"Stabilisation nmethod and conputer systent TECHNI CAL FI ELD 5The present
invention relates to nmethods and devices for stabilising a series of

measur emeW0s200F/088293hysi cal vari abl e captured by a di gi t afCEERER/070819
BACKGROUND OF THE | NVENTI ON 10 1 Wi | e physical variables are
usual |y continuous signals, digital sensors can only output discrete

readi ngs of those variables_ The discrete readings of such a continuous
physi cal variable by a digital sensor nmay generate sone noise or nodify the
accuracy of the digital 15 expression of the said continuous physi cal
variable. Wiile filters may be applied to reduce or suppress such noise,
they may then al so introduce perceptible | atency/delay or mask sl ow, but
definite, variations along the series of neasures of said physical

variable. ft is thus advantageous to devel op a stabilisation nethod which
can suppress noise in the series of 20 neasures of a physical variable
captured by a digital sensor without significantly affecting such slow, but
definite variations, and w thout introducing an additional perceptible

del ay. Such a stabilisation nmethod is particul arly advant ageous

for stabilising a Ser‘é’%iﬁgaﬁg tl‘i@{h&f’ hi asw Ai’s captured by a
digital 25sensor over-"ﬁ—nﬁn'g—rﬂ—pm%'mm—s‘aﬁgﬁﬁ spatial position
measurenents captured by a 3D digital imaging systemover tine. In

particul ar when the capture of ﬁ.:j h I\ﬂgs‘?@a% | position measurenent al so
i nvol ves an object recognition éﬁ' @&t recognition al gorithm may
i nduce significant noise in successive neasurenents of the spatial position

of the object. noise which may be aggravated by the limted
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



S5definition of the spatial positioning raster. An attenpt has
been made in US Patent Application publication US 20061023944 to suppress
noi se i n VO @Ni®BBBbgi cal series of position neasurenent BCTAPLOUG/EWSIYY a
digital notion sensor by discarding o attenuating a change in a position
measurenment if the difference with a previous position neasurenent is bel ow
a certain threshold. However, such a stabilisation technique could lead to
a slow, but real continuous notion being unnoticed or reflected as a
jerking variation in the position neasurenents. Apparently for this reason,
accor di ng partithias wiesichestapéuret ¢l sidhes kpatisiepdsitionmeappdmendt glisoctual Iy in
15response to a parti.cul ar event. . US 2008, 1165230 di scl oses a
met hod of VEIEBS SNBRIEFITRCPBATIPR SipR.dhetaledasPINtaR EGPIBRMamaymage i s

achi eved ' Lkt bl t of .l t api | i r in the form
of a stabﬁﬁ?gg? ?%%hlgFég%t?inP E’% [@ost%&%gﬁ\slgl ﬁ%ﬁéhﬁé@gugglmﬁ Fﬁéﬁ?lng i's

descri bed péetian hdhdedndetd nokE wmdesnay dcbabfmvatedwgnthealisdtedf i | t eri ng
is used. A ,conparispn of .partial .projection vectors, partial areas of two

i mages?5 i sd?fgv?qrbﬁtstgﬁtSp?Bg'déqséWH"gﬂe"’ﬁ%r-best match (the m ni num di stance

betvveen the two veq&rpréttg;ﬁ?pgjégorg&he%acj@rinangtp%n_@ogpﬂwibn Afilter

formula is used to conpensate for jitter in two-dinensions, the filter
fornul a bepuigicakipr 453 @008/H12684 Ao sfuppBessheoiseriput ebromeldgical estriesat e. A
danping factor,..a, is disclosed that steers the jitter towards,zero and can
be adapt edofrpgﬁ{ttppar%eqsgﬁmg tcé‘pggﬁ%e_ﬁ¥a?edf% h@ﬂﬁgﬂaﬁﬁn%ﬂr _the vi deo
canera at disesdercioedibnudbhg. a Tiandanpi agpbaiebar mBasurRnieitmal theed val ue
where 0 ¢ a < 1. US 2008/ 030460 di scl oses the conparison of a reference 30

i mge b diferpari Y8R RnagYiQw mestiont BwAasteemenivis thilewhsl gevalnues are
gpp' led t hrﬁ}es‘ﬂo‘icﬁ%bo&&'éé/r S8Eh tass{a%ﬁisbﬂ&%eéﬂﬂ@éé %f:ﬁrz’:i e 1878 slovd’ hi gh
anpi ng regi on, a |ow dahping regron -and a gradual "or TTnéar redion.

Posi ti onal buinfexi nedritionous rhbton regey ithndtieddtor esfigotad dshe @phihigcati on, for
exanple, the position of a hand within a region of interest. 5SUMVARY OF
THE | NVENTY&Rton in the posiigr orgaRyiementfe /‘g‘?%ﬁ'ﬂtﬂy iRV RS dRa8YMpri ses a

met hod an ! I Gi icaf L Lter i il LeSiyOof
measur eneg?(g'og@ﬁgqgﬁwg @gfﬁ)\%gﬁr Z‘h'se@ccégﬁil%el %@Qaa%?ihg(?t%lr&gdeérl OIP , While
still 1$at irskpongg {0 a phrecidamayest.ow but rel evant variations in said physical

vari abl e along said (o f asur.enment s il e substantially preventin
t he introduct igon of ngr?gﬁﬁéﬁg’ggﬁ '%?F%%mvﬂﬁﬁdloﬁ(\é'd&f’gﬁt?aba""s 'Qgsi on of °
the physi cghickahablagiliagfioh tef APsbUEeisexfHiedsd AR ahhRitffadetver | d

continuous space. According to the present invention, a nethod
for stabilimAgegstabiispties pArametrrariente: Orm of %sgwﬁa@an Fgefitapd.e capt ured

by a di gi tglySEensa) SUMSERshlSitelifgSis Bescribed 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 compuied motion estimate. A damping factor, a, 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



capturing, through said sensor, at least a first neasurenent Pl _2, a second
measurenent Pl..1, and a third neasurenent P; of said physical variable;
20i f a di MOs20enes92%t 4 bet ween said first measurenment Pt-PCTERYWIYAI8!%econd
measurenent Pmis below a threshold p,3replacing in a digital nmenory said

second neasurenent Pt..; with a corrected second neasurement Pmin which a
difference with respect to said first neasurement Pt..2 is reduced using a
filtering strength ac.;; arid 25 if a difference A, between said corrected

second neasurenent PPm and said third neasurenent Pt is also bel ow said

t hreshol d pampiphacigien,i @ lavdiginpalg region arslaadgrekdiiat omdiasar ee@an. P, with a
corrected third asurenent Pt i.n whi.ch a differengce with respect to said
corrected JeRiRNatdalIMaRendn pne iIfage i &5 %mtﬁg%aeﬁplp '%?tfq{g%gbstrength

ot | ower t@%&@@%g%&ﬁ“ﬁz gg%mgﬂgt\mmﬁ ateBldresk ih%r%f}e' Z_econd measur ement

Pm WO 201 070819 4 igital nmenory" it
is meant any conputer-readabl e and cornputer-witeabl e data storage nedi um

i ncl udi ng, but not restric i ry such as a random
access nmory or a flash n%WRﬁpégléglgﬁgﬂglc data storage nedi um
such as a hard disk 5 drive or a nmagnetic tape, an optical data storage

medi um such as an optical disk, etc. ) _ Because the filtering
strength decreases fokcasadinghu ke guesantiveaiiicenedinrtisra anasthod ¥ filtered,

e e BBt PRI, 04T Ao L ReaBy PR L Toves
hand, will dediddit sebliatcdgierdd gyeat digital esanaer,siuhdagstil satisfyingly

10  refiecting slow but relevant variations in said physical variable along said
series of measurements, while substantially preventing the introduction of
a noticeable delay between the digital expression of the physical variable
and its absolute expression in the real world continuous space.

According to the present 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
Pi», a second measurement Py, and a third measurement P, of said
physical variable;

20 if a difference Ay between said first measurement Py, and
said second measurement Py 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’..q, and said third measurement P; is also below said
threshold B, replacing in a digital memory said third measurement Py 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 o lower than the filtering strength a1 applied to the second

measurement Py.q.



In the nmethod described in US 2008/165280, there are no neasured

conpari sons or correction of the neasurenents in accordance with a

di fferen®O yai/mP28ic. -iiow a threshold value. In this viRHBGERDABINS®at i on
15 technique, stabilisation is achideved by keeping the sanme portion of
the image in successive frames according to jitter and notion estimation.
The original inage is cropped (and therefore destroyed) and the cropped
image is used for interpolation with the next inage, the anount of cropping
being determ ned in accordance with the determned jitter. 20 Wilst US

20081030460 di scl osepy tiigitalppehrayi @ns oledMreghedifputerpesdaliibese t hreshol d
val ues effectively s ¥|t the inmage into three regions, nanely, a high

danpi ng r e@mﬁutea—wawabbﬁ@aﬁgstp@@ednedw,angluamgalbubﬂot fasdgted &@i on.

Posi tional i r e, d peation

within a reg%;tg@ gﬁ%ﬁ?ereg%dh |s 'r%r{éI ﬁ] a‘i:8e gﬁ%@hymrbg % uéstmant i's

provi ded asmemndriynbar al&urmrnagmetle dﬁ@@tdr@gedaemung sbeh \asem htaved dtsﬂxr eshol d

val ue vant ageously, .in this method may be cal cul at ed,

in a dlfgl tQ'i'veppﬁc?bwnet'gc'@g?d@HQOQWE’J Hj@t%dit@'tagﬁnm?dbﬁn rSU-Ch 220 1 wherein

A tri is tg@‘{ Wt ef applying a filtering function f(A) to the difference
, 1 with ter|ng strength otri; and P't nmay be calculated, in a digital

pr ocessor accor di ngB¢caltsee thwaiflltemngl strengthA. decreases for each

subsequent measurement that has to be filtered, the filtered output will
eventually converge towards an input that moves slowly but steadily in

10 one direction. Short term noise, on the other hand, will be filtered at the
highest 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’r—l b Pr—z + A'/—] (%]

-1



wherein Alt is the result of applying the filtering function f(A) to the
difference At.i with the lower filtering strength CGt. Since these

equat i onswar®1egokdicabl e not just to scal ar, but al so toPGEEPW/@]0819
neasurenents P, the nethod according too this particular enbodi mrent of the
invention can arso be used for stabilising series of nmeasurenents of a
physi cal variable 10even when said physical variable is multidinensional.
Even nore advantageously, the filtering function f(A) may be a power
function follow ng the equation: /(A Advantageously, said first, second;

and third neaswirenent s khenmmsulte ob uppddsg ve filieringméunciibe &) Hodtreccor di ng
to this particular enbodi pent of the inventjon may thus be used to
stabi | i se alifeianes Ln VAl BHYINSGFERNIH) %Ucﬁ%}ssi ve neasurenents of a physical

variabl e ing0 r v te .the; i i i iv@ariabl e over
e advar ag e SR g e P 0 Even
nor e advant ageously, said physical varigplepmay be a position in a

t hr ee- di nensi onal space, in afﬁaﬂ,.qmﬂ'af—’eﬁhﬁﬂinent, a different set of
filtering parameters nay be applied for eath axis in this three-.

di nrensi qnal ace., Thu especi al | en i syr t r

chronol ic\é{ﬁ%?'%u{ébé§3P9ef£$ﬁe°h%ﬁmn%é§§r@f‘%g‘%t 3“5‘&?’2‘ B(gﬁt cli%r 25
enbodi ment  @fretdiel AVERIth AReBYePEitERRY shienbit berSines SBese equanshon
captured using a digital position or nbtion sensor w thout significantly
affecting the amim%&mnt Jusst tol ssiplam bt sds iy vaskesiRk Aaasurements P,

Particul arly advant sal: Lol ; RO sensor.
This il e her aarnipinte R e BB e TRt (A8 iffprERatas
2011108028176d /Wl M0 kefdifsifg sy of mrdssireraeptcofad birysitalsairaibég gi t al
sensor is a 3D imaging sensor, allown t_ge capture of positional

measur eifent @v§hwaen skt PayieResaRIe @dgh"é‘. “@%'lsﬁoﬁﬁ-i magi ng sensors i ncl ude,

for instance, LIDAR SgpsisorelbBBaRbybbbafl! td ARG MBR@R RATBAAP Wi th

scanni ng | aser
be a power function following the equation:

Aa
Ay=|=| -
f()[ﬂjﬂ

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 without 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



S5triangul ation, or any other kind of teiedetection system

Particul arly advant ageously; capturing each neasurenent in said series of
measur en®v 16980a81physi c& position may conpri se recognhi BiMEPAa1@giwern obj ect
in an inmage and neasuring its position in a reference frame. Existing
recognition algorithms, such as, for instance, 10 those previously
disclosed in International Patent Application Publication WO 2008/ 128588,
all ow the recognition of an object, such as for instance a user's
extremty, in an inmage, possibly a 3D imge, In WO 2008/ 128568, a mnethod of
recogni si ngeaswieimamts wWedduonliyhif eaiditigtassenadr isRACE insaglhgdepsed in which
t hree-di nensi onal inmage data conprises a 15 piurality of points with the
t hr ee- di neMVERE, 19 sEPtUFHESROSHMHNA dneairemesteed tarre-ginognaersl i s

sel ected p& o Lot LEdn_t I gechEI duster are
re- groupe |%teb(§sd&it’)‘-@f}dg@ﬁggég%%ggpa%?tﬁor\m&\%{%ﬁgeah@eﬁ?r oi %gsrid a vol une
associ at edTmd-0fftighcerTOH) d. clieptani dsamamde witinnegkeding flagan a net wor k
i ndi catj ve of j ect anﬂ the 20extremties are identified as being a

.ob
cent r oi t%‘éﬂgﬁghg'&-rﬁfeﬁﬁye@ EHKIBAIS) TBiRdetacHaR sY&leiM oi d.
Ho , th | ; i | J inth
vever ese a gorpérﬂﬁﬁlagﬁyaoqv%glgl Og}y‘é‘c{aﬂté{ﬂﬁé{] dagHehegbuhsg 1 0 the

measurenent of the !'positi ccessive I nages. The

met hod accior sdidgsartes bf snpasureowngs of ndoquhiysenal pafsitidme ma&56 compeisei on

provi des a stabilisati.on %&’j t he successive positional, neasurenments of said

obj ect agaiGTeE M S(1oh? YL RIS AU AT Y7 G PRIHTFFS YL Ui RRFHHE N Pansni ssi on

of sl ow bulsisrpad rdrm ePRRtISg Fbchiation)BGdrithMal |seicAVA, FohGndtBRcd Nt roduction
of a. noticeable delay between the real position and the digitised val ue of

sai d pdki ttheae previously disclosed ThintersatiodaldPatent dpatieatianoPublication

B e e e A

data storageus®di usxtrdrhity,S iffeant iayeC OpauHileYy - beaIabineagdippar voont ai ni ng
digital data, including, but not restricted to, a solid state nmenory such

as a randof(fEeaa0Eeprihotof leseanisivct yolusie Withind@resmineesiers!, but al so
t i H H i B 8 - i 1 . t 1
a magneti cg fa Cg\sse(ajlgggggg e ey %ﬂféb&.ﬁq A lﬁfagg a"étb"é’odﬁéﬂ;ﬁeéef?gf‘e e

tape; an o orage medi um such as an aptical
The priésenpluraityent i poinial wih rtakathese-dimansiehhlodpdas. Thead fpioirgs daea and/ or

commands t comput er system throuygh a series of surenments of a
physi cal v‘gpgﬁfﬁ‘gg{iéﬁt%? g lsyselede %\Saq PEEHE m_ter,eﬁ all ?9'5@&"3’?’%%0& ment
of the invgat s@BctddichistaT bRS rAlgrBBASY IRIERUD-dISstelabeddised @Ricfescri bed

above. Advantageously, said data and/or 15 conmands may relate to a
conput er gRaEne deckiniedd Mndsaivelwoamaseciated withntheSagntrqitly Sieottbidgar i abl e may

be a physigaarl b%o%rtrrilé)c'%eg ftoafol?r%d% R%orﬁ”n%ic%ﬁ%'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.



The present invention also relates to a conputer system According to one
preferred enbodi nent of the present invention, such a 20 conputer system
conpr i sesWO 2011/080281 an input connectable to a digitaPCEER3YP/OTISH
receiving a series of measurenents of & physical variable captured by said
digital sensor; a digital nenory conprising instructions
for executing a 25nmethod for stabilising said series of neasurenents
according to the invention; and a digital data processor
connected to said digital nenory and sd input for executing said
instructions. WO 20IHD8028MLRCEXR2 OkHtes 81D aBRncEﬁpmsmdabteJ\ldaja THE
DRAW NGS articular e di ention.wll now be
descri bed OIS WPG%‘F&F?’\)@Q em@ut%% ‘FJEE? &9 f&&"’?'%? #"Svﬁt?ﬂ'“?%tfoé} ence to
the fol |l ow fgy '.I qour es: Fig. 1 shows a schematic view of a human
user, a digital sensor, and a conputer system accordi ng to a particular
embodi ment of the i n\B,snfcmmputer—readable data storajey medighons i& Meslkchart of

stabi li atlon net hod acc 10 to arti

nvent i on:  acompater teadapegsbpact SodeRes ditf B BHLIRY: PRLBFFect of
the st ab' l | @] Py EE?tJ‘@GI@‘éﬁeﬂé%éﬂldr@ shibe dsnw eaidemn aresevesmbndid f er ent
differences with respect to an initial neasurenent, 15DETAI LED DESCRI PTI ON

OF THE | NVEREhOXemory, or a reag- qﬂ\emm@%mcﬁl%ﬁtmagmﬂtrredaﬁwﬁfa% i's
Lt ot AL ! i B B PRI Mg B BRG] The
user 2 as pgbeRjeveedium such as an optical disk, etc.

10 The present invention also relates to a method for inputting
data andfor commands to a computer system through a series of
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 to said digital memory

and said input for executing said instructions.



20 through a 3D i magi ng sensor 3 connected to a conputer system4. In a
particul arly advant ageous enbodi nent, the 3D i naging sensor 3 is a TOF
canmera. MEnWeEP82YE her types of digital imaging systenPCHERA1EAYODD
caneras, stereo caneras, LIDAR, rada®, sonar, etc. nmay alternatively be
used. 25The 3D i magi ng sensor 3 captures 3D image data of the roomin which
the human user 2 stands, conprising a 21) image of the roomwth a
plurality of pixels and a depth value for each pixel corresponding the

di stance to the 3D i magi ng sensor 3 of the point imged by that pixel.
Since the X and Y poHRIBMBESCRIFFIQN@FsTHEB DFR@AZRGII nage t hensel ves
correspond to zenith and azimuth angles of the points they represent with
respect to the 3D i magi ng sensor 3, these 3D image data can be illustrated
by a three-di nensi onal o] i r H‘ﬂ%rﬂ t Qi sibl @ poi nts of
the objects in rang?o?ﬁﬁﬁg%Dép{#%gﬁgntgﬁsgr@g. oframegﬂgg ggf)\gp?)ce)cessi ng,

t he dept h adestribed inam ilbs@aiiveaziunnch resigbise trmeaeith peferdgnosi fohtheespect to

t he 3D J magi ng. sensor 3 can be converted into Cartesian coordi nates.

A procéssoPlOWRAHPYES be in the 3D i maging sensor 3 itself, in the
conputer system 4, in?sqr@mﬁ §ChePRANEGRw BPR! h&Paf G OGTUiGAN al gorithm
whi ch groups the points of this Inage corresponding to the hufman user 2

i nt o severgnsgrugn@escorepidier dustear atCordorg tss pradiicigart embadinerigefed as, a
body part @f .the .human user 2, The processor also cal culates the position
of the cen dmﬂlerg*oneach cluster, and assigns it to the correspondi ng body
part, such as the riggt2Rkasdsla IbRVENEL! adsiabiligatdld et gcsRare’ 3
captures images of the human user which are successive in tinme, even m nor
change) i nta @ gAtickRT vagbameahdl thednyertisynianton al gorithm to assign
different points to @&.give ter ' . a tjan of the
position of the cor r%gpoélndlg?]%’&%ogygb%ﬁ-{]sregbéesrnég}t'ﬁat ﬂg&h%ﬁ%gr% l@ge{rhgz isin
fact standstagilipetidreankshosit idcktordfiug htonthe einvatidre dmtgendrmediffayeat | i ghting
perturbati ?f or nodul ation, by the limted defjinition of the 3D inmaging
sensor, andERNGEINEY resperhie i RRAs R8N 00N which the position of
the body part is |ocated, by the sensitivity of the 3D inagi ng sensor,

and/ or by previous image processing steps. in order to suppress
this dfd ot her noi seDERAILHED MHASORET IR0 IGH dHENVENTIMd 1, but not sl ow
yet actual and steady notions of the sane hand 1, the conputer system4
carries out a stabilisation nethod 25as illustrated in the flowhart of

Fro. 2. 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



In a first step 101, the conputer system 4 receives a chronologically
successi ve series of neasurenents of the position of the hand | in the

t hree axeWOROW/080284s captured through the 3D i magi ng serP<oERROH}HE0819
interpreted by the abovernentioned recognition algorithm 30and conpri sing,
for each one of the axes X,Y,Z, at least a first WD 2011/0802 1Perir.
P21)1 WB70819 10 neasurenent 2, (.1 second neasurenent Pm and a third
measurenent Pt of the position of the hand, In a second step
102, a processor in said conputer system4 cal culates, for each one of the
axes X, Y, Z,dathe cdif fler etloetratedi et aedhresadindrisianal msaggr edfenoiMs 2 and

sai d second rreasursrrent PH Eé:]cor gli ation: - In a

ng.to the equ . .
third step CRIESPORATHOr Figile, PAINTART e Oﬁ’l‘?&ﬁ @o’ﬁﬁ'gﬁe‘?{ thg 3P JP8dtr ni ned
threshol d 13 Qyr %h?(??\r/e@i @;clﬁﬁirocéébiﬁ@,i HhePd@RrdRothEOz@mpodhdeimuthhi s

threshol d may be i ndi vidu; ' set for each one of the axes X, VY,Z if the
di f f er ence akdlés ofiiegivbr point ediarespesh toHbet P dtaging B8NsPhé @t ded

measurenent is left unfiltered. ver, if the difference AMis bel ow said
t hr eshoPd £9NVERET Jpgc %@%?'awcpp}éﬁ‘\ﬁtggl ate, in a fourth step 104, a

corrected value P'H of grBeesRfonshicansy ey the 130 dnfgi@eentdr sai d second
measurenent R .. in a conputer nenory. This corrected value Pt , is

cal cul at ed itsetorinlithg sunpHer sygtam oh: of somewhere in-between, applies a
recognition algorithm which groups the points of this image

corresponding to the human user 2 into several clusters, each cluster

10 corresponding to, and tagged as, a body part of the human user 2. The
processor also calculates the position of the centroid of each cluster, and
assigns it fo the corresponding body part, such as the right hand 1.
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
chronclogically successive series of measurements of the position of the
hand 1 in the three axes XY,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



wherein AMis a corrected difference resulting from plying a
filtering function f(A) to the difference AMwith a filtering 20strength
OM the WQtEEPHGH unction f(A) being a power function FGOUERMINFOZHe

equati on: In the next $tep 105, the processor will then

cal cul ate, for each one of the axes X Y,Z, the difference El k between said
corrected 25 second neasurenent Pt t and said third nmeasurenent Pt,
according to the equation: WD 2Ek1l 1 /080281P(r/LP2E1101070819 ii

n a step 106, this difference Ais then conpared to the sane predeterm ned
t hr eshol d rpefsuresset Reara espamt megsararsediy i hangrothesisoeashifemdrg di f f erence

A is high or..equal.th the threshold 3, the first measurenent is |left
unfil tered.t ?{Thpﬂpsgl%%ﬁgﬁ@@nﬂ; is below said 5 threshold p, the processor

Wil caleulate, In 3hepsdhd foporuzealonaldian Bald ebmphifrtdfstgpmeasur ement
| nory.

Pt to replace said third neasurenent in a conputer Thi s
correct ed 4ablgelaes, foseaah cokatféte sxesrkivng the difierepgaatiidretwaeh 10wherein

Al't iscorrected differenceresul,ting fromapplying filtering,function f(A)
o ¢ he 5 1901 Drtanr FRBOLF < DR srl seF it FBRsisient P A4BRIhEE t he
processor tghegsksunhigi:her the previous neasurement, that is, the second
measurenent P was al so corrected (that is, whether step 104 was carried
out). In that case, the filterig=sfPength)la in the 15 filtering function

1(A) will be decreased by multiplying it in step 109 by an attenuating
factor a, wherei n OME thirdeftep d 08altis ddtarageail 4.1 aisdthEn, casoparkdttoat = a ci

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 Ay is higher or equal than the threshold 3,
the second measurement is left unfiltered. However, if the difference Aqq
is below said threshold 3, the processor will calculate, in a fourth step
104, a corrected value P’y of the second measurement Py.; to replace
15 said second measurement P4 in a computer memory. This corrected

value P’ is calculated according to the equation:
P =P+, (%J
wherein A'y4 is a corrected difference resulting from
applying a filtering function f(A) to the difference A¢q with a filtering
20 strength ae4, the filtering function f(A) being a power function following the
equation;

. AY
A= 2] .
J‘()(ﬁjﬂ

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’iy and said third measurement Py, according to

the equation:



Al t hough, when a decrease in filtering strength is desired, ad, it is also
possible to alternatively set a equal to 1 in those 20circunstances in

whi ch an WHH8¥28h filtering strength is not desired. PCI/EP2010/07081%-q,
subsequent neasurenents, if the differénce to each previous neasurement is
each time below the threshold ft the filtering strength may be multiplied
each tinme again by the attenuating factor a, so that the corrected
measurenents P) will converge towards the actual 25 ne.asurenents P. If in
a subsequent neasurenent the neasured difference is equal or above
threshold p, the filtlerangept t@hgthis difldrenceduiriestbenatomparegr iqitteal val ue.

In Fig, 3, the filtered.diff.erenc ui and At are plott ction of
measur ed di $378F eRiESE rfTHPe%rf%f‘?ﬁq}q? IBA\:‘fP'I' te@pﬂnﬁogﬁ%q{g{"ﬁé aaﬁﬁs gi’ ElﬁQOand an
at t enuat i ngpdReted ¥ 0k diffdrencbamhs 2het UrreRRRYAGE tHe Nryshad B, tD

2011/ 080281PCT/ E P20010741819 12 graph 202 to S. As can be seen, .in both

oases t her efiist measurer@ntnig leBovefitaiedt i dhslierenceioheifebelayelsaid sai d

t hreshold. j St .t i ilter r | n . j L n eppreferred
enbodi t r%%qodg?d{%%8(9(5%%@8@’%0%'#@?%%% ab%s}’ﬁe%r%(gtﬁédﬁg{éela? conpar ed
and filtereg iHdinidralidsyrémeneacho aaplack ddi€ thixeémeadlreatsht 2, inna an
alternative enmbodi nent the nodulus of the vectorial distance between

"'successi veCoBRYIRr SARAPE - c BUIBE BB HALRST cigcaleiinisy 3¢rorSRAEC dbRiat i ons.
Wiile in .thquE’étf'Jn‘?r red enbodi ment disclosed above the 10 digital sensor is
a 3D imgi ng'sensor, and the physical variable neasured is the position of
a hand 1 in a three-di nensional referen¢e fpamg, the nethods and devices of
tie invention may be applied fBy=Virid)s— T |t ypes of physical variables,
such as position, speed, acceleration, Eenﬁera ure, pressure, etc.,
captur e&) through ot he\thteyeplr? SA’tO f|s %gﬁ'ieggetdald'rﬁsé?gr?% ?esulting from applying
filtering function f(A) to the difference A.. However, before said step 107,
in a step 108 the processor checks whether the previous measurement,
that is, the second measurement Py, 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 muitiplying it in step 109 by an
attenuating factor o, wherein 0<o<1, before calculating A’y and P'y, so that
Ot= O * Qg
Although, when a decrease in filtering strength is desired,
o<1, it is also possible to alternatively set o 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 B, 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 ariginal value.
In Fig. 3, the filtered differences A’y.q and A’y are plotted as
function of measured difference A for an initial filtering strength o1 of 4

30 and an attenuating factor ¢ of 1/2. Graph 201 corresponds to A’y; and



The present invention can be used alone or in conbination with other user
interfaces suitable for comrunication with a conputer system 4, such as:
switch, R&HAHPH28Ihpuse, trackball, tablet, touchpad, tRECER2EVEE$9 6- DOF
peri pheral, joystick, ganepad, notio®tracking 20 system eye tracking

devi ce, datagl ove, 3D nouse, voice recognition, bicielectric sensor,
neuronal interface, treadm ||, static bicycle, row ng machi ne, or any other
sensor or interface suitable for providing input to a conputer system 4.
Anong the commands and inputs that may be provide.d 25 throughi es and

nmet hods ofgrtaph A2etoetit. Asneenbe eaent dveth aaees Aterans horfil@bngaabicgat i on, such

as point o ewr transl ation, K positioning and/or or|entat|on as
wel | as ot'hEr W?%?Cgﬁ&.aéyaﬂaMﬁV@Fs elQWcﬁaﬁisﬁﬁé PeYdctd viels P ?{H Pour ,
exposi ti ongtréHdly thaWh'g011/ 080281PCT"i 1 18 13 Interface el errent navi gati on,

conprising navigations within nenus, lists, paraneter choices, and/or input
fields. Mani puI ati orWhii@niprﬂwi meferrgd anﬂntodimemdisn:lqsedoabo‘me theof

appl i cation.obj ect net ers ch as_position,..ori tlon ransl ati on;
Fotati on, UPBEREan B oL calrIr s SHEPRG SN/ Upreb MArOel Ko om

par anet er sead bAGesi g SEshxas ¥adidafi eR Qﬁel‘haﬂve a&hb@din@mmads

par amet er change commands and/or 10 change of state commands, action

commands anadeiusceiiem dectasiat Hisigace rhetwanesmcesnwgpmeacsafemanf@bj ect, a
cont ol PORAIESE 8% 968 g LA ANBpE & | T 2o o et
instance in phy5| calWailgihi thes preferred embodiment disclosed above the
10 digital sensor is a 3D imaging sensor, and the physical variable
measured is the position of a hand 1 in a three-dimensional reference
frame, the methods and devices of the invention may be applied for
various other iypes 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 andf/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.



<Po Qut put parameter adjustnment, for instance for sound vol ume, appearance
of application objects, present atl on of application objects.

The conput¥ 28y48@A 4 can in turn be connect ed to any of PATAEREG180084}

out put devices, such as, for exanple: 13Conputer output devices, such as a
20 or 3D display devices, |oudspeakers, headphones, printers, hapti c out put
devi ces, ventilators and/or background Virtual reality output devices,
such as virtual reaiity goggles, portable display devices, nmultiple display
devi ces such as Cave(r), large display devices such as Reality Center (r),
stereoscopi ¢ screens, forcktedace n aevieoks,nByaticspl agordevsiogs, esmoke

machi nes, 30and/or sprinklers omati on eV| ces, such as w ndow
shutter control devices, h@ﬁY'gﬂﬂo%W&U‘ rﬁﬁﬂ}lﬂ%egsﬁ'nﬂffﬂmﬁeékﬁhoﬁcge cont r ol
devi ces. and/ongi‘tﬁi'ﬁ%lc%nt ertai nnment devices such as TVs
and/or 5 nusic systens. Portable devices, such as portable, nusic and/or

vi deo pl ayers, positi onienghVaystidaton, pmmpmhgcb gi aaataasmnﬁnhmcmtrqbortabl e
conput erg and/ or mobile teI pho es. evi ces conEect able.to a

system 4, such as® gatnq glfrﬁlﬁ%ra %r(?tlsé‘c

conput er e¥7 dEE %t .

Al though the present 'nvenbheﬁta'ﬂaﬁ 'H‘éﬁgla%ﬁcrrd)tlaﬁgnwaﬁbeé@h@ée@ﬁﬁpé0
specific exenplary enbodinents, it will be evident that various

nmodi fi cati ons and changes anglldnéumt@@ argl/ohewdrd wh ousteshparameei. t hout
departing fromthe broadera_scoge of th |nvent| ntas S t faorth i.n the

clai ms, Accordingly, the de§88FPigon® aﬁaV\Yeﬂﬁé 'S?e o Hé' r@é’h%ed in an

illustrative sense rather thanahdLShhifhétee SRR 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.g. interface elements, application
objects, real environment objects, etc.

15 ¢ Force input, for instance in physical simulations.

¢ Output 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:

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

25 o 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.



-15 - CLAIM5 1. A nethod for stabilising a series ofts of a and a third
measurenent of said physical variable, storing each neasurenent of said
physi cal WXR1EH08¥I gi t al nenory and conparing said fir ICTAERROEETONE
measur enents; 10characterised in that4said method further conprises the
steps of; repl aci ng said second neasurenent with a corrected second
measurenent if a difference between said first neasurenent and said second
nmeasurenent is below a predeterm ned threshold, said corrected second
measur enent having a reduced difference with respect to said 15first
measur enent in accor damceHginehaatohtateh fievites,i nghstsenigtibw shutter conpari ng
said corrected second neasurenent and said third asur enent ; ?nd
control devices, heating control devices and/or
lighting control devices.
e Home entertainment devices, such as TVs and/or
5 music systems.
o Portable devices, such as portable music and/or
video players, positioning systems, personal digital
assistants, portable computers and/or mobile
telephones.
10 o 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 nmeasurement with a corrected third nmeasurement if a

di fference between said corrected second 20 neasurenent and said third
measurenent is also below said threshold, corrected third neasurenent
having a reduced difference with respect to said corrected second
measurenent in accordance with a second [Si I[tering strength, said second
filtering strength being | ower than safd°tirst filteri ng strength, 2.

Met hod according to claim1, wherein:gpamerein P:..2 is the first
measurenent, Pt.i is the second neasurement, P mis the filtered val ue of

t he sgcond measur enent ,1.tA .méthios fohestabifisieg enceribetofisnnasaemenis of aand
second neasurenents, and St.i is the result of -.16 aogivin: .a fHerin
function fe tBhXQ‘f@?HPf'P@tee‘fﬂPéu@ R ?ﬁ{"i'ﬁ’i SPPet Sﬁlql'i‘@?*&?dr 8?(89[15%?1&\(9 Whe?ei n
Pt is the thigd gpasurenent; Pii.1l measurenment, A is the difference between
measur enent s, aﬁd Ais the result ai to the difference Al..1 with the
second filst, - 3. Mapiodngatdedsing first Creasuiemeniherasicandh@easurement,

and a third measurement of said physical variable;
- storing each measurement of said physical variable in a digital
memory; and
- comparing said first and second measurements;
10 characterised in that said method further comprises the steps of:
- 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 reduced difference with respect to said
15  first measurement in accordance with 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 corrected second
20 measurement and said third measurement is also below said threshold,
said corrected third measurement having a reduced difference with
respect to said corrected second measurement in accordance with a
second filtering strength, said second filtering strength being lower than
said first filtering strength.
25 2. Method according to claim 1, wherein:

J ' b, —F.
P =F,+A (—”_A_I_ZJ
-1

wherein P., is the first measurement, P, is the second measurement,
P'.4 is the filtered value of the second measurement, A4 is the difference

between said first and second measurements, and A’y is the result of



function'' Ais a power ;unction ;ono in the equation: o0 a is the
fiitering strength and Nis a threshoid, 4. Method according to
any one of the previous ciains, wherein said first, second, and third
nmeasurenents are successive in time 155. Method according to any one of the
precedi ng clains, wherein said physical; variable is a physical position.
6. Method according to claim®6, whererf6said position is a position in a
t hr ee- di nensj S e, ; 7. Method . accor.di to claim®,
wherein a di %8@?*&1&&@&"'}9 fusstion fd) Rhp Siarares v &"tgptﬁ?if%tnﬁt@”é‘gch axi s
in three-di neﬂn@m;,%n,aén(space. 8. Met hod according teeny one of
clainms 5 to 7, erein capturing each neasurenent of said phsicai position
conposes recogni sing a given obiect in ghpinmage) and measuring its position
in areference frane. 259. Met Hod™ dccof ing,to any one of the preceding
clainms, wherein said digital sensor is a i%gi g sensor.
10. Met hod ac [; i @i ' i i Ok ' 3D in
"iilg sensor &?%@,ﬁ'@t It tﬁrmrﬂe?%ék@ﬁﬁoﬁf gsr %%B{tjﬁepﬁg‘i@%%{%ﬁ' O
commands § o eneasuymmeant, systienthédiffde@Dbawseni esidofsenens uadremird of a
physi cvari abe capture bgngAdiigithal sens?r and stabi|lised using a nethod

t

measurements, e result of applying the filtering function f(A)
to the difference A1 with the second filtering strength.
3. Method according to claim 2, wherein the filtering

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

B

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

10 f(A)=[A) Y

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

15 5. Method according to any one of the preceding claims,
wherein said physical variable is a physical position.

6. Method according to claim 5, wherein said position is a
position in a three-dimensional space.

7. Method according to claim 6, wherein a different set of

20 filtering parameters is applied to each axis in three-dimensional space.

8. Method according to any one of claims 5 to 7, wherein
capturing each measurement of said physical position comprises
recognising a given object in an image and measuring its position in a
reference frame.

25 9. Method according to any one of the preceding claims,
wherein said digital sensor is an imaging sensor.

10.Method according to claim 9, wherein said digital sensor
is a 3D imaging sensor (3).



according to any one of the previous clains, 512. Met hod according to ciaim
11, wherein said data and/or commands relate to a conputer gane executed by
said conmputer system (4). 13.. Mot hod according to clairns 11 or 12;
wherei n saki physicai variable is a physical position of a body part of a
user. 14. Conputer system (4) conprising;_an input connectable to a digitai
sensor; digitai nenory conprisrﬂé'instructions for executing a

method for stabilising ¢ RRANGS RIr TR RGBS Shd/Br PRYSedsvapi abl e

captured through said digital sensor ‘according to any one of clainms 1 to
10; and 15a dighpater dasterpr(@dsabsnghc anseritsedf oesakemding ©éla mbrsicg! and

SR EAaS L fsnoh b BLRCEERES: apdsiblisd) wliia meinoc
performng a peihefqas el difdof thedt¥vions cafimg! aims 1 to 1 O
5 12.Method according to claim 11, wherein said data and/or
commands relate to a computer game executed by said computer system
(4).
13.Method according to claims 11 or 12, wherein said
physical variable is a physical position of a body part of a user.
10 14.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
through said digital sensor according to any one of claims 1 to 10; and
15 - a digital data processor connected to said digital memory and said
input for executing said instructions.
15.A computer-readable data storage medium storing
executable code for performing a method according to any one of claims
1to 10.
20



