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1 *159159* Method Device and System for Determi ning
Direction of Arrival of Signal Field of the i
The present
systems and nore particularly to a nethod, device
system for determning a DOA of a signal. 5 Backgroun
of Invention Mnopul se, also known as sinul taneous puwue
| obe conparison, is a techniquk for determni
direction of arrival (DOA) of radiation. The rﬁmml&mﬁmm""”lmm
may emanate from an active source, for exanpl

transcei ver, a transponder or a beacon, or a passiVE™
SOUNM&tholiNBbyics.ardl S7teRt fop DetemtihiigeDirédtivh ofokraidapsieignal
some 10 of the power 1ncident on it. The working

principle of the nonopul se technique for DCA
ddrieldaf tag inventiendescri bed bel ow with reference to

Figure 1. Referring nowto Figure 1, a schematic top

IO"IEH“e \Hr%]%rﬂf wﬁeﬁﬂ?ﬂ eriate8 3o WIFE_i@&’éJ'p%%lt%Yngﬁ'Eyéfbm§ and more
shown e nonopul se system 10 includes a "beacon
arparticuladietosa method Tevite aod system forateterniningsm &OAROf a signal.
fromthe 15 receiver 14 and an angle 0 froma

b% eii gtﬁ“ Eéf@vanﬁ nthe recei ver 14. The beacon 12 at

p ecei ved by identical first and

second antenna patterns 16 and 18 at the receiver 14.
Thofiopidse aatdo dmoamdas streultanegraist lobe conigarised, 18 asteokmique for

G Rt 3 SRR R e ction may
%{%grdég Mt%L%r% ﬁ’glsgfé’rﬁﬁlezg t?d(]fs%@%r,p@lrbﬁéﬁénder ora

e realised by real
subndcbaneoaspasbwermmme thatis, & 2argetoesoatterer thai remdigtes some

2 2L s P UAST ries Bad Pri ey (FbE S8 phiaue

ar’fbsD@A Batdrfimstiokas m@cﬁ&ed BBldWWItE referéncadoaFigurdy.
conmputing an angl e

Referring now to Figure 1, a schematic top plan view of a conventional
monopulse system 10 is shown. The monopulse system 10 includes a
beacon 12 and a receiver 14. The beacon 12 is at a distance R from the
receiver 14 and an angle 8 from a boresight axis z of the receiver 14. The
beacon 12 at position (R, 6) is received by identical first and second antenna
patterns 16 and 18 at the receiver 14. The first and second antenna patterns
16 and 18 shown in Figure 1 are realised by sequential lobing. However,
although only one (1) receiver 14 is shown in Figure 1, the first and second
antenna patterns 16 and 18 can alternatively be realised by real simultaneous
beams with two (2) receivers. The DOA 8 of a signal from the beacon 12 is
estimated based on a comparison of the amplitudes of the first and second

antenna patterns 16 and 18, and more particularly by computing an angle

estimator £ denotlng a ratio of the difference to the sum of the amplitudes of

the first and second antenna patterns 16 and 18 with the following equation:

A \o) -
X o) +




10

15

20

25

estimator denoting a ratio of the difference to the
sumof the anplitudes of 25 the first and second
antenna patterns 16 and 18 with the foll ow ng
equation: A=f 1(8) - .f 2 (0) Y- .f1( ) + f2(0 2
where f,(e) represents the first antenna pattern 16,
and f2(e) represents the second antenna pattern 18.
Monopul se technol ogy is discusded in greater detai

in "Mnopul se Principles and Techni ques," by Sanuel M
Sherman, 5 Artech House, Inc. (1984) [1l] and
"Monopul se Radar," by A |. Leonov and K. 1.

Fom chev, Artech House, Inc. (1986) [2]. Monopul se
technology is widely enployed in radar applications
particularly in [|on ange radar a ns, havin

" wherss  do)otepresets t%@ﬁast?armna bl dind ) TeniEbents the

angul ar | ocation of

SRR EnioUR AT 15t o ariinules: leeRAGY b Fghizssed in greater
Coyataip %ﬁo&ﬁ@ P?lﬂ@{g?}é’salanaf Té%/qWﬁPCSQhMN O8herman,

UItra based nonopul se system
f ArtendsHouse, Idet @%40@1} amd i‘Moaopmlaelﬁadaéﬁ\hyrbnhmqonov and K.

b
S BomsDRoATEchy . R g2l ot . L3 15 G
200504866-5 [ 3] describes a WWB positioning system

C BHd5LI8E tecHAMb gV IsamEeRi eraploged if radik éﬁfh@éﬂ@@& partlcularly in
devi ce. The referénce device generates A UWB resp

pdomange rregpbn@moltcatlm hawing dinee &4 gight f(nL6}§)t wandltlons for
qaerf%‘ﬁ‘? Hhif the Jlélaﬁ%ﬁbr’( %\"8 t?%é{der\ﬁow&:bﬂ{l however, with the
or — de tudes

nas UI tr the a
ofumtﬁpetatesr GFesiegaIad:emnaﬂﬁ&:artEﬁmsb@onimasaoh(anFdBC)Zéppmm of the

| ORI o Wi }ci% e LN ). ahrifivia saf Rénopuise system
af?B gb‘éﬁi%ﬁ &éféwnhg%gw fsﬁqnao@%ﬁomahﬁh@enp@érecbroposed in

rmne th e response pul se. Referrin
ncSvngapdﬁlegBatBnI AgglicatioraNd. G 10D54866< hy 2 Xirb Bing, et al.

relgfl ved by

SG 200504866-5 [3] describes a UWB positioning system comprising a UWB
transceiver and a UWB reference device. The reference device generates
UWB response pulses in response to UWB pulses received from the
transceiver. The transceiver includes multiple antennas and circuitry for
determining the amplitudes of respective signals received by the antennas
from the reference device in response to UWB pulse(s) transmitted from the
transceiver. The signal amplitudes from the different antennas are compared
to determine the DOA of the response pulse.

Referring now to Figure 2, first and second waveforms 20 and 22 received by
the prior art transceiver in an office environment with no large reflectors in
proximity are shown. Samples of the first and second waveforms 20 and 22
(i.e. samples N4 to N,) are used in amplitude calculations for determining the
DOA of the response pulse. Due to the short period of the UWB pulses
(typically between about 1 to 2 nanoseconds), multipath effects are
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the prior art transceiver in an office environnent
wth no large reflectors in 25 proximty are shown.
Sanpl es of the first and second wavefornms 20 and 22
(i.e. sanples N, to NO are used in anplitude

calcul ations for determning the DOA of the response
pul se. Due to the short period of the UAB pul ses
(typically between about 1 to 2 nanoseconds),
mul ti path effects are 3 substantially suppressed by
time-gating applied to the prior art UAMB positioning
system Accordingly, the sanples N, to N2 are
Sl&%&?gﬁﬁlbﬂi{/' Yuppressed hB%dtum%Céatﬁ@t happlisdake tHRVEHRT. art UWB
in applications where the prior art UAB osi tioning

smmmswt@m i Acpershingly.tthe sagnples dwphoelN2 Iaé%§ubﬁt@ntlglly from
|
b b ety o ERMeE T SRS R 28 dor gt uwe

t f;msn‘tmmmgwspstam epenaltés tmprdxaﬁityacfbpexamle vess #hdry 1ahetre (m),

nlflC | 1tudes and tend 0|nterf
a1t9 o 51zeBlf e ot BHeh g hovalk nulliSaity SoBa festiting,fyom mirror
Ser%ﬁé‘&ldf‘@ﬁffftﬁé FespdnstBuke Bﬁctﬁbvreeﬁemnarbh&gﬁdllmofﬁl nificant

transceiver is operating in proximty to a
ofa‘mplduéemamhimni tarletetterehmm the rdirest tsignalar Refering now to
cond vvavgfor e collec

t ESre? S 3L SR saihg, FaVETafirs 2 adt 2R BcENiedCh 8 prior ar

anfsHiearep 3y 'd%ré’tn@om BesMiRfty (b #WAINIn 8D bffice environment are
t her ebet ween, when the prior art transceiver is

orsé\osm ng partigular.stherfiret and seceshwiaretores 24 aydioane collected

3, ] e Y BHSPARCEAR, L LG 3448 i oo

Waiefres nEs) tuatd algld nhérepetveech, dthaﬁrtl'&ill]moanafrtatrbnsceiver is
fromthe first and second waveforns 20 and

&F@r%ﬂﬂ B Bndisancs: 0540 tcentimeliasefcmy ffq’fB ﬂl% wall. Due to
aﬁﬁﬂt : frélthorw Itid%tﬁ's%fa?s feflethsd BﬁQﬁQWﬁégl,%ﬁmﬂg?t atlrhdesecond

s Introduces errors in
r e/sqmaielensp Qnsemde% ||rnﬁtgune\& dlﬁesautpﬁtastlally frranﬁeffirsﬂand second

the first way.e 4and2 in Figure.
SOvaNEORES, Bl T LoreRive O thactidl B8 HELRFENPE i ghe LOS
hayplidatir QHGWHrlﬁtFlgu@VQ delfhe Brezdhgd Qﬂ%é‘l'tlb&th%@Hé%t iBtroduces
estimate of a signal in applications wt
errors in the DOA of the response pulse estimated with samples N1 to N, from

the first and second waveforms 24 and 26 in Figure 3.

In view of the foregoing, it would be desirable to have a method that provides
a substantially accurate estimate of a DOA of a signal in applications with
severe multipath.

Summary of the Invention

In order to meet the above, embodiments of the present invention provide a
method, device and system for determining a DOA of a signal that give a
substantially accurate estimate of the DOA even in applications with severe

multipath effects. By utilising a leading portion of the signal in the
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severe multipath. Sunmary of the Invention In order to
neet the above, enbodi nents of the present invention
provide a 25 nethod, device and system for

determ ning a DOA of a signal that give a
substantially accurate estimate of the DOA even in
applications with severe nultipath effects. By
utilising a | eading portion of4the signal in the 4
determ nation of the DOA, errors introduced due to the
presence of nmultipath signals nmay be substantially
reduced. In view of the above, froma first aspect

t Riptermipatiorm of desl DDATEé MO ihroduckrt euaitaitig ppeddpeddf raultipath
signal, conprisjng: receiving first and second UMAB 5

weblgale ﬁ?yo@eﬁH@St@ﬂﬁﬂhd regicede or nore antennas of a
UWB transceiver; defining a wndowin the first and

SqANEw tN@Vaecfd%m?ro 5 abPct HieheqY ;'Jr%vﬁfefd Ethethod for
W ot el B

in a ng portion of the sig culating
ardetersaioimgda QA ofua es.lgfmlueempﬁsmge remwegtﬁrstaand mcond UuwB

and second wayvef or i n e Wi ndow c ti .

S VaHISRIS AL Py el B ang. Of gt aRiPndias ool 81 LV Fansceiver;
argefinidgde WahdRe: inathd EiRstpand Ngcbha IWBI\I\/‘.:IV’@‘oFrﬁEi Qvherein the
wth calibration data to determ ne the DOA of th

S IVL'}HQPW isndstinegkinsa deading perient Plothe signal ﬁ@'%‘@tlngeﬂrs" and
f
'sre?Bnasq(?ﬁﬁﬁtyﬁé Q/‘éy&bérji’;@eo%%@?ﬁ rs? &hnd dé’%crog?]ol‘gWB waveforms

erab talne

cdhi theawindow; eatsdatirg alﬁaaqilmhrlle ghtid Wwitbnthe Ifm@tdiand second
portion of a calibration signal. accoun 11 %
digmeitede valyes; and eempating R!';S‘Lfi@l Fahia with; galibration data to

Cyélt%:nﬁbb%leﬁcg,&]%lf%é/\@@ﬂ gl different segnents of the

ron signals aré€ used, thereby providing a
nore accurate estimate of the DQA The cal i brati on
da&rabodaitmintedoff then inentiaral adsoeting rtop the first raspept: provide the

ed in able or as a function derived 20
BFQ&%?%&%@E’%% i bration data as a calibration
curve The calibration
Preferably, the calibration data obtained from a calibration process is

established from a leading portion of a calibration signal. This accounts for
differences in the effective UWB spectrum of the calibration signals when
different segments of the calibration signals are used, thereby providing a
more accurate estimate of the DOA. The calibration data obtained from the
calibration process may be stored in a lookup table or as a function derived
from plotting the calibration data as a calibration curve. The calibration

process preferably is performed in a free space environment.

In a preferred embodiment, the first and second UWB waveforms received at
the UWB transceiver are accumulated by summing results from a plurality of
pulses. This compensates for a decrease in signal-to-noise-ratio (SNR)
caused by the fact that only the leading portion of the signal (typically not a
peak portion of the signal) is used in the amplitude calculations, as the signal

adds up while noise tends to cancel.
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process preferably is perforned in a free space
environnent. In a preferred enbodinent, the first and
second UWB waveforns received at the UAB transceiver
are accunul ated by summng results froma plurality of
pul ses. This conpensates for a decrease in

signal -to-noise-ratio (SNR) 25 caused by the fact that
only the leading portion of th2 signal (typically not
a peak portion of the signal) is used in the
anpl i tude cal cul ations, as the signal adds up while
noi se tends to cancel. 5 The w ndow nay be defined by

sarAY wirkiowe malhse defiféd dydasiensizainThetfisteand sboeisd amplltude
may be one or nore of a@goeak to peak val ue and a root

negiuesgmayde preIY nareuel apegkdo m&gﬂsé@u%nfi.a gqotJpgan square
?Wﬁ%}r Vgg\g \(’:"iﬁfahI o é?:tl%‘eflrs | MO We éncf) reihas abhvefofi§ in the

e anpl 't ude ra 'O conprises
cqﬁndbwng a difference between the first and second
anpl i tude val ues and a sun1of the first and second

| i I f h I ,
Bl A5 Vi oo S GERRb e SRIRLEE il S3RBHLEL EBhputing -
r aiffér gﬂﬁetﬂlﬁwééﬁftﬁéef%?ah@ delBnd fipiRlidé Raldds shd andum of the
secon ['1tude val ues From a second aspect, the
| rhrsmandrseqmndhempbm valvea. dBwfe@mbrtf@es@mioﬁuqa@uI%tmg the

coBlufadefig Toune? GBFiersER coffliuRl, TTpTat €8 Glarensg o the

Va(@h of tie st hhe setandbmphtutRyaiyed.or storing
calibration data; and one or nore processors

TS i LS T o B i
cal goRLEF 4 ?fqﬂal a&ﬁn ﬁ‘éiﬁ g?] 3 U\;\gﬁé’r‘éea fehHas d’c‘fnflﬁl]ﬁad to receive

respective mave orms in
wi redpectiveaficst| ande senoad'plUWBjd/eavamms wiftthe sigeatl;i a snemory for

an secaon | ues, and conpare t
@G, eaibralRn ' dafft a4t on HSte R ERRRSrs Sartichise i Yefine a
t CWI Gbﬁ/rlﬁ‘tﬂé ﬂrE‘learWQe@énd VB wavdformyhessiléd i ehe one or more

ow is defined in a leading portion of the signal.

antennas calculate first and second amplitude values of the respective first
and second UWB waveforms in the window, calculate an amplitude ratio with
the first and second amplitude values, and compare the amplitude ratio with
the calibration data stored in the memory to determine the DOA of the signal,

wherein the window is defined in a leading portion of the signal.

From a third aspect, the invention further provides a system for determining a
DOA of a signal, comprising: a transponder for generating the signal in
response to receipt of a UWB pulse; and a transceiver arranged to receive the
signal generated by the transponder, the transceiver being a device for
determining the DOA of the signal as described above.

In the second and third aspects, corresponding advantages are obtained as
previously described in respect of the first aspect. Moreover, corresponding
further features as described above in respect of the first aspect may also be

employed.
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20 Froma third aspect, the invention further provides
a systemfor determning a DOA of a signal,
conprising: a transponder for generating the signal in
response to receipt of a UAB pul se; and a transcei ver
arranged to receive the signal generated by the
transponder, the transcei ver being a device for
determning the DOA of the sighal as described above.
25 In the second and third aspects, corresponding
advant ages are obtained as previously described in
respect of the first aspect. Mdireover, corresponding

f Wiheeaspeets Wreisadvia obmé inventN WilllRSRAes appatdie from the
flrst aspect _may als npl oyed., 6 Ot her_ aspects

arfallawing ndetgiled cﬂeacrfet'@rﬂw@henow #PNiLNBERD Wit She rageompanying
T T .uLQ{rbﬁr% pg vﬁag: & é&%rﬂsﬁiﬁé hb.Brés 6ﬁh8”m»éhtion.

conj unction w conpanyi ng
illustrating by way of exanple the princi pI es of the

| Briafescription of tMaeEigurgs i on of the Figures 5 The

follow ng detail ed description of enbodi nents of the

O RIBNRY getafed, ZERbRME AR PARRIEREcE A, bllapion wil be
| hetter upderstood Winehrrabddn kwnjumetion mﬁh&h‘é'a@p@ﬁded %iréwtngs The
limted by the accorrpadw ng figures, in which

r @f@%’ﬁd@genm isaflisptad By eaypkexampte gamdelsm@fsh@lted by the

oA e Brm ey ETAral A R i rpritRt ARG OB KRfents.

received by a prior art transceiver in an office

erRigurentrisna schematie tdp plaowsew iof atcomvenieral monepd$® system;

received by the prior art transceiver when operating
envi

I a n, the onnent ; .
T8 % Shaws Catiarieeerl WgFerRirp EcdRd bivd Bor art transoeiver
def ehmaficdendrdXMenft a 15 signal in accordance with

one enbodi ment of the present invention; Figure 5 is a

schematl c flowdiagramillustrating a method for
ddtigynei & fows Mgt @nda secefith wayefaras r tregdedyiyy the prior art

aNAHReEIVBF AL BErafilg ISroRIMRFY a wall in the office environment:

Figure 4 is a schematic diagram of a system for determining a DOA of a
signal in accordance with one embodiment of the present invention;

Figure 5 is a schematic flow diagram illustrating a method for determining a
DOA of a signal in accordance with another embodiment of the present

invention;

Figure 6 shows first and second UWB waveforms received at first and second

antennas of the transceiver of Figure 4;

Figure 7 is a top plan view of the transceiver and the transponder of Figure 4

operating in proximity to a sizable reflector; and

Figure 8 shows first and second calibration curves in accordance with

embodiments of the present invention.
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invention; Figure 6 shows first and second UVWB
wavefornms received at first and second 20 antennas of
the transceiver of Figure 4; Figure 7 is a top plan
view of the transceiver and the transponder of Figure
4 operating in proximty to a sizable reflector; and
Figure 8 shows first and second calibration curves in
accordance with enbodinents of the present invention.
7 Detailed Description of the Enbodi nents The detail ed
description set forth below in connection with the
appended drawings is intended as a description of

eagilseDesctidn e the\RAbodiment$d is not intended to

reprgsegt t et_on é ?{m_ [ nt |bc tge p{ esen:hi nvention

na e 5 practiced. [ 0 under st oo ar, t

T e’ Getail: Geseintion, et Fasits BRIV B Cofetian ez hg, appended

di t: i t i . . .
ofré\ﬁfngg is ?Ff@@mg%ﬁraﬁ %ﬁfg?@ﬁ&tﬂn%f‘ %SM%&Q fo?’t?nhee invention, and is

enconpasse r't and scope o
i motiritended torepgresemtaverady fdrivkin whichrthe prasent ingantianomay be

indicate |ike elements throughout. Referrin Wt o

Firgertees; histodandersiand et emamaer Scigient Hinctions may be
S'éi:@@}nd|i§hec19¥iiﬁ%@nt ShoBiRéMEthE: srelTRfdriled td be encompassed
transcei ver 52 and a transponder 54. The transceiver

5 avithire theisgiritrand isgppe @f the trveRten.a it Biendrawiegs,dike numerals are
pr, . r storin librati
DAREETGiche RSLIEERIRIflhA T 5O (TS 51 1 et onal

antenna 62. The signal whose DOA is to be determ ned

i Refgaringy adwdobiigulee4t aassystemn & fob4determinimgoaXOA®f a signal is
recei pt a UB pulse. 15 Adjacent pairs of .th

(ishou o T 5 syRlem B0 S ReseB ATSGEbaT (62 ABed Jiansponder 54,
r VNN ; e
{SEREFRITA 9 IRAHSEFANHOMROPREl s Sha progsssor 58
52aridsa sai@ryr 6t ferstonngicélibeation Hetzat Thntrankporderfed includes an

transpander 54 is a i e UWB t Th n jver . .

S SR TanAC paPERE P or Pget/anAl ARG LM Bagirs qelsimined is

t hfenlcrateapPey dRré thdnspbi@er 54 in response to receipt of a UWB pulse.
Adjacent pairs of the directional antennas 56 are configured to receive
respective first and second UWB waveforms of the signal.

In this particular embodiment, the transceiver 52 is a UWB reader in a fixed
location, while the transponder 54 is a mobile UWB tag. The transceiver 52
serves as a reference for determining the location of the transponder 54. The
directional antennas 56 in this particular embodiment are arranged and
interconnected to form an antenna array covering a 360° radius. Although
four (4) directional antennas 56 are shown in this embodiment, those of skill in
the art will understand that the present invention is not limited by the number
of antennas 56 in the transceiver 52; the transceiver 52 may have fewer or
more antennas 56. For example, the transceiver 52 may have a single
rotating antenna covering a 360° radius in an alternative embodiment.
Further, it should be understood that the present invention is not limited to

transponders having omni-directional antennas.
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20 directional antennas 56 in this particul ar

enbodi nent are arranged and interconnected to form an
antenna array covering a 360 radius. Although four
(4) directional antennas 56 are shown in this

enbodi nent, those of skill in the art will understand
that the present invention is not limted by the
nunber of antennas 56 in the 8ransceiver 52; the
transcei ver 52 may have fewer or 25 nore antennas 56.
For exanple, the transceiver 52 may have a single
rotati ng antenna covering a 360 radius in an

alHavingdekeritse etd VBMdus compbRents oftthehsyistem!Bo, the operatlon of
understood that the present invention is not limted

t dhege ﬁﬂ@BQHGQWH é\ﬂ"‘h@e seartkpd bcqrestrdelal balouswith reference
H8¥I A€ St @g%‘ ghe various conponents of the system
50, t

e operation of these conponents will now be
described in greater detail belowwith reference to

Fi Iguhe:prasem’neam@adiment rtheHJsW;Br pgleethainhiggersetine, gernaration of the

LS 57 bbb b S, PRSI ok Wty 52 On

t 'r@BsivRigY e WVBQSUI%@C%GY 't%sbbﬁd ﬁ?é?atéshﬁ response UWB
transponder 54 generates a response pul se (i.e

t hwilsg Geakhe siBeBBrring now to Figure 5, a schermtl C
flowdlagramlllustratlngarrethod 100 for

d f j [ ; i
SIS A 0T B8 €lp LURAARO o SaBRusl iy B héihod 10
sﬁgndétmrmmgdlee \DﬂA:ﬁf thesq@taliwsht)WnstInamcﬂlrstssieprﬂd)z first and
anscei ver

£ econa VR Slasieiors clelber Sl Bl Zepiel AL IR0 geria first and
t *L%c%ﬁ& eé?ﬁ%ﬁn%%f of e UWB”ﬁ'gﬁéé’&\r/eﬁgﬂ SAﬁhéB‘(!‘mbl'é of first and

Figure 6 irst and seco UB wavef orns 64
G&e@oedrld\i‘tﬂswamfoamf%mmhﬁﬁl eacaifed lad hhespo’mmaw\/% of the

d_ 15 th 56 of t
P HeATeEelvEE P45 Shefiif Figuts €' LARDRTARR Sasenig g wayetorms 64
r eld @@Gré)yec@n%ﬁhbte@?ﬂﬂrorﬁw&n@phé@ of B HRPBNsE NAVB pulses received
ant ennas, whi makes it unnecessary to inplenent

mead i iaat;ﬂnng@aﬁﬁqofrt@e transceiver 52.
Optionally, sequential lobing may be realised by electrical switching between
the antennas, which makes it unnecessary to implement mechanical scanning

or the use of a Radio Frequency (RF) mixer.

Referring now to Figures 4, 5 and 6, the processor 58 is configured to define a
window 68 in the first and second UWB waveforms at step 104. As can be
seen from Figure 6, the window 68 is defined in a leading portion of the signal.
Because multipath signals travel a further distance, they always arrive at an
interval of time after direct path signals. Thus, the leading portion of the
signal is substantially free of multipath. Accordingly, errors in the estimated
DOA due to multipath effects are substantially avoided through the use of the
leading portion of the signal for DOA determination. The leading portion may
comprise at least about the first 20 percent (%) of the signal. Nonetheless, it

should be understood that the present invention is not limited by the size of
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or the use of a Radio Frequency (RF) m xer. Referring
now to Figures 4, 5 and 6, the processor 58 is
configured to define a 20 window 68 in the first and
second UMB waveforns at step 104. As can be seen from
Figure 6, the window 68 is defined in a | eading
portion of the signal. Because nultipath signals
travel a further distance, they always arrive at an
interval of tinme after direct path signals. Thus, the
| eadi ng portion of the signal is substantially free
of multipath. Accordingly, errors in the estimted 25

D@he %.ﬁ% pBHidn dfthe Agh#ctRathee theBFeastthallbadify Poresh of the
e use of the leadle%fgdhﬁortl on of the s al

th
f @rﬁgor@%ns dependrmian be. Proxinity PBOrdatermipation system 50 to a
C%’Eydlec' ?efl‘éctkﬁ t}]eaPQHFertthg &y e°'rtn 20 985 Ctgats&afﬁl eﬂector the

t &S] ess ouId be un erstoo
trsenaﬂeestlwslzeroféhe |Iezad|mgspndbnlofrtheelgriaj/ t he size of 9
the | eading portion of the signal. Rather, the size of

L0, 5 PR 6o Do SRFRHE B P St

siNakb NJ)ef TRetSHoceddt? 5B/ @6nﬁdlﬁe§Métdﬁtéﬁﬁlnbsthbosér’ﬁﬁle size s
sizable reflector, the snaller the size of

| dwsedppartimerfaidy ¢ betweemariva oha etﬁ@%ﬂgnalwwfbe gultipath.

L Y2880 s P Seofi 88TR 1o Snd i deloy g based on

t & differentidledisplacemaplt AR itween tmm@cbrpaah tante adedflegted path
r between arrival of_a direct SI

iravela by thereiopalocEae GrAGURE dhneriRerebA: displagement AP is
dec}eye%@ﬁtt%}? Aﬁ;{ege(% V\@Ef%mé pas&de8n tﬁedg%f'\@&& 'laét)ze 42nd the

di spl acenen eén a |rect pat h an are
patanspontenS4l Iredatigutanethei cgfﬁarlentmrdasplagemelmd dRdis srhaller when

differential djspl ene nt LP i ent t :

cithpacerener Beneliie FasRPaieE & AEF 193 6l Pithe The sample size
”sanmrlﬂé?fc&ﬂwe IAinBawt B8Uligd prebiBRrihiddebRydetabn the maximum
di spl acement LP is snaller when the transceiver 52

arseparatian Hetweern cthesransesiverr SReandpthe transposdenlsd (i.e. the

oot PREE Ve O R o PR CAR) " #h example o

t reangsleisiRy s déternmhatitm ik dassnibedl Belowtwith referémee to Figure 7.

Figure 7 shows the transceiver 52 and the transponder 54 operating in
proximity to a sizable reflector 70, in this instance, a wall. The transceiver 52
and the transponder 54 are at a distance d from each other and each is a
distance h; and h;, respectively, away from the wall 70. A signal emitted by
the transponder 54 is received by the transceiver 52 as a direct signal and as
multipath reflected off the wall 70. The direct signal traverses a direct path 72
to the transceiver 52, while the multipath traverses a reflected path 74. The
differential displacement AP between the direct path 72 and the reflected path
74 travelled by the signal is expressed by the following equation:

AP = JJ(m+mf+d-d 2).
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smal | est possible value of the differentia

di spl acenent LP). An exanple of sanple size s
determination is described below with reference to

Figure 7. Figure 7 shows the transceiver 52 and the
transponder 54 operating in proximty to a sizable
reflector 70, in this instance, a wall. The

transcei ver 52 20 and the trarfponder 54 are at a

di stance d fromeach other and each is a distance h,

and h2, respectively, away fromthe wall 70. A signal
emtted by the transponder 54 is received by the

t naNRs g aitular eRempldithe tlanstéivet 52fdape thaHdpopdkh54 are 3 m
reflected off the wall 70. The direct signal traverses

a avayefrompaesh pther and eachrig i émewaszfromﬁhﬁéfvalhao Applying

t
4 aBahel (YR R SRR 1 AREferfAL o TpRcEfhent 4P otweer
_72handi|r¢dtepatbf I7Qciaed tree Irefigeted r pathl [7ddtrayelldde tzy dhhal signal is

xpressed by t ol  owi ng equation: AP = (hl + h2
L.eqe_gsfa%@%/bqu% ® SR this particul ar exanple, the

transcei ver 52 and the transponder 54 are 3 m away

f roe eafh deldiet erdeeAchrival 6P tkendinRy sidrin e tM‘@'r’nqupath is
70. Applying” equation (2) to the present exanple,

mda“t@rmuned &xasedsqm theedierential @épl@@ement A& laetM@@m tbstchrect path

[ 24 M B AR 2y e TBRS Hhuforhaoei 2y -

between arrival of the direct signal and the nultipath

is determ ned based on tAre differenti al ?i spl acenent

AP between the direcét iat‘ﬁ 72 and the r@ | ected path

74 with the follow ng equation: (3) 10 where c

represents the speed of light (i.e. 3 X 108 ms-1).

Apphereng repreaentsnthe( éneect bbllghtn(medél ayl 0% msi'yt hApplying equation

ular e Ie tedto be ab
P B8 Jihe Y < SoitBiscPaicu Habthin it Rakiart doge ppout 03
dﬁ"fdrfé%@cbﬁbé)mé’) tﬂ?erefcﬁ‘édbmod?y?f fHeO\WnerOV\F bB |§'dé"ﬂ|ﬁbd in only the
he del r still constitutes a si ficant
pdeadiog mrtloneoff thessigaal thecdelay Uinge v 8 @pnﬁtlf@me%@dSIgnlﬂcant

68 oCH’Jgn o? tﬁg‘?lr&hgﬁ& second UWB waveforms 64 and 66 due to the short
pulse width — typically about 1 ns — of the UWB signal.

The sample size s is then determined based on the time delay r between

arrival of the direct signal and the muitipath using the following equation:
T
= — 4

where t represents the sampling period, that is, the time difference between
consecutive samples in the first and second UWB waveforms 64 and 66.
Applying equation (4) to the present example with a sampling period t of 3.2
picoseconds (ps) per sample, the window 68 is calculated to be defined by a

sample size s of about 90 samples.
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15 pulse width - typically about 1 ns - of the UAB
signal. The sanple size s is then determ ned based on
the tine delay r between arrival of the direct signa
and the nmultipath using the follow ng equation: z S
(4 = t where t represents the sanpling period, that
is, the tinme difference between 20 consecutive
sanples in the first and secorld UAB waveforns 64 and
66. Applying equation (4) to the present exanple with
a sanpling period t of 3.2 picoseconds (ps) per
sanple, the window 68 is calculated to be defined by a

salcenfperate Fbr @baaére%@eswr@igﬂél-tolﬂo@@ refoSNRY %s only the
for a decrease in signal-to-noise-ratio (SNR) as

t heading pertian pbthe sjgn@lf (tymeallyinpia P?@K/BPEWI gf tﬁ@tS'&‘aD is used
K
pﬁr@l ?Lf&r tg'ugﬂ erpfnlilﬁg%'sgé]?wétlbﬁs uﬁ?ed grrbg%s%%gsggﬁlsnga?f igured to
t @ccanlatel thedirshand |sesbnd1rh.ﬂN§ewamelfow\B 6dantl @6eeddbived at the
qd 66 rec vdat e5trans |ver 52, . that

AGnSseyer %ts'se pg%qﬁasgr Cgfr‘)%daagp §qrgpl'e fecter%d at the
”t?dg]%ﬁéivé?r525?ndﬁlﬁlé'tﬁh83t ! g@éau@ﬂﬂ#%@ntah@s %t&ﬂé'whﬁe noise is

l'e noise is typically random the signal is
adyp:naull;atamimnmdtmlgeah is acouonllated and nalsenis eaneelled out when

2‘36%'&%3 5 o Buraerhl DI PEerRate AVt 18 e abpdigent, the
t igspled rd §@rhh?é‘tp%'b@§t tst@én (]IQ)'tﬁﬁé@as'@hi'sncéﬂésp%\ﬁs to an
by about 24 decibels (dB). Referring back to Figures

4 ingeagd ipthe BRRoPyabadlos4 decibglsdgBdi gured to
calculate first and second anplitude values A and A2

OIRSREESRER VPl SN TORE HUBSIETR B cPfpqured
arcatoyidtet firde andtsezoSdvarhplitutie Valuest Aaramdség@tﬁdhe respective first
an;%ldi éeuc%%dvﬁ\l/\}ﬁ?/vae’eforms 64 and 66 in the window 68 at step 106, and to
calculate an amplitude ratio S with the first and second amplitude values A4
and A, at step 108. More patrticularly, the processor 58 is configured to
compute a difference A; - A, between the first and second amplitude values
Ajsand Ay, a sum A; + A, of the first and second amplitude values A; and A,
and a ratio S of the difference A; - Az to the sum A; + A, of the first and
second amplitude values A; and A,. The amplitude ratio S is expressed by

the following equation:

A — A2
§ = A 5
A+ A ()

The first and second amplitude values A; and A, may be one or more of a
peak to peak value and a root mean square (RMS) value of the respective
first and second UWB waveforms 64 and 66 in the window 68.

Referring now to Figures 4 and 5, the processor 58 is further configured to
compare the amplitude ratio S with the calibration data stored in the memory
60 to determine the DOA of the signal at step 110. The calibration data is
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15 and A2 at step 108. Mre particularly, the
processor 58 is configured to conpute a difference A,
- A2 between the first and second anplitude values A,
and A2, a sumAl + A2 of the first and second
anpl i tude values A, and A2, and a ratio S of the
difference A, - A2 to the sumA, + A2 of the first and
second anplitude values A, and2A2. The anplitude ratio
S is expressed by 20 the follow ng equation: S A -
AZ (5) A +A2 The first and second anplitude val ues A,
and A2 may be one or nore of a peak to peak val ue and

a obtaihedeffoms QU sepaldte/Sialibratith Protdss. " ERPMe eenbodiment, the
first and second UMB waveforns 64 and 66 in the wi ndow

e FalibIRtiRBIPEPS Ry iSRRTTArAed LA Beespase evironmentoddesesibration

58 . ' : J t

B A L L S
6 @st afuhetion dieniged lienDEibtiirig theccalibgatin datasdses callifratidheurve.
calibration data is 12 obtained froma separate

cHaaTe S Bpdiaal p.islARgr e H Florstio cyes 76 and 78 are
eshiowan"eMore Tpartiealarly! alricah afdt guinbé a{i.fé@ drifti-@rddryefittings of
cal i bration process nay be stored in a |ookup tablé or =

asalibratinptdaia arershoun v bigupe 8t t Bal thecfirshiangdrsacond calibration

d S [ ' [ qupe
SRS 49 7 31 L Ui, BT o B I samo
s lealibrativhr signalst | Hovesvey, the Miegtr calitation duirge (76 & plotted with
fif _h-o_rde(rég fittings of calibration data are showmn

i FaEbiglpa itapestablshed frpat leasing eosiRns. of ith alibration signals

AR RGP SR bl LR 1 by catbraton
t learve 78 ts phottiedrwith calibratioe data estaplishedtrom full spdctrums of the
f %@lﬁéﬁ%}b?sg{gﬁgtﬁ%I%;:g%?llglea %eyd af \r/vcl)nrgolv&e aoqlzﬂ% %nglleosr}.S cFhe larger
window of 408 samples covers a wider range of the UWB spectrum compared
to the smaller window of 88 samples applied to leading portions of the UWB
calibration signals. Because antenna patterns of the directional antennas 56
are dependent on the UWB spectrum of the calibration signals, the “effective”
antenna patterns of the directional antennas 56 of the transceiver 52 differ
when different segments of the calibration signals are used. Hence, as can
be seen from Figure 8, there are significant differences between the first and
second calibration curves 76 and 78. A more accurate estimate of the DOA of
the signal is obtained with calibration data established from leading portions of

the calibration signals.

The description of the preferred embodiments of the present invention have
been presented for purposes of illustration and description, but are not
intended to be exhaustive or to limit the invention to the forms disclosed. |t
will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive
concept thereof. For example, although only one (1) processor is shown in
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(i.e. defined by a wi ndow of 88 sanples), whereas the
second calibration curve 78 is plotted with
calibration data established fromfull spectruns of
the calibration signals (i.e. defined by a w ndow of
408 sanples). The larger w ndow of 408 sanpl es covers
a wider range of the UWB spectrum conpared 15 to the
smal | er wi ndow of 88 sanples al¥lied to |eading
portions of the UAB calibration signals. Because
antenna patterns of the directional antennas 56 are
dependent on the UWB spectrum of the calibration
sitgeaérabodhhmritejése:ubéd,etho%nbfeshm inathieeartswillf appreciate that the

di rectiqQnal antenn he transcei ver 52 differ
WHRERSERtIRYG RN is dg%y tﬁﬂﬁ@%wtﬁ fproesssorg Huthe ansceiver;

USRE stESO &R déﬁlrﬁ(ﬁaﬁ}%@‘@vlﬁ&\ﬁqg‘th@% nau§é°cc§1d UV8Bewaveforms,

are significant erences petween the Firer and
s cxatvdating the fitstoandt seoerd ammmmg&aluesmmmm thes amplitude

c3PIErarE) Bombdfnb oty Bime kit aoR L PAUSTBURT dBia determine

t hire POALSAiHeOsSighhARyShe PREfofRsE fbyObh@rbr%oFé‘Qrocessors in the
preferred enbodlnents of the present invention have

24ranseniver.esenttbermere, malthoughsther prasenstingention dmglescribed as
desgri i u 0 d. a
(4 BphTRa B0 el P ROV SoPA BRI wt e
wigrésédre mvpn&om atad dbsottimsxppﬂhdllhedtheﬂ sdteings ! fdrhet(ample to
changes coul be made to thefanbod nts descr

alSYS et PRBLINGIIRMNG; PR temPf AeSlst: olids UREFPoR Pherefore, that
CaRgeRivehtish &8 ! nfitfs
pr olcessgtr.| fgs g B%Fﬂfn#%%mtoﬁ@ee %%Hﬂﬁgnrétrﬂlg%%crl edéll%closed, but
t lmoyersomasiifidationa within dhe sgifitl arg scepé aifehehpriesehk invention as
present i nventiaon i ot limted by the nunber of
pl‘% 'Qgg&ygﬁ?@plpﬁgd?agpﬁ'@ér ver; the steps of defining
the window in the first and second UVB wavef or s,
CRafdtericeBg the first and second anplitude val ues,
calculating the anplitude 5 ratio, and conparing the
a litude ratio with the calibration data to determ ne

- DOAMenantdse i igripginleay apd fRFAIVRY Y Siameel Mbr 8herman,

p%ﬁ%ésé qn&r@gaa .anscei ver. Furthernore, although
the present 'inventiofl i s described as

—

[2]. “Monopulse Radar,” by A. |. Leonov and K. |. Fomichev, Artech House,
Inc. (1986); and

[3]. “Positioning Methods & Systems for UWB Devices,” by Sun Xiao Bing
and et al., Singapore Patent Application: SG 200504866-5 (2005).
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being applied to a systemnear a wall, it should be
understood that the present invention can also be
applied in other settings, for exanple, to 10 systens
near the ground or on top of desks. It is understood,
therefore, that this invention is not limted to the
particul ar enbodi nents discl osed, but covers

nmodi fications within the spirit4 and scope of the
present invention as defined by the appended cl ai ns.
Ref erences 15 [1]. "Monopul se Principles and

Techni ques, " by Sanmuel M Sherman, Artech House, Inc.
(198ins [2]. "Monopul se Radar,” by A |. Leonov and K
|. Fom chev, Artech House, Inc. (1986); and [3].

" Posi tioning Methods & Systens for UWB Devices," by
sun Xi do Bi rfyMmeshod frr daterminingsr Q6T a signalngomprising:
Application: SG 200504866-5 (2005). 14 Cains 1. A

met hod ivihet hid 88cehdPOvieT L ghal LS+ NG
recei virtnagélyﬁgs?ég%@w g%%}?‘ld UV(%WV\%\% or rrsf tg%%é%tg%%'ael or more
atandernas ofne IYVBdranseawer,of a UWB transceiver; 5
defining a wwndow in the first and second U\B

f < . _ 1 . £i . | eadi _
por t1 o nrth g Y GkiP e hi3ERl sRgOF LOFE b EouBRghcrein the
amihdowde defiheten aleddifg peRIRRCHfitHE signaft and second

UWB waveforns in the wi ndow, calculating an anplitude

ratio with the first and second anplitude 10 val ues;
and cofBaulFEg first and isecond amplitidewalnes &f ithe sespaetive first and

d ' ‘ he signal. 2. The
ne%zeﬁgggé‘g@ngﬂ%ﬁﬁ??gtwgg}f a signal according to
calculating an amplitude ratio with the first and second amplitude
values; and

comparing the amplitude ratio with calibration data to determine the
DOA of the signal.

2. The method for determining a DOA of a signal according to
claim 1, wherein the calibration data obtained from a calibration process is

established from a leading portion of a calibration signal.

3. The method for determining a DOA of a signal according to
claim 2, wherein the calibration data obtained from the calibration process is
stored in a lookup table.

4. The method for determining a DOA of a signal according to
claim 2, wherein the calibration data obtained from the calibration process is
stored as a function derived from plotting the calibration data as a calibration

curve,
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claim1, wherein the calibration data obtained froma
calibration process is 15 established froma | eading
portion of a calibration signal. 3. The nethod for
determining a DOA of a signal according to claim2,
wherein the calibration data obtained fromthe
calibration process is stored in a | ookup table. 4.
The method for determning a DOA of a signal according
to 20 claim?2, wherein the calibration data obtai ned
fromthe calibration process is stored as a function
derived fromplotting the calibration data as a
cal i br &.i on THaimethod fordetdiminiiet & @OAf alsigaaacdarding to any
a signal according to any _one of clains 2 to

DOA of _ | ' _ _
4 ongnet elaims e te 41 wheseinohepsalivisation prosessde ratfarmed in a free
frs%%&e%?\@%n%\‘lit.r onnment. 6. The nethod for determ ning

a 0

a sighal according to any 5 one of the
precedi ng clainms, further conprising accunul ating the
first &d skdenmbthaBiardateonining a2 OAedf aasignbbacading to any
transceiyver. 7. .The netho or determning a of_ a.
TP S arars g Ry TUrbsh R gt Ry g fas"rst and
wWhiicehd UWS wavisterins secstiemattheyusmhbassdiver. 8. The
nmet hod for determ ning a DOA of a signal according to

any 10 one of the precedi nrg clains, wherein the fi

t
and sedond athf Metlred {of dris RIPNGAP A Gt sigeel accl‘&rrg%g to any
t Q)n%e@#‘tgleé?tré@edflﬂg cfhim8OlyhEFetA t m@%v& fg’\@fin\éﬂl Ws%rﬁéle size.

the res rve frrst ahd secon wavetl orms 1'n
wi ndow. 9. The nethod for determ ning a DOA of a
si gnal &ccorkhenmetiodiyr detemmiafng A PAaf edsiggatbedording to any

whereip, the step of calculati.ng the anmplitude 15 ratio
coifsr Pbtis Beshseine slaiMa; irgreidoe dEeCal satend mpiigg values
sef8the GHTRbHd U8 peak 46 peaRdafueSaia Bfrobtwehhlsiuatd (RMS) value
second anplitude val ues. 10. The nethod for
deaf dnerespegtive Hx amd secongrdVVEawaveiermg in the window.
9. The method for determining a DOA of a signal according to any
one of the preceding claims, wherein the step of calculating the amplitude
ratio comprises computing a difference between the first and second

amplitude values and a sum of the first and second amplitude values.

10. The method for determining a DOA of a signal according to
claim 9, wherein the step of calculating the amplitude ratio further comprises
computing a ratio of the difference to the sum of the first and second

amplitude values.
11. A device for determining a DOA of a signal, comprising:

one or more antennas configured to receive respective first and second

UWB waveforms of the signal;

a memory for storing calibration data; and
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claim9, wherein the step of calculating the anplitude
ratio further conprises conputing a ratio of the
difference to the sumof the first and second 20
anplitude values. 11. A device for determning a DOA
of a signal, conprising: one or nore antennas
configured to receive respective first and second UWB
waveforns of the signal; a nenifry for storing
calibration data; and 16 one or nobre processors
configured to define a window in the first and second
UVB waveforns received at the one or nore antennas,

cal cul Iree bt rre prOCesRES BEN dtto tiefiviel aJQﬂn@éwhﬁQhe first and
respective first and second wavefornms in th

nisegend AR weyeferms raspived @bthe ape orwnens c'@rﬁenm sqalculate first

d Sthe? r h
I SREEA SRR, VBIeE, M e TPgse U et Bpd jseqond UWB
t hthomgy m dhégh?idnﬂecalbalallﬁ)‘hmfammmu& g'aabfwmh%el first and
the wi ndo efined in a |l ea rtion. o oL
siggeand amplitygr valigscand SP"@@{%% %mpﬁ “é’ledehlod\" r!aﬁ‘e_ calibration
S'dHﬂé'st&%BOihdt'h@gmb%cﬁy % MetdrhinbBEEHOAL B?ttfea'sig%ﬁtWﬁ’éPein the
data obtained froma calibration process is

ewindowdsdefinedin a leading pgrtjsor ofitba signah cal i br ati on
signal. 13. The device for determ ning a DOA of a

signal af C°f1j{4‘§%\‘ne? Eééra%éqe rﬁrﬁg{qﬁ% eﬂ@ArbftehglgﬁQ' é&{og{jfggnto claim

dat a obt7ai ne n process

i n|1a Whef@in tmblo@llbrhﬁonTbutaiQ)bt@lﬁeﬁ Ofrod\etaerdahbrm@na process is
a signal accordi to claim 15 12, wherein the

caﬁﬁ@ﬁ'ﬁh?grﬂ%@a‘eﬁg'ﬂﬁl 7 phancelieratignisignali on process
is stored as a function derived fromplotting the

cal i br afg on HH gedge %F&’ét%@ﬁ"n‘ir#d’ﬁ DOA % sigﬁal %&?ording to claim
device for determnin signal acCcording t
a2, whereif thbacahsbraﬁom alatd, obthimedi fromhdhe adalibratioromprocess is

PrR6%n a"1oBRUp 24BlEY ' M @ free

14.  The device for determining a DOA of a signal according to claim
12, wherein the calibration data obtained from the calibration process is
stored as a function derived from plotting the calibration data as a calibration

curve.

15.  The device for determining a DOA of a signal according to any
one of claims 12 to 14, wherein the calibration process is performed in a free

space environment.

16.  The device for determining a DOA of a signal according to any
one of claims 11 to 15, wherein the one or more processors are further
configured to accumulate the first and second UWB waveforms received at

the UWB transceiver.

17.  The device for determining a DOA of a signal according to any

one of claims 11 to 16, wherein the window is defined by sample size.
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20 space environnent. 16. The device for determning a
DOA of a signal according to any one of clains 11 to
15, wherein the one or nore processors are further
configured to accunul ate the first and second UNB
wavefornms received at the UWB transceiver. 25 17. The
device for determning a DOA of a signal according to
any one of clains 11 to 16, vierein the window is
defined by sanple size. 17 18. The device for

determ ning a DOA of a signal according to any one of
clainms 11 to 17, wherein the first and second

anpl it ude vathegedcs f@ﬂﬁetéi?mlrﬂﬂ%/s DDA oPaagha Asfding to any
val ue and a root nean square (RVS) val ue of the

r figlaiang {1 1 4@ 14nwheeain dbe (vt ans\ascongsamplitugde values are one
W 1A%t Sf :}3)331318 FSjeea\k' ¢fuk %rndgf}cgétgﬁﬁéﬂ%fﬁF%MS)%alue of the

signal according to any one
wirespectivelfisipand secsmrd USVB wavetornmsanfthgwiedowo conput e
a difference between the first and second an‘pl i tude

val ues. T80, “Heudntioe da dateriiniad A L, o S adFtding to any

SigHeadf SRR M w180wﬁbﬁé|Mhe19rdb%ssmg F@HRert &Bhflgured to compute
processor is further confiligure to conpute a ratio of

t leedifferenasr befneenctheHfirskand seconeé ammléudeamalueecamba sum of the

a ' V. . stem for determ ning a DOA
ogpéﬂé#gﬁ%qoﬂdé%ﬁsp@i’ler@ﬁ%'transponder for generating

the signal in response to receipt of a UWB pul se; and

15 a t r2asceihedevcs mngmtetmml‘ng:aiD@Atdiea sigpakaccording to claim

ge ahgrg,mb&téé gcﬁfﬁpéég@ﬁslgg&%%@ ?lgt 3 anscg*:g:gﬁ;utgeé nr%tlo of the
a‘iﬁi‘?ér@h@@ td e BY MBI Firt e R cbhddin@iflude values.

21. A system for determining a DOA of a signal, comprising:

a transponder for generating the signal in response to receipt of a UWB
pulse; and

a transceiver arranged to receive the signal generated by the
transponder, the transceiver being a device for determining the DOA of the

signal according to any one of claims 11 to 20.



