said physical variable; and
- storing each measurement of said physical variable in a digital
memory;
characterised in that said method further comprises the steps of;
10 - comparing said first and second measurements,
- replacing said second measurement with a corrected second
measurement if a difference between said first measurement and said
second measurement is below a predetermined threshold, said corrected
second measurement having a difference with respect to said first
15  measurement which has been reduced using a first filtering strength;
- comparing said corrected second measurement and said third
measurement; and
- replacing said third measurement with a corrected third
measurement if a difference between said filtered value of said second
20 corrected measurement and said third measurement is also below said
threshold, said corrected third measurement having a difference with
respect to said corrected second measurement which has been reduced
using a second filtering strength.
2. Method according to claim 1, wherein:

! - P— _P—
P =1, +A:-1(%J

25 t-1
wherein P, is the first measurement, Py is the second measurement,
Pt is the filtered value of the second measurement, A4 is the difference
between said first and second measurements, and A'wy is the result of
applying a filtering function f(A) to the difference Ay with the first filtering

30  strength; and



measurenents, and Li' t is the result of applying the filtering function
f(A) 5to the difference At _t with the second filtering strength.

3. Met hodwvecooraddzsy to claim 2, wherein the filtering feoctEresofofod)oi s a
power function follow ng the equationte f(A) = (-Al' 13 fl wherein a is the
filtering strength and 13 is a threshold. 104. Method according to any one
of the previous clains, wherein said first, second, and third neasurenents
are successive in tine. 5. Method according to any one of the
previous clainms, wherein said digital sensor conprises an inmagi ng sensor.

156. Met hod according to claimb5, mhzz/%ipw_gine%i magi ng sensor conprises a 3D

i magi ng sensor (3). Pl=P 1+ cording to any one of the
previ ous clains, wherein said physical \vafkablle is a physical position.

8. Method according to clajm®6, wherein_ said position js Oposition in a
t hr ee- di rrer‘{“éledﬁ'gl Sts'ﬁé'&%.th”d measurement, + Wetﬂ“ﬁcf_a{eé%fgé‘?%n‘g tﬁ@%'lr%i m?7 or 8,
wher ei n_caphdid EmBAEN ATERS & WftbrePlceS Bevddl SIhd! QM 10 GoIRpr i ses

recogni sing a given object in an image and neasuring its position in a
ref erence feamsirerh@nid;tanaldAk éy thenprsulti ofgapllyingahd/fiteriog fuaetin 1(8) a 25

comput er. system. (4) thrpugh. a.,series neasyrenents of a physical variable
capt ure b§° %F@ﬁ%%ﬂ%ém ifh H}gds%qo&ﬁofheglgg K nﬁﬁ"a net hod according to any
one of the previous gl fldtBed according to claim 2, wherein the filtering

function f(A) is a power function following the equation:

A&
N=|=] -
f()[ﬁjﬂ

wherein a is the filtering strength and B is a threshold.

10 4. Method according to any one of the previous claims,
wherein said first, second, and third measurements are successive in
time.

5. Method according to any one of the previous claims,
wherein said digital sensor comprises an imaging sensof.

15 6. Method according to claim 5, wherein the imaging sensor
comprises a 3D imaging sensor (3).

7. Method according to any one of the previous claims,
wherein said physical variable is a physical position.

8. Method according fo claim 6, wherein said position is a

20  position in a three-dimensional space.

9. Method according to claim 7 or 8, wherein capturing each
measurement of said physical position comprises recognising a given
object in an image and measuring its position in a reference frame.

10.Method for inputting data and/or commands to a

25 computer system (4) through a series of measurements of a physical
variable captured by a digital sensor and stabilised using a method

according to any one of the previous claims.



WO 2011/ 080281PCT/ EP2010/ 070819 17 11. Met hod according to
claim 10, wherein said data and/or conmands relate to a conputer gane
execut ed Wy 28m/@oxsonput er system (4). 12. Met hod pac@reaiongsi® cl ai ns
10 or 11, wherein said 5physical varible is a physical position of a body
part of a user. 13.Conputer system (4) conprising: an input connectable to
a digital sensor; a digital nmenory conprising instructions for
executing a nethod for stabilising a series of neasurenents of a physical
vari abl e captured 10t hrough said digital sensor according to any one of

claims 1 to 9; and &g1digiHodl actklr@ingrecesinon O0C wneasih eid databAd@rgi t al
menory and said input for executing said instructions. 14. A
conput er - r SREYPPRAT ERlatesio BAPHEIIIAMS E¥eF g Byl eMpUtRsdystesn

per form ng (3) met hod according to any one of clains 151 to 9.

12.Method according to claims 10 or 11, wherein said
5 physical variable is a physical position of a body part of a user.
13.Computer system (4) comprising:
- an input connectable to a digital sensor;
- a digital memory comprising instructions for executing a method
for stabilising a series of measurements of a physical variable captured
10  through said digital sensor according to any one of claims 1 to 9; and
- a digital data processor connected to said digital memory and said
input for executing said instructions.
14.A computer-readable data storage medium storing
executable code for performing a method according to any one of claims
15 1t09.



