Posi ti.oni ng System and Method for Determining Object Position —Field-of- the
I nvention The present invention relates to positioning sysﬂm’ hods
for determning a position of a moving object. 5 Backgrou m’m’m w’mmm,

I nvention Positioning systems are used in a wide variety of appligations

such as, for exanple, mxed reality gam ng applicati | e,
Singapore Patent PpgitibsiagSosteMoanRERABBDS ek dining OBRci PBsiorPP! i cati ons
and robotic applications, to i1dentify the Tocation of a noving object. 10

Wth recent t i cal .devel opnents, notion detection devices such as
accel er onet erE%ml ALY 9 s are now being used in positioning systems to
estimate a location of a noving object. An exanple of such an application

i s disclosed in UThe pasentt inkentiop, r@ﬂa‘le@%ppsllioninmisyﬁemmtbmetﬁwsme of a
rate gyrosco C hidp generate positional data. One 15
limtation of&?}g%g %Daf?&%(?rl Crﬁnﬁgﬁb | ces in positioning systens is the
need for an accurate starting point in order to obtain an accurate
estimate of tBackareund ofdheinventien an obj ect. Cunulative error is also a
probl emin such posi tioni ng systenms as notion detection devices estinmate
the I ocation of a psgdnig Q}%Jtéfﬁ& aRagesh Ay wwMa%kw@r APRe A SPRBILR oQf the

object's 20 m)verrents So, for exanple, if an accel eroneter gives an
accel erati on 05 SXAMRIS. SRixed \F\ﬁ""l"W gAMIGr prlipationsHgeer fop exaples Aif at ed

over a runni npateRenpphcalion FeHSESUEOBOESL0 [ epéirh %ﬁpﬁﬁ%% F@a’%r%HE%'ﬁ@%b@ho

calculated wwth the fol]ow . ng equation: S= 25 will have a
si gni ficant efPRicaiens, fxidgnify @Gat{ﬁf' ?fr?empwne@mewg equatl on: AS = Aa x T2
/2 (2) 1 1111212220 0@ @ 1 121212121271212121212121111111 *@00002*

10 With recent technological developments, motion detection devices such

as accelerometers and gyroscopes are now being used in positioning systems
to estimate a location of a moving object. An example of such an application
is disclosed in U.S. Patent No. 6,917,893 [2], which teaches the use of a rate
gyroscope and/or an accelerometer to generate positional data. One
15 limitation of using motion detection devices in positioning systems is the need
for an accurate starting point in order to obtain an accurate estimate of the
real position of an object. Cumulative 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
20 movements. So, for example, if an accelerometer gives an acceleration
estimation a with an error Aq, the error Aa is accumulated over a running
period 7. Consequently, the distance measurement § calculated with the

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

AS =AaxT?/2 )
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after a'period of tine. Thus, as calculated fromequation (2), even an
acceleration estimation error Aa as snmall as 0.01 netres per second squared
‘(nme-2z) can result in a significant notion estimtion error of 0.5 netres
(m after a running tinme T of just 10 seconds (s); snmall notion estinmation
errors 5 accu I of it @ a e a o I stimation
errors. Wil sfﬁﬁ'érsg??ﬁb?oﬁi tlﬁ%’t%%&ce g?%@?k‘% Z@%re%{'@grg of$'§8t &L ome
errors, it coffAsiaiwsestimalioarmieoress as soxiliased.DdmetRsspdriseobmy shEeddi ques

based on radi ghd-reQHEBGt i sk gnal re..known., One such a pJ(TiﬁC tionis
di scl osed in g?ng}a_pore PtaIE]eaﬁgtlgiﬁ%}?@?tfbgnesm.agoriﬁ"?b@%@gé%%tf% 18"€8uch a
system howevarrunpigguimes? aol grsy 1l ghcandscls)r eswalluhbtion testimaase ssrordie RF
signals and tRQusmiBaEidves tigeh . 1 oad. stem conpl exity and
conput ati onal | oad requi rgﬁrggnmi@%aae %ﬁbﬁlﬁ%@{?%oth[noeﬁ% %’Hﬁf”%u st syst em
Thus, there eYargtigansiminedadesieratiqrosireii dnicay offsst eomanetrore! ihedmbmfatest 5

det er m ni ng adiggﬁi:é LRBr Qétig?ﬂioﬂbj ect that provides accurate results and that
is sinple to inplenment. Summary of the Invention The present invention
provides, in a first aspect, a nmethod for deternmning a position of an

obj ect, the net hod S8iRHMs teriniaves skasadg on 2@divo freqeencyi (RBY signiaenaed t he
obj ect duri ngkrbwWDVEREBlich SSIREFBI i St Lect rghative to
a point of reference beforgﬁalndlaf tsgﬁlscﬁ]%'d '%&dgﬁgﬁgpéﬁﬁtgg’%lg?%%ﬁﬂg t he
position 8 t#OEGBPEREE Bhseuoh arsystgnechowelesplreqeresnt esryi mghecieer | ved
fromthe novegepitibt i ; i ned.direction of the object
before and after the n%%%%ﬁﬁégg %&Bﬁﬂﬁ%ﬁgﬁ’@e%}ﬂ%m 5’9%@(‘?%’%?% t he
movenent i nf oPR&t SyFeRFagomplexiieard compntatitreal ddyceryuiremeht iakeit Yosthn
initialisatiop@BRhn:e performed. Respective rates at which the
novenent i nfor rlraP| on angcﬁéyagr& erm ned direction of the object are

updat ed may be synchronised with one of a prediction nethod and an

i nterpol ati on net HbHS. theee yiptsr@nneed for a positioning system and method for

15 determining a position of an object that provides accurate results and that is
simple to implement.

-Summary of the Invention

The present invention provides, in a first aspect, a method for

determining a position of an object, the method comprising: rheasuring

20 movement information of the object during a movement: determining 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.

25 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

30 information may comprise one of acceleration data, angular motion data and



30'information may conprise one of acceleration data, angul ar notion data
and 2 di spl acenent data. The novenent information may be comruni cated via
‘one or nore U signals In a second aspect, the invention further provides
a positioning system for determning a position of an object, conprising:

a notion det eglsbR@edeMt @ata. 5 THRUROSEMERL Fn*&?mPJPibﬁ%aY ‘B%e&%%uhf%‘a’tggm' on

detection device is conflgured t o nmeasure novenent ormati1 o
obj ect duri ng®3® RbTORRHYVE&I9NGISt ra- wi deband (UWB) responder; an UWB
requestor, wherein the UAB responder and requestor are configured to

determ ne a dir ectinenseforidnaspel;, esd invehmdr Mﬁhbpproﬁ’ndlég'a”éoé?t onr f}fs
before and af%er %he novenent; and a conmputation unit 10 con re to

det ermi ne t he PSS TUHNGR RISHIBGTR Ojgste BOBANiSiAG: o metion d@t%:pbadeweat
estimate deri vespléd mﬁ&@bj&vaﬁﬁé}bml !EE%B%H QBtefiEh td@@uc?qgt %&8&' to

direction of the ob ect ore and after the novenen requestor or
the conput ati BI¥® ﬁﬁ‘l ml%?/mﬁgt Qifayiar &f tf‘% qbgacktdurigg cumavarient rannaet er

derived from tivebany QUWE) reBSeHIERt AP DV Bsh feBBr v t ary.
The notion detection device and the UWB féehquestrorﬁer@mt‘@8 U\}(\:%nrfé guArdgg to

align their r83pERAUSTEr @spcantgited fo dpleruing a @kﬁﬂé@ﬂmf tig objket retatipetat i on

unit may be canfoirywfeefetenceshetoly M aftel BRAAGYEMEN %E@Sa @6 @cyh LA
novenent i for tion :i\nd the 20 determned direction | ect are

updat ed wi? h l9yreds 19 dRiPERing nthee PRgItON fdthen Obmer@@E@tmmrar‘rr@lbjwti The
noti on det ectu@ | dgmeﬁteergam f (% e and a
trackball. In Ioﬁg a&e MIQ%r%sg%n%&eﬁggj\tt ‘;léforﬁ}an%c]aq}%c?fﬁ)

object 25 anﬂet%'ﬂ‘f‘? QFEEF'Q’bOféB‘?rﬁBJﬁ%%ﬁf@fetw Qﬁﬁi@?ﬁaﬂﬂpvemﬁotr mati on gener at ed

by the notion detection device to the UWB requestor. The WB responder nay
be coupled to theThEUWB rdquesiepiohgfe AIHINHAIBinit may be configured to reset

a cumulative parameter derived from the movement information when the
15  object is stationary.

The motion detection device and the UWB requestor may be
configured to align their respective coordinates.

The UWB requestor or the computation unit may be configured to

synchronise respective rates at which the movement information and the

20  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

25 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



In'‘a third aspect, the invention further provides a positioning systemfor
determ ning a position of an object, conprising: a notion detection device
3 coupled to the object, wherein the notion detection device is configured
to neasure novenent information of the object during a novenment; an ultra-

wi deband (UVB)..r ; VB, r e ar erein the Uy responder
and request or )Cglfl@é@gﬁse?%l?rbﬁ%qt\gn%f%ﬁi 'ﬁ'«gﬁéﬁ gﬂegﬁ'{)]r? SRVige 1¢ I‘F@%‘j‘%ettOS

rel ative to amssisate ofoveefeet emicendiieh crfethansbjedt tauring e nisveaispnt amndrasher eby
t he position gf oRj i r nj.pe n._an object. djsp ment
estimate deri \%%é ﬁgma%\ﬁ@ rrrlg\%%&rrgc}r??’ %gognrra’g il '@n r%?ﬂfspcﬁe %@Pnﬁ%ﬁgr ection
of the obj ect réspooder amdiregfueetor arecordigarashto. ddtermihe atdrettioraspgetobject
correspondi.ng -t her _f I s descri bed abov 10 in respect of the
second aspéct rénllgtg/\}ea sd pg"fé}&e%rﬁg?i?@eé‘&?ebﬁgw&a%ﬁg%&@ea{ﬁaveé‘aﬁ/&rﬂr@g\yae@wt he

i nvention w | theppositien axithe eotfject fis atetérhenddbbesd 08 &e todidce ighhsamdt i on,
taken in conjupgcti 1 onpanyin raw n illustrating by way
of exanple t hggfgb%\%&e\ﬁég frtgpﬁhﬁgﬁg\feﬁee'ﬂﬁ%ﬂ?a ] aé?digtg? JBL%'E’H’?E'&%' %6'? t he

Dr awi ngs The fbbthembjery bed&rairhedftdetbe metenmmt.of preferred enbodi nents of the
invention will be better understood when read in conjunction with the

appended draw ngs. |,Tig tﬁrr@%aéct,i w@ghgﬁgpgﬁuﬁﬂért#éénthg\e%sf%%%qf@xg ga{bg%ﬁgg'se

and is not limted by the acconpanyl ures, |
20 i ndi catl®é simiespectelf dresroond E@ect maysalso be leepityied. di agr am of a
positioning systemin accordance wth one enbodi nent of the present

invention, FIG 2 Ofhef 88pa@ttidral adlafRI@Ndr th&SiVeptiod Vit nEEHRG &l e
position of an WWB respgnder rel atai vegéjtq t hat gﬁﬁ?ﬂg’”% re%el?g??'gbpi n the
posi tioning $9Ms e effllgning detalled FAescriptis, dakarhdnacomjufidtion dvitagrtaen of a
met hod for degggdrhpiryshcPdrawings, illustrating by way of example the principles of the

invention.

15  Brief Description of the Drawings

The following detailed description of preferred embodiments of the
invention will be better understood when read in conjunction I\\Nith the
appended drawings. The present invention is illustrated by way of example
and is not limited by the accompanying figures, in which like references

20 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
25 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



positioh of an object in accordance with one enbodi nent of the present

I nvention; and 4 FIG 4, which is conposed of FIGS. 4(a) to 4(c),
illustrates a method for direction measurenent in the enbodi nent of FIG 2
whi ch uses several directional antennas in the UMB requestor. Detail ed

Description of theriQ, aWWHQﬁ |§C&H§0§E@Fé‘ﬂ#lé@5 Q%Z%h lﬁtﬁ‘st?‘agesg%ettl}ibéjt% pow in

connection with the ended drawings is in as a cription of the
present |y prefiEStign m@ 8Meeht the Qrﬁéocﬂ'ﬂ"@éhtofdﬂG ghavhieh nises iseveratled t o
represent thediesdtigndiaiienria’ ivHLOWR R PESRENt i nvention may be practiced.
It is to be understood that the sane or equival ent functions may be
acconpl i shed qlf erenti 10fnbd| ments that are intended to be
enconpassed AR ogecilionotite iawings,yentj on. Referring nowto FIG 1, a
positioning system 10 in accordance with one enbodi ment of the present

i nvention §s shownlheThietagiledi Uesa:np‘mgns;ett donth 1eeibwc irldpnactidnuivalhi tive Of

bjects 12, estaor. 14 a a conputation 15 unit 16. Each of the

ob ect s 15" i obrRBPlHRHIER s iBieRffe i S RsoiP sy PL el TSt aretenes

responder 20. erBhotinmepts ohhdem\fsnttnb@nardﬁislrﬁcﬁ nﬂt&ndéd EORIDrElEr@ thd Oniy THASUT €
ect 12 to which .S coupled during a

f
moveent . whi TRVURS 0 Presaft AP iRy, B aRiRe. oS & BE hrigmes bat
comuni cate tthe rsavenmnt elanlvallen'atﬁJoctldl‘Basnla)eré)Yaéd@ﬂwﬁ@lﬁédJnb)detﬂlﬁér%hpn 20

t 14, The UWB requestor 14 and the respective
?J\%I fgs;ghder%mgﬁé%%ﬁse SE"QEUOF'E%FCHS’ gp%rer‘?f:?l’@ggs%dr‘éfﬁrt"ﬂdhe&FOP%QEH‘%f t he

obj ects 12 reha¢ntion.to a point of reference before and after the novenent.
The conputation unit 16 is configured to determ ne a position of each of

the objects 12 ba enent_ e te derived from25 the
novenent i nfor mat ﬁ-'géiergﬂ Pddgféérﬂ‘l %god’%ﬁ'op'é‘gtﬁyé "3)f t'ﬂea“c?l?f‘é@Fe Mt?‘ bef or e
and after t heonmembadrment of the present invention is shown. The positioning system

10 includes a plurality of objects 12, an UWB requestor 14 and a computation

15 unit 16. Each of the objects 12 is coupled with a motion detection device 18
and an UWB responder 20. Each motion detection device 18 is configured to
measure movement information of the object 12 to which it is coupled during a
movement, while the corresponding UWB responder 20 is configured to
communicate the movement information measured by the motion detection

20 device 18 to the UWB requestor 14. The UWB requestor 14 and the
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

25 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

30 devices that are capable of detecting the movement of the objects 12.
Although the computation unit 16 is described as being integrated into the



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 conbination of accel eroneters, gyroscopes, trackballs and
ot her 30 devices that are capable of detecting the novenent of the objects

12, Al thoughpbdiforf téfh! ‘FUqlnut’P\let régedt%nﬁjc?o%%n%meﬁogé c}?%'kﬂ% Iy ?Wv@l j ed ' nt 0

the 5 positioning system 10 resent enbodl ment 0se o
the art will Umﬁiéﬁagﬂaﬁ@t tthat cmmeummouuratt i16nmayi altéGatiesly abbe q)m\atled/el y be

provided i ndgpepeeitinsy 8 Hd1poRBhEOSAGmS 8! FMahBinkr @rﬂ&ﬁmem Mgpdl ment.

for exanple, the conputation unit 16 cou be a function of a pérsonal
computer 5 (Pe);ammlﬁnihﬁgm@méatmf i i@ could beha fundtipe oﬁadmrsz:tnabdoraba’ter t hat

the conpujat Iﬂf‘) Vﬂﬁﬁl?é é'lgoftw et elgr o% U Qs SAB | %oq%ﬁ le 14 in

alternative e od| men VI ng deser | e various conp

posi tioni ng s§aneHELY) Url'thésowl@ttWQ)nnf@gra’fﬂbsretocmepMWEt eqwei;tbr nm/vnbe
described in gksaLfle SRb&ientt0 bel ow with reference to FIGS. 1 through 3.
Referring now to FIIWCQJ 2, 6'1 Spfagphl cal diagramillustrating a change in the
position of one of the UWB responders 20 relative to that of the UWB
requestor 14 is shd@Ng daecrisedithe ariass qomwpopeBtsial firpesitioning $ysterakién as t he

point of ref efrfén6;9er9ﬁor9'bf grhése( BorAbondhtd i fnw g fa%gfﬂcg%gln éhe ew@%ﬂ' nat e

15 system 22 shown in As can be seen from responder
20 is di sb@ac@@iow\’dt%@éﬁf@@c%ﬁo AeSalldipughs. X- axi s, a distance of Ay al ong
the Y-axis and an azinmuthal angle of g - g' as it noves froma first

position (x, Yy) tNeférrﬁ@QWtoﬂqg b 9@rér9h|oa| Miahrdri llﬁugﬁatﬁfboé Bhdfeln St €m 22.

Referring nowto FIG 3, a method 50 f determ ni ng 803|t|on 0 the 20

obj ect 12 to Rpsitan t°F1e°W9\/\Bf rﬂé%chW@efeSP@”@?rsF?@Je@t'}-’% teoiigt &ff the YWMBn. In a
first step 52requBstoRhliAbh&A.| PR PBEIEGH bPihel @\MEerr geéﬂ&dw& R Bkéd8s the

respective coordinates of the UAB requestor tion detection
devi ce 18 couBP'BﬁofdeEel‘@C@bPé(ﬁngm (0,9ni'8 "é‘?lfrW%@it’f@@S@ﬁ?l (RD) eperdimete bet ween

15 system 22 shown in FIG. 2. As can be seen from FIG. 2, the UWB responder
20 is displaced a distance of Ax along the X-axis, a distance of Ay along the

Y-axis and an azimuthal angle of g -¢' as it moves from a first position (x, ¥)

to a second position (', 3') in the coordinate system 22.

Referring now to FIG. 3, a method 50 for determining a position of the
20 object 12 to which the UWB responder 20 of FIG. 2 is coupled is shown.

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,

25 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 the accelerometer are aligned with
that of the UWB requestor 14, more particularly, by moving the accelerometer

30 along the X- or Y-axis of the UWB requestor 14 shown in FIG. 2 and rotating



thé coofdinates of the UWB requestor 14 and the notion detection device 18,
25 and in so doing, increases the accuracy of the position determning
method 50. In the enbodi mnent where the notion detection device 18 is an
accel eroneter, initialization is perfornmed by adjusting the rotation of the
accel eronet er Loat : r ter are aligned

W th Uha of EheeOeR e el P oiESE o TD. IR E AR S fs PPt

accel er onet erdisgetianong the X- or Y-axis of the UAB requestor 14 shown in
FIG 2 and rotating 6 the acceleroneter until it gives a zero (0) reading

in the respective Mé@ﬁ@érﬁ%orrﬁétfo%céfitﬁ’é‘objMQV%Urtirgj 2LVERRO rﬂgagv.qu obj ect
by the no

12 during a npvenent |is neasured by t tion tection devicée at step
54. Dependi ng®%bi& Fticppdetgetionsdayies J8 akstest Pon Berandingl 8n dheltpyedf t he
novement i i OmnEEbH Odt8ENONC YERIceS 880 caRbenh H :

angul ar notion data Q (in a two- Bd?@eﬁ%eghgﬁgaﬁ%ﬁ%@%ﬁ?h@r@%’?rﬁiﬁﬁm (in
a three- di nen&erapiife ppef acelesaljoratiata (dl ) careyuiamtmotitnad4t, Q/Ay) a.twbor
exanple, in the enbodi mrent where the notion detection device 18 is an
accel er onet er dimeRgiopak apMicaéerdcri G . QéYi(ivea 0ed-Simersana applivation) and

t wo- di mensi onal (2D) accgeleration (& . ay) of the object 12 at tine t. An
obj ect di spl a@'érﬁléﬁ?%%@t gﬂt&t AL AR A °rd§¥?%é|6' fin dhe tQT@gJO%?@trrMﬁ'?rﬂ tifeor mat i on
(a" , a') is ; i |l owi ng. equations: .

Oceal At xar (1) PO BUREALY QB RER s oM actelstSios B Mo BB ks on

det ect i onl@evigeneh8uies the gwoaiepsiondl {eD) aetdiontidRt@CL PBf HRVEEELD
measures the rotational velocity S2' of the object 127at tinme't. A
rotational di&plig€erentArsAljerit dispacementbsetimatet |(yx,dey i deritvedf from thee
measured novenent information S2' with the foll owi ng equation: 20 D=Lxc2'
xt (5) where TOYYPFEBIDaton(@t-ankés FHBIRWEPHY semefitedowith it fadiowirge
gyroscope to éaquations:

Ax=(Ta'At)x At (3)
15 Ay=(3 a}At) x At 4)

In the embodiment where the motion detection device 18 is a gyroscope, the

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

from the measured movement information Q' with the following equation:
20 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.



static reference point on the object 12. The novenent information neasured
by the notion detection device 18 is comunicated to the UAB requestor 14
through the UAB responder 20 via one or nore UWB signals. 7 A direction of
the object 12 relative to the point of reference (0,0) before and after

the novenent B andAOdlrec"u@ﬁRﬁCthéV éé(ciJ\/{E? relghis g%rrfﬁg@%reléfer%fergﬁ%eb%ﬂépe VB

requestor 14. The direction of respon at 1 ve

requestor 5 héfoeannd mftpr tHasCmb{/@nbﬁi m@edeé&o‘ﬁﬁ&?r@'déf@r}‘rﬁned-rgﬁsté bl est
way to do thi bwg 'E’ngﬁ as |tn cgnventlonal radar 1 n which ani cal ly
rotating di re§§ SAK {8 Y d4scanned through a range of angles. At each
of a nunber of angular positions a directional antenna nounted on the U\B

requestor 14 coul'éhet dme&mntofaheUWBnekmd%ﬂQOfF@%Wé%iHEUWEWé&u'éQﬁrOf the
response 19 fqg he espo nder ‘1’2 . The angul ar position of wth the
maxi num anpl i tﬁaa '%89”%%'6 SKBRAYE® Hbs‘%ﬁer'@d”(elyén Td'\e tYRelestway ésgotiier 20,
or anplitudewealussas iroconvehtionzl eadznes michtdnme@ngml:ary fRefingl dRetidRyy be

dt estl rre di rection of res onder 20. Anot her
g;gr oagh to est%ﬁg% n%gsc &hrBng\’Mﬁ anago ol anglﬁspr Ahepph ©F i numbeevpl oyed

in the presenangmmepbsltmsns a cﬁrsscﬁdsrcammrtéhr{aﬁnouhi\é'a 1] tH@[ﬁVB%?lﬂé@& ‘é@[ ﬁe
an

I din spa Ioc L ANs UVB r equest or
Gi £ or ence ettt AR ENE ol REaratE B rorap (A 6 (hencbsponse
time-diffeoentem tfe- lalWBvresmqnd"eﬂ'D@A\" Thataridifart y&sitRH 8NOAR the MBAMYREd. Due
to the high resEtHHtlon of very short tine differences can be

measured and JOPIHHE TRY f %\@t’\ Sﬁstg‘ﬁnd'ﬁ%ct'é@t?frrﬁ’t%d”ﬁ@l FRSPERLErTBRACENd t he

antenna geonampitudy el @8 Ftone MUNSS bhES one Mqumd Ttioﬂgn‘i'é BElkeqtywoul d be
used a pﬁase glp ¥ to ste ﬁr t he beam Anot herg errbap(?él ment o)r the 1 nvention

uses a net hod®¥|MAFLpe core directionat e S¥VBrespengerehnown in radar. It is
illustrated in FIG 4(a), which is a 25 view |ooking towards the x-y pl ane
of FIG 2. 'In the AMBhercqgpmshach td4stnating direction which could in principle be

15 employed in the present invention is as shown in [4]: two or more antennas
are placed in spaced apart locations (e.g. on the UWB requestor 14) and the
difference between the time-of-arrivals (TOASs) of a pulse (the time-difference-
of-arriving, “TDOA’) at the two antennas is measured. Due to the high
resolution of UWB pulses, very short time differences can be measured and

20 thus the direction can be estimated using the TDOA and the antenna
geometry. Yet another possible way of measuring 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

25  view looking towards the x-y plane of FIG. 2. In the UWB requestor 14 are
provided multipie 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

30 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



provided nultiple directional antennas 24, having respective "beam
patterns”" referred to as "beam 1", "beam 2", "beam 3" and "beam 4", each
centred on a respective maxi num sensitivity directions. The antennas are
arranged with their maxi numsensitivity directions lying in the x-y plane,

in a circul ar a@nfd 28 b erélﬁée'a lﬁ@ﬁbﬁ at}ﬁéurfhlp@éﬁfgﬁ loﬁ‘?ﬁ&rfhége M{eﬁ&} has an

angul ar beamw dth) partly overl 8 assum n
shown in FI G MEKEIM tgaét éilreca@mar@ Qecﬁ@@ﬁfaﬂedafmmrﬁaﬂh giher. e%‘msnﬂay 41ave a

90 beami dth gnddRs arbhough #ESIARe ool SR fréu’}g%‘i’eﬁc{é 28kbh 38@' ar

configuration that these antennas’ nmaxinmumgalin directions are
separ at ed froff®ach other. Thus the 4 antennas are enough to cover the
whol e 360 circunference as shown in FIG 4(a). 5 FIG 4(b) shows for the

full 360 range of RmGgl4es) éHlﬁvsfﬁ}?’Rﬁ@tfuIVGGQaFdhgef&%!éénﬁeorfesﬁ@&NeCq] rf:he four
ant ennas 24. é};ﬁ‘ an EC{;O Sl cones from directidon o as s |

4(b), the antBRAEOHESS EP%H e tfaur ateRnas 24 |1 anreghei signak cemnes frem enna

gain g1(9). Asirddtiensana sHown inthMe. agg)e W II
recei ve the eclrrm IW|nt h antennaIn ain SBZ? mrﬁéﬁ%b?&t&%temt%?@&g%)&% |1

Nor mal |
the bi ggest affsRlyedi Vith ABtepAR @@'%El(ﬂ)el QLB@Lﬁa”éﬁlt'@ﬁnH@ argenis assocmted For

exanple, it i ¢ n 9 Thus it, can be tha the

echo' s di rectiﬁ’gﬁ % Haii'r:zl 37\[’8“' 9%%%% gtﬁé %%hcwwg i AMEARS cﬁq”éc&(gﬂ

ant enna_1li@nd ¢2e) ToephiiRive iHeebRgest ahengidiekki Bﬁﬁ nce
g, (9)-92(8) |sRus-eEg The gain d'??f er encgechangegﬂﬁonotg ghgﬁ" th&ﬁgésset he

angl e 9 shi fteombipatiarse ﬁakﬁwnplgerltslstblggerythdnrgzcc&)|+@51(9ant'ﬁmsa1t kah e he

maxi mum sensi i | VI nt en preference, the

enbodi ment  usHE9¥ ﬁ%%”@gftg(l‘éf?nsg%fwﬁmm of é"é‘f?&éBP(“é)}a&i(‘% hin, Sh)diregtjon 91( 0) +

92(0) 20 showbetiveek! &atedie)1 fapt 2 r aRODbEAn RAS SAdRURAY KRS oA Ofhe gailNe

normal i zati on
difference g,(6)-g,(6) is used. The gain difference changes monotonously

15 as the angle ¢ shifts from the maximum sensitivity direction antenna 1 to the

maximum sensitivity direction of antenna 2.

In fact, by preference, the embodiment uses a normalised gain
difference

' £,(0)—g,(0)
gy 1\~ 82\0) 6
7© £1(0)+g,(0) ®)

20 shown in FIG. 4(c) for a range of possible values for #. The normalization
factor g,(6)+g,(0) is used to remove the echo strength dependence of
g (6)-g,(6). 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,4)
and g,(8) will be scaled by the same factor (say A), and the normalization
25  process in (6) will remove this scale factor. In practice, the curve f(4) can be
pre-measured and stored for use in a calibration process. Specifically, during
operation g,(6) and g,(8)are measured, and the sign_gl’s DOA is estimated

by a look-up-table from the pre-measured curve.



factor g, (9)+g2(9) is used to renove the echo strength dependence of

g, (9)- gZ(e) For exanple, if the absolute signal anplitudes from beam 1 and
beam 2 are changed due to the change in the reference's range, both g, (9)

and g2(9) will be scaled by the sane factor (say A), and the nornmalization

25 process in (6) ikl r{RBQAsd hlbéASCé'%,ltlﬁwaft@gt Methdd? | i gﬁfe%é?ﬁ fhoRE fhyrve

f(9) can be pre-neasured and stored for I'n a ca ration process.
Speci fi caI I y, cenMentignal speruPiish rgdroprogesk. $(08) iara camvantioeal, momatpulbe

signal's DOA ifiafptdddat #8rmBY, 8nil a0k a‘rﬂ%r{n@tﬂ Erf%%mjéézfrom et Gty cur ve.

9 This rmno pul se DOA esti mat’i ng” et ho erent gonvent i onal
‘nono- pul se r a@&Myr @essof @fﬁ%’@nl (A-9a 2c:6nv eWlithon this wiractiqoutange, matghly pr ocess

normal Iy ogl ya&ma@rts@maanéte FelS @d?x‘ijratspﬁythg%\‘r%odﬁﬂér% R oL | range

of direction é thin this direction range 5 accurate
DOA can be def®? n?lwefaﬂfewcwww\e@g@du onpidesnd t mp|€Xltm%’1d/\klr@I @st 36@0

Ci I cunt et ence nihog YOSt dR'dURHlRIRPIhRXISY @GN 603 3 14

nunber of antennas that we suggest Ing ImMthrs case is I'n
to 10. In soi® enbodinents of the invention the conplexity of the UMB 10
requestor 14 is reduced by providing only one receiving channel. In this

case, the nultiplp sdtherdrsodimRnRe of HRL iHviehBbh ¥h& WohtdiBy 0sr grReUYE One.
Mul tiple ul ses are requi red, with gne or nore pul ses for each ant enna.

Not et hat 1¥he EOR 4 aRseee By Papdding oals MG FeriginaBapRRiu & s case,
generates t hetHéUHﬁJﬁleé“aﬁfén'nbstcfa"f\”ﬁé“e‘iéctnéé]y pivs'n!&ﬁlealcﬁ'\ BRE b?%@' lMLII[% dig would

be for 15 the UWB requestor 14 to incl an omi -di recttonal enna used
for the transRYEe$ 8¢ reguired. WY'E‘%‘EﬂQItrFGW P%SWPF PR@T @7teRR. Rat her, if each
of the antennas 24 is used to sinultaneously transmt an identical UAB

signal, the resul tNMYeHhat the téxtupeé 28t indt Hi¥cdsal-HHW Bel\WBAlqlLeapsY t t ed
signal (within the plane spanned by the antennas 24). urther vari ations

are possible pﬁ”%ﬁfeéﬂh? HE!'S?(YWH?H éﬁrﬁagmﬂ% P PHRSRietongVEPSsbiliheworld b BF er ent
tinmes (sugh t Bt UNE réquiRtsr 14 €8l include an omni-directional antenna used for the

transmission, but this solution is not preferred. Rather, if each of the antennas
24 is used to simultaneously transmit an identical UWB signal, the result will
be a substantially omni-directional transmitted signal (within the plane
spanned by the antennas 24). Further variations are possible in which the
20 antennas 24 transmit UWB pulses at different times (such that the transmitted
signal is not omni-directional, but rather a pulse (or a series of multiple pulses)
transmitted by the specific antenna which is intended to receive the echo(es) -

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

Whilst a number of direction estimation methods have been described

25 inthe 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
30 computation unit 16 based on an object displacement estimate (Ax, Ay)

derived from the movement information and the determined direction of the

10



signal Is not omi-directional, but rather a pulse (or a series of nultiple
pul.ses) transmtted by the specific antenna which is intended to receive
the echo(es) - such as the antenna which is connected at that tinme to the
recei ve channel. Wilst a nunber of direction estination nethods have been
descri bed 25,481t - ' ARSant! oyl d [ stpod by those
of skill in t%%g%trfﬁabtE éig%ﬁlﬁggﬁgéggﬁ |nveenrt1té%'baﬁlai é ‘no O?Filb%gfcé’zar&o%%e
direction estcomaputetionmenihdéscaldtzstes tHeedoditrei 11, @f ey opjeel €2 estdréid on

met hods are al so workable in the positioning System 10. At step 58, the
posi tion of tWMevyPpricyith thejfaliaydngepuidtiamsby the 30 conputation unit 16
based on an object displacenent estimate (AX,L J) derived fromthe
nmovenent information and the det el%m_' gggtagkr ection of the 10 object 12
before and after the novenent 9=. 0 re parlf)cularly, the
conputation unit 16 cal cul ates thé®fosi®1%n (x,y) of the object 12 before
the novenent with the foll ow ng equations: x=Dy-AxxtanO (7) tang -tang 5
y=xxtan0 (B) where, as seen fpemdthdd 2: y' =y H8Ay (9) X, =x+Ax (10)
y=xxtanO (11) 10 y' = x' x tan 9" (12) The positional data (x,y) generated
by the corrputa%i %n uni t éG il—ﬁ used in further applications. As is evident
fromthe fore‘ﬁ 7 g?sﬁ%eq ﬂ@i 8 unction is required in the positioning
system 10; the displacenent d of the noving object 12 fromthe 15 point of
reference (0,0) is not requireg £or pgeterm ning the position of the object
12. It follows therefore that strict synchronization between the UAB

x =x+Ax (10)
y=xxtand (11)
10 y =x xtan &' (12)

The positional data (x,y) generated by the computation 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 d of the moving object 12 from the
15 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
20 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

25  scenario.

11



requestor 14 and the UWB responder 20 is not required. Wien no

comuni cation data is being sent fromthe UAB requestor 14 to the U\B
Tesponder 20, there is only one-way conmunication in the positioning system
20 10 (i.e. the UWB responder 20 only sends out WB signals, but does not

receive pul se; therdd/Bid ﬁﬂWﬁ%ﬁQlﬁe bBsiBOhN da%:gk,g/gz é‘ﬁé}méago

but does not send out pulse). The positionin m10 ist s SI Ie and
easi |y inpl entbet eampatidgrhenit d8viandepgaderst yn theé eates ranwhicra e movemenel | s

capabl e of car da w der |cat| 0 in

sinplified Zg% ﬁ%’?g gt%é %?&0? 8?@%‘3 J?ﬁﬁ%ﬁ?l‘f@ ﬁtggl ﬂ%ﬁi’lercﬁft Ees(ex y) is
generated or mpgdieedpbyted tatedifferentitates otheusipdedl Bt Whicteprngegitioran dae rat es
at which the novenment informa direction of _the object 12 are

on.apd.th
updat ed. Howe(ey) 'S;eengREd OrHag}atﬁa '%Bfﬁ‘g?%gyétﬂe BOPERFHRt TPRVEECOMBiSspeed at
whi ch t he pos I raft S ted by the
sl ower ratg Ih%hég@gr c(:?)ﬁ\rrttae{;l tﬁe(m\@ nﬂea?ﬁl&gﬁ ﬁe?fhﬁé Uﬁﬂﬁtﬁgoh eur{'j{egﬁo‘r?s 14yor
t he conput at i eanfiguied tSD@VD@hm@'éﬁWSgl@ﬁe\CB tate%ytrw?mmmesmovespetcnfomahm es at

whi ch the mvﬁ t%'o‘éié? QIPeCtI%QI of 1 Ong%?{ﬁ%nﬁgdﬁj&fa‘?&é "W 8le LS, obJ ect

12 are update one I nterpolatton
met hod. The plPr@dIC@P” om%'FOd_LOaﬁ t @ p@t%rpp@hommmpd s uBwd predigtorr at e

addi ti onal, ??E&Etl&{ Ih&Els Ry to ¢ t‘éna&dl}gqn%mnﬁi/%n%%t oPrdlrE&f‘:'On?ﬁr amet er

that is update at a slower rate. Advan a eo I'S TNCreases e speed
at whi ch posidatenen thiatbjeck 12yfpr itlse pgmmetat é?mlatby umiatqmst i slnivag ratgst em 10.

To conpensate ét!&'. e 15. neasur ed
by the noti OnAé@e{ntQ |og dgﬁlllgclzrg&%%es £ h%egoé{t rdeogu@égp bét%ﬂ’b?’) % he
conput ati on ug@ﬁerg@dlb@tﬁ@p&g,g@ﬁ,ﬁgs)meme@t a cunul ative paraneter derived
fromthe novenent information when the Ob] ect 12 is stationary. For

exanple, in an e di nent on detec ion device 18 is an
accel erometer and the&CqiReEER oﬁ’ o‘fu'?ﬂo g, & 'TZ'] MAYEBISH BP g he LVB

15 measured by the motion detection device 18, either the UWB requestor 14 or

the computation unit 16 is configured to reset a cumulative parameter derived

from the movement information when the object 12 is stationary. For

example, in an embodiment where the motion detection device 18 is an

accelerometer and the direction of the object 12 is determined by the UWB

20 requestor 14 using the preferred direction estimation method described in

Singapore Patent Application No. 200504866-5 [3], the computation unit 16 is

configured to reset the accumulative velocity measured by the accelerometer

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

() the reading on the accelerometer remains at zero (0) (i.e., there
25 is no change in the velocity of the object 12);

(ii) 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
30 antenna remains constant (i.e. the distance between the UWB requestor 14
and the UWB responder 20 is unchanged).

12



20 ‘requestor 14 using the preferred direction estimation method descri bed
in Singapore Patent Application No. 200504866-5 [3], the conputation unit
16 is configured to reset the accunul ative vel ocity neasured by the

accel eroneter when the followi ng conditions are nmet by the positioning

system 10: (i kOO0 t 8| z 0) (i.e.,
there 25 is -r}%é c‘?%é]cg@éjll:%lwsv%&r@f&ﬁgﬁ eﬁtﬂ?ﬁ;@%&cﬁﬁgg‘ ’st%és;r%rxl ?’5 g)Lfcgvegnangl e
esti mat ed by emeodment dogidisp@cerngnt &mitrisofdbamebignt 12 betweenttiteesotzindet 12 i s
ei ther not noyin sane.direction relative to the UWB

or Vi i n,the
requestor 14)* 'Sa%élnwtﬁ)ywtggﬁ %H%W\'V,eqtuﬁgorési'gnal strength received by each
directional 30 antenna remains constant (i.e. the distance between the U\B
requestor 14 and the UWB respondar’ 2@:Asxdnchanges)). 12 The foregoing
conditions are net when the object 12 1s stationary. In such an
enbodi nent, the displacenent (&, Ay) of the object 12 between tinmes t and
t- 1 is conputed with the fol low hvg eguebisons Ax(M)(vs' +a,, At) x At (13)
5 AY =(vy' +a' At)xAt (14) where: VI-1 =a-'At +vt-2 (15) x x x V' = a' -"At
+ V1-2 (16) YhY Y when the object 12 is noving, and 10 vx-' =0 (17) V =
0 Y (18) whel"®e object is stationary. Such an enbodiment is applicable
in a

vl =al A+ v (15)

v;"’ = a’y“At + v;,'2 (16)

when the object 12 is moving, and
10 vil=0 a7
V=0 (18)

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
15 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

20 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

25  further advantageously, the invention is capable of controlling cumulative error
generated by the motion detection device. The invention has a wide area of

13



mul'titude 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 foregoing
di scussion, the present invention provides a positioning system and nethod

for determ n'é}ﬂ)h@atiéﬁsInb!u@ﬁngfbu%nnotoﬁ}hE&! to Bnigg he Aty Mg MBeA ihpditor mat i on
of an object neasured by a notion detection device wth a direction of the

obj ect deterrﬁ%@@sﬁydé‘hb% 20 requestor, the invention detects the
position of the object in real tine. Advantageously, the invention is

easily i npl enent ecrharuésbﬁptmp@fhh@ p@éferra@@n&sddngednsgiﬂ@ie grisancipvEatdncat i on

rates conpared to other 03| tionin rt her advant ageously,
only a singl eh%”@ft@teéerES%‘?‘?nf FRYrPESest Wg”‘ﬁ%@t'%@ﬁ‘gs‘f%lc IPtag, PghAETS B by the

invention 40 jheaaéetd be e&hla@ﬁtve o$ttb|l||m|251ef HUédtRN edraTbaeeaidsloyed.t e
invention is CE abl e of cgntrﬁ | i nl? cunul ative error gen?rat ed by the
moti on det ectViBeRRPIeEated Ry thase akiliesh mihe aft thafishangss cauld be madsitocat i on

i ncl uding, buhe RAMbodiNérte det&ibed atRfle Matout Ne@tihd BomPBB brédinvestiil ces and
robotics. The description of the preferred enbodi hents of the present

i nventi on a@P@CB@etﬁefﬁoésé:rﬂré'd‘ame phg possdioncan) b, appliad igna spryeable

description, &iroamentoln céndimbppitadondsigh 8x hetisits e WWBOrehLS3thr fshe
invention to the forns disclosed. It will be apﬁbem ated by those skilled

in the ari0t heauPledaiRgs RREFIAME MAyae areund Mhdhbduisvehaprliealions ol above

Wi t hout depar;sds%nf 5O hﬁv@rr@égorﬂdé\‘qgtﬁx\é@ TRBCABliort RRIRAbN diceenanml e,
the invention can be app in a noveab environnent. In certain

appl i cati ons Q¥pIEda® ﬁhSH%Pd?“ésa”dt RERUABS ﬁ%ﬂ@é’ﬁg}e”f @fﬁr@’%ﬁﬁquetﬂetwv?he

obj ect and ”Dl’éﬁﬁes'tbroél'lﬁ}ﬂwg‘?‘htrﬁox}émedt”WMV@@B'de%'rﬁﬂ%mérﬂ%foﬂﬁﬁiléd gn of the
UVB responder is fixed he notion detection device is cou t he

obj ect and nedEsgrtedeateraning tanpesitiomploieadY\EhrespopdRs innipe %%dég‘ﬁﬁtordurl ng a
novenent . Thecdd?'é!‘ ﬁét% U\)@Yerﬁ hi sy rfARY eife hvé it i§8{dt Qithiled toUSRAdikRngiBhar m ne
t he p05|t| on of th responder’ in the UWB request or

appllcatuons but can also be implemented in three-dimensional applications

as well by projecting a three-dimensional position of the object onto an x-y

plane and an x-z plane. It is understood, therefore, that this invention is not

limited to the particular embodiments disclosed, but covers modifications

20 within the scope of the present invention as defined by the appended claims.

Further, unless the context dearly requires otherwise, throughout the

description and the claims, the words "comprise”, "comprising" and the like
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".
25 References

[11  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
30 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

t wo- di nensi onal applications, but can also be inplenented in

t hree-di nensi onal applications as well by projecting a three-di nensional
position of the object onto an x-y plane and an x-z pl ane. [

It is
under st ood, t/her ef i his, | [ N i g
parti cul ar e#ggdi rrsé{@gag:&g% %lééjgl,’ N%\lﬁeu a‘o éﬁlsaﬁ%rét;%laﬁj%:’aﬁoéﬁlsn@g A\%mé}ﬁ%qsn t he
scope of the §r &gslems roentidh Bevides’i n8dnypy Corperatiqre n@&éhapbed nBatenfur t her
unl ess the co ; I A @S 1SE, r hout the description
and the cl ai néﬁp%?%tﬁﬁﬁ%%bd@%ﬁ%é ?iﬁﬁgﬁwﬁgi@ﬁggﬁj“gnd the like are to be

construed in an inclusive as opposed to an exclusive or exhaustive sense;
that is to sdff] inamge befd@asds ethcPydemgandviethed for ifersen tas” Objest

Ref erencess | I+aR, ',.@ﬁ}pg Xl (Ji A, Yuga 5 , System
and Appa?sat lﬁosﬁﬁﬁ %I){%é%HR%tgFﬁgy, Soéqn;g}agi)ér pUc])'r%]'t ?%{%,m g?’hggspogféﬁ?%ht
Application 241 200603968-9 filed on 14 June 2006; [2] Jeanne Dietsch,

W1 Iliam Kennedy, Matthew LaFary, "Spatial Data 30 Collection Apparatus and
Met hod', ActivMedia Robotics, LLC, U S. Patent No. 6,917,893, 12 July
2005; 14 [3] Sun Xiaobing, Xu Jin, Ma Yugang, Kanzo Ckada, "Positioning

Met hods & Systens for UWB Devi ces", Sony Corporation, Singapore Patent
Application No. 200504866-5 filed on 12 July 2005; and [4] Janes L.

Ri chards etc "System and Method for Person or Cbject 5 Position Location
Utilizing Inmpul se Radio" U. S. Patent No. 6,300.903, Cct. 2001. 15 CLAIMS
1. A nmethod for determ ning a position of an object, the nethod

conprising: 5 neasuring novenment information of the object during a
novenent ; '

15



determning a direction of the object relative to a point of reference
before and after the novenent; and determ ning the position of the object
‘based on an obj ect displacenent estimte derived fromthe novenent
information and the determ ned direction 10 of the object before and after
t he novenent .CiauimsThe net hod for determning a position of an object
according to claim 1, further conprising resetting a cunul ative paraneter
derived fromthe novenent information when the object is stationary. 15 3.

The nethod for. determgthbagion peeirhindiy of pdRitioR] BEtarACsHEd] NBe t Meoal M1 or
2, further conprising performing an initialisation operation. 4. The nethod
for determ ni‘ir;%‘ SB@sition of an object according to any 20 one of the

precedi ng scl ai ms, niddstngg mMOYBREhSINREMIYOE Bf BBIchidtd dLRTPE fidvéthenat es  at
whi ch t he nmovenent, | nf onnatlgigchggcé{htﬁﬁdeterm ned directjon of the object

are updated with SRETNNG G tPRIRFL AR 1P & BPIHBICALRISFEN®EE hod. 5.

The net hod f djefsretpdrafier B MopaBérdtl g of an obj ect according to any 25 one
of the preceding clegﬁg‘s novenent informatjon conprises one of

erein th .
accel eration data@ tﬂ"?;ﬁw{]hﬁoqqsgi‘?”dgtﬂée qpigcihassifretrAbiegkdiaplagemamie net hod
for deterni nidginfatdasivddaore theamoodhest inReRalicH aed fHe @éwrmiﬁ@@d%ctigge

precedi ng, cl ai_ns, further. conprising communi cating the novenent

i nf or mat i $h \Rféh%ﬂ@e%trbeg?ﬂeémgnﬁeéf%P%?th- A positioning systemfor
determ ning a position of an object, conprising: 16 a notion detection
device coupled to_the object, wherein the notion detection device is

configured t & nmeadtife"HBoRHFrCIPIRIBinger POTIQT Of AR oBlschaecordingitaglaim
novement ;  an Ul furpemicdaipasitg ( +4Biting €8 PENAGELveD pAFarkMBr TRAVESEm MBerein
the UWB responder and requestor are _
movement information when the object is stationary.
15
3. The method for determining a position of an object according to claim 1

or 2, further comprising performing an initialisation operation.

4. The method for determining a position of an object according to any

20 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
.25 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

30 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 determine a direction of the object relative to a point of
reference before and after the novenent; and a conputation unit configured
t0 determ ne the position of the object based on an object displacenent
estimate derived fromthe novenent 10 information and the determ ned

direction of the Qbnghin BEIcRNSn AR LRI HRPYSEBN ndRein THE RATR | O ng

systemfor determning a position of an objec Ing to claim?7

wher ei n one crfetwm@n@mcceag@ﬁmrechmneﬂ@re@mmntmfornla;iiqmmftthe gbieeinf i gur ed
to reset a cwihgtalmgvé}ﬁé,ﬁrret er derived fromthe novenent information when
t he object is stationar . The positioning systemfor determning a
position of an objaaédtra-weﬁﬁbaadﬁg\/\f)aj resRANge”. or 8, wherein the notion

detecton devi ce apdyiie LifRsidr0 i ﬁ%aeruw§r§sgghpg¢5§9 rbQudlidrOfel el T

respective coordi nat es e p05| I oning sSys etermning a
position of agenfipjredto datecmmlawg!retaﬁoam;/tf@rmeﬁt reletivento g poiot o refehencei n one

of the UWB re&f&%ta(?wﬁvﬁ(éqthetﬂ&é’rﬂm”%ﬁé' on unit is configured to synchronise

respective rates at h the 25 nmbvenent infornmation and the determ ned
direction of the @benputaiien updgosafigurefttn determite éhepp@@ltum iobthenelpjretd and an

| nterpol ati onyjulhgd. ari”ob e@?%n?&ébém r'?t' @Bturﬁé’t"ét %}uvé&f R ShE Aol é‘ntpos' t' on
e

of an object according one o wherein t

det ect i onlMevinfeemation aod dh@ d@termm@cdleﬁecéuoo@tf@fe otae@ybaf@r@omd after t:,he
trackbal I. 12, Jhe positioning systemfor deternmining a position of an

obj ect accor |ng ?o any one of clainms 7 to 11, wherein the UAB responder
is 17 coupled to the obj ect and is configured to comuni cate the novenent

| for mati on. gener 3hed hyblifa TRIdR 95 R lfeVA Chodfer T KBoEAUeSt T

13. The positioning sy rmning a
accordi ng to aacprdimetootlaic) ai weergirt onel ¢f thwﬂéwa nequdaﬁortmm tl"eqmc&mmthns
coupl ed }9 tJfH?t ig%ﬁﬁ:&ured to reset a cumulative parameter derived from the movement

information when the object is stationary.

9. The positioning system for determining a position of an object
according to claim 7 or 8, wherein the motion detection device and the UWB

20 requestor are configured to align their respective coordinates.

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 éomputation unit is configuréd to'syhchro'nise respectivé rates at which the
25 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

30 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



14' ‘A positioning systemfor determning a position of an object,
conprising: 10 a notion detection device coupled to the object, wherein the
motion detection device is configured to nmeasure novenent information of
the object during a novenment; an ultra-w deband (UWB) responder; and an

UMB requesto I%&?r It esp &qﬁq r a erdM i gur ed
to determ ne'&%u etgtil?lgnggjfe%eaog g e aﬁ?vée‘&’#@ﬁgfaétgl m% of reference
bef ore and afnfematihe gepewmtethby Hminmm@@?Cftqmed%ywtplt%UWBfWeétﬂfect i s
determ ned based on an object displacenent estinmate derived fromthe

novenent information and the determ ned direction of the object before and
after t he movénenthe 1gositioning system for determining a position of "an object

5 according to any one of claims 7 to 11, wherein the UWB requestor is coupled
to the object.

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

10 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

15 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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