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OBJECT The present invention relates to a system and net hoﬂwmmmmmmwwy y
| ocating an object using passive reflectors which do not c The
invention is especially, although not exclusively, suited to apghjscati ons
such as handwiting digitization wwth a pen-like device or |ocating the
position of a robot in a roomor other predeterm ned franenmmmmmmmlﬁ
Background of the Invention Various wreljess positioning mmmm‘eown
They can be roughly divided into four disti nct cl asses. They nRyhe
classified according to the "reference neans" used for signifying the

spatial co-ordinates; namely 1) transmtters at flxed Iocatlons 2)
receivers at fj . S , -

reflectors (p 1€ : ol S
system fixed stations transmt p05| tioni ng 5| gnal s and rmbl le termnals
determ ne their position relative to the stations by anal yzing the received
signal fromthe stations. GPS may be regarded as an exanple of such a
system The Ths pres,eitvleventm relatesj toca systesn podimethedofor wrirelessly lecating

determ ned. The tes which c ocC e
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effectivel y pRagfibd i§ 8spetially, %Ttﬁb@ﬁﬁﬁoﬂéﬁd]ﬁswel"y'h§un§éiﬂb"dp;§lidé@ioh§ sackigad of
"surveill ance" system (one exarrpl e is disclosed in US-A-5, 6 977,958). The

object to behm@wmlmétbgitléatmumbea pen-fike, deviges o7 tloeatingnitih postionnabas| y
t t I t ted
detor mi nes. [t S Bi0ofh & SRL bleler RTINS of RIEMRIGEY gnar ot each:

receiver. 2 The third type of systemrequires a transceiver be attached
to the obj ecb of int erest. This transceiver continuously transmts signals
and receives h mtted by the "transponders" (i.e.
transcei vers arranged such that when each detects a signal fromthe nobile
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the signal s fntefowedistindt dlassesponidey mayt e cResificdogcsdirdihfeoahieedfersitebe
determ ned at the transceiver side. The fourth and | ast type of s&;tem
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the object of Tnteres Fansm |ng pr oDl Si gna

the "echo" slogatibss;faruhd) fefleetqragpassive m‘felremee)sat ﬂB;edalnahﬁammg the "echo"”
signals, the real-time position of the object can be determined. In the
first three types of nethod referred to above, active devices need to be

pl aced at re i
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mai nt enance. MabileHerroinads detenching breir pbsitiencelatiwarte theesnﬂatlcmst by ahalyzirg t ype

of system co ume no ower and peed no inter-conn tlons this can be
easily depl og'bE'd ?'ﬂpﬁlﬁ Stlaﬁgn%sé:?els§ rBBY g&asteﬂbexam 2

posi ti oni ng bﬁsdcm éyfstém StrRasRs QQéewéfB@r’cﬁé ob ?Sﬁluéﬁ%f%’h&?@sﬂi the
present invention fall into this categor nth ourth, i
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surroundi ngs effactivily tomstitaid thectefepsrirsmedhg’. met hods of the latter type
require no infrastructure and are based on the correl ati on between "echo"

pattern and 3 the two-dinensional (2D) '[Z')OSI tion within a predeterm ned

Floor pl an. e, st Whsks RORAd oSl klne s FuE (s Siafibieds rcted

well in a inUS-A-5,977,958). The object to be positioned is equipped with a transmitter
which continuously transmits signals and a plurality of receivers (normally
interconnected) determines the position of the object by analyzing the signal
at each receiver.



. dynami ¢ environment. A review of such systens can be found in Singapore

patent application no. SG A-2003107132-1, unpublished at the priority date
of this application. Wth several passive reference neans (for 2D
positioning, at |east two passive references are needed) deliberately

enpl oyed) the correspondence between the range data of the "echo" conponent
and its correspondi ng passive reference neans (reflector) has first to be
det erm ned because ot herw se the ranging2 nformati on cannot be associ ated
wi th the al readyknown co-ordinates of the reflectors in the position

cal culations. In nost existing systens of this kind, this is achieved by
two kinds of nmethods: 1 ) use of a directional antenna and a rotating
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rel ative oriiafdrasi. onhigi fransedwerd continuoushatmnseitse fsgyrats eane aaseivéhiehsecond
type requires that the echo from each refereqc& nmeans h
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exanple is t tobd & I S o] ek i M i ffer ent
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sinmplify thesidepl oynent of the passive references. 4 By using the
transceiver with an omi-directional antenna, the environnent surrounding
the transceiver can be probed by transmtting a short pulse and receiving

t he bounced RgKogilMdSiast Bpd 6F_§¥é,t6ﬁ’1 kB8 'usel NBhsdive SRIPEeaRBans”
digitized as the input to our positioning algorithm Fromthe digitized
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ascendi ng orggfe}mgrfﬁ]d‘ orma "distance vector" and the correspondence
information (WTh I'ch reference, each range value is associated, or in
ot her words, from which reference each respective reflection conmes) is

| ost. However, the findings which are disclosed in SG A-2003107132 show
that with prbBpthe Wshirgatyresat arethotreferredde above; pelive deviges Reeddodite
mappi ng bet hi and.; i Osd 4, & hj i i y
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whi ch can use a single omi-directional antenna which facilitates design
and obvi at es depyrdands mrirdainedaln thetusersgoinhofotiewnthelpositioningyis dene is
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I nvention Theterkiseateddtyention relates to a systemand nethod for

positioning an object wielessly with a set of passive references. A
transcei ver attached to 5 the object transmts short pulses via an

omi -directi . nga, an cel v si.an unce k from.t

sur roundi ngs%'iﬂi{ntqﬁé?@é » téﬁ%ﬁ{e@e'ﬁ@ﬁﬂ?ﬂﬁé tc%gegﬁcr&ﬂgtggglg\qvg@grsﬁ;eﬁf-
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position of the object can be determ ned. A first aspect of the present

i nventi on t h&sEorRUIpPESIYddepioyadstreferepeesiePer Hilliing thee staticiawaspstatiei on
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the object, mophfrasirudturedtind eiré deised DrathersorrstatigT? betwers “dchioiipatiert anthe
frame of reference and a signal processing unit for receiving signals
reflected by the reflectors and received by the transceiver, for

determ ning said spatial position. A second aspect of the present invention
provi des a nmethod for determining the spatial position of an object with
respect to a frane of reference, the nethod conprising the steps:



- (a) providing a wirel ess transceiver having an omi-directional antenna
attached to the object; (b) providing a plurality of reflectors at pre-set
positions relative to the frane of reference; (c) providing a signal
processing unit for receiving signals transmtted by the transceiver,
reflected by the reflectors and received again by the transceiver; and (d)
transmtting signals fromthe transceiver via the antenna, to be reflected
by the reflectors and received again by Bhe transceiver and in the signal
processing unit, determning the spatial position of the object fromsaid
received signals. Detailed Description of the Invention 6 Preferred
enbodi nents of the present invention utilize a one-to-one mappi ng between

t he di stanc nfdHd

cor  espondents horunttioned (0 HRRIE AR o broRiEAREehifohont, They

col I ected atndrivetlypued I‘toainig’ Forasthemimfertatian isachlasafibenpan Thieg alsst ati ¢
envi ronnent as a nmappi posi tioni n% roblemis just the inverse of
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| atter docu the .mapping is one-to-one as |long as certain conditions

ar e met for QRI Bﬂﬂdl ng geonetry. The mapping is also found to show
"regional " behaw or within the geonetry. The nethod disclosed in

SG A-2003/07132-1 is based on the assunption that no information concerning
t he surrounuW senerabmasstvel sefetendeameansnd (fone2rapesitiening, |aédeaetjtwoom
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e stored in the nmenor
passive reference means (reflector) has first to be determined because
otherwise the ranging information cannot be associated with the already-
known co-ordinates of the reflectors in the position calculations. In most
existing systems of this kind, this is achieved by two kinds of methods: 1) use
of a directional antenna and a rotating mechanism; and 2) the different
patterns of the reflected signal from each reference means. The first one
requires the system to keep a record of relative orientation with regard to the
passive reference means. The second type requires that the echo from each
reference means has a distinct pattern (amplitude, polarity or shape) in the
received signal. One example is to utilize reflectors made of materials with
different reflection efficiency rate and differentiate echoes from them by
different amplitudes. However, both these methods add complexity to the

system or difficulty in deployment.

The method and system of the present invention uses reflectors and omni-
directional antenna and utilize the inherent geometric constraints based on
the configuration of passive reference means to build up this correspondence.
This can reduce the system complexity and simplify the deployment of the
passive references.



+ system As described in SE A-2003 07132-1, for a geonetry as illustrated in
Figure 1 of the acconpanying draw ngs, there exists a one-to-one
transformati on between the distance vector ((d,,d2,d3) where d, < d2 < d3
) and the 2D coordi nates of the transceiver ((xP, yP) )as described by
Equation 1. dz-dz xPz __ r~2 2 T2x3,1yP (I =1, G ... 6) 1 d~ _d31

7 The transformation exhibits a "regional" behavior and can be explicitly
expressed by six matrices listed in Tablet 1, with the know edge of the
passi ve references' position. Further, as described in SG A-2003107132-1,
Equation 2 can be used to classify an input distance vector into one of the
six regions by finding the best-fitting matrix BIx6,| ~ In the
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t he passive satreureticgdhe fesisteiver cahdse probeadeby draamshrttiegpa isbbttl pulse and

cal cul ated. geoclzelzviﬁg?I tﬁg Zbolun%ed back signals. The received “echo” signal is sampled
and digitized as the input to our positioning algorithm. From the digitized
waveform, the distance between the transceiver and passive “reference
means” such as a reflector can be determined by measuring the time delay or
“time-of-flight” (time difference between the emitted signal and received
signal) of each echo component. However, due to the nature of omni-
directional antennae, the reflections from various directions intermingle with
each other. Thus, the range data are aligned (with ascending order) to form a
“distance vector” and the correspondence information (with which reference,
each range value is associated, or in other words, from which reference each
respective reflection comes) is lost. However, the findings which are
disclosed in SG-A-2003/07132 show that with proper configuration of the
reflectors, there is a one-to-one mapping between this vector and spatial
position. This mapping is solely determined by the configuration of the passive
reference means and can be pre-stored in the system. By applying this
mapping to the distance vector detected in real-time, the position of the
transceiver can be determined.
Unlike most of the existing systems methods, no directional information is
required in the positioning. This enables a simple hardware implementation
which can use a single omni-directional antenna which facilitates design and
obviates the need for several antennae, which would normally be arranged in
a ring type arrangement) or mechanical/electrical rotating mechanism when a
single directional antenna is used.

Definition of the Invention

The present invention relates to a system and method for positioning an

object wirelessly with a set of passive references. A transceiver attached to



- (d z _dz)z13dz-B(dlZ-dzz)(dlZ -dsz) 1 1x6,1 (d2-dZ) 1| 2 (d 2z
-d 2) I 312 The left-hand-side of Equation 2 is actually: (xP xl ) Z +
(yPy! ) 2 - xP +yP - 2xIxP - ~ YLYP + (xI + yl ) (3) where I=A Bor C
dependi ng on which region (xP, yP) belongs to. 8

Regi onDi st anceTransformation (TZx3,| ) (1) Vector2(xa -xA) 2(Ya
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dc) 2(xc -xa)2(Yc-Ya)(xa2+Ya2-xc2-YcZ)2(xc -xa)2(Yc-Ya)(xa2+Ya2-xc2-Yc2)(dB,
dc, da,)2(xA - xa )2(YA- Ya ) (xXAZ+ YAZ- xAZ- YAZ )2(xa
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A first aspect of the present invention therefore provides a system for
“determining the spatial position of an object with respect to a frame of
reference, the system comprising a wireless transceiver having an omni-
directional antenna to be attached to the object, a plurality of refiectors at pre-
set positions relative to the frame of reference and a signal processing unit for
receiving signals reflected by the reflectors and received by the transceiver,
for determining said spatial position.

A second aspect of the present invention provides a method for determining
the spatial position of an object with respect to a frame of reference, the
method comprising the steps:-

(a)  providing a wireless transceiver having an omni-directional
antenna attached to the object;

(b)  providing a plurality of reflectors at pre-set positions relative to
the frame of reference;

(c)  providing a signal processing unit for receiving signals
transmitted by the transceiver, reflected by the reflectors and
received again by the transceiver; and

(d) transmitting signals from the transceiver via the antenna, to be
reflected by the reflectors and received again by the transceiver
and in the signal processing unit, determining the spatial
position of the object from said received signals.

Detailed Description of the Invention




9 xPTi I,r Tz, 1 ~d1-dz T3 ) yPT21,1 T22,1 dl - ~3 T23,1 al

(di - dz) +alz (di - ai3) - allT 3,r - alzT23,r azl(di -dz)+azz~di
-d3)-a21T3,r-azzTz3,r (4) _1 where it's defined T 1'' TI2,r all al2 Tzl,r
T22,r a2l azz Substituting Equation 4 into Equation 3 and conparing the
result to Equation 2, followi ng equation is obtained: 2 2 al + a21 2 2 alz
'~ azz 2(allal2 +a21 a22) ( ) Bl x6,r ( 5 2~~al (T13,1 + al2 T23,1 + x| )al
+ ~a2l1T13,1 + a22T23,r + .Yr )a2l ) 2(1allT13,1 + al2T23,r + x| )a2l + (a2l
T13,1 + a22T23,r + .Yl )a22 ) ~allT 3,1 + al2 T23,1 + x| )2 + ~a2IT 3,1 +
a22 T23,1 + .Yl )2 Thus the six possible choices of Bl x6,r can be actually
cal cul at ed base on Equation 5 using the | ook-up table of Table 1, if the

posi tion inf pf-éfg]érbgrérﬁf)oalﬁ?erﬁg%?'tﬁfgfége% |oﬁrtﬁ 55%"’8%\%??16 g?ﬁlcngn be

results, an Input distance vector etected fromthe rece; ve

cl assified i hetweere tié distansexvecigr angl the @Dbaongjnates. ilhdeme redgdrds theves

the mnimim \égrlrgspondence between a certain position and the reflected signal collected
at that position with an omni-directional antenna within a static environment as
a mapping, the positioning problem is just the inverse of this mapping. Such
mapping is preferably as disclosed in Singapore Patent Application No. SG-A-
2003/07132-1, where it is described in detail. Generally speaking, the
mapping techniques disclosed in SG-A-2003/07132-1 may be used to
advantage in the present invention. As explained in the latter document, the
mapping is one-to-one as long as certain conditions are met for the
surrounding geometry. The mapping is also found to show “regional” behavior
within the geometry. The method disclosed in SG-A-2003/07132-1 is based
on the assumption that no information concerning the surrounding
environment is available and the mapping is learned from “training”. The need
for such “training” is a significant disadvantage of such a method in real
applications.

With the knowledge of position of several passive references, this
transformation is pre-determined and can be stored in the memory of the
system.

As described in SG/A-2003 07132-1, for a geometry as illustrated in Figure 1
of the accompanying drawings, there exists a one-to-one transformation

between the distance vector ((d,,d,,d;,) where d,<d, <d,) and the 2D

coordinates of the transceiver ((x,, y,) )as described by Equation 1.

d?-d} e
{dl%dzz}:n*“ ye| (1=12,..6) (1)
1 3
1



+10 (dz dz)zz (dz-dz)z13z (diz-dz )(di -ds ) ) () abs d, -

Bl x6,! 226 (d~- dz ) (dz -d2) 131 After the classification, the
according transformation listed in Table 1 can be chosen to cal cul ate the
2D coordi nate using Equation 4. The main source of positioning errors in
this method is the ranging accuracy (how accurately the time-of-arrival can
be nmeasured) achievable in real practice. The achi evabl e positioning
accuracy heavily depends on this paranmeter. Different nedium circuits shal
be chosen for different applications. For exanple, for handwiting
digitization, ultrasound may be a good choi ce since rangi ng accuracy of
0.5mm can be easily achieved with current technology Anot her source of

error is the e f e e ;
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adj acent detectabl e signal conmponent. For exanple, with a waveform
illustrated in Figure 2, the distance vector used in calculation is (d-~,
d~, d2), whi clrurtbedi &$ etesctibéd dm $Gs°\-®096107\713|2uh EBuatioro 2 berebeuseti toal
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(d12 _d22)2
@’ -d)’
47 =B,,,| @ ~ 4N ~d5")
(dl —dz )
(d12 —d32)
L 1 i

(2)
The left-hand-side of Equation 2 is actually:

(xp _x1)2 +(yp _y1)2 = x12n +J’12= =2XXp —~2Y,Yp +(x12 + J’12)
(3)

where I=A, B or C depending on which region (x,,y,) belongs to.



- Simulation to emul ate handwiting using a stylus and witing bl ock was done
to predict pertornance in practice. The witing tablet was assuned to have
an A4 size witable surface with three reflectors. Utrasound was chosen as
the wirel ess nmedium The assunmed range accuracy was 0.5mm and the
resolution, 8. .5mm (the wavel ength of 40KHz ultrasound). Sinulation was
conducted as follows: At a given stylus position, the respective distances
to each of the three reflectors was cal c\d ated, based on the known
geonetry. These val ues were then perturbed using an AWGN noi se vector (with
0. 5nm st andard deviation). This was done to simnmulate the effect of

practical ranging accuracy. Then, the overlap effect (see above) was

simul ated as the kind of "fill-in" which occurs when two di stance val ues
are below the resolution limt. For exanple, if input distances are
22.52cm 23| 24Regiend| 54. Btandeespecti vel y, t lfegndfb@na tfddd}?,‘d hn" result |is
22.52cm 22} 52cm.and| 54. 60cm . Ldgst, the resulting di st and&’'vect or was
input to the pos(|)ti ohi ng \é@‘“d@t‘i thmto output the estimted position. Fijgure
3 shows t hefreat—Tmput—andthe pebi[|un|ng resutt—whirch—was yULdJHEU?bIng

a very sinple filterjng al gorithm |%(xshetdur(ent Yadl €k at ¢d pési tiven |i

nore than 5cm awhy (gss{dy, dg, dbat| thexsanphi ng,f r_eﬂtye@g%z 19, 20QHz_gny the

witing spepd is at post,1 O s, f he “haxi num possi bl e m)verren i"t|hi n

a sanpling period is|5cm fromtHe evi ou; gal cul a er(ifwal ue, the curﬂent
i

(/)

output is replaced by the previoys §€|It Y0e Ypdsi't oh'm ~aF gor'ry
continues tp the2next sthpdcndslpari Asc 3h&m, knzADhe{xLe%wAﬁaugl part)
this figure| _the real input was gbtai ned by capturing the novenent of
nouse 12 (sanpl ed by nouse cligk)[4 t_r e ndwr Kt i rel ttv a
frame of reterene3by4|nk|g%[ dj%zcé Aalnz?g \ﬁ{ﬂih (Qgila )Onthe
right hand part of the fqeg@redck He tti%ani R§Ye edudt (i’Cs TD’kustxtat“e’d 9 Jais

was obt ai ned—in—-the-sane Wa h\/ Hoini ng calcul ated coordinates of ¢ hncn

correctly chptursd w ?'h“oehéﬂeé coﬁf [gt?i;??%”@""%h”?ﬁdﬁ”‘“*g@g cap b3 )
¢ H I A St B 25 (ptwsE

Statistical anaIyS|s fu er’ stowe of
0. 6mm i s acpievableAthough—theapove discussionis based—pnu thr ee
passi ve reference nmegns for 2D pgsi 2(6mi-n@)(v?ﬁ(1’h—tmé rﬁédzh cof-xuheyhr)e ent
invention aj |east tpre@sdahdgefier _Eeansar e nge ed2)+ confi gunatyjons
with more references| can be handl ed Si Fn I £?| (973& S)I(%‘? q y§trac|3ght}$o) ar d

to extend the nmethod[to 3D positilo 2@ wher e [ east Toyr reterence§Fre
B

v

needed. Thelreflectofs are not nece %)t (ﬁbe ~dtc )" §&i nt Vet ye, ~Biat) can
al so be "pl gnar"6r ef | ecfdw, sla( ke po 2(td, 0¥ g 2®L hag )naeds+tp? ber SHiyghy
changed duelto discussions in SG|A2003/07132-1 ). To increase the reflerted
signal's power |evel and working beama dth, the poi nt reflectors may be

i npl enented in the form of other form(e.g
Luneberg | ens). The prese-tﬁﬁﬁa fWS&’ﬁF@ %d@ﬁﬁ%FéP%§@sp05|tlonlng
system and nethod that consists of a transceiver with omni-directional
antenna and several passive references. The position of the transceiver can
be cal cul at e®nf thenothee hdndt due do \Eeptationdet @gt g taorbet gpressdd in termseoki ved
echo, w thout any directional information. This novel system and net hod
features sinplg dwar e and e Io ment of , the refldienc i,gh, can
make the sol (i oﬁqéﬁ%‘a%r : ffogré at'?'i‘e"h‘ép'?( Hoo.r eyulej}seﬁl% t\gg[ y&em

i s somewhat "stand-al one") mhen conpared to ot her syst LU 12 TP e
deduced fro f [ ; p

tabl et to dPrAleRpe pRdshiElaRs iSthd RETERRER. SaRAhd i EtldbhRd

devi ce (mnthandé weahawei ver) and a "tablet" enbedded with hldden passi ve
ref erences 13 in the formof reflectors. Since passive reference neans in
the formof reflectors are used, such a witing tablet can be manufactured
with | ow cost and having a user-friendly configuration (because no
connections are needed, the user may not even realize reflectors are
present). One possible formof "witing tablet™ for comrercial application
may be one which is configured as a disposabl e nousepad. In the system and
met hod according to the present invention, a plurality of reflectors is

di sposed in predeterm ned positions relative to the frame of reference,

e.g. around the periphery thereof. In general terns, for a Ndi nmensional
frame of reference, there should be at |east N+1 reflectors. The reflectors
shoul d be chosen of a nmaterial capable of reflecting the wrel ess signal
used by the transceiver. This signal may be, for exanple a radio frequency
signal such as in the mcrowave range, e.g. 3.1 - 10.6GHz, ultrasound or

i nfrared. The reflectors mnll of course be designed so as to be able to
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+ 14 Preferred enbodi nents al so provide in said pre-processi ng neans, neans
for sanpling and digitizing the reflected signals, neans for averagi ng over
several transm ssion-reception cycles to reduce noise (preferably nmeans for
averaging tine delays between em ssion and reception of pul ses) and nost
preferably) further noise reduction neans such as a filter arrangenent, eg
adigital filter. Preferred enbodi nents al so provide that the signa
processing unit conprises nmeans for identgfying the nunber of reflected

pul ses, neans for calculating the tine delays of the reflected signal

pul ses and nmeans for building vector elenents with sequential nagnitudes
proportional to the tine delay of the reflected signals Brief Description

of the Drawi ngs The present inuvention WI| " Wbe Ialned in nore detail
by way of the follow ng desc¥mp}iphuof pv i ldqerdd nts and with
reference to the acconpanyin Pd a nlgs;r i gpre 1 shows a

co-ordi nate system as used by the_prior po éal stribed in

SG A-20031 01732-1; Figure 2 is a n@(ﬂfledf)deg( +df|)efz“ﬂ5'ypr-laﬁﬁ‘23¢rr0r whi ch
may occur in the system descri bed |n fOOB ﬁ?lé F.l ure hows t he
correl ati on between hand novenent L% dut h ~Ha ng & | ati on of

a witing tablet,gpplication enploying the present invention; 15 Figure 4
shows a bl ock di<a ramof a wireless transceiver for use in a witing tabl et
embodi ment according to therpr esgnt #inventiony Figure 5 shows the |ocation
of the refl ectyldieiits @@mq@’r%dd‘i rreﬁt’}of_ rlfflgufzé}

ar Iy ay ay

Substituting Equation 4 into Equation 3 and comparing the result to Equation
2, following equation is obtained:

a;, +aj
aj, +ay,
2(aya,, +aya,,)
- 2((auT13,1 +apTy, +x,)a, + (a21Tl3,I +a,T, +y,)a,)
=2((ay Ty +apTy; +x;)ay +(ay Ty, + ATy +Y1)05)
(@, Tys; +a, Ty, + X))+ (anTisy +apThy, + yi)

T
le6,[ =

Thus the six possible choices of B, can be actually calculated base on

Equation 5 using the look-up table of Table 1, if the position information of the
passive references are known.

With these results, an input distance vector (detected from the received echo)
can be classified into one of the six regions by choosing the index | that gives
the minimum value of:



- Figure 6 shows a bl ock diagram of a signal processing unit suitable for use
in systens and nethods according to the present invention. Descriction of
Preferred Enbodi ments Figure 4 illustrates a positioning device for use in
one preferred enbodi ment of the present invention. It conprises wreless
transcei vers and a signal processing unit 7. The transceiver's function is
to repeatedly transnmt a short time-period RF pul se froma pul se generator
9 via a coupler 11 and antenna 13 and theéd receive & digitize the reflected
signal within a certain tinme period. The antenna 13 is an omi-directional
antenna, which is easier to fabricate than a directional antenna,
especially for high bandw dth RF signals e.g. ultra w deband. The pul se
generator 9 is controlled by a central- clock or ,tjm control 15.

Refl ected signals fromthe reflectors |(as (destdi bed bél ow) received by the
antenna 13 are passed via the coupler |11 qgfandA?D converter 17 which al so
recei ved clock signals fromthe tim ng %anies 15. Lnithis way, the tine
del ay between transm ssion Qﬂ@@ﬂ@ﬂg@%}é 16T2a(6urég3 y be deterninqd%

el ectronically. The signal processing |unit(d]’ edy’)be integrated into the
circuits of the transceiver 5 as descrjibed jn_thi,s embodi ment, or it may be
positioned at a different physical Iocatio%lmhePQ thejreceived refl ected
signal can be processed. The processed outputlmay als¢ be transmitted
wirelessly to other processing devices via the wireless transmtter. 16
Figure 5 shows how the transceiver of Figure 4 may be enployed in a

"witing tablet" a ication. This arrangenent ¢ ri.ses .t i t.Lonin
doui ce (1 r anoRer §3F Bigs§icntiny e fe SORA-ETRInraRR VSRR bnfalTtbelbesy
19, 21, 23. thesersttiedleuldte tHe 2BidoatdRaRuAn@&Eqlatiohlae i nputting device to
work. Two of the reflectors 19, 21 are situated at adjacent corners of the

square 25. The third reflector 23 is situated approximtely one third of
t he di st ance Taeongin seursedyd @itigingerroas itr thig netppdds tthe trargingdrccrgacy

j oi ni he f, fl 21 Oh Lt i these.
rerlector s aliSBoaaielet, fiE] et sab B ABRUIGHE aPhighafRCin rea
reflectors capaicebeThecasifevanien pasitibRingeficearaeyr Miavilpf dépendsare! 1k

triangle. The user uses a special pen (carrying the transceiver with its
ant enna, whi arameiesnPifierant-rapdisien/sirgits shaldoaiehesernsfarkiifferent appligatians.

nandur i (i ng’ FSboR e R Ry reiofiBafaf tFSOBRy K50 =L BGod Pheld
can be put osinzet handing! atcuraty esEr0.8mint i ch Vibe hersilyaaghieapdr withd currght and
the witten content (wth or wthout normal ink) will be stored as the

digitized peted@9@¥t in the nenory within the pen) which can be further
transmtted to a conputing device for processing such as character

ndequi val o AolReE bl of B dr 108, ST lenelhe BBhs DRRIR her GaEREh UG
the block di afre firdldss Shedaim ptisssrettaly Witiited” byThee nwabelength reif eences
is N and the possible pernutations of the distance vector is in the

) M(e.qg.
embodi ment d&RRJIUKEd SAR Of thei Aehq HosPenante Gamnet he-gleipciei-ggcalinge of
signal from r 7,4 S; S pse- Si i The
pur pose of p'r%g-g{)lég@}égsiteﬁgcfsa% omlﬁ)%tgétggszﬁt ﬁ@@? g?\'al Iﬂéﬁ%ﬁsgﬂgaﬁﬁg{e( équﬁs of
t he Irecei ved carrgspbnding tmdﬂismemmehhn?sanml;bbeaﬁnd;d-ad’. wl%brth?mqné ef tlas%I
sinple way is to average the output of 17 anong sever sanpl i ng peri ods.
17 The out putpr%‘Fecﬁ'P@- ﬁgﬁgegei%&eghahe PN LOMRPNEHSN T £Xgrtes WiHy B! ock
33 to extrac & A | -, O r i ns
and conput e ?ﬁ%}dlstg%ggﬁégﬁ ofgugggbﬂ%%ﬂ%%@ﬁefﬁ%%ﬁﬁﬁﬁg£§{%@ggmggxﬁiggfng
edge det ecti ah, d1)Ehichl igdifférdentfromhits bxakttvatua.ne an exact pul se

time-of-arrival (TOA) values for each received conponent. The distance
val ues are calculated by multiplying the TOAs with the propagation speed of

the wirel ess mpditythasyl d?ia&t@ié!#qs@éslg tﬁé?@afblatrinrﬁl-fsvitfa'tbﬁg‘ehﬁaﬁgqmtﬁ i;%’sifié’nig%t }

reception). Due to the ranging resol ution , n er of ‘conpon

may be | ess trasut.t Bporadidhbig efrorhiexisifinecartais regionsl appenegthef tlassifying is
illustrated in Figure 2). uch case t he.numher qof refl|ected signal

bul Ses has. t OTBES JEPEHongh deeiringd Bt AEROURLSh st odsave i PBReRARts o
be filled-in [ | shnps&ekdf ' ogygﬂgyt i

over shadows ﬁ?é Qﬁgéggg?sﬁgnce Sg?éggﬁgﬁ%qgﬁgggygﬁggng # egeggﬁ@ﬁg}r A
nature (because the nearer reflection returns earlier) and the vector
formed by themis referred to herein as the distance vector. Wth distance
vectors obtained from bl ock 33, equation (6) and pre-stored val ues of
matrix, B,X6., is used to classify it into one of the M groups (as

di scussed previously, each group corresponds to a different pernutation of

e -, e r r o "




18 CLAIMS 1. A systemfor determning the spatial position of an object
wWth respect to a frane of reference, the systemconprising a wrel ess
transcei ver having an omni-directional antenna to be attached to the
object, a plurality of reflectors at pre-set positions relative to the
frame of reference and a signal processing unit for receiving signals
reflected by the reflectors and received by the transceiver, for
deternmining said spatial position. 2. Thellsystem of claim 1, wherein the
signal processing unit conprises nmeans for pre-processing the received
reflected signals; neans for cal culation of distance vector of range val ues
based on tinme delays of the received reflected signals, neans for

cl assifying 4giftering omeBBathibm GANC Wealugdd dics tfltae comte cd e thaRBags ih Ofwo
applying to the stored distance vectors, a set of prestored transformation

matrices. 3. CPRESGHiEpRSioningiowtnut taHemave sueh large sriscediéiong knowssthe

| s,
roanc. for avangt bping YLl iidling dHied” bR CubESE! 1€ HEINE HeMeRifla ©
noi ses and f outpg a tireshokledhles farthisgaurposd carlve sutpt em of claim 1, wherein

t he signal processing unit conprises neans for identifying the number  of
refl ected pluses, neans for calculating the tinme delays of the reflected

si gnal pul 5e%lﬁﬂ%tl@ﬁ%seﬁﬂfatt?ﬂ'fanﬁb\ﬁﬂ r?%]ae%tﬁle ' e WritiR srﬁ&é\?Wa'sa&@e

magni t udes proportional tinme ected signals
system of cl & rmradlct/\penrfenmamd:eaurwpraitnees Tmammgvtebletswas rasdumeﬁrteqluwesy

t [ Thy im1l relnthevm el es
tranceei ver 20 Af siie PATRIK G FRsRouD) Tube rendlRis  Dutaseiid g thosendter i n
the wirel ess g ARNESY PhediGnn THY La56Mel! ﬁd?@%eha&rracflv%é@% S5 edﬁdOihéJ' ai m

1, wherein the object is an object for defining a wi . A et hod
for deternm niregplutien, shamnal (the swavelangth aﬁ46KJ|'tZCUIthDhnd¢spStmmabora wasanme

of reference, t rising the steps: (a) providing a wirel ess
transcei ver ﬁgbgﬁ%tggr#}()@”ﬁgwgpr ectional antenna attached to the object;

At a given stylus position, the respective distances to each of the three
reflectors was calculated, based on the known geometry. These values were
then perturbed using an AWGN noise vector (with 0.5mm standard deviation).
This was done to simulate the effect of practical ranging accuracy. Then, the
overlap effect (see above) was simulated as the kind of “fill-in” which occurs
when two distance values are below the resolution limit. For example, if input
distances are 22.52cm, 23.24cm and 54.60cm respectively, then the “filled-in"
result is 22.52cm, 22.52cm and 54.60cm . Last, the resulting distance vector

was input to the positioning algorithm to output the estimated position.

Figure 3 shows the real input and the positioning result which was obtained
using a very simple filtering algorithm: if the current calculated position is
more than 5cm away (assuming that the sampling frequency is 200Hz and the
writing speed is at most,10m/s, then the maximum possible movement within
a sampling period is 5cm) from the previous calculated value, the current
output is replaced by the previous result and the positioning algorithm
continues to the next sampling period. As shown in the left hand part of this

figure, the real input was obtained by capturing the movement of a mouse



* (b) providing a plurality of reflectors at pre-set positions relative to
the frame of reference; (c) providing a signal processing unit for
receiving signals transmtted by the transceiver, reflected by the
reflectors and received again by the transceiver; and (d) transmtting
signals fromthe transceiver via the antenna, to be reflected by the

refl ectors.and received again by the transceiver and in the signal
processing unit, deternining the spatial 1Bosition of the object fromsaid
recei ved signals. 10. The nmethod of claim9, wherein the position of the
object is determned fromthe tine delay between transm ssion and reception
of pulses in said signal. 11. The nethod of claim9, wherein the signal

processi ng ufddmsiedrby Sm&uﬁéaﬂﬁ:k? a6 Bate PhASEFStNY 1 helatiob! REtEdranss ebfved
signals, means for cal cul ation of distance of vector values based on tine

del ays of t heefee@ncect by liskiggadiacentawintsavith sterigbt bres. fipithe rightihand iparg

cal cul at ed dj : e : ] r ' . -

i st ance. vecPb o gss Hebotfiiifia /3Rt REMISrafia, 38Rt BBisified 7 1 S48
way by joining calculated coordinates of those sampled data by straight lines.
It is clear that handwriting can be correctly captured with such a configuration
with such a method. Statistical analysis further showed that a root-mean-

square error (RMSE) of 0.6mm is achievable.

Although the above discussion is based on use of three passive reference
means for 2D positioning (with the method of the present invention at least
three such reference means are needed), configurations with more references
can be handled similarly. Also, it is straightforward to extend the method to 3D
positioning where at least four references are needed. The reflectors are not
necessarily to be of “point” type, but can also be “planar” reflectors (the
positioning method needs to be slightly changed due to discussions in SG-A-
2003/07132-1). To increase the reflected signal's power level and working
beamwidth, the point reflectors may be implemented in the form of corner
reflectors or any other form (e.g. Luneberg lens).

The present invention provides a wireless positioning system and method that
consists of a transceiver with omni-directional antenna and several passive
references. The position of the transceiver can be calculated from the
distance vector detected from the real-time received echo, without any
directional information. This novel system and method features simple
hardware and easy deployment of the references, which can make the
solution cheaper and more user-friendly (to the user, the system is somewhat
“stand-alone”) when compared to other systems.

It will be deduced from the foregoing that one suitable application is a “writing
tablet” to digitize the user's handwriting with a stand-alone pen-like device
(with the transceiver) and a “tablet” embedded with hidden passive references



- 12. The method of claim 11, wherein the pre-processing neans conpri ses
means for sanpling and digitising the reflected signals, neans for
averaging the tine del ays over several transm ssion-reception cycles to
reduce noi se and further noise reduction neans. 13. The nmet hod of claim9,
wherein the signal-processing unit conprises nmeans for identifying the
nunber of reflected pul ses, nmeans for calculating the tinme delays of the
refl ected signal pul ses and neans for bodBdi ng vector elenents with
sequenti al magnitudes proportional to the tinme delay of the reflected
signals. 14. The nethod of claim9, wherein the reflected signals are radio
frequency signals. 15. The nmethod of claim9, wherein the reflected signals

are ul trasouf thé J#hS of Jréﬂe&aps nsm@dpgésﬁé %f@r@ncé"”r%@h@ ihnehe gbirgcéred

signals are infrared signals. 17. The nhethod laim 9, wherein the object
i s in object reftactersrarei ugedh smchta Ngntmgtuablewan tae maxmfa@tym@d Afittslomy BOStAQAFI
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a In the system and method according to the present invention, a plurality of
reflectors is disposed in predetermined positions relative to the frame of
reference, e.g. around the periphery thereof. In general terms, for a N-
dimensional frame of reference, there should be at least N+1 reflectors. The
reflectors should be chosen of a material capable of reflecting the wireless
signal used by the transceiver. This signal may be, for example a radio
frequency signal such as in the microwave range, e.g. 3.1 — 10.6GHz,
ultrasound or infrared. The reflectors will of course be designed so as to be

-able to reflect the chosen signal type.

The omni-directional antenna should be omni-directional in the sense that
when attached to the object of interest, it may receive the reflections from all
of the reflectors. The transceiver may also be attached to the object or it may
be attached to the omni-directional antenna (which must be located on the

object) by wireless or even in some cases, hard-wire means.

In preferred embodiments, the signal processing unit comprises means for
pre-processing the received reflected signals, means for calculation of
distance vector values based on time delays of (preferably pulses) of the
received reflected signals, means for classifying and storing the calculated
distance vectors and means for applying to the stored distance vectors, a set
of pre-stored transformation matrices.
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sampling and digitizing the reflected signals, means for averaging over
several transmission-reception cycles to reduce noise (preferably means for
averaging time delays between emission and reception of pulses) and most
preferably, further noise reduction means such as a filter arrangement, eg a

digitai filter.

Preferred embodiments also provide that the signal processing unit comprises
means for identifying'the number of reflected pulses, means for calculating
the time delays of the reflected signal pulses and means for building vector
elements with sequential magnitudes proportional to the time delay of the
reflected signals.

Brief Description of the Drawings

The present invention will now be explained in more detail by way of the
following description of preferred embodiments and with reference to the

accompanying drawings, in which:-

Figure 1 shows a co-ordinate system as used by the prior proposal described
in SG-A-2003/01732-1;

Figure 2 is a graphical depiction of overlap error which may occur in the
system described in SG-A-2003/07132-1;

Figure 3 shows the correlation between hand movement and position output

using a simulation of a writing tablet application employing the present
invention;
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Figure 5 shows the location of the reflectors in the embodiment of Figure 4;

Figure 6 shows a block diagram of a signal processing unit suitable for use in
systems and methods according to the present invention.

Description of Preferred Embodiments

Figure 4 illustrates a positioning device for use in one preferred embodiment
of the present invention. It comprises wireless transceivers and a signal
processing unit 7. The transceiver's function is to repeatedly transmit a short
time-period RF pulse from a pulse generator 9 via a coupler 11 and antenna
13 and then receive & digitize the reflected signal within a certain time period.
The antenna 13 is an omni-directional antenna, which is easier to fabricate
than a directional antenna, especially for high bandwidth RF signals e.g. ultra
wideband. The pulse generator 9 is controlled by a central clock or timing
control 15. Reflected signals from the reflectors (as described below)
received by the antenna 13 are passed via the coupler 11 to an A/D converter
17 which also received clock signals:-from the timing control 15. In this way,
the time delay between transmission and reception of a pulse may be

determined electronically.

The signal processing unit 7 can be integrated into the circuits of the
transceiver 5 as described in this embodiment, or it may be positioned at a
different physical location where the received reflected signal can be
processed. The processed output may also be transmitted wirelessly to other
processing devices via the wireless transmitter.
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Figure 5 shows how the transceiver of Figure 4 may be employed in a “writing
tablet” application. This arrangement comprises the positioning device
(transceiver 5 with omni-directional antenna) and three reflectors 19, 21, 23.
The square 25 illustrates an area for the inputting device to work. Two of the
reflectors 19, 21 are situated at adjacent corners of the square 25. The third
reflector 23 is situated approximately one third of the distance along the side
27 of the square 25 opposite the side 29 joining the first two reflectors 19, 21.
Other positions of these reflectors are possible but it is important to note that
the three reflectors cannot be located such as to define corners of an
isosceles triangle. The user uses a special pen (carrying the transceiver with
its antenna, which transmits wireless signal and detects the pulse signals
reflected by these reflectors 19,21, 23 when pushed against the tablet) for-
handwriting input. With this system (tablet and pen), any piece of paper can
be put onto the tablet (or even writing without any paper and ink) and the
written content (with or without normal ink) will be stored as the digitized pen
movement in the memory within fhe pen, which can be further transmitted to a
computing device for processing such as character recognition. Although in
this embodiment, a 2D arrangement is described, and equivalent three
dimensional version may be provided.

Figure 6 shows the block diagram of the signal processing unit 7. The number
of references is N and the possible permutations of the distance vector is M
(e.g. in the embodiment described above, using three reflectors, N=3 and
M=6). The signal from A/D converter 17 is processed by a pre-proCessing unit
31. The purpose of pre-processing is to increase the signal-t-noise ratio
(SNR) of the received signal and various methods can be applied. For
example, a simple way is to average the output of 17 among several sampling
periods.
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-110%=& () - M Vvalues for each received component. The "distance values are
calculated by multiplying the TOAs with the propagation speed of the wireless

medium and divided by 2 (two paths from transmission to reception).

Due to the ranging resolution limit, the number of components may be less
than the number of the reflectors (overlapping effect illustrated in Figure 2). In
such cases, the number of reflected signal pulses has to be determined and
the “missing” distance information needs to be filled-in using the distance
information of the component that overshadows it. These distance values are
in ascending order by their nature (because the nearer reflection returns
earlier) and the vector formed by them is referred to herein as the distance
vector.

With distance vectors obtained from block 33, equation (6) and pre-stored

values of matrix, B, is used to classify it into one of the M groups (as

discussed previously, each group corresponds to a different permutation of
the elements within a distance vector and accordingly a different matrix value
in Table 1). Lastly, the proper matrix value of T, is chosen from the M

possibilities (according to the result of block 33) to calculate the 2D position
due to equation (4).
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vectors and means for applylng to the stored distance vectors, a set of pre-

stored transformation matrices.

3. The system of claim 2, wherein the pre-processing means comprises
means for sampling and digitizing the received reflected signals, means for
averaging over several transmission-reception cycles to reduce noises and
further noise reduction means. |

4. The system of claim 1, wherein the signal processing unit comprises
means for identifying the number of reflected pluses, means for calculating
the time delays of the reflected signal pulses and means for building vector
elements with sequential magnitudes proportional to the time delay of the
reflected signals.

5. The system of claim 1, wherein the wireless transceiver is a radio
frequency transceiver.
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9. A method for determining the spatial position of an object with respect

to a frame of reference, the method comprising the steps:-

(a) providing a wireless transceiver having an omni-directional
antenna attached to the object;

(b)  providing a plurality of reflectors at pre-set positions relative to
the frame of reference;

(c)  providing a signal processing unit for receiving signals
transmitted by the transceiver, reflected by the reflectors and
received again by the transceiver; and

(d) transmitting signals from the transceiver via the antenna, to be
reflected by the reflectors and received again by the transceiver
and in the signal processing unit, determining the spatial

position of the object from said received signals.

10.  The method of claim 9, wherein the position of the object is determined
from the time delay between transmission and reception of pulses in said
signal.

11. The method of claim 9, wherein the signal processing unit comprises
means for pre-processing the reflected received signals, means for calculation

of distance of vector values based on time delays of the reflected signals,
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12. The method of claim 11, wherein the pre-processing means comprises
means for sampling and digitising the reflected signals, means for averaging
the time delays over several transmission-reception cycles to reduce noise

and further noise reduction means.

13.  The method of claim 9, wherein the signal-processing unit comprises
means for identifying the number of reflected pulses, means for calculating
the time delays of the reflected signal pulses and means for boarding vector
elements with sequential magnitudes proportional to the time delay of the

reflected signals.

14.  The method of claim 9, wherein the reflected signals are radio

frequency signals.

15. The method of claim 9, wherein the reflected signals are ultrasound
signals.

16. The method of claim 9, wherein the reflected signals are infrared

signals.

17.  The method of claim 9, wherein the object is in object for defining a
writing path.
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