.2; e3egygv $46DTOWNa Met hod and system for detecting the position of an
obj ect such as a handhel d data input device Field of the invention The
present invention is directed to a nmethod and systemformﬂm he 5
position of an object. The object may be a data input d Q @at ed by
a user, so detecting the position of the object permts datg, 519 nt er ed
into a conputer system Background of Invention 10 Detecting the positions
of objects by nmeasuring the time of flight of radio waves between the

obj ects and detector apparatus is a well-established tec mmmwmm’"m"f
exanple in radar systens, and by gl obal positioning satel These
systens are for detecting the positi ons of objects such as veéwgi-es, and

achieve only a | ow patl al or der of sev raI ptres.
Addi ti onal INet ,J_._,._ d systom foy defect saabiectsuchyas o he
antenna (i mg; uPBew@Qar) or eI se reqwre rrultlple transmtters (in
t he case of st, when it is required to detect automatically

t he position of Obj ects 20 moving on a distance scale of mllimetres or
cent i met r eEieldasfghetimientionf f er ent det ecti on techni ques are conventionally
used. There are various reasons why such detection is performed. Forenpst

am)ngthes is data,i.nput. when the bje sto be ve ually.be a
Gser” oo, THE BERant dAVRToR R AR O 1, atb e e SR s Rsing 1 e
or int ersaCtpbdéﬂldméﬁ%éb}e%t 'ﬁ‘\éi‘abjleﬂph'iaylb"é}a Hatdl pput devidet MHAPURRSS byia/ e
screen may be treated as detection of 'the position of a manually operated

obj ect, whetsert s delgatiog tha pasition ofthesobiectsparmitsidatgde he pntemedimera reason

for such de be in robotics. 2 In these systens there is a
cont i nual é°§‘§5‘ft§f]s}c’%%b‘gved position detection with a spatial resolution

accuracy of less than 1 mm Such systens operate in a working area which is

at nost a fRackuedurndofinyentiomd often only a few tens of centinetres wide. 5
Many such systens have been proposed in the past. Sonme of these, such as
the references [1] to [4] are based on neasuring the time of flight of

radi o V\ﬁ)"es efe’& ﬁ% WP??iﬁoﬁé’ of B]Ectsttg?m%@sﬁﬁﬁ %ﬁﬂg{}ﬂ?‘f@%’?ﬁ%‘@ﬁto carry

either ara er ofr ransc | VEer require
active 10 daams behwemuﬂwpmbjﬂctéBhdtdetectodapmratumlsmwbtb-restablIshedi udi ng
active recej vEr,s and/GEd'e transcei verqﬁq Mor eover ative osi ti ons of

these det ecteGPRIGHEsYSeRLIQLGXRMRIe i raslar sygiees, raé\"ﬁst?ﬁ 9'9&?’590?"5‘% 8eivers and
receivers regu i@ sB QYsf BRI foP Yetctiflgithe $8 rf%B 4 §§cH1ave to
be set up |§é}tea|£:% (I@{ig’tl onsvvhgl§ en%lhe syst gnﬁ%lﬁsgt 0 @e use © ch neans the
syst ens ar easheehicles, and aepieyg.only a low spatial resolution, of the order of several
15  metres. Additionally, such systems either require high power and a directional
antenna (in the case of radar), or else require multiple transmitters (in the

case of GPS).

By contrast, when it is required to detect automatically the position of objects

20 moving on a distance scale of millimetres or centimetres, completely different
detection techniques are conventionally used. There are various reasons why
such detection is performed. Foremost among these is data input, when the
object is to be moved manually be a user, e.g. recognition of handwriting by
detecting the movement of a pen; or interactive media arts; even inputting

25 data to a touch sensitive screen may be treated as detection of the position of
a manually operated object, where the object in question is a user's finger tip.
Another reason for such detection could be in robotics.



Alternatively, reference [5] proposed a positioning system based on

ul trasoni c waves, However, the spatial resolution of such a systemis not
hi gh enough for handwiting input. Qher systens, based on optical

t echni ques, have been 20 proposed in references [6] to [8]. However, these
systens require |line-of-sight operation, or the use of external detection
devi ces. Optical systens, though, are expensive to inplenent. Sunmary of
the Invention 25 The present invention g ns to provide a new and usef ul
system for detecting the position of an object. In general ternms the
present invention proposes that the object includes a transceiver which
emts electromagnetic pul ses. The pulses are reflected fromtwo reflectors
of different types, so that the pulses

. ses, when received by th 3
transcei ver |n BigseRystaras theygiis ac@ntinyal W%%HHFBSPVFQ@W”S%CF% echoes

are determ , A [ ' e two
refl ectors. Q%uas,gl‘%itllle rg%gﬁmﬁeg*@?%ghggﬁg@%ﬁ?e at %ghﬁsﬁ%??@ﬁéégﬁrgr sis
f ound. Thus a workimgnamreaswhich is Bemosbarfewasetréowidey angsaftarsonly @ fewatessngl e
transcei ver is.required. There is no need for any other active el enents,
or for nutu® C@Bﬁ'mﬁgﬁ??ﬁ' ®n anong them The different reflection
charactegistics of the reflectors may be due to different radar cross
sections (RCS), so that the echoes can be distinguished based on their
anpl i tude diMdrgr suchesysteins davetbieesl groposed ircthieguastr Someyofihese, siuth@sent

the references [1] to [4] are based on measuring the time of flight of radio
waves. In all these systems, the object which moves needs to carry either a
radio transmitter or transceiver, and the systems further require active

10 detection equipment (that is, detection equipment including active receivers
and/or transceivers). Moreover, the relative positions of these detectors must
be known a priori. The transmitters, transceivers and receivers require
multiple power supplies, and these power supplies have to be set up in each
location where the system is to be used, which means the systems are hard

15  to deploy.

Alternatively, reference [5] proposed a positioning system based on ultrasonic
waves, However, the spatial resolution of such a system is not high enough
for handwriting input. Other systems, based on optical techniques, have been

20 proposed in references [6] to [8]. However, these systems require line-of-sight
operation, or the use of external detection devices. Optical systems, though,
are expensive to implement.

Summary of the Invention

25 The present invention aims to provide a new and useful system for detecting
the position of an object.

In general terms the present invention proposes that the object includes a
transceiver which emits electromagnetic pulses. The pulses are reflected from
two reflectors of different types, so that the pulses, when received by the



+ 10 pol arization or frequency response characteristics. The reflectors have
flat reflection surfaces) which are preferably arranged orthogonal to each
ot her. The transceiver preferably obtains a neasure of the echo del ay of
the pul se by determning the intersection of the echo signal with nore than
one level, 15 including one or nore non-zero |evels (preferably tw), and
estimating the echo delay fromthese nultiple intersection tines. The
transceiver is also arranged to transm g out of itself the determi ned

di stances between the object and the reflectors, thereby transmtting the
position of the object relative to the reflectors. Conveniently, this
transm ssion 20 can be done by nndulating t he pul ses which the transceiver

is in any case arran ed ener The obj ect b at a ut _devi ce,
whi ch 13" oRRRERETL G bEH i ThRechp infigs 8 B §6 2hOBs pes s
posi tion megstehAFRal SandVapé %éa&n‘é%eéf R idthAte Bf LR BBjeREito AR tP UL
data to the conputer, for exanple for 25 controlling a software £p||cat|on

runni ng on [elﬂectomsrpthua, theopasition ofithe/objentrelrtive torthe reitroiorsds deyn
el ongate (i. e. pen-like)) and the transceiver includes a antenna provided

Mventton i ThES. dbirast fo Fuec kG SBiatin v, AL 8 ST a8 inekeliar ng
transceigerisf @quiet! tTheee & e°F hesaJBrEny Gthbseftive elements, or for mutual
collaboration among them.

The different reflection characteristics of the reflectors may be due to different

radar cross sections (RCS), so that the echoes can be distinguished based on

their amplitude differences. Alternatively, the reflectors may have different
10  polarization or frequency response characteristics.

The reflectors have flat reflection surfaces, which are preferably arranged
orthogonal to each other.

The transceiver preferably obtains a measure of the echo delay of the pulse
by determining the intersection of the echo signal with more than one level,

15 including one or more non-zero levels (preferably two), and estimating the
echo delay from these multiple intersection times.

The transceiver is also arranged to transmit out of itseif the determined
distances between the object and the reflectors, thereby transmitting the
position of the object relative to the reflectors. Conveniently, this transmission

20 can be done by modulating the pulses which the transceiver is in any case
arranged to generate.

The object may be a data input device, which is connected to a computer
system arranged to receive the object position measurements, whereby a
user manipulating the object can input data to the computer, for example for

25 controlling a software application running on the computer. Conveniently, the
data input device may be elongate (i.e. pen-like), and the transceiver includes
a antenna provided near one of its tips.
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5 and receiving a reflected echo signal, at |least two reflectors having
respective reflection surfaces, for reflecting the pulses with different
characteristics, the transceiver being arranged to anal yse the echo signal
to distinguish the echoes fromthe reflectors, and to determ ne the
respective echo delays as 10 neasures of the distances of the object from
the reflection surfaces. Brief Description of The Figures Preferred
features of the invention will now be dgscribed, for the sake of
illustration only, with reference to the following figures in which: 15
Fig. 1 is a schematic overview of an enbodi rent of the invention;, Fig. 2
illustrates the principle of position detection enployed by the enbodi nent;
Fig. 3, which is conmposed of Figs. 3(a) and 3(b), shows echo signals
received by a transceiver of the enbodi nent when an object is in two
different 20 respective positions; Fig. 4 is a block diagramof the
transcei vers;sgclﬁdaﬁay ] amtess@ncbfﬁhg lm'i_edtidnuﬁté fpbsmoﬂ d&Bttich Q%téﬁ\t ion
al gorithmenp by the enbodi ment. Det ai | ed Description of
enbodlnentsndudmgeferrlng to Fig. 1, an enbodlnent of the |nvent|on IS
shown having two nmai n conponents. The first of these is an obj ect 1, e.g

ohi ch i stati ¢ anRoRetndRaere '*58*}83?@23%%@ B BEEERERRL Y Cou g

obj ect % r edrif teceivirty bheflésté@eeR6Bignatt ructure 3, as the object 1 noves in
a volunme 5 referred to as the working area. The enbodinent is for detecting

the position of the Obj ect wiwthin this volune as a position in the
t wo- di mensi onal - yegstaio srRflactars PAYiNg1 respretivegreliqction vEfagesi feon of

t he obj eCtTnl-:ﬂé@tlﬁ e %Lg ﬁ’“l e Ht éﬁarﬁctetrlgﬁcsd' rection extending into the

page) . udes a radi 0 'transcei ver 2 which
transmts and receives eI ectromagneti c waves, specifically radi o waves,
t hrough an thetteanszelvec diedny mmngedttbmna‘lysmme)bj:bmsignal'[beiistingui;siethaar 2

transmts anchqr?gc ive |o vvavgfor whi ch s a ver r e.g.
Lbout 100p<ths 1 ine rehRctofs.. REG S AREHORE he Bebaeiveraghe oblhyRras
broadcagt ahehSGHesT thé HRtATEes ofth€ objict from the reflection surfaces.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:
15 Fig. 1 is a schematic overview of an embodiment of the invention;
Fig. 2 illustrates the principle of position detection employed by the
embodiment;
Fig. 3, which is composed of Figs. 3(a) and 3(b), shows echo signals
received by a transceiver of the embodiment when an object is in two different
20 respective positions;
Fig. 4 is a block diagram of the transceiver of the embodiment; and
Fig. 5 illustrates a centre detection algorithm employed by the
embodiment.

25 Detailed Description of the embodiments




.an interval or period in the range of 10ns to 1lus . The pul se repeat
frequency (PRF) may alternatively be in the range from several hundreds of
kil ohertz to several tens of negahertz. The nmaxi num al |l owable PRF is

deci ded by the required maxi mum si ze of the working volune. Provided this
condition is nmet, 20 a higher PRF is preferred to increase the neasurenent
accuracy. However, a higher PRF will cause the far range echoes of a given
pul se (i.e. the echoes 19 described belgw with reference to Fig. 3) to
enter the next period, and al so increase the power consunption. Therefore,
t he PRF shoul d be selected as a trade-of F of the above factors. For

exanpl e, to achieve a neasurenent range 25 which is as wide as 50cm the
PRF shoul d be np nore than 20MHz, The very short g gse tted bx]the
transcei ver Qfef"@gaﬁ‘? Eﬂgtﬂaawmeowweémgwpm shoywn having,iig &N spread
over a very arie nt 4t i's
very | ow. e specr{tgum dﬁ'ﬁé?’m%%dége dg)zés?télhgod):grﬁ?%@guch tﬁ&btdgﬂﬁlgg it
conpl i es wid pet.HEhd-S€rqricbidea mfe@mnBMUcwrednsvhlcrﬁlsmm s&&aﬁbodgmér&ﬂ ons

on UWB systens. Therefore, the transceiver S |nterfeewiththe
operati on df a-pegswarg lne resiiar o6 BRaneviRe sbicRd Telkya: thdhe reterRI ¢ he

transceis Verstﬂicttgrjé% Risthe &/%“I?%\/Qé‘ld@%ﬁﬁﬁé Sﬂéférbetﬂ% & fl'féWSﬂ(l {th the

functional ity of eXisting evi ces, suc conmuni cati on wth other
UWB devi cesarea Bhe emtiadiment is foedetecting ﬂmsposlbm oéthecobjent withia this ot her UVWB
devi ces,

tlo receive nf ma on from.them The r fere&g,_e iruc ure 3

i ncl udes tv&?‘f'@?laéc@ BP§' ion "@9 ‘?/\i’ﬁ%ﬂ'n&?'bs'?ﬁ &yPEne§ Bed: @&t endi ng
al ong r espegddi¥ating tﬁ@fpd&itudrr@r the'dbjetd 1%% ﬁwdTa@nér{%.ére( |ee<fﬁé76ﬁe<?tior9 are
shown in Fig.” 1 as panels. They are viewed in Fig. 1 froma direction which

lies in theexiendiogdttodbelpage).t he reflectors 7, 9 so that both panel are
seen si1 e-on Wth respective flat reflection surfaces facing the working
area 5.'°The reflectors 7, 9 may be joined, but alternatively may not be. In

the case thpie H@ﬁh@é@jebpi RAuddd '@ YadiB YrapecOiRE MR HIEH Yrahbiftd and t he
orthogonal 15 configuration, or, nore preferably, are foldable, so that

t hey can berepelvge@Ieei@nametwavge&;&peclflpdmr@ldiq weyesithraughoan pptense. The

| engt hs of I8, ) are
ot gnt Ty | APEEEe el o fOFRESBAE The idhscsie? Sty ind facditends) e
hei ght of tﬂa@hdwéber@mrwmn% a véry Bhdrt palsel, 8.d. abodt 160ps,dor ekambw i into
the page in Fig é)@pp&(h an 20_influence on the extension of the working

area 5 1 tﬂhﬁgaage 20Qps. hag pylse s brradeast atraguiatdnieryalsise. 8nwith t he

Ki f th
el ector panLTRVALILARiGE BB rahtp cEYBMRLE s (S THR RSP e ENBL o
Fig. 1 of agPREfmk§ aﬂérr?axmewsémh@%hgewom YeVéraNBuRdeds Wi kibhérd fnds to a
hei ght of about” 50Cmin he x and™y 25 directions. Afirst reflector

panel 7 is sevesaldeds of mﬂgaé\artal Thawmaximua glowzkie PR isdecided ibyithe RCS)

such as alum rial
having a | o(ﬁqﬂké@rg?fgﬁ‘ugé E%OCEI%%WO&@["Q %B%{"?\ 't?%vq;et%fs %&tﬂo@s’%é r bi ng
materi ago Eadigher RRE i pidf@eédio st the Megdreiménbaceuracl) Howeasga so
that incident radio waves are reflected sufficiently wel].
higher PRF will cause the far range echoes of a given pulse (i.e. the echoes
19 described below with reference to Fig. 3) to enter the next period, and also
increase the power consumption. Therefore, the PRF should be selected as a
trade-off of the above factors. For example, to achieve a measurement range

25 which is as wide as 50cm, the PRF should be no more than 20MHz.

The very short pulse emitted by the transceiver 2 is an ultra-wideband (UWB)

signal. Its pulse power is spread over a very wide frequency range, so that its

power spectrum density is very low. The spectrum density can be designed in
30 such a way that it complies with the FCC (Federal Communications



+ The position of the object 1 within the working area 5 is determ ned as
showmn 5 in Fig. 2, as a point in the x-y plane shown in Fig. 1. In a radar
system the coordinates of an object are determ ned by measuring

simul taneously its range and direction froma detector device. The fornmer
I's determ ned by nmeasuring the tine of flight of a signal to the object,
and the 10 latter is determ ned by using a scanning notor to scan an
antenna producing a highly directional ?ean1of radi o waves across a range
of angles until a strong reflection is tound. Such a systemis not enployed
in the present enbodi nent, and woul d be inappropriate since both the
scanni ng notor and the narrow beam antenna are bul ky, and woul d be

difficult t ide within a 15 hand- hel d gbject 1. Al so,
woul d be r cqePaEsiPD) thdulaons oreLINH sgioms: anerdigts dhe Faseosvie? 8RS al ment
the obj ect bEird |

€ objec Hotw'r@%{nﬁﬁ tﬁeforgéfb‘%%&ﬁraq% th’ﬁéFWuréﬁe.s%‘é?ﬂeﬁﬁ%héH e

omi-directio e ommi -directional” antenna is rical, and 20

pl aced i n cérobediprenti imdegd: thedrarigeeiver ofitheopriesent invéstion may eptionalige t hat
the object 1 is a pen. ar, the w.jting.tip), that the tip traces al nost
the sahe. pathadangRE vithBR uncendityar SistbBrunileedBie sl 41 or mi ned by

di stances t@rhmanicaBohsiitreether SWB dbvictss By, fd traRamitirBasea pttioacho del ay
to the reflector 7 is z, , then the distance d~ fromthe reflector 7 to the
pen tip is detectiorpdata tomtheby WB devices, or tozeceive infoenstien from thempeed of
light. dz can be nmeasured in a simlar way using the echo tine zz to the
reflector 9. Therefore, the co-ordinates (x, y) of the tip of the pen can

be easily amkk refafsnceUHBtre®inelude’adoasfléétors #20)which afe Ipladeidedtt i ce, the
transceiver 2 will receive many echoes after transmtting a gul se from an

omi - di r ectightangles, éxtending alpagsespertiveriidesobing werking awer2cthe, the
T eccleS ol 7, S5 LI B BN, FEOY SRETRILARE PR0RE, | o,
anot her neadityctiohjveltith lies in the plane of both of the reflectors 7, 9 so that both panel
are seen side-on with respective flat reflection surfaces facing the working
area 5. The reflectors 7, 9 may be joined, but alternatively may not be. In the
case that they are joined, they may be permanently fixed in the orthogonal
15  configuration, or, more preferably, are foldable, so that they can be folded
together for greater portability while not in use. The lengths of these two
reflector panels (in the plane shown in Fig. 1) are slightly larger than the
respective dimensions of the working area 5. The height of the reflector
panels 7, 9 (i.e. in the direction which is into the page in Fig. 1) has an
20 influence on the extension of the working area 5 in this direction, but may be
much less than the extension of the working area in this direction. For
example, we have found that even if the reflector panels have a height in the
direction which is into the page in Fig. 1 of as little as 3cm, this provides a
working area which extends to a height of about 50cm in both the x and y
25 directions.

A first reflector panel 7 is composed of material having large radar cross
section (RCS), such as aluminium. The other reflector panel 9 is composed of
a material having a low RCS, such as wood, or metal painted with radar



I

. The two desired echoes can be identified in two steps, as shown in Fig. 3.,
which illustrates the anplitude of the signal ("echo signal") detected by
the 10 antenna over a period of tine t. Fig. 3(a) is the echo signal
anplitude in the case that the transceiver 2 is closer to the reflector 7
than to the reflector 9, and Fig. 3(b) is the echo signal anplitude in the
case that the transceiver 2 is closer to the reflector 9 than to the
reflector 7. 15 The echo signals shown kn Figs. 3(a) and Fig. 3(b) each
include 5 portions. A first portion 11 is the | eakage of the transmtting
pul se to the receiver. Portion 13 is the echo from near-range objects (such
as the user's hand, in the case that the pen is hand-held). Portion 15 is

the echo fromthe reflectar 7, so it _is earlier in the case of Fig. 3(a)
than in t heAkspshingimategial. aph ofBe refipptarpanels Red 3oLt hav ?%ﬁtgcgmthe

reflector 9 =To LAR Wales dRAls é?é’n 15. It is earlier in
t he case ofsq:?{g%?lrgc?@t?hg% \yﬁvﬁe cagécggpa%lf%. t@e"'%rti on 19 is echoes

received from"far-range objects”, i.e. objects a | onger distance away,
such as walls of the roomijn ich.the systemis used.,K 25.OF course, in
ract e : hbhe PREORS! B3 blech A i e MBS R Ae RNTLFR MR et han
one echg sURfFigs2 PaY & idiht I theSk Y diahé ¥hoWh i Figray be nore than one
far-range objeCt, and hence noré than one echo such as portion 19. However,
it can be assuned that there will only be two nmain echoes 15, 17 fromthe
reflectors 7, 9., This, is not onl. ecaguse t.he two refl.ectors 7, 9.are 30
near to-t el Frda; dyStard (MG codfttaBReh ARConied Ard et Simifeh B ndpadindc

working  9sigfifanaodsl§ ifs!rahge aPdidiRtivh Flont 8fdedsdtor HevitacTRiEfIrmieRye back
into the direction fromwhich it canme like a mrror, thus producing

rel ativel y deteonineddroercasudeg iheitime afiilight ol assignalde thepbjashtangsthe t he

andar T anpiebls QbR ien by Gyt Sang e B8 sER A AR AF BRI gy
they recei vg higth direvtiariis bem off RARCRBVES acid’stdangelsrangfauntiiize echoes 13
will tend to have | arger anplitude because the near-range objects are

cl oser to t8lEong eaflection és found. Sueh assystara s pet emplayedHpdhe presesttbodi ment
| i t | o®- 2 : ' ' f th
cho o gnal SRR ant T b dRRHRER ot theSseabRRARIATNKE, O | N0

tinme and fithesfarrgv bean ahtenhbizse aky, bhd watiid bpdifficaltso plovideSSwithih ar e
renoved. I n a second ste_g@of t he net hod, the e%di ment determ’}nes whi ch of

the twolds thedernd-haldighieet; TrlgRtlargeipower wauldQeremylirgddodivetnes t he echo
17 (i.e. wh : ho signal is as shown in Fig. 3(a) or as shown in

3(b)). The g%rilé‘rehﬁ)tﬁ@oes this easily, by conparing the anplitudes of the
first and second echoes in the tinme gate 21. In this way, it can always be

determ ned phat {he |~ h ds tod . while th || . ech
Cor r eaponds By goslsagt the baiinant BeOHeR | Rey ashilek Adrnspucs” 2P iSe
sel ect ed 1 nsgh@Bnflaliemhidfre Pl MHe orfini-aféLtibhaRafteRhalib 8 indfival, i and

h
m ni mum ranges wthi'n the working area 5, the echo fromreflector 7 is

al ways RGir gplacetlam clase prokimityrtora tieof thet object 1 gt tbetaase that theher
possi bl e embpdi rents of the jnhventionp {h fromt t reflectors 7,
B %an be i SBRRbaS AR hogt B W)L le) 35 BelBE3w s Atalthd SomBs ai e,
the two ref phaf & the/anteniBYTRE pahsajtaedinaesitingie deternddrby distariedl | n

di fferent ways, one producing a right-rotation circular polarized

e.g.
backscat t er tsuthﬁat\\r@,greﬂﬁgtqrﬁé' , Bt Assunsing thabiheonagsuredegahordglay tothe3o circul ar

pol ari zed bacgkscats ered wave. L.n this th t inclu 10
Do separ at BRTGERGIchieaf Horh e, iR e ehedBire Rniper) 5 1 dfen.

t he trag$ceg | b’l!n anot her exanple, if the two reflectors 7, 9 have
differen fr}é?]‘tgjgn y 5 responses to the UMB pul se, the reflected echoes wll

have greatly different waveforns. Therefere, a waveformrecogniti 02
techni que can be enpl oyed at the trarﬁ’sc‘e‘i’zver to identify the echoe 1)

where c is the speed of light. 4, can be measured in a similar way using the
echo time 7, to the reflector 9. Therefore, the co-ordinates (x, y) of the tip of

the pen can be easily and unambiguously determined as (d,,d,) .



- Fig. 4 shows the structure of the UWB transceiver 2 used in the invention.
The 10 transceiver has two operation nodes: a first operation nobde
("positioning node") in which the device determ nes the values (d"d2) . The
second operation node ("comunication node”) is a UAB conmuni cati on node,
in which the transceiver 2 exchanges information with one or nore other UAB
devi ces using the UAB pul ses. For exanple, the neasured position (d,,dz) 15
of the object 1 may be transmtted to ogher devices in real tine.

Al ternatively, the neasured position (d,,d2) may be tenporarily recorded in
a data RAM storage area of the object 1, for future transm ssion with other
nmeasured positions in a batch node. 20 The transceiver conprises an antenna
31. The antenna 31 is in conmunication with a transceiver switch 41 which
all ows echo signals received by the antenna 31 to be processed by the
circuitry of driedd, ¥ 68hySiver il 1cbll® maAy ehBes ShePirgRahRuseacT at ed
within the transcel'ver to e antenna 31 for” broadcast. These pulse are

br oadcast amulseh@rom)anmlmtleﬁaltmemnaaﬂ'sx@eteﬁnlrm theamsoidinates pul se whi ch

is later receij s .an echo, .and al,so,at nts.at ich the .transceiver
% st ranergartaay. B Sl AMUsfigRR AR & bufin é0i CamaS ik ooy er 2
gener at &s tdif Biiheaeftstord7 29 Al P9oWHith BRe b1 i€ |§9ﬁﬂn®b§ﬁe§‘écﬁope“ odi ¢
timng signal. The timng signal is transmtted to a first termnal 47 11

of a secondremiangtheroearhyobjast to a modul ation unit 51, which transmits
its output to a second termnal 45 of the second swtch 49. The nodul ati on
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pre-determ ned and i s genera timng unit 4 is used to control
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echoes received from "far-range objects”, i.e. objects a longer distance away,

such as walls of the room in which the system is used.

25 Of course, in practice there may be more than one near-range object, and
hence more than one echo such as portion 13. Similarly, there may be more
than one far-range object, and hence more than one echo such as portion 19.
However, it can be assumed that there will only be two main echoes 15, 17
from the reflectors 7, 9. This is not only because the two reflectors 7, 9 are

30 near to the pen, but also because their surfaces directed towards the working



30 considerably according to the position of the object 1 within the

wor ki ng area 12 5, and the AGC unit 35 is able to partly normalise the
signal to conpensate for this. The output of the anplifier 33 is
transmtted also to an anal ogue/digital (AID) 5 converter 37 which converts
the echo signal into a digital signal. Since the novenent of the pen is
very slow conpared to the PRF, tens of thousands of echoes can be received
while the object 1 is in a single positgon, to within the resolution the
enbodi ment ains to achieve. Therefore, a sanpling gate 39 nay be provided,
controlling the tines at which the AID converter 37 is on 10 such that the
Al D converter 37 sanples just one point per pulse repetition period. This
greatly reduces the rate of the conputatjon the A/D converter 37 is
required t@r%%f"’lf?ﬁ\ait-rﬁ%@@NV\HEF@&&@&H"M%W@WF igtotherfirestioRe t he
required L OGhi ; i ey whi ch the
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converter 37 is_sent to .a {Zii itqc’iﬂ sig(rg\?l Hrocessor 39 for further
processi ng P%nSQW%QeeOtPJﬁ@S §i ‘?s(%é e{r BSE¥des 15, 17 within the tine
gate, and thereby derives the values (d,,dz) . 25 Wien the digital signal
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the operation perfornmed by the digital signal processor 39. In 5 principle,
the digital signal processor 39 could be inplenented easily by attenpting
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of the object 1 varies. The centre detection method is depicted in Fig. 5,

whi ch showsevenpehién o adid § hereestitheis mEddhumbandinliningeh rangéswithimthas shown
in Figs. 3(a) and (b). The
working area 5, the echo from reflector 7 is always larger than the echo from

reflector 9.

25 Note that in other possible embodiments of the invention the echoes from the
two reflectors 7, 9 can be distinguished in other ways than as described
above. For example, the two reflectors 7, 9 may be arranged to polarize the
radio signal in different ways, e.g. one producing a right-rotation circular
polarized backscattered wave, and the other one producing a left-rotation

30 circular polarized backscattered wave. In this case, the antenna may include



20 signal includes a noise. The centre detection nethod is simlar to a
techni que known in radar systens, called constant false alarmrate (CFAR)
detection. In a first step, the variance a of the noise is estimated. In a
second step, this value a is then used to set two |evels: a positive |evel
|, which for exanple may be 5Q, and a negative level |z which may be - 5~
The tinmes 61, 63 at 25 which the echo signal crosses these two |levels are
then determ ned. The centre point of t echo is the mddle 65 of these two
crossing points. The tines 61, 63 can be obtained by interpolation of the
sanpl ed data if needed. The final positioning accuracy is dependent on
several factors. The first factor 30 is the stability of the timng
provided by the timing unjt 43. The | oca scgi |l | at.or 14 of the timng
unit 43 , itwe wagetearﬁ'rPU@V pg!ﬁil?—@ﬁechganﬁ‘% @%\mtﬁwgg th@%hf’e%ﬁﬁh%ave hi gh
short-ternuﬁﬁégbhbpy. Their long-termstability is not inportant, however,
since the enbodinent is only required to nmeasure the relative change of
position of the object 1 to be useful for data entry purposes. The 5

enbodi nent does, not have to . neasure the gbgol ute, positjon of the object 1
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by aver agi r{g io rrul.tiFBﬁ. Cc {:}[ ﬁﬁ of . the received data. It has been found
that by car€fHANFCaE 'idﬁé'y ©&ChES+ and using proper signal processing
techni ques, submllinmetre resolution is achievable. Another problem which
needs to be addressed is that when the values d, and 15 dz are al nost
equal , the Figngshaws the strieture ofjthecldWB transeeivien 2iusedin the ipvertian. | Thebe
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recording the Targe echo 15 and subtracting it ftomYthe echo signal, the
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For exanpl e&&mﬁj?%hﬁ%ug\\égﬁ}ﬁ% {: §FF%%%h@éﬂ%&bﬁﬁsg%rhg??éﬁ?@&dﬁgv ng a

reflectison siuhé dbfeckAimag BRatarsmitted td bitier deieednd ré‘ﬂ‘tlrﬁ%ﬂl%mgﬁ\f Ipr ent
reflection characteristics so that the position of the object could be
found in thheaneasuradiposition (d]57,Rahay bedempbharily recdrdediire aafata RAM ol | owi ng
citations is incorporated by reference in their 5 entirety: [1 ] US patent

5,977, 958, steradgecarear tkg obiaet fl ofor futyra transmissiatuwith othermeesirgdBar on,
Vi ctor Kors ﬂﬁdﬁy ssar. [2] US patent 5,510, 800,
"Ti me- of-flrl?g ' r}sgﬁ%o%éaﬁac}n' systent, Thomas E. 10 McEwan.

20 The transceiver comprises an antenna 31. The antenna 31 is in
communication with a transceiver switch 41 which allows echo signals
received by the antenna 31 to be processed by the circuitry of the transceiver,
and further sends pulse signals generated within the transceiver to the
antenna 31 for broadcast. These pulse are broadcast at the moments when

25 the transceiver 2 transmits a pulse which is later received as an echo, and
also at moments at which the transceiver 2 is transmitting pulses in the

second mode of operation.

The transceiver 2 generates the pulses using a timing unit 43 which generates
30 a periodic timing signal. The timing signal is transmitted to a first terminal 47



[3] US patent 5,589,838) "Short Range Radi o Locator Systeni) Thomas E.
McEwan. [4] US patent no. 6,002,708, "Spread Spectrum Localizer", Robert A
Fl eming and Cherie E. Kushner. 15 [5] US patent no. 4,506,354, "Utrasonic
position detecting systent, Per K Hensen. [6] US patent no. 5,227,622,
"Wreless input systemfor conputer using pen position detection”, Tore
Suzuki. [7] US patent no. 6,330,057, "Optical translation neasurenent”,

G lad 20 Lederer, Ppher Kinrot and Ui 44inrot. [8] PCT patent application,
WO 991 60647, "Device and nmethod for recording hand-witten information",
Fahraeus Christer. 16 Cains 1. A position detection systemincluding: an
object including a transceiver for emtting electromagnetic pul ses and

receiving a.eflected.echo. si |, .5 at least t reflectors having
espect | ve Ofér sesndgvitely and Sls 10 adroddafion Ui £ 1 WG PR RIS er ent
char act er i Juitgist told'§eddri@eRINGE U5 T e s8ESRNGRRCH 29 aTRé YwedUldworeghe si gnal
to distinguish the echoes fromthe reflectors, and to determ ne the

respect i ve Ecmodulates thesimingsignalacsprding teipsy datai regeivesfron] codingom t he
reflection Lﬁﬁ%ces. 10 2. A systemaccording to claim1 in which the pul se
Is less tha ps, preferably less than 200 ps. 3. A systemaccording to
claimilsor claim2 in which the pulse is a UAB pulse. 4. A system according
toclaim1, claim2 or claim3 in which the two 15 refl ectors have

di fferent rlndBe cagethatdbe tiapgeeiver isAn &5 e firs opsratinggmodeaiiie RHIER®di ng
Laimi . |t ; . . ffect

the. pul ses. 18 UsRBRYRor dRie AR ing Befecks LSl altPaFTOE atrf B | “Che tuo

refl ect or s informatioh f amckint this eapectheysetepdrsivich 45 isdn tasfirshposittomat which 20 7.

A system acgordin 0 Aan recedi claimin ich obj ect i.s _an

6l ongate ot Suinels Hisfiat WA A B4 ndeeidsBeratas it 33 45s PR Fibar o

proxi mefge  tA)eHowveB inthé X85 AT IrdhBEiveY i3 itB'sBESAH BPefatiigthbde Whi ch

the reflectors are arranged with the refection surfaces nutually

or t hogonal .the second switch 49 is in a second position in which it connects the second
terminal 51 to the pulse generator unit 53, so that the pulse generator unit 53

receives the timing signal modulated by any data from the coding unit 55.

15 In any case, the pulse generator unit 53 uses the signal it receives from the
second switch 49 to produce a UWB pulse (which in the case that it receives
the signal from the modulation unit 51 encodes the data modulated onto the
waveform and/or timing of the pulse signal), and sends this pulse to an
amplifier 57, which passes it to the transceiver switch 41 for transmission to

20 the antenna 31.

Signals received by the antenna 31 are transmitted to an amplifier 33. The
amplifier 33 is controlled by an automatic gain control (AGC) unit 35 including
an average over a long time. Due to the long time, the AGC unit 35 adjusts

25 the gain based on the value of an average of the echo signal over the time
gate 21. The time gate 21 is pre-determined and is generated by timing unit
43. It is used to control the charging time of the AGC circuit. Therefore, the
average is only carried out within the time gate. The reason for incorporating
the AGC unit 35 is that the amplitudes of the echo portions 15, 17 vary

30 considerably according to the position of the object 1 within the working area



17 9. A system according to any preceding claimin which the reflectors are
connected with an adjustable angle between the reflection surfaces. 10. A
system according to any preceding claimin which the transceiver is 5
arranged to neglect portions of the echo signal which have an echo del ay

|l ess than a first value. 11. A systemaccording to any preceding claimin
whi ch the transceiver is arranged to neglect portions of the echo signal

whi ch have an echo delay nore than a segond value. 10 12. A system
according to any preceding claimin which the transceiver is arranged to
determne the tinmes of the respective intersections of the echo signal with
at least two threshold levels, and to determ ne the centre portion using

L1 anscel vor AR HDEsS & SRS BRRROR el g o Rl LEaliPaRGe < ar

adj ust ed bapethiogn a neasurenent of the echo signal. 14. A system according
to any preceding claimin which the receiver has neans to nodul ate the
pul ses based on the respective determ ned echo del ays, thereby transmtting

an encoded 1EPBERRTLFIPABl4TR: RIS ARed sl APaBOBEGL iRy AT/t o

according to any preceding claimin
convert & feonveoey87twhigh icbaverts thevechcesinaltintosa digitial signal. $ince thend a

digital signal processor for processing the digit signal . 16. system
accordi ng tf@%@ﬁ]ﬁﬁ@ t?‘ierp%isc ry glow ¢ Bé‘[ﬁ%@rtﬂﬁrﬁ'ﬁd@g‘? o} theysandeShna;

18 a sanpli gehddl@nsd Y&@ivdd \wWhid iR oBed id i Singld BosifidyNBlwithiR RS sor
resolution the embodiment aims to achieve. Therefore, a sampling gate 39
may be provided, controlling the times at which the A/D converter 37 is on
10 such that the A/D converter 37 samples just one point per pulse repetition
period. This greatly reduces the rate of the computation the A/D converter 37
is required to perform in each pulse repetition period, and therefore the
required working speed of the A/D converter 37.

15  The timing at which the sampling gate 39 takes the sample depends on a
signal from the timing unit 43, as delayed by a delay unit 57 which imposes a
variable delay on the timing signal. In successive pulse repetition periods this
delay is different, so that, the point during the period at which the sampling
gate 39 controls the A/D converter 37 to be turned on is varied, typically by

20 increments of 1ps, sweeping across the time gate 21. This means that an
equivalent high sampling rate can be achieved. The output of the A/D
converter 37 is sent to a digital signal processor 39 for further processing to
estimate the positions of the echoes 15, 17 within the time gate, and thereby
derives the values (d,,d,).

25
When the digital signal processor 39 has derived these values it sends them
to the coding unit 55 which is arranged periodically to set the second switch
47 to the second position and transmit the data (d,,d,) to the modulation unit
51, for transmission as modulation to one of the pulses. Since the data rate of

30 UWB communication is very high, and the rate at which data values



the sanpling gate selecting a sanple of the echo signal and transmtting it
to the digital signal processor, and a delay unit controlling the sanpling
gate to varying the sanple of the 5 echo signal. 17. A nmethod of detecting
the position of an object, the nmethod including: emtting el ectronagnetic
pul ses fromthe object and receiving echoes of the pul ses reflected to the
object, reflecting the pulses using at |least two reflectors having
respective 10 reflection surfaces with @ fferent characteristics,

di stingui shing the echoes fromthe reflectors and determ ning the
respective echo del ays. .AF?. Al. AYR Ay, . Aful . Afal . Ay;
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pulse. This is more accurate than determining the position of the edge of the
pulse, since the single edge (rising or falling) detection is sensitive to the

15  amplitude of the echo, and the amplitudes of the two echoes 15, 17 vary a
great deal when as the position of the object 1 varies.

The centre detection method is depicted in Fig. 5, which shows a portion of
the echo signal, at a larger scale than as shown in Figs. 3(a) and (b). The

20 signal includes a noise. The centre detection method is similar to a technique
known in radar systems, called constant false alarm rate (CFAR) detection. In
a first step, the variance o of the noise is estimated. In a second step, this

value o is then used to set two levels: a positive level I, which for example
may be 5o, and a negative level 7, which may be — 50 . The times 61, 63 at

25  which the echo signal crosses these two levels are then determined. The
centre point of the echo is the middle 65 of these two crossing points. The
times 61, 63 can be obtained by interpolation of the sampled data if needed.

The final positioning accuracy is dependent on several factors. The first factor
30 s the stability of the timing provided by the timing unit 43. The local oscillator
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109 () - | 1348 high Mi&t%efm staklity. Their long-term stability is not important,
however, since the embodiment is only required to measure the relative
change of position of the object 1 to be useful for data entry purposes. The
5 embodiment does not have to measure the absolute position of the object 1 in
most applications. Another factor influencing the positioning accuracy is noise
within the circuit, and small echoes surrounding the desired echo. They will
affect the two CFAR levels and therefore the estimation of the centre of the
echo. The digital signal processor 39 can reduce this noise by averaging
10  multiple cycles of the received data. It has been found that by carefully
designing the circuit and using proper signal processing techniques, sub-
millimetre resolution is achievable.

Another problem which needs to be addressed is that when the values 4, and
15  d, are almost equal, the long tail of the large echo 15 from the reflector 7 will

be mixed with the small echo 17 from the reflector 9, so that the small echo 17
is masked. However, since the reference reflector 7 is quite flat, its reflecting
echo 15 will always be substantially the same. Therefore, by recording the
large echo 15 and subtracting it from the echo signal, the small echo 17 can

20 be revealed, so that the determination of the position of the centre of the small
echo 17 is carried out.

Although only a single embodiment of the invention has been shown, many
variations are possible within the scope of the invention, as will be clear to a

25 skilled reader. For example, it would be possible to include a third reflector
having a reflection surface orthogonal to the first two and having yet different
reflection characteristics so that the position of the object could be found in
three-dimensions.
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The disclosure of the following citations is incorporated by reference in their
5 entirety:

[1] US patent 5,977,958, "Method and system for digitising handwriting", Ehud
Baron, Victor Korsensky and Omry Genossar.
[2] US patent 5,510,800, "Time-of-flight radio location system", Thomas E.

10  McEwan. '
[3] US patent 5,589,838, "Short Range Radio Locator System"”, Thomas E.
McEwan.
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an object including a transceiver for emitting electromagnetic pulses
and receiving a reflected echo signal,

5 at least two reflectors having respective reflection surfaces, for
reflecting the pulses with different characteristics,

the transceiver being arranged to analyse the echo signal to distinguish
the echoes from the reflectors, and to determine the respective echo delays
as measures of the distances of the object from the reflection surfaces.

10 2. A system according to claim 1 in which the pulse is less than 500ps,
preferably less than 200 ps.

3. A system according to claim 1 or claim 2 in which the pulse is a UWB
pulse.
4, A system according to claim 1, claim 2 or claim 3 in which the two

15 reflectors have different radar cross sections.

5. A system according to any preceding claim in which the two reflectors
have different polarization effects on the pulses.

6. A system according to any preceding claim in which the two reflectors
have different frequency-dependent effects on the pulses.

20 7. A system according to any preceding claim in which the object is an
elongate object having a tip, the transceiver having an antenna located
proximate the tip.

8. A system according to any preceding claim in which the reflectors are
arranged with the refection surfaces mutually orthogonal.
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10. A system according to any preceding claim in which the transceiver is
arranged to neglect portions of the echo signal which have an echo delay less
than a first value.

11.  A:system according to any preceding claim in which the transceiver is
arranged to neglect portions of the echo signal which have an echo delay
more than a second value.

12. A system according to any preceding claim in which the transceiver is
arranged to determine the times of the respective intersections of the echo
signal with at least two threshold levels, and to determine the centre portion
using the intersection times.

13. A system according to claim 12 in which transceiver is arranged to vary
the values of the threshold levels are adjusted based on a measurement of
the echo signal.

14. A system according to any preceding claim in which the receiver has
means to modulate the pulses based on the respective determined echo
delays, thereby transmitting an encoded representation of the position of the
object.

15. A system according to any preceding claim in which the transceiver
includes a converter for converting the received echo to a digital signal, and a
digital signal processor for processing the digital signal.

16. A system according to claim 15 in which the transceiver includes:

an antenna;
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5 echo signal.
17. A method of detecting the position of an object, the method including:

emitting electromagnetic pulses from the object and receiving echoes
of the pulses reflected to the object,

reflecting the pulses using at least two reflectors having respective
10  reflection surfaces with different characteristics,

distinguishing the echoes from the reflectors and determining the

respective echo delays.



