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Position Field of the Invention The present invention
relates to positioning systens and net hods for

determ ning a position of a noving object. 5
Background of the Invention Positioning systens are
used i Rositionide Syateneand Miethrexdgbi DefierroimingsQijectalositidnor
exanple, mxed reality gam ng applications (see, for
exRIP,ANe RiVAARQr € Patent Application No. 200603968-9
[ IT), pen input applications and robotic

appllcatlons to identify the location of a novin

obj ect The1Bregephinyentian; re!%%?ﬂ)%ﬂt'%'l‘g &WSW&@%F@%‘O(’S for

MablefRinfiRf £pbdifeh Sy MeomgDBfdet. as accel eroneters and
gyroscopes are now bei ng used In positioning systens
to esti rm e | ocat.i on of a noving object. An exanple
oP2 ot lnvention i s disclosed in U S Patent
No. 6,917,893 [2], which teaches the use of a rate

gyr os clqm‘ticammu systems aoe: eis@i orewele tavieteofeappieations such as,

t at f i i Qr
RET e, J8hE e oABind s t'g°°f1§y§€%ﬁf§'r sdaile. Shaspore
f Gatemh Appicat@neNst 2@060386&-@ [nI) pen dmpierapb?calbhaitz)armda{obotic
0S| (0] an o ec
SEftIcalifS 3 Bl 68 ieeafion, SCF bgPR okl uoh J
pOSI tl Onl ng SySt ens as ITDtI on det eCtI on deVI ces
est i maW\ithtreeent ¢echinplogicaf dea/elom\énﬁg nodtjopcietddion dlegices such

UYL L HERSSRAL ROl AN PRE RS U BOodINGRIRY Uyems

ate estenate iaolocatest ofrmmommg a)bymdt h Aarexampte of‘sycht dreagplication

Ch BB DY, B BouR M0, BB Roctln giuseas a rate
\ngnlmst:dsma afrﬂl/dromngcwmatmm tSgonéite |(>ds)|t|on%5 ddta! One

P ﬁﬁ\ﬁﬁg@? o tda'%'%gﬂng tfg%ﬁ%gqﬁe% fﬁ}?} -‘f%ﬁ.‘ﬁg sttems Is the need

| Fdrl drl labddrbtbl éthdtlhblddldtllh|drdiér|tb|ddté|h|dri alclb@e5&timate of the

IIIIIIII|III¥ I\/LIIIIIIIIHIIII
real position of an object umulative error is also a problem in such

positioning systems as motion detection devices estimate the location of a
moving object based on cumulative measurements of the object's
movements. So, for example, if an accelerometer gives an acceleration
estimation a with an error Aa, the error Aa is accumulated over a running
period T. Consequently, the distance measurement S calculated with the

following equation:
S=axT*/2 (1)
will have a significant error AS, as expressed by the following equation:

AS =AaxT*/2 2)
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*000002* after a period of time. Thus, as cal cul ated
fromequation (2), even an acceleration estimtion
error Aa as small as 0.01 netres per second squared
(ms-2) can result in a significant notion estimation

e@fter aopefod ofetimes TIﬁds aést ehlcuRtdd! fldhN @qlibatith T2)°Teven an
just 10.seco Ci %1% notion_estimation errors 5
O’B?tl N G0

aBeCHTIPEP &5l S B QAT meteastpanserend squared

egmbpdanoeselt nod slgn%arht&‘vﬁono\haés'tlﬁ{a'tl@ﬁ‘%rer‘oit@S metres (m) after
accel er at hon errg?r Aa_ can of fset some errors, it

cBnBinning; e & of dvte1Q seaPndss £5)maMadnmotiers jestigationy errors

t ecdsummut%som&mé aRd Eaﬁléeps@hiﬂ%‘rﬁnﬁb/tlcfn%gtm%tﬁﬂaér%r?r QVhilst
lication is disclosed in Singapore

PX?"@%P“M& the amea?fgm errep Agoeasnaliet ssmesgrrorsyit fomplicates

SYfstaite diRrRYhatidrequi res a very high clock resol ution
to process the RF si gnal s and thus requires a high

t nal tem conpl exity an
comput BoTENG tectiiauss, Breamh hs i d Hens (RE) signals are
| Rpbvemenesuch aﬂpmbﬁm diddissed ih @r‘ig%p%?% ﬁh@nﬁABﬁﬁ:‘%tl&Q No.
) T sy, Em and nmethod for 15 determ ni ng
pagﬁﬁ‘%ﬁ ?} g]n o%]c cf PFIRMpPOVPWs raaii(Rsafe verys highsclock
arebolutiah tb procdsBthe R sighBis &RNthus PEqIREYa ﬂfghtéb‘?nputatlonal
on The present invention provides, 1IN a

|
= B8 SVl RBIEA And geTamRtATAgoss ﬁﬁ%ﬁlr@mﬁt%mamlt ‘costly

oky mqﬂemé,hteguental"gg,dte@@nprl sing: neasuring 20 novenent
i nformati on of the object during a novenent;

a direction t he obj ect relatlvetoa

¢
poi it DIVS, drECRASSIAAERQ fahd BRI icheystaBy 2 metn dor

ddélerrmnmg’l@ poBition @ iahi e thdtiRoddLeEc AR QR A8Y that is
! ﬁfﬂ | acenent estimate derived fromthe

M#Mati on and the deternined direction of
t he object before and after the novenent. 25 A
c Sominzdry véthedneergivar deri ved fromthe novenent
information may be reset when the object is

stati OpQ Yo éAéht' RLE RN Z) 5\) &% OReG ah s[?h%sq%(,eﬁemethod for

per f or med. pectrve r oGt Wnfc
i deétermiatrigom ansitloﬂne)f detehjestneice dhethotli compdsindiemeasuring

Omo%rtneﬁtr ?anRHﬁFo%d of B¥e bgbjg’é{ngt?rfnogmas%jovvénrgent getermlmng a
direction of the object relative to a point of reference before and after the
movement; and determining the position of the object based on an object
displacement estimate derived from the movement information and the

determined direction of the object before and after the movement.

A cumulative parameter derived from the movement information may
be reset when the object is stationary. An initialisation operation may be
performed. Respective rates at which the movement information and the
determined direction of the object are updated may be synchronised with one
of a prediction method and an interpolation method. The movement

information may comprise one of acceleration data, angular motion data and
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of a prediction nethod and an interpol ati on nethod.

The novenent 30 information nmay conprise one of

accel eration data, angular notion data and 2

di spl acenent data. The novenent information may be
cdisplacec@ne date. a Thenmovementr infddnBtish gnay Hel soremesieatad via

a%ﬂtg%tr moﬁ'Q%WQ\é? on further provides a positioning

or det %ni ng a position of an object,
conprising: a notion detection device 5 coupled to
t he ob]f‘e@ﬁeCQmeaSﬂent ttee inventiconfudberprovidas depdsitioning system

t

SRSk SEASH 5 PSSR Lo BLARL b devic
r sspRied de ;theyobjenB wlwamsmermoumedetentldimdew i$ espRysed to
oeasif il GineRt froitfliofl Brfe cici¥ Biib &f miyRkeR arone
amﬂemnér(UW&) neepcmwntan HEMB cequesyo ! ilidrain tbléIUWBQesponder

t t1,0n
o3RG FE4eor e <Bh A To relBariBR:e 1ttt He Pk e etatiynto
t Iaepanmtvmfrrefﬁremoki;a‘ ?esftmet amﬂ a&erdthtehaovéiﬁémr Bha :édcgmﬁtﬂ%rpﬁnlt
venen e
88’“@@{ %‘f J t§cg’?tﬁ§“‘3r8ﬁ%\3t®89%?f‘ i F‘ema iefl bagad i uirady opisct

r elsptacemeoumsltlaialte/&idm&é@nﬁérﬁrtrﬁﬁgmd&%fhécng ORtdriEtion and the
object is

nment o] en the
258@”8#?&9@ eia ?féﬁ? aﬁ%ab?eée&e 2519 2fi8y temaKemeRle VB
requestor may be configured to align their respective
coor di Tige: B4VB Tégpieshal or duestmitation driiemayp bp Wohfiged tdidset

hropi se respecti ve rates at
A SRS Bl R B P oo aVEREN: BUoEateP il the
dlobjectlsstatmhadyhe obj ect are updat ed with one of a
prediction nethod and an inter poI ation nethod. The

mot i onyglet r%‘éhé:r?”déi@&lo%e dEB¥e LS ndothe: a%\&'@agﬁquqﬁgo fnay be

accel eronet e 0scope and
e soRfidiurachto, alighéhQW\Bspe@wemdendegs.be coupled to the
obj ect 25 and configured to comunicate the novenent

i nf or nptd QJWQG%&@&SP' o.lbrythé B&@ﬁ%tloﬂn Hi?tnsréé{/ bgncoqﬁl\éh%% to

to the requestor. respond
synchronlse respectlve rates at which the movement information and the

determined direction of the object are updated with one of a prediction method
and an interpolation method.

The motion detection device may be one of an accelerometer, a
gyroscope and a trackball.

In one embodiment, the UWB responder may be coupled to the object
and configured to communicate the movement information generated by the
motion detection device to the UWB requestor. The UWB responder may be
coupled to the object in another embodiment.

In a third aspect, the invention further provides a positioning system for
determining a position of an object, comprising: a motion detection device
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coupled to the object in another enbodinent. In a

third aspect, the invention further provides a

positioning systemfor determning a position of an

obj ect, conprising: a notion detection device 3

coumlemi t6 ¢hé Ime;enbj etdreinvinermotiort betebtidr aevidetiebnfijured to
evice is conf sure nmovenent |nforg§tio

o ap e, By U e B T L5s] e AEIech AULNY PP dEBG g ulra-
( WA&bah&SﬂﬂNgwresm‘rdjean ab¥\Bart Qﬂ?lBSt@fugsttbhegm?Fem hae LWB/B
responder anpd requestor are confjgured to deter

4SRRI SEHES G5 Pisc torda 0P AR,  SEROTL$! the object
r edletivenioea ipefroof réfaebnab tisfork N dNEFke NRE tm @Jath e @haBvhereby
B]eeggg'b“ o f the object is determ ned based on an

PR d %rPé%lﬂct I3 defergyined; Basask @ntam pPieRk displacement

n@mﬁ@tetdenné@ Ifrrcmt 1h@nn@walnérh i fioRi dnathéideRFmirRa dikktion
g@gbd ect @ore and after the nmovenent. In the third
T

biech PPIOEH BRAARE theMayeMenkat ur es as descri bed
above 10 in respect of the second aspect may al so be
erml 0¥m6®irfEgmﬂ.e@ir&s@ﬁﬁblﬁ@'V@ffﬁeagﬂfuﬁfsfésmﬁesc.ribed above
i nven econe a romthe follown
o BEbec O s sacr gRect R A o8 SHIPRYER: on wi th | e
acconpanyi ng drawi ngs, illustrating by way of exanple
t he prOther mspectefanurmjvahmgeatdmm ifMenfisn ofill Besomé pbparent

s T [ ovmn det il ed description. of

oiehLrPEarRBEG: HErR e T SREIoT IR gh aPINMgenpaiieine
uadmpa%mbmwmgsadlumam@bw Ryl sfrexarigie tHE priddipIes @€ the
dravvlgl The present invention is illustrated by way

‘ﬁjpl e and is not |limted by the acconpanying

figures, in which like references 20 indicate simlar
e BeiekDescripkibicof thei Brairgghemat i ¢ di agram of a
positioning systemin accordance wth one enbodi nent
of they 0
i agr oS | Teaynd, NeEel rechbfn & el Mnbodinent, of the
Uisentierp owitiebe rb.ﬂtmfl yrderstoothavhert rehe IU\/\BODJGQCIEEI ovithi the

tBEp AR 4AMMYE. e BURERTOIEntIchGs iflustrated by way of example

and is not limited by the accompanying figures, in which like references

indicate similar elements.

FIG. 1 is a schematic diagram of a positioning system in accordance
with one embodiment of the present invention; '

FIG. 2 is a graphical diagram illustrating a change in the position of an
UWB responder relative to that of the UWB requestor in the positioning
system of FIG. 1,

FIG. 3 is a schematic flow diagram of a method for determining a
position of an object in accordance with one embodiment of the present
invention; and
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FIG 3 is a schematic flow diagram of a nethod for
determning a position of an object in accordance

wi th one enbodi nent of the present invention; and 4
FIG 4, which is conposed of FIGS. 4(a) to 4(c),

i |1 ust FES.als whiangs lcoshpbeed ofdh 1GSC 4{a) o AEASillstiated a nethiduefor

tofFGZ i ch uses se di.rectional
AT e b Gl U5, EBpSRTRALBY 1By AT ePE euprel
t dzeddional amgentaslihehel BB realedscri ption set forth
bel ow i n connection with the appended drawings is

i ﬁ§?gggq}%§r@i& ﬁgﬁé Brré\ﬁﬁgé)f the presently preferred

' , and is not intended to
represent the only form in which the present
i nvent 1o @dpilast dasadrtioneget Iforth sbelewbén weameeetiafogvith the
t BBbendd¥ed é’fl fw?éHrd}eéal %1% é%ﬁbﬂldﬂqﬁf 'tWé’ﬁFé%ently preferred

acconpl i shed nt 1 odi nents t
i eMmbedisaents Ob@%'ﬁdms sed iswnethintendeae te cepsesent thehenly form

' rH’WHFc'hOt e dreddt |ﬁ\%§tl5‘r9\°ﬁatyo%é: b@cn&ed aggg% B%%@Pﬁqood that

stem1 i'n accor nce w-t
prﬂe&sesstm¢ nQle reduivalén ﬁlm%ms Tlhey pbsl acamplighsy sbe ndiffé@nt

[ rali QPILES

| SRR s P b ndho S0bEdonasll P FOLLSLr me
121\4e9t|m)up| ed Wi th a notion detection device 18 and
an UWB responder 20. Each notion detection device 18

5 COMREGHIRANDO 10RBSU! & FRIRHRRY S| 1 SBecRbaddbCuin

object 12 to it is coupleddu
WeNe eenbpglinoenty @fstb@ rrdesent U ntiers jsosltkawn. 26 he S)O@tblnﬂing uwe&m

t 1Q AR BRF i BEoBBNE T2 mm UM eRRIesRE (R4 EtnBgton
14nitTiGe EaB ofdheabjests 12 isacalipldtewith agpetn deted:ma device 18
g%ﬁg gﬁ\/\@l%gﬁgﬁ&eb%%nféa%%ﬁgh ?quét%{nggeg%e%éjl c%&' éured to

ect
r emeaser&:mobeﬁenten@ndatacfrt efrthé¢ bbjecht/ tormeinith ltTSheoupled during a

o R o the " rteBpdly 0B SshgBbE 20, aebhuigpisg v
d mpinanmaimtthesrﬁdve&teat dreforinvatidnf meas2éd tdyethmetmnﬁetectlon
Ilgife%:ga éc{o e UKN@ re<§Eleesrt(§Tr1 qu %eeBWé) nregtfles or 12 bénedc tlhe

respective UWB responders 20 are configured to determine a direction of

each of the objects 12 relative to a point of reference before and after the
movement. The computation unit 16 is configured to determine a position of
each of the objects 12 based on an object displacement estimate derived from
the movement information and the determined direction of the object 12
before and after the movement.

The objects 12 may be, but are not limited to, one or a combination of
robots, remote control toys and the like. The motion detection devices 18 may
be one or a combination of accelerometers, gyroscopes, trackballs and other
devices that are capable of detecting the movement of the objects 12.

Although the computation unit 16 is described as being integrated into the
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before and after the novenent. The objects 12 may be,
but are not limted to, one or a conbination of

robots, renote control toys and the |like. The notion
detection devices 18 may be one or a conbi nation of

3poahemmgﬁymem 1@y n&cp'rpe@}t et(;nimiﬁhehtl ehoaed)ftskmeh tl@art will

evi,ce t .are ca 0 etectin

C REOER g et 5t SRRARRERS aC (B Al STtV B mrgvided

dmpeb@@hths ob&h@@dsﬁtto@ﬂfgats?ﬁemnﬂo frhanothep ostbodiieRy for
stenlel\% lEtgrese t6enbodq rrerg those of skill in
éa’EP q?°mﬁ gEobivh 46 cRYH Rend UL RGFSAN computer

WC{A' fUARIRGL gmtby sBRwaEOV i rﬂefhhomdwts:ﬁan@@rgtbw ofisd hRat the

posi tioni ng em n anot her e

D SatmpHERof it o God b TRS(ES EBute BENE' revestoprit4 i

ofaltérnaaves emdbdigmedit er 5 (PC) runni ng gane sof tware.

It should be understood also that the corrput ation

unit 1 egrated into uest or

' i Palid R e hETRAR o ot RE phefiTag et 10,

v de operamonmj naeses cofmpbhentp adill ticdnba glesysbeiTinl reatérhaetail

0 at ents Wll now be described in
?’&[ﬁ %aé?qﬁrelncei%':w ﬁareference to FIGS. 1

through 3. Referring now to FIG 2, a graphical

di agr aRefdrtingtowto Rlf5.2, algraplecal idgnam ilustratingoa chéngenia the
oahlle °ohe SR BT Tahably B0, kBl 5”5 WePume
r eqqmstcmrMJJé shewhalée msitibhef tmaoUWB afquestioen ¢ n< taken as the
SpetL o2 halh o st 08) "Ro Mea s anESioT o G eesrdbte

UW% EWF#IEFEIG 20 AsScdl @@E?&?f#orﬂ ﬁGSEaiﬁ‘éQJ\NE rééponder

e X-axl's, a distance of Ay al on
ar2@ Ialdlsatacmtarﬁstaao@ bt Anfalong the, X-axisi a dm crfmma@ng the

! Y-tie Bod Gt éag%&q'%tﬁf’ée‘?’%ﬁgﬁp S st p?ﬁYO%(x »
o 0B Rt PPodifiin (A Ml BloRBReLIadR 297 (1P 20

coupled is showmn. In a first step 52, an
I ni ti aRefeatingonowpe IFsGi dra hethrr SO foreidtérmniihg @rposition of the

0 L&%F%ﬁ%glf ggltcﬁgtﬁel U%§§es%gné§re2o%/f\%lé?9 %Jsegcgu%ll’edlls s <r)]v(\j/nt he

25

30

In a first step 52, an initialisation operation is performed to align
respective coordinates of the UWB requestor 14 and the motion detection
device 18 coupled to the object 12. This eliminates any differences between
the coordinates of the UWB requestor 14 and the motion detection device 18,
and in so doing, increases the accuracy of the position determining method
50. In the embodiment where the motion detection device 18 is an
accelerometer, ‘initialization is performed by adjusting the rotation of the
accelerometer such that the coordinates of fhe accelerometer are aligned with
that of the UWB requestor 14, more particularly, by moving the accelerometer
along the X- or Y-axis of the UWB requestor 14 shown in FIG. 2 and rotating
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device 18 coupled to the object 12. This elim nates
any differences between the coordinates of the UAB
requestor 14 and the notion detection device 18, 25
and in so doing, increases the accuracy of the
pdm a¢amferdeietsrinti ngiveetagsto (BPreadih g tiRehe rdgictiRfraversed
the nDtlon detection deV|ce 18 is an
@Woneter "initialization is perforned by
adjustlng the rotation of the acceleronmeter such that
t he codpdémentdsfoahatidreofahe ebpcomeuernngaa fnoveh@hert mééstmred

nBith8 TP BT RERE? o2t o R 51 hbsesrlir el e o

t motiok\Bdeteqtiers tasvick4 18hewployedf the amoaamehphmbrrnsnorﬁ ‘may
the acceleropeter until it gives a zero (0) reading in
t [AMPEs8et P(?SCQGJ%@B%@%Q (amebtarmlarmmeﬁﬁta Q' (in a two-
forrratl n of the object 12 during novenent is
BT BPloatoRR %h 840 dit3 dheasimersiansl goplisadpn) and

e of 5 notion dete

e

o isp BEBRHL 9810 Tk ) 1 2Pl ool Th 67 Ry where the
C aglibh HRtedien Aevize o |§ra?1t é&féléﬁé%@te@a he: m@ﬁlgn det® @éwce
notion data 0" (in a two- dlﬂEﬂSIOHa cation
( $8-mesmyrey the ta/ommeemdnate(ﬁ@) ) @aoceleratiph |(aathn) thianobject 12
di spl acenent data (Ax, Ay) . For exanple, 1n the
eftbd@&rent ﬁhe?téie‘fthé'wﬁﬁ?m@ﬁt @stiraats dAx.deyi desived fremathe
acceleropgﬁ on detection device 10 18
mEaS Y €8 %Y”RRB“ amé’m i'D T HPSqaeNty ce@PHies: Wi the following
(@5? ny) of the object 12 at time t. An object

g acerrent estimate (Ax, Ay) derived fromthe
novenent information (ax, ay) is subsequently conputed
wi th the foll ow ngAxedlatAgrar Ax=a' AB) xAt (3) 15
Ay=a' At)xAt (4) In the’enbodi nent where the notion
detection device 18 is a gyroscope, the notion
detection device 18yaggapsat he rotgyjonal velocity
0' of the object 12 at time t. A rotational
di spl acenent estimate D is subsequently derived from

t hretherastidde ADNRER the imtioh et t
fol | ow ng equat i on: he niUitioh U édﬁ?ngev?é’é 18 i Regyroscope, the

motion detection device 18 measures the rotational velocity Q' of the object
12 at time . A rotational displacement estimate D is subsequently derived

from the measured movement information Q' with the following equation:
D=LxQ"xt (5)

where L represents a distance from a point of rotation on the gyroscope to a
static reference point on the object 12. The movement information measured
by the motion detection device 18 is communicated to the UWB requestor 14
through the UWB responder 20 via one or more UWB signals.
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where L represents a distance froma point of rotation
on the gyroscope to a static reference point on the
obj ect 12. The novenent informati on neasured by the
noti on detection device 18 is comunicated to the UVB

r equesodirdctiont &fr hiegbbjedte1 ABaties RONBE Iooff) ofi RIGHBRCL(0,0)
nmore UAB signals. 7 A direction of the object 12

r defare \aadtafter iee poivemeof or afcevemespddivaly, islistaminahat step

and 0', respectively, is
d&%ir{y%ﬁ%gj a;fgi?&ttorq% by the UWB requestor 14. The

direction of the U\/\B responder 20 relative to the UVWB
r equestbe dirsction efathei WP ieapdrsiee 20eretatius tw & UWB requestor

S e SRR, oo L8y U
diwasid begalin Cain\tmnlaallrsd@‘oamm@ a Imemhghically mtgmgm‘lrectlonal
angtéha Al ?éaa‘?\ﬁgd chnro% U:S“?Sﬁ bt aﬂg%g\/\gﬁ %gétégd[f%] %f%ber of

directional antenna unte on t
c@@gdlaf PaRitiaNs aadiregiiBnal LArtenren chouvatesiuore thé &VEBpegtesder 14

' d

o SobRCHARTRP AR ANG bURH, And el R A ﬁgn’z% ggtlh%vpaese
zi thes UWB wdisperdear 0. fTHeh 2] 0
t lloen“&%e N IH 2 Bre(;m 0 | a%gméfe?wm@\;&gwél%% hegl‘naxnmum
pOSIF{I onsmngy % 2B FS g@f”? { r gggponder 20, or
d |anmt|tuderwamgest fr@m W\Btlpleme e nrlmegan%tﬂéloﬁdflro&@gﬁ%)g 213 fldgb@ to

r

2%% ’89@%‘“?@‘?&‘1& ‘}bfreéﬁ%?g tﬁﬂ\&&% i"e¥Pond égshown in [4]:

two or nore antennas are placed in spaced apart
I ocat i Ansthee agproach ttheestiBting glirestiarr whith eould timgrinciple be

SHEASBEER 08 WG MRS B 800 T, LSSk e
t taee blmedtm epﬂm amrtlmea@twnede gD!dﬁ the® UVIB réﬂlﬂal%toerr1g) and the
C St ibeiiber e 5P BivaRi Ry PhaptlBR (Rsieaerence-
esaf-arrwingﬂ TEONW) tegethTED% mdertngg lénﬁﬁézlﬁr?ggﬁi{)éﬁl%nﬁ dhlgh
peessaphieT WRESELIEeS 18 ot BoR iRreHeshutormie frRasored and

emlmdltmmrmreofort Feani bueégtnnmwsmwga tmtm@Asam |tﬁé &tenna
r|nCJ e kn wn in radar. It
i |g|eag\gf gg Cgosa(o% wam meqsgn%g direction would be used a

phase array to steer the beam.

Another embodiment of the invention uses a method similar to the
mono-pulse principle known in radar. It is illustrated in FIG. 4(a), which is a
view looking towards the x-y plane of FIG. 2. In the UWB requestor 14 are
provided multiple directional antennas 24, having respective “beam patterns”
referred to as “beam 1”, “beam 2", “beam 3" and “beam 4", each centred on a
respective maximum sensitivity directions. The antennas are arranged with
their maximum sensitivity directions lying in the x-y plane, in a circular
structure with their beam patterns (each of which has an angular beam width)
partly overlapping. For example, assuming that (as shown in FIG. 4(a)) there
are 4 directional antennas 24, each may have a 90° beamwidth (-3dB). The
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25 view | ooking towards the x-y plane of FIG 2. In
the UAB requestor 14 are provided nultiple directional
ant ennas 24, havi ng respective " beam patterns”
referred to as "beam 1 ", "beam 2", "beam 3" and "beam

A'antepngd 26 efé BREANGHY iA suEﬁ%ﬁ@Q@le@od’f@&feﬂ‘Bﬁ‘tﬁﬁWﬁéée‘ Mitéihas’
directions.. The ant ennas_are arran t he
[

BN sAHR dTegiions ater 88t separatei %@ml ??qhh%thﬁf T@“ﬁn‘ee 4

| Bn@nBas a8 eMioud t6 icbvisritte (hald J6d° RetimReamBera §I’Rf\nﬂ§m FIG.
ggagh of which has an angul ar beamw dth) partly
0

| appi ng. For exanple, assumng that (as shown in
FIG 4(a)) there are 4 directional antennas 24, each
may haWiks. a4(BPsiheesniorcthe f(it 36®) ranfleeof dhgiast tien@spectivargain

ARIASE o Rl Refah BlerBaFi 4" 2hSdon Benlafanen from

f dvecteach as beown 'FhEIlEG t41e), he amtteﬁmma%waﬁe@mhgbeérﬁ 1" will
e 360 .circunference as shown in FIG

4‘(’%6%.%5.{‘6,@%% Qo we @t oA {MiEeSae fimss e %{H@@%Pssoc'ated
anghe&eahf » e\ﬁ@z&%ﬂs 9\@ Q hJ W 'aﬂf%ﬁngf h@ NFmally

four antennas 0 S| gha COI’TE

digr @5id, 0 willalse Sme)\bfggleﬁt Eh@n?‘la(lb)he b&its @ﬂh@@h@our antennas
associ ated with "beam 1" w | receive it with antenna

g&Pmbpatiens. Aor terampienet isi biggen Hanapsi@rizadas sBulsait ean be

ot e ethys G Prsdiey G ol CHls e MG deSion
abetvgeal hntehna phiarel Qf FTEU gi_bmurthenéwmme dlrectlon the gain
cg% pations. For exal | t is .EI gaer than = tonousi
g2 GEGS (&)l FtUSE n g?'[]oqj et al ?'?9@ deRgetgnously
digk @54 bAGOS sAIRS 'fr‘(ﬂ th(ef?%}n Eénémditz dite bl Qﬁtéﬁrﬁ h 38 the

bet ween ant enna : obtain the accurat
dmae@wmrﬁenslhwétygcawa@tlorupfraréemé g,(6)-g2(0) is used.
The gain difference changes nonotonously 15 as the

angl e m s&dtf toy bradgiehbe BRXicMBBARRESt Lk¥d ty r%rh%ﬁsléoo"gam
antenna 1 to the naximum sensiti vi ty direction of

afitfereNee2. I1n fact, by preference, the enbodi nent uses
a nornmalised gain difference f(9)= gl(e)-92(9) (6)
91(0) + 92 (e) 7= 510)-2:(0) (6)

8:1(0)+g,(6)

shown in FIG. 4(c) for a range of possible values for . The normalization

factor g1(0)+g,(6) is used to remove the echo strength dependence of
g(®)-g,(0) . For example, if the absolute signal amplitudes from beam 1 and
beam 2 are changed due to the change in the reference’s range, both g, ()
and g,(6) will be scaled by the same factor (say A), and the normalization
process in (6) will remove this scale factor. In practice, the curve r@©) can be

pre-measured and stored for use in a calibration process. Specifically, during
operation g,(6) and g,(¢)are measured, and the signal's DOA is estimated

by a look-up-table from the pre-measured curve.
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20 shown in FIG 4(c) for a range of possible val ues
for o. The normalization factor g,(e)+g2(e) is used
to renmove the echo strength dependence of
g,(0)-92(0). For exanple, if the absolute signa

anpl i t neies nfdnerpeanDdAaRGtimBGAEN Aefiod cmaasﬁefénd URorhO the
t he chanﬁ;eI in the reference's range, both

(e) and
9 5PRYENHPYS rB%”%E'a\'IS%daW Qrﬁée%ﬁ@cﬁd'&tao?or(@ﬁ@o%' m%ﬂ?dpmse

t Felan @rdtss Zh@h’nﬁlw Sily B GREERInk Thotr® and uéedréﬂm’ﬁéy tBi& only
scal e factor. ractice, the curve f(9) can

pPeSRalL EaRog O, aWEP°§96r<@@ 256" JusWithip E"SCQIV?%PQtraBEe a highly

pb@&ﬁéﬁe DSResEN e détedmindr i 'H)}gcon%}E@tr |ﬁtthé’€nﬁbodﬁ'r@nt aRd whole
gO) are nmeasured, and the'sig DOA is estimated

8’ FiAITEIENER Y BOVaresn g@@s'eie@n%@mewrw the cpst, ¢he
”ﬂ[]ﬁlb@ﬂbﬁ@nt%seﬁl%t %%Ju@@eﬁ‘ﬂshﬁ;dm'tﬁls@agéﬁa{ Fthe frhREB b8 1o

conventi onal nono-pul se radar process, since in a
cdRventional nono- pul se radar process normally only
two antenna horns are used and they cover only a

smal | rnaa@eeoémdomeehtsoaf &r% thvedtién théNcbmdé)dtzlcﬁ‘ the UWB

direct r.an accurate DOA can _

dé?wﬁi%gé e@f%sﬁtbmg?v'g IRY PRY BRIBERWRACHaRNRE Ihthisecase,

3@% guiplerfapterinas dadh 6O \edsdbiballPWicAEd ighdohédlBy-one. Multiple
rrgl exi t%/eqand thﬁ‘hCOSt the nunber of antenhas that

68 gEsteaquedviionepramergRulses fpneadheanteinge of 3 to
. I'n sone enbodi nents of the invention the
conpl erteythaf thehtextldbBve has rneqmesmred howi mefLﬁNBQ@duéétor 14

di h . case,
P B HEleA R Bulbecinod ensmlie 16 PaRE bl cnel P S ENBWO i for
oftite VB Tequddtdrt 1Pk indutleSBS cAird-diredtiinat Antednk luseaefoP the
each ant enna. he text above

e aBies e pShis ORI a0 Blaien et Battey: ihamerypt fop aR@anas

t l2a Ilebs@ td\/sinﬂhtahéomél)atiamrﬁls anh@erﬂkaln@vm SighAIe the result will

tor. 14 t

PRET asubToll. G Eersnas SA0amIEa, SBaor G e the plane

t rSﬂﬁﬁI’fGCSijl e ahtéhnb@ﬁ&) SGluﬁhé@ﬁariaﬁmﬁ@tar@rp@fsjﬁbléeiﬁl -which the
er | ea e anten IS use

A7 28 s BTSSR o Rt dg1es oS gh fe transanitted

r %ﬁ}h'at is Mok bmnb&ré@:ﬂéh@sblﬁ%th@ b)bu%@]br disemed d)fQﬂé!hple pulses)
transmtted signal (w pl ane spanned by the

affeesmiiedhy)the pmlfﬂreanteama whicbﬂﬁsméﬁr@egd@ §¢Qﬂ'\@ tha eshe(Er) -

t Qﬁch as the antenna which is connected at that time to the receive channel.

Whilst a number of direction estimation methods have been described
in the foregoing paragraphs, it should be understood by those of skill in the art
that the present invention is not limited to the direction estimation methods
described herein; other angle estimation methods are also workable in the
positioning system 10.

At step 58, the position of the object 12 is determined by the
computation unit 16 based on an object displacement estimate (Ax,Ay)

derived from the movement information and the determined direction of the

10



20 antennas 24 transmt UWB pul ses at different tines
(such that the transmtted signal is not

omi -directional, but rather a pulse (or a series of
multiple pulses) transmtted by the specific antenna
Wobjelt 13 tefdrendivdafiér theCRbVdnéhtey e4I0HeS MoreSpic sy, the
the antenna which is connected at that tine to the

r ee@pviation aniielb. calpylates the pasitien (efy) difrtee tbjeat 12 before the
estimati on. et hods have been described 25 in the
fm%ameﬂgwﬁﬁﬁzfg@ﬂ%@? §aHal%ul d be under st ood by those
of skill in the art that the present invention is not
limted to the directpnaestdngati on nethods described
herein; other angl & estipatyop net hod{)are al so

wor kable in the positionhing System 10. At step 58,

the position of the object 12 is determned by the 30
conput ation unit 16 =baseddon an obj ectd)di spl acenent
estimte (Ax, Ay) derived fromthe novenent

B e B R FRE 'St Ter the movenent © and o' . More

particularly, the conputation unit 16 calcul ates the

position (x, y) of )t hg b} ect 12 befo{®% the novenent

with the foll ow ng equations X= Ay- Axxtan9 (7) tan 9
- tan B 5 y=xxtan9 (8) where, as seen fromFI G 2:

y' =y+Ay (9) X' =x*AX{40) y:xxtan9(ﬂq)1) 10 y' = x' X
tan 9" (12) The positional data (x, y) generated by

the conputation un};&ﬁ#& used in fyq)t her
applications. As is evident fromthe foregoing, no

rangi ng function is required in the positioning
system 10; the displ-agemmm d of the(h®)ving object 12
fromthe 15 point of reference (0,0) is not required

fq'rhedpeotSI |rorrr1]almdar\]t% Exr,]s) %%ﬁclartalte%qb)(/) fthé rc]:gmputation unit 16 is used in

further applications.

As is evident from the foregoing, no ranging function is required in the
positioning system 10; the displacement 4 of the moving object 12 from the
point of reference (0,0) is not required for determining the position of the

object 12. It follows therefore that strict synchronization between the UWB
requestor 14 and the UWB responder 20 is not required. When no
communication data is being sent from the UWB requestor 14 to the UWB
responder 20, there is only one-way communication in the positioning system
10 (i.e. the UWB responder 20 only sends out UWB signals, but does not
receive pulse; the UWB requestor 14 only receives incoming UWB signals,
but does not send out pulse). The positioning system 10 is thus simple and
easily implemented. Further advantageously, the communication channel is
capable of carrying more data for a wider application area in the simplified
scenario.

11
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object 12. It follows therefore that strict

synchroni zati on between the UWB requestor 14 and the
UVB responder 20 is not required. Wien no

comuni cation data is being sent fromthe UAB

r equesThu ratel at whichethé&pBsitiorss pated ex, y 26 gerrezatedia updated by
one-way conmunication in the positioni ng system 20 10

( IheeCOff‘Ih‘etalMBUFlésﬁ%'ﬁo@PeEQe'ainq)W thee Frigs GG whisipthe gieyement
bigForfRE8n BAY thd SI?@dtMﬁ o?%HeS@OJeétHQ MpB%HeWevéﬂ #RMhdse

recelrves |1 ncomn g but does not sen out

piiayehe uppatedoi 3Ifferrﬁnhgat§§sthenm@d| at whish dienpositional data

egSI}fby SR SRy daf@drlg hﬁﬁte@@X 9@9”%&(. Toercome this
atlon channel is capabl carrying nore

darhnatfcmr @ither dtpe alwﬂalmauegar a1r4ea>r|t|rnet b@rneumbmfmretd 16 is
scena osi tion

Rty et SnEToh g "BeP UL SUNNIER HRUBREIRER, information

uah@ tAé deterfipmandesttiodnot B bbjees 12tarshigdatéd@vith one of a
nmovenent information and the direction of_the obje

T Dreshcion, dAtae  BRfvodB: Mia@ORHER e MeWRR. bo UsaaRegloagn or

diﬁ‘térebleﬂbn hadteSd id Dsed Rﬁgenébtemﬂdsﬁbﬁahﬂwdwewnt @R alrectional
dat a y) . 1S generate islimted b

sﬂ@\ﬁe?n rta? é)bJeFé 1 fé%fébﬁaoqfqim@ter Ithati iIsadRdated at @h%'p%’/v?héate
UBy5Rg8&sIs, thid iRErebSR HRTDIEAA éPWhHH'ﬁosﬂtfénbﬁdata N3y is

configufed t'o synchroni se respective rates at

t Qeneratetir®ntheipobitioniagisgstematdl t he det er m ned d| rect| on
of the object 12 are updated with one of a prediction

h d I .
10 i mt 55 poritisalera sb By ing BAS R EMcil; ffonagon
nmaamamd bythélmetu:m detedtioncisviceots, teitberoﬂapeﬂNBlrEqﬁeﬂtort teor

ArEraguatiril 7o LB iedetaia Upulld) 5 apmeter cenvec
paent iteahowsrhent (wforyation wlgsemehatcm;iedj)yu he statuonary For
t 10. T
b ExamPRn 1 et BBt Wiesf oE: BRCon gerisybliraryis, 16 g an
mateglerofrtecand theddivéotion 13 the iob]eet 12he daéﬂnrreqmstrer uwB
[ uni onf.i ure t o, reset

14 th t t
a el T4 CSBB, Rch Bferag: fussion esULRY RV gecToed i

| Hijapetd PatewhAPplidagor® Rioe 200504866-5BR thed berhputation unlt 16 is
exanpl e, in an enbodi nent where the notion detection
deentiqureg tq tesst the accumulative velocity measured by the accelerometer

when the following conditions are met by the positioning system 10:

(i) the reading on the accelerometer remains at zero (0) (i.e., there

is no change in the velocity of the object 12);

(i) the angle estimated by the UWB requestor 14 remains constant
(i.e. the object 12 is either not moving or moving in the same direction relative
to the UWB requestor 14); and

(i)  optionally, the signal strength received by each directional
antenna remains constant (i.e. the distance between the UWB requestor 14
and the UWB responder 20 is unchanged).

12
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accel eroneter and the direction of the object 12 is
determ ned by the UAB 20 requestor 14 using the
preferred direction estinmation nethod described in

Si ngapore Patent Application No. 200504866-5 [3], the

CUR® Firag ding codifiorebare netGaitn B loBfect 92 isegtBliorfd™ In such an
accEn%{I ative velocity neasured e accel eronet er
whERog!

, by th .
AN} e 7P RGERA 4 SH<odnGoRBEt T4, 0gtHgen tmes ¢ and r-

POH &drRplitsd whM ShEBNdBing(dquatidiee: r eadi ng on the _
accel eroneter remains at zero (0) (i.e., there 25 is

no change in the velocity of the object 12); (ii) the
angl e estimated byAthe, Uns.aegdest or (M1 remai ns
constant (i.e. the object 12 is either not noving or
noving in the sane diyection relativ to the UNB
requestor 14); and{(d {viv)+6>1ﬁ3tq"<ﬁ{al ly, ﬁ‘ﬂe si gnal
strength received by each directional 30 antenna

r gBjd1s constant (i.e. the distance between the UWB
requestor 14 and the UWB responder 20 is unchanged).
12 The foregoing co_rl1di t_iI ons are net when the object 12
is stationary. |n suel a+venbodi ment!3)the

di spl acenment (Ax, Ay) of the object 12 between tines t
and t- | is conputed with the follow equations: Ax
=(vx-' +a,, At)xAtYs( fé’}tA’ﬁ"Rg:(v' ' +a'(%) XAt (14)
where: +vr-2 x (15) V=a x' O x v'l =a'-'0Ol+vi-2

- - ' 12 is noving, and 10 - =0
g%‘@%” t@/@y&b@%@?ﬁ%ﬂ%ﬁ?ﬁ%e Obj! th ?”s gt ati onaerXSuch

an enbodinent is applicable in a
vil=0 (17)

X

vitl=0 (18)

y

when the object is stationary. Such an embodiment is applicable in a
multitude of areas where the UWB responder 20 has a frequent stop status
including, but not limited to, virtual gaming applications, pen input applications
and robotic applications.

As is evident from the foregoing discussion, the present invention
provides a positioning system and method for determining a position of an
object. By combining movement information of an object measured by a
motion detection device with a direction of the object determined by an UWB
requestor, the invention detects the position of the object in real time.
Advantageously, the invention is easily implemented and is capable of
achieving higher data communication rates compared to other UWB
positioning systems. Further advantageously, only a single reference point
(i.e. the UWB requestor) is required by the invention to locate the object. Still
further advantageously, the invention is capable of controlling cumulative error
generated by the motion detection device. The invention has a wide area of

13
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mul ti tude of areas where the UWB responder 20 has a
frequent stop status including, but not limted to,
virtual gam ng applications, pen input applications
15 and robotic applications. As is evident fromthe
f spptieationg irdi&ings sbuannott eited @s.emixdéd1vealty @amipg,openlesput
a Qsi ti onl g% system and nethod for determning a

i8S ANASPOES” obj ect. By conbi ni ng novenent
|nformat| on of an object neasured by a notion
det ectThende:kemptnm\ ofl thi paefd'rreé@mbmdiménts loé tiebpresent invention

det d UMB 20 ' Nt |

5L B R B8 ATt v v

Adm_ﬂéageduegémautm mﬂtoelrmmt tre insertimi toythe fpineneistlesed. It

an

Pl "B AR BmgRh ki APl Al Fieg RS RS Mo

E@h\btdﬂﬁ{o@dmtmgemmit g’qovendn;hoat depajtémagbfrelfnethe mccmcpmlvamtuve
i.e. e eques is requir

t8°q°88%\[}l§r‘?cﬁe %‘Hﬁee)@t"?p tthISin %hrc(%ﬂet?élgég%& ﬁgggﬁ%\ﬁ%)g/,ble

t Gevifonkr@nt.i omcérsain applidationd sccnbs odbdticg, therNVEX ieqeestor is

oL S50 BEE, B SR SR E el o

I p@ém_ufh 6, théxd)LUWBOtesbe(';ﬂlérelg ltb@,d mThedmoten ideyeagani deg/Jce is
en in evi ces and robotjc t

P RaRE I e iefioan Heapares the maoRich orhilioht e uws

haeqejebt@fﬂuﬂmge&embe@lnémr The peese off thisl osémanti information is

escri ption

obsaeb i SRR dhe ROSHE oh o UINEE RsGPRLSTIR doF SLBH FehySstor
V\Ebérdhﬁteaﬁﬂlrtgﬁl) aF@d?dey;tHehmtSﬁntﬁiﬁ is| et Ilnﬁitddhtc? sd-ditriemkional
changes cou e made to e e t

aBBW@aWQ%M CaR M3 P‘?’n@PP&%WQ@%&%%Q'F?RP@%?‘%L@pﬁ'catm”s
CQEGRINt by BRIjEIhg fﬁre%ﬂi%ﬂs%nal |b65|t|6r\/ RN thedBbeaNoh® an x-y
applied in a noveable enviro

o Bne i &€ 2RIETe ol s SBgeTSIed. THassfolfs (e dhysntieg s got

c T—?MR&@ dot Pet Partienhe A EMY efiscidsedn CbLMVI doveist mddfications
such B%Il I cations, the position of t he resgg Eigﬁ

i withintbel scopeeofitpe pmeabmwtioa@saﬂ@\?ne% by the %FER%‘F’
t he object and neasures the novenent information of

t he WBriHe2qURBEOthalubhtBdt dediyvieaiinés ot‘fieamsevmr&agmﬁt the
this nopvenent i nforrmtl on is  used to,deternne Q)crﬁwe like

p&8sEripgaAN Gnd the ARS, GRS "OMANAE. (FENPEYIR s?

are to be construed in an inclusive as opposed to an exclusive or exhaustive

sense; that is to say, in the sense of "including, but not limited to".
References

(1] Zhang Jian, Sun Xiaobing, Xu Jin, Ma Yugang, “Method, System and
Apparatus for Mixed Reality”, Sony Corporation, Singapore Patent Application
No. 200603968-9 filed on 14 June 2006;

[2] Jeanne Dietsch, William Kennedy, Matthew LaFary, “Spatial Data
Collection Apparatus and Method", ActivMedia Robotics, LLC, U.S. Patent No.
6,917,893, 12 July 2005;
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15 coordi nate system Further, the invention is not
limted to two-di nensional applications, but can al so
be inpl emented in three-di nensional applications as
wel | by projecting a three-di nensional position of the
of3] ectSumXiaobing XXy Jinp Mameugdnd, Banxo OkadarPositibning Methods

u ore, . that .this_invention

BVl ohe Ul « PRKeaT” oRBB: RRMPCAAsc PBRRR ey Ratent

CApmrcstummNbfzmeessznbd/\m h2 puly2e05cape of the

present invention as defined by the appended clains.

R the nj esy ta e [ i

B ougrm”n et G ShiteR R MbERY; o PRHIrRh, et

" Bositian teCatlo'hcldhimngsInnrgﬂsaaﬁddtohé).I$.kléateat dlot 6,308.903, Oct.
trued in an inclusive as opposed to an excl usive

of exhaustive sense; that is to say, in the sense of

"including, but not limted to". 25 References [1]

Zhang Ji an, Sun Xi aobi ng, Xu Jin, M Yugang, "Method,

System and Apparatus for Mxed Reality", Sony

Cor poration, Singapore Patent Application No.

200603968-9 filed on 14 June 2006; [2] Jeanne Di etsch,

W1 liam Kennedy, Matthew LaFary, "Spatial Data 30

Col | ecti on Apparatus and Method", ActivMedi a Robotics,

LLC, U S. Patent No. 6,917,893, 12 July 2005; 14 [3]

Sun Xi aobi ng, Xu Jin, Ma Yugang, Kanzo Ckada,

"Positioning Methods & Systens for UWB Devices", Sony

Cor poration, Singapore Patent Application No.

200504866-5 filed on 12 July 2005; and [4] Janes L.

Ri chards etc "System and Method for Person or Qbject

5 Position Location Utilizing Inmpulse Radio" U S.

Patent No. 6,300.903, Cct. 2001. 15 CLAIMS 1. A

nmet hod for determ ning a position of an object, the

nmet hod conprising: 5 neasuring novenent infornmation

of the object during a novenent;
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determining a direction of the object relative to a
poi nt of reference before and after the novenent; and
determi ning the position of the object based on an

obj ect displacenent " estinmate derived fromthe
nowanent i nformati on and the determ ned direction 10
of the object before and after the novenent. 2. The
nmet hod for determ ning a position of an object

atcor & nmgethodcfai detetmining tasherositionpof samhjexd ettivé nyetnod
cunul ati ve paraneter derived fromthe novenent

i RIS on when the object is stationary. 15 3. The
met hodndasuridg reovementipfamatisn bf the obfecadurirny @ eiovement;

accoro(li# to clai,m furthe risin

. or .CO
o f oeftiing i dioncds, fi St HEles B 1A BORE of sefeispos
f mafordedrelr aftenitmgmaveaent aedh of an obj ect according to
an 20.o0ne .of ,t he precedj ng, cl ai ms,, furt hgl .
oo 0% e oy BB baRes ot Bl et gipplagement
tfmmmyh egwﬁdt frévh QheTRriol @nﬁegnid_fdrd;neti&eb@cg tﬁd\@@ieﬂﬂmih@@ﬂir@lion
(0] e o0 ecC ar e ate W t one O a redi cti on
et GoRRL Pl AT o MGKTHERhod. 5 Tho rat hod T or

determining a position of an object according to any
25 one_of the precedi ni% cl ai s rein the novenen

wh . : t
i #:f or R 'BRINCEHRY ARlEEMNEIgeA ppsilien QF@? Qoisshagearding to claim
anglirther NEINMpHRirdaréseltig di shageVe YarstaéRr dbrivédefrom the
nmet hod for determ ning a position of an object
ae¥smemMgniognasy ng@fOW%'sp?t%%@%g clains, further
conprising conmmuni cating the novenent 30 information
via one or nore UAB signals. 7. A positioning system
f

3r dethermetod dordeiersnining @ rositigR ob B ebiect agekdipg 40 Aigim 1
1 | ' = ieaiapl : obj ect ,
g e LB B G F B G ob el P e o
nmeasure novenent information of the object during a

MRV eNefie nathddl fof FeWdrfh d AddRh SeaPBBMEl accor@ifg WBin
requestor, \[/bner e|F n #heﬁm ngesponder andfér equest o? ar ey
one of the preceding claims, further comprising synchronising respective rates
at which the movement information and the determined direction of the object

are updated with one of a prediction method and an interpolation method.

5. The method for determining a position of an object according to any
one of the preceding claims, wherein the movement information comprises

one of acceleration data, angular motion data and displacement data.
6. The method for determining a position of an object according to any
one of the preceding claims, further comprising communicating the movement

information via one or more UWB signals.

7. A positioning system for determining a position of an object,
comprising:
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configured to determne a direction of the object
relative to a point of reference before and after the
novenent; and a conputation unit configured to
determine the position of the object based on an

obj ecta Hichiph aEdBliBh RYideNEdUpledeto N‘fédolﬁjéctl’fw‘léﬁelﬁmd@mi‘on
10 i nformati on and the determ ned di I‘?Ctl on

e ioNsoas SANGHSLIo TRESUTRGURIFEIRTE THOR{gN of e object

PASringl PMovemenst em for determi ning a position of an
object according to aim7, wherein one of the U\B
r equegtt r%‘H‘ﬂp?b@g’déng@trﬁwwerlS unit is configured

to respl UgVe U@Hué’dtér\/ Qvﬂéfr’éﬂflﬁé QUWEE FdspeHdér and trguestor are
nmovenent informati on when the object .is stationar
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podortriation M@esybe ebjettos sthéibeanyi ni ng a position of an
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10. The positioning system for determining a position of an object
according to any one of claims 7 to 9, wherein one of the UWB requestor and
the computation unit is configured to synchronise respective rates at which the
movement information and the determined direction of the object are updated
with one of a prediction method and an interpolation method.

11. The positioning system for determining a position of an object
according to any one of claims 7 to 10, wherein the motion detection device is

one of an accelerometer, a gyroscope and a trackball.

12.  The positioning system for determining a position of an object
according to any one of claims 7 to 11, wherein the UWB responder is

17
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14. A positioning systemfor determ ning a position of
an object, conprising: 10 a notion detection device
coupled to the object, wherein the notion detection
device is configured to nmeasure novenent information
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d@th%‘ébl%@j ect before and after the novement. 18

14. A positioning system for determining a position of an object,
comprising:

a motion detection device coupled to the object, wherein the motion
detection device is configured to measure movement information of the object
during a movement;

an ultra-wideband (UWB) responder; and

an UWB requestor, wherein the UWB responder and requestor are
configured to determine a direction of the object relative to a point of reference
before and after the movement and whereby the position of the object is
determined based on an object displacement estimate derived from the
movement information and the determined direction of the object before and

after the movement.
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