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"Posi tioning Methods & Systens for UMB Devi ces
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(7] 200604221-2 filed 23 June 2006 entitled “Methods And Apparatus For
Estimating Time Of Arrival Of A Pulse In A Train Of Pulses In A Ranging
System”,

[8] 200604421-8 filed 27 June 2006 entitled “Method, Device and System for
Determining Direction of Arrival of Signal”
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are incorporated herein by reference as if disclosed herein in their entirety.
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are incorporated herein by reference as if disclosed
herein in their entirety. 30 Field of the Invention
FEErrer reer viert vt vieelr vkt 1l 1l *rnnnnt 2
This invention relates to a nethod and system for
positioning and refers nore particularly, though not
exclusively, to Positioning Methods and Systens for

T eoTae! B g S B B S bR Hrs more
vybarﬁbulaﬂ%uuhbagh ok akalasNBIYS FbSitione MEtHYIR! dhd %t&ﬁ@ for

defrne UMB in térns of a transm ssion

adltragffiderBand dWB) PRvicRS. enitted signal bandwi dth
exceeds the | esser of 500 MHz or 20% bandw dth. 10
UAB can be used for a nunber of applications. For

‘eBacigiouritteits Rivemtibn net hod proposed in [3] uses

%éor determinipng the position of a tag relative

R VRS Oh RO WaVS HEUS SIOp ANIE SHCHBIaS: Iaige Tondwidth.
#

llFétzr{é’aJT@néﬂBu‘?\Ige ;Fg:g%g l%%ﬁ?né%ﬁﬁﬁe@%@% tr%‘ﬁ@ﬁﬁssuon from an

danteana feravhighttbe emitted mliblaledmmaxceéds rthae tepseppbB00 MHz
vgrtéqo/ag%hdgﬁcgbonal antenna array 108. The relative

posi timated in polar coordinates ie: range
and Direction of Arrival (DOA). The range is neasured
|n absol ute terns 20 using the Tinme of Flight STO:) in
faftq @H"ﬁ&f\@#mlﬁ@tw@g Ent example thmeystem and

Ly S s

tth@ mpadar.or directivity of a d| rectional antenna
depends on the DOA (relative to the boresight of that
antenna) and each directional antenna of the array at

tmguréeﬂ%ﬁbWSSthBOpdEIﬂldlﬂng By Stefh f1b©r|ﬁr[§3] JRadb UpCot QrUWB tag 102

The DOA can therefore be éstinmated conmparing t
Al i W¥Boreader 104. The UWB tag 102 is equipped W|th one omni-

directional antenna 106 and the reader 104 is equipped with a directional
antenna array 108. The relative position is estimated in polar coordinates ie:
range and Direction of Arrival (DOA). The range is measured in absolute terms
using the Time of Flight (TOF) in two-way communication between the tag and
the reader. For a single pulse from.the tag, each directional antenna outputs a
different amplitude signal, because the gain or directivity of a directional
antenna depends on the DOA (relative to the boresight of that antenna) and
each directional antenna of the array at the reader is pointing in a different
direction. The DOA can therefore be estimated by comparing the amplitude of
the signal from each directional antenna.

Therefore the system 100 in [3] only estimates range and DOA of the tag, and
does not disclose determining the orientation of the tag.
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the signal fromeach directional antenna. Therefore
the system 100 in [3] only estimates range and DOA of
the tag, and does not disclose deternining the _
orientation of the tag. 30 3 Also the system 100 in
[3] discloses two-way communication between the tag
and the reader. The tag therefore has both a receiver

gﬂlgoﬁpé [g% r%gt inﬁ‘g{;%@%‘2?@%@;&&&%&;@8"ﬁ’ét@)éen the tag
emid Y Reddey. tie RrefbR) h'aEOt[{oSﬂ a HeEER/%P%HdZa ?r%ﬂ&mﬂﬂar which

DOA, as shown in Figures ure

imakes trelativelycomniex and r!ﬂﬂl’ﬂal=§tepovhz@mttcrrEsummlozmnd f eedi ng
poi nt 202 on directional antenna(s) 108 used in the
UWB reader 104. Since the directional antennas 108 are

Also ethatrangé yostiataged Hyzitre §yhomt. 106N, waabeﬁa@htaéﬁ DOA, as
di,ffic ce in size, this offset can

Shgiirs 1. EigiPos 2 At ls Fidbire - thasadt @monost hetween the phase
r&‘h%t 206 hd feifing ?ﬁq’htnﬁ%c}?\aﬂﬁﬁc & ahthnes lsgqloﬁagggd in the

become a function 0 ase cen
AMB adend Odn Sinneathai dlreodioﬁaleamatahnmmB'ﬁreltgheiaﬂvely large size

é]gw?gry ghisﬁggbk&)bgnaraefé:%g cult b%og%@q%gﬁ Zse;;.g,r this offset can

cigniteesalyi infllende thy TOF ¢feddur6MehESAS RCFARRE thd) range readings
i@gplexm and possible error 15 propagatioh in % g

Q'éﬁ@mlaf@rbhewee EONcHeo raf XPAr N@ntm phase centre

TN BAPYan e BT i aimt B4 SFAGHT i s courd be

Fedfified By nkinglase ot/EBOAoéd;tmat&dw bsultr @it ugisg tahokup table for
receivi gﬁ rlfibntenna 108 . with an axis through the feedin

GeImRens PiRsicsy it gguses dncrapse d coBInteNiiygand possible error
@'réﬂﬁg{dti@ﬁ iR rahde eBRNEHOS Bk Qhﬁlgggn"t?ﬁe 1[2@ rang| ng

res 300 is a m nimum i.e. back
direction, the ranging result 302 is a maxi mim The

' e u u o 30cm f or o
sys#‘ P %glﬂ%%g I[lgf"ecggutsb)‘rﬁ%? )f“’(ﬂm? e h%(?él% 'Eﬁ?df'}gs with 0-360
@@ﬂemﬂ the@ystam 100dn [3]'&re shoMarin Riferd 8 TRbidfta was collected by

roposes that in a positioning ) ] .

otating the receiving antenna 108 with an axis through the feeding point. With
DOA of 0°, i.e. direct pointing direction or the boresight direction, the ranging
result 300 is a minimum. With DOA of 180°, i.e. back direction, the ranging
result 302 is a maximum. The variation in the range result is up to 30cm for the

system 100 in [3].

Summary of the Invention

In general terms, in a first aspect the invention proposes that in a positioning
system including a first UWB device and a second UWB device, the posture of
the first UWB device relative to the second UWB device is determined or vice
versa. The relative posture includes relative orientation. This may have the
advantage that relative orientation allow the system to determine the direction a
user is facing by locating the first UWB device on the user. Such orientation
information may also be used to extrapolate the user's intention.
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systemincluding a first UAB device and a second UV\B
devi ce, the posture of the first UWB device relative
to the second UAB device is determ ned or vice versa.
The rel ative posture includes relative orientation.
This may have the 30 advantage,that relative
orientation allow the systemto determ ne the
direction a wuser is facing by locating the first UAB
device on the user. Such orientation information may

aleofirsEUMEB delizethdy aRpbEinerd BRnitBfectord) aP R i3 sgfhced by a
The first UWB device has two or nore omi-directi I

Hedeteapingddisiangy. dhesesgatdd)\WiEhdevics baawne.orthere directional
ant ennagﬁ? %S/\été%ﬁtdg ?négg'ﬁgsr ﬁn{en'teggét& ﬁ%ﬁﬁéﬁ’t l?"\{;%dp%%mﬂ Rulses sent

. thedween the antepnhs eand kndwzdgbelf tee préditemmihed tistanédd

know edge of the predeternined distance. The first UAB
device may be transmtting only and the second UVB
device receiving only. This may have the advant age

that by having the first UAB | o device as transmtting
Jmeyflrs{ HwB degucemm Heransmitingniyiesd gmdembmdabWB aledice

PG et PhisRRE NaYe Yidaghuben wharky Whiung Big e yws
doniveras RAnSHRARSSNIQS the MEPUWE delies &y Bb' vd?fé?féﬂe%ply and

may include relative angle eg: DOA and Tel ati
Wity lgwcrowarsansumntiegi g cerainieprliicatinas iaw cost artklow power

i I
cBhRlmbiofl ard A dto RErERRA 20EE0sE 2 bRELE, m ni ng
the relative distance independently of the relati ve
TR0 TR M 50 B B o

E‘ firi rg_% Eﬁéﬁ@f&ﬂﬁ&tl&?ﬁoﬁhbrrb%lh% dﬁﬂaﬁcé’?ﬁa ﬁrdegehaent of

ere i ve di stance, defined as the aver
ih&)fﬁ'@ih@ angle. Thismeay haveithe advantage thag t:qnﬂetenamlrtg‘the relative

Hlatercel BbeURISITIST b oile 385 Te RNba R Pkt Antfer error

?rﬁpagatubﬁcasls@aated @ﬁhbbﬁrrp%ﬁlshﬁweaﬁ'bbeé\r&’&e f the

irst UAB device relative to the second devi ce.

The relative posture may be a triplet (d,a,8) where:

d is the relative distance, defined as the average range from the omni
directional transmitting antennas of the first UWB device to the second UWB
device.

a is the relative angle, defined as the average DOA of the omni directional
transmitting antennas of the first UWB device relative to the second UWB
device. '

B is the relative orientation, defined as the angle of the axis joining the omni
directional transmitting antennas of the first UWB device, relative to the second
UWB device.

In a first specific expression of the invention there is provided a position
determination system comprising
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Ois the relative orientation, defined as the angle of
the axis joining the ormi directional transmtting
antennas of the first UAB device, relative to the
second UWB device. 30 In a first specific expression
of the invention there is provided a position _
determ nation systemconprising 5 a first UAB device

oy i B LA e BeRiffha Bl 6F boBd B drmabann paermas
igpzicedibyn prezietérniined spatipgl apgal ant ennas,  wherein

the systemis arranged to obtain a plurality of
par anet 89NV dexicedagludingonever more disessionad entennas,

first ' ; [ d

det or NOIEHIES B 13 tanGEaTe obtdh dptl iy Fkkramsters for

deastawerliViBpulses between theefirgd BB elevfcet drit fhiel SscoMBIWE

devi ce rgl ive to the second UWB device. In a second
i5 PBASRLPEEaP oATAd PRt |aasEiNe BAraAMiRes and fhespiedetermined

apRefig! lrf&‘FbétuP@Bﬁfh@ A8t UB A%FicB TeATR 1S Hd'Secbnd BWE device.

devi ce including one or nore directional antennas

adapted to receive at |east two UMAB pul ses fromtwo

| -di ' | . antenn aced by. -
3 e ShesEl e oot P AVPRTon JBPE R peotidiemgasiton
tdetertinatiorasydtemaddrhprisihgpar anet ers 15 representing
the pul s and determ ne, based on at |east the

par amé @\?@3 gdricerndugingRitecehinperidispetioneg antempas adapted to
o v 0 60438 58 5 e

appoed by anpredeteminedispacingy st em conpri sing 20 a UAB
devi ce i ncl nore . omij - di recti gnal ant ennas

ity .
spaced"he@'ngﬂlﬁnrsga% f%ﬁ@ﬂg%q)&t?we'rha Rpiralityres paramestars
presasfing e bMﬁe@,%n%?éet}e%ﬁié? baSéd 'Bﬂraqcl)gé%tﬁ@é B&@Jneters and

antennas, wherein the relative posture
ke peageterynined gpaeingi thedrelative posture of the UWB device.

In a third specific expression of the invention there is provided a position
determination system comprising

a UWB device including two or more omni-directional antennas spaced
by a predetermined spacing adapted to transmit at least two UWB pulses to one
or more directional antennas,

wherein the relative posture of the UWB device may be determined,
based on at least a plurality of parameters representing the pulses and the
predetermined spacing.

In a forth specific expression of the invention there is provided a method of
determining the posture of a first UWB device relative to a second UWB device
from at least two UWB pulses received at the second UWB device from the first
UWB device comprising:

determining a plurality of parameters from the two UWB pulses,
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based on at least a plurality of paranmeters
representing the pulses and the 25 predeterm ned
spacing. In a forth specific expression of the
invention there is provided a nethod of determni ning
the posture of a first UMB devjce relative to a second
UVWB device 30 fromat |east two UVNB pulses received

h d f the fj
Conpr ARG Mg B8 ANAler i SRR LAR Plstanos.Fhine B LUWE dpvice
traritiveRo tNBsBCrREEWB dedRbd8e0 dHfat IBS?X}@% ‘ﬁ‘é’\,""."}‘}’em parameters.

orientation and di stance of the first
relative to the second UM3 device based on at | east

Brief Description of the
aﬁmpggég'léb én f&ﬁ? %'Sgge present invention may be

fully understood and readily put into practi cal

ffe here shall now be described by way

Br?faﬁ*fn'ﬁ"ﬁhthweéﬁawﬁventl%rrgaymeewv N@aeés’f@@@ rand eadify put into
the

Pt ?gtrwea‘rﬁ%g@& thgﬁeggé:lgrgow HY déjs%?ﬁ)PP% r ?5@8@ M\Afaﬁ&g example

ianly preféred emment:oglh\eq:résem inverttiosythie description being with

i rainofa min a basic form
thlgé@ ef?@ﬁé‘%&yfrl,g Pﬁﬁt?’vlea%lawgﬁ the prior art
sym@m@ﬁﬁg@ng the ranging dependence on DOA; Figure
3.is a graph of the prior art system show ng the

Wnb'so%ﬁ@?ﬁjéﬂﬁ%l||§ﬁtfaﬂ® pbaprier garsyster én adiasitaiorns;
FiauSia R4 Sohdafe PESAt A bl &R T8RS 479 Fanaing

tdepehdgnéeomEKDgure 4, Figure 6 is a schematic
I'Jél ustration f e reader in qu%ure 4: 20 Figure 7a

$7h 9EPNfARE IPEIoR2Tte3YSTS R shewing, e rnging-dependence on
IDROAI Vi ng antenna A in Figure 6;

Figure 4 is schematic illustration of a positioning system according to one
embodiment;

Figure 5 is a schematic illustration of the tag from Figure 4;

Figure 6 is a schematic illustration of the reader in Figure 4;

Figure 7a is a graph of example waveforms received at the first receiving
antenna A in Figure 6;

Figure 7b is a graph of example waveforms received at the second receiving
antenna B in Figure 6;

Figure 8 is a schematic illustration of the coordinate system from Figure 4;
Figure 9 is a flow diagram of a method of positioning according to one
embodiment;

Figure 10 is a schematic illustration of an asymmetric feeding arrangement for
the tag of Figure 5, and

Figure 11 is an illustration of step 904 in Figure 9, using the mono-pulse method
for determining DOA.

Detailed Description of the Preferred Embodiments
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Figure 7b is a graph of exanple waveforns received at
the second receiving antenna B in Figure 6; Figure 8
is a schematic illustration of the coordi nate system
fromFigure 4; 25 Figure 9 is a flow diagramof a
met hod of positioning according to one enbodinent;

Figure 10 is a schematic illustration of an asymetric
feeding arrangenent for the tag of Figure 5 and
Figure 11 is an illustration of step 904 in Figure 9,

UBiglige Mhmuﬂﬁé‘l%spé“p%&tl@iﬁ‘rlqggystéﬁ'n h86 | e@ﬁ@b%&“ﬂ% t% device, for

Detail ed Descri ption of e Preferr
F%Qmélezﬂagqus@m%e@gcangwa @evicey foy exampléO@ader 404. The UWB

065 3 9, 0 e St

e, £ ATS1 TS 04 398 €1 rceve
r )

THE W 2 it tiana Feranving<aaieons Ada! (Rads 4T o omé cor more

ddlf&ﬁfohﬁﬂﬁhtérﬁ\%g' X1 &4 ﬂ;g@ﬁ&}iﬁfgé g%(g ({%ﬁs #ﬁ %tlgﬂg dgrtransmlts

nmore directional ante
| Wi epulsetrought the atwgrrtraesmltmg raritepsag. h'ﬂ'belgUWBIQ)ulses are

BRaNGEBTYE KA 38 R i dslBsis i rolptiva posture of

tthe WwWiBMadguuonost ure of 1o the UNB tag 402. The tag
402 is shown in Figure 5. The two transmtting
antennas 1 and 2 are spaced by a fixed distance D by

' D b
TR 8,280 1 SOl PP B e 6t 1B 36y Bapdhasy P anc 2 are
Ispayed lyyoalflxag dlﬁadcetmby@aaef 5ogeFos@mpm 1HayfixeR dlstance D
he tag axis 504 (real

Th tation of
g:bge?@’&e}‘aﬁ 1??@"?\%38{ foven mgsﬁ'ﬁfatﬂCﬁQOfaiifDerE@’le’ngef working
Qﬂét’aﬁ@ds @S|av§ér sPddied hddy BB @%ugag t'ﬁ% o;rgﬁtatlon of the “tag axis”
transmtting antennas may
t3Q¢n $riead tasr virtoal) disiking zihgdwe)r trelnsmdumg Eﬂ)ﬂer@masg is defined as the

SR SRS Y vl EBoBEd SRy BITBE'SY o same
ansnﬁttéletwdl @sid & power divider 502 (e.g. T-junction connection). When a
UWB pulse is generated by the transmitter, it is transferred omni-directionally
into the air. The tag 402 may transmit continuously, periodically or while it is
moving.

The reader 404 is shown in Figure 6. The two directional receiving antennas A
and B are splayed in a “V” configuration at a relative angle known as the “squint
angle” 600. For example the squint angle may be for example 60°, or could be
based on the beam width of the antenna, for example the 3dB beamwidth. The
receiving antennas capture the UWB pulses from the tag. The output from each
receiving antenna is fed via an RF cable 602 to the receiver 408. The output for
each receiving antenna will include two pulses, with one pulse corresponding to
the first transmitting antenna 1 and one pulse corresponding to the second
transmitting antenna 2 respectively.
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20 into the air. The tag 402 may transmt

continuously, periodically or while it is noving. The
reader 404 is shown in Figure 6. The two directiona
receiving antennas A and B are splayed in a N’
configuration at a relative angle known as the "squint
25 angl e" 600. For exanple the squint angle nay be for

SRR 9 B Ao B S, BSERhGh orm  an
fFE?Q@r'eVVB AR89 TN BRI of ReavVB Rl bafsut fde?ﬂ‘ irh@rana B. From

tag. The output fromeach receiving antenna Is
\ﬁh%s%twaﬂﬁf%ﬁ'@l, 6 muamedersher features aire spgacteiseby signal processing.

THa eRfhed RERUALAEL S8R MbltuGbBS, LdP, [ V0 Pl ses.

one pul se correéspon the first

transm A (Gwraspondiiy tb MeOp@BE 702 FEMOREL ﬁénﬁﬂﬂuﬁ% ahfenna 1 to
the second transmitti 2,3 ant enna 2 respectively

Fi guré'fﬁtd'epﬁll\/lﬁ\g@@?@@a , exanpl e of waveforns out put

of bed e oarespBRinartodte Bt rb 3 B RaGEATENG antenna 2

wavef @ fiest réc@alhgrmttemrsam) features are extracted by
signal processing., The extracted features include
fout A (qaresponding e the RWse J96drem st sansmiting estenna 1 to

702 fr%%ﬁ&"r etvﬁé%ﬁ?@ﬂ%%?% ngntenna 1to first

recei ving an corresponding to the pul se

704e f IA2B mmmohdmgstm theipisean0@ fiotn 8ecdrid frandmitting antenna 2
receivin Al13 (corresponding to the

pul setq’ﬁgc?’i‘ Fﬁ‘ﬁ'\f"@, antera Bl t i ng antenna 1 to 10
%ﬁﬁqwgtrrﬁ %‘iﬂ‘@r%@cc—?é‘&ﬁ&é]ﬁ § and A213 (corresponding

se ! romse ond transmtting antenna 2
to eemmee(mevdengy detwoen tBp puldes WO 70 from first transmlttlng

di fferences AA 718 (the del ay between the

pul se&n 84a$$o§ﬁvcppp3§ra@$rgngqg antenpa %St%rﬁ?@ﬂhefl"%t receiving
and sgﬁmat;\jagﬁanttl ng antenna 2 to reach first

receiving antenna A) and

e AB 720 (the time difference between the pulses 706,708 transmitted by
first transmitting antenna 1 and second transmitting antenna 2 to reach
second receiving antenna B).

Figure 8 shows the coordinate system between the transmitting antennas 1 and
2 relative to the receiving antennas A and B which is used to define the relative
posture. The relative posture of the tag 402 with regard to the reader 404 is
defined as a triplet (d,a,8) where:

d is the relative distance, defined as the average range from the tag 402
(measured from the centre 800 of fransmitting antennas 1 and 2) to the reader
(measured from the centre 802 of receiving antennas A and B).

a is the relative angle, defined as tﬁe average DOA of the tag (measured from
the centre 800 of transmitting antennas 1 and 2) relative to the reader
(measured from the centre 802 of receiving antennas A and B).
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AB 720 (the tinme difference between the pul ses 706, 708
transmtted by first transmtting antenna 1 and
second transmitting antenna 2 to reach second
receiving antenna B). 20 Figure 8 shows the coordinate
system between the transmtting antennas 1 and 2
relative to t he receiving antennas A and B which is

i ne.the.rel t|ve . The relative .
P& e Grianlgtors Adlingd 8 8néls aibertasduns Bd relative to
Ithe rdglibng® @&ef’erbﬁbé&l %n’( daddtum\Be4 ﬁon?%éjtrhﬁshpﬁra?nantenna 1

relative distance, defined as the average range

tfienteq pagendiawardortee DOA@XiHB0&)ent r e 800 of

transmtting antennas 1 and 2) to the reader

(measured fromthe centre 802 of receiving antennas A

ditee Beader i 404 hiachuelest iav asignel| proabskingedinits 4108 for example a
average DOA of the ta measured_from the centre 800

JRICIORIRERTIAT; Wit MMRBANadOR PERReSSing: theawayefarmst igeextract the six
I AN [
1o8REs TR BTR B\ 20 18 53 2o UhoMinb 36 i posture
ddpiehéda#f®. t he angle of the tag axis 504 rel atlve to

the reader (00 is referenced froma datum 804 fromthe
transmtting antenna 1 oriented perpendicular to the

mﬁeﬁé‘mplefiﬁ\@}hocﬁfoﬂﬂétémﬂﬁﬂ %@%elaﬁ?«lejﬂﬁmr% of%hé riég {as might be

processing -.unit. 410, for exa Croproc

tenedria s nemery gfitae eeadary is d@sqweéfhﬂlm to extract
the six features Al A A2A, Al B, A213, AA and AB and
to determne the relative posture triplet (da,p). io

Aletbodlidetaratihing thereldtive posturgg the rel ative posture
of the tag (as mght be stored in the nenory of the
reader) is described bel ow. Method of determ ning the

g‘i’élﬂ@' 9 8hBRstd Fr?etlgréd 5'0@U6fee§|m°‘$1 tht%hf(;é‘?%tgfédaﬁggre%fo the tag 402

I'mating the relative posture
frote ireesived psitsenwaeéforms. In stept 802 3D fewturekef@mplitsdes and time

gﬁg&%ﬁh{:’%@f glséq,:él ngﬁtfgcg?cér}d Ll & ence o?rég (?r?)( t sr;t%%t %84f Ehoe DOA is

estimated. In step 906 the orlentatlon is estimated. In step 908 the range is

estimated.
Extracting the features from the waveform

The pulses corresponding to the first transmitting antenna 1 and the second
transmitting antenna 2 may get mixed with each other at the receiving antennas.
Therefore step 902 may include pulse separation prior to extracting the
amplitudes (A1A, A1B, A2A, A2B) & time differences (AA and AB).

The separation can be improved by making the feeding point of the T-junction to
transmitting antennas 1 and 2 asymmetric. This then allows the assumption (for
a certain working range), one of the signal always comes before the other due
to the extra path delay.
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estimated. In step 906 the orientation is estinated.
In step 908 the range is estimted. 20 Extracting the
features fromthe waveform The pul ses corresponding to
the first transmtting antenna 1 and the second
transmtting antenna 2 may get,,m xed with each other
at the receiving antennas. 51 Therefore step 902 may

i ficl_ude separation prior to extracting the ‘ )
A5 880 ot A3 Re i raideBant le 4w, it Higuig! 1 .o b cifierence in
(AA and AB). The separation can be inproved by ki
tthe detayicasesbbyntheoasyrhmetrg teeding position t1|000$119ﬂ£E?E:i—'£ig (cois the
antennas 1 and 2 asymTetrl c. This then allows the/n

SHRPY P 4 8 8 5 S T Lo Pl normaly

e)ftm value delemout 105). AAt apETERNB! AmeCaAbN$aximum value of the
4"1 ement is shown 1n Figure 10. The difference in

@er& Pﬁy'”c%é‘@'a&){yc@w%@nﬁ‘éfﬁferd distarioagop dhae tirsintransmitting
1000 is (d2 -di) (co is the COIn speed of light in D
a@ntermal Inand thaesesbhectransmittirig anténva Rndetheotedds is — (UWB
cable normally of the value of about 1.5). At the ¢

S 5o 0 B o M ASEAR e o o
taremgehidrit tuchthantie éul%@doftti’éhs‘iﬁ&ﬁ%doaﬁt%ﬁﬁérﬁ' EMM reaches the

antenna 2 to the reader is D

Y Peraadey epnliesithanithat efevamltm@g Bntﬂsmala asT de&ned i Equation
sible to realise an arrangenent such that the

8 ‘se of transmitting antenna 1 al ways reaches the

UWB reader earlier than that of transmtting antenna

2, as defined in Equation 10 d2-dj > D COIn CO If

the value of d2 dl Dis dj_e*atfeg Phan the UWB pul se 1

duration T (normally c/n ¢, (1)

d,-d, D,
If the value of _Z_/Tl_;— is greater than the UWB pulse duration T (normally
0 0

around 1ns), there will be no overlapping of the pulses from transmitting
antennas 1 and 2; as described by Equation (2).

u_2>]‘ 2)
c/n ¢,

If the pulses are well separated as illustrated in Figure 7, step 902 includes
conventional signal processing method to extract the amplitude and time
difference information from the waveforms. For example the waveforms could
be correlated with a “template” (pre-stored UWB pulse shape) to increase SNR
and then do signal detection on these resuits. The position of two peaks in the
correlation resuit can be used as the position of the detected pulse. The
amplitude may be estimated by using the maximum value, or calculating the
RMS (root-mean-square) value of samples within a pre-defined window. The
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COIn co 15 around 1ns), there wll be no overl appi ng
of the pulses fromtransmtting antennas 1 and 2; as
descri bed by Equation (2). d2-dj D> T (2) COIn CO
If the pulses are well separated as illustrated in
Figure 7, step 902 includes gﬁ conventional signa
processing nethod to extract the anplitude and tine

i f ference informtion fr t he veforne. For. exanpl e,
tirte Slpates bR @stietdd By il Crriariio (e o 8aks in each
(cofretdtionrreduMB pul se shape) to increase SNR and then
do signal detection on these results. The position of
two peaks in the correlation result can be used as

R t C I i tud .
AR SRS ettt £ n&L ERChERad Fo. 1EeD Fog BR1addED relatively
saiaiul Sinced nsherreBpohds {o aboutrdtom frfree spaye) euation (2) may be

S I within re-defiped window., The, tinme )
kg ISHe tﬁeg%@ﬁﬁ%t@aés%'&n%%e'ﬁy citgwhSRN B Usesl, but this
iR RS Systitfltonfiflexi). ation result. In some

applications it nmay be necessary to keep fixed

distance Drelatively 5 small. Since 1 ns corresponds

aRere o5 Peldh 4 TRRBER L HEEE Bulses i i powiedge that

ted puisei coredparaind® tarsmittiig dntértna i1 NE'RAGI9INE TRst one), step
syst em c_ongl exity. Where there is partial_ overl apping
8%2t Rayt e rwr%t@sth@meltmdn@rmdeurg&ﬂmaturtheo separate the two

3R S DA R ARgliude PGyl NGRS BidudrBously.
nmet hod proposed in [4] to further separate the two

i I d obt aj h it d del i nf ti )
3 HifeSaaBtisripe 1p IriBE haws Dogfcimmisd i amea i oresding
Regrusad raethvriue of bardfyatBRS haCah& g 'ﬁged1§ béorktts as follows:
the val ue of paraneters AA and AB need to be correcte
as follows: AA = AA _ dz'ﬂ_@_@p‘m A B =Afi - d2 3)
-di (4) ~M e

AB=AB %=
¢ /n

(4)

where AA and AB are the time difference estimated directly based on the
captured waveforms. If electrical delay circuit is used, its value also needs to be
subtracted out.

Estimation of the DOA

Step 904 includes using mono-pulse method as proposed in [3], to estimate the
DOA (direction of arrival) of each of transmitting antennas 1 and 2 relative to the
reader. The DOA in each case is denoted as a4 and a; as seen in Figure 8.

For a single pulse from one transmItting antenna, each directional receiving

antenna outputs a different amplitude signal, because the gain or directivity of
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CO In where AA and Afi are the tinme difference
estimated directly based on the 20 captured
waveforms. |f electrical delay circuit is used, its
val ue al so needs to be subtracted out. Estinmation of
the DOA 25 Step 904 includes ysing nmono-pul se nmethod
as proposed in (3], to estimate the DOA (direction of

I h of t 1 fting. as 1 d
B o, SREP Rl BBA (A Bl nt amemna)
depeadh agntdnnanig p&ﬂﬁn?(ﬁﬁna'@lffEl’é}W@ir&:tloﬁorTr%réfo'ﬂQ' 1 can be
pul se fromone transmtiing antenna, each directiona

estimaiesigusing te @xvactad mroglitudes f AtAeand aApBi andea, can be

?ﬁ?gﬁirt%dgl gqﬁs on P%EH %&&“W?SF?@A éhéﬁzgﬁe borgglcght

of that antenna) and each antenna is pointing in a
rent ctl on, Therefore a, can be estinated

315% snopulse %'Efwla O; knYws ag simaifanequs lohejcempason, is a

e t
ggclhsrﬁélgé T‘Iﬁiﬁ%ﬁgﬁlgﬂg thBedlrF}éé%tfogC%ieg of nrg%i%ﬁoﬁ‘zﬁ A" &Gamuel M.

Shaimeanddasopuse fo es samy Tachauquesc rtephe Hoose, Inc. 1984).

@ﬁg 1?%&@@ ,ng{g&[é"risgﬁqémgn&‘;ij[@@ | g:q:ﬁg "reéell\%d by two
T@hmaﬂumamAfpbﬂéhwé‘bﬂm anfes - 11'1@§4ch|3 ChAVHR Yéaftd oy real

the pulse fromtransmtting positionh (da) |srece|vd
ﬁy“vktﬁme%lsl Beamp cwith tswamesamng astennas, saduantd Iebingswith only

88, [ A B 6T SO AR ble Wiveon e
lasationsh withrd egoimt amglefrﬁw T tarsgloPetween theflb@@em?ht of the two
tlons with a squint an

MR ST BER o tRe  HbleorSunAtAn 0F hasedk @D companison of the
hﬁfpﬂl&ﬁdé&oﬂﬂbgéﬁ%) 18, PRYLEnfrR ntgﬁﬁrhgfbr iS At}aise\ﬂll'neﬂ denotes

corrparlsono arrpltu es O tWo 'S
Thedifference efsthemmlltudes\dwjdembycthedsumtoésshemhﬁhe estimators for

Fibn i Bpthnrial Lo Bran b6 SRistminsd emliaiagons (Shand (o)

2 can be deternined using Equations (5) and (6):

AlZ, _AlA-AlB (5)
AlA+ AlB
A -

A/Z, _A2A-A2B (6)
A2A+ A2B

If the receiving antenna beam patterns can be approximated by the Gaussians,

fial@) = exp[—(()ﬂ%@)2 /o1, where ao is the beamwidth, then angle estimator

of Equation (5) gives A/Z = 8a/ &}, for angles near boresight (z-direction). That

is, the A/Z estimator is linearly proportional to the off-boresight angle a or DOA.
(A. I. Leonov and K. |. Fomichev. Monopulse Radar. Artech House, Inc. 1986)
[11] The contents of [10] and [11] (together with any further references referred
to therein) are incorporated herein by reference as if disclosed herein in their
entirety.
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Al AM- AIB (5 AA+ AIB 20 A/12 A2A - A2B (6) A2A

+ A2B If the receiving antenna beam patterns can be

approxi mated by the Gaussians, A 2 (a) = exp [-(a T-

10)2 / a02 where ao is the beamn dth, then angle

estimator 2 25 of Equation (%) gives AlY- = Cal a2,

for angles near boresight (z-direction). That is, the

ZVl estimator is linearly proportional to the

of f-boresi ght angle a or DOA. (A. 1. Leonov and K. 1.

Fowea e Vin %ﬁ@@p@ﬁcﬂﬂﬁﬁ the“*féﬁlﬁ{htbpl#ﬁéy ddicbelﬁe?’@éctly linearly
[11] The contents of [10] and Epl] (together with any
pmnqmenaletpéhermé rlafteisrease a doakhep éabige fer @ and az can be used

ﬁ)g%g{l %%r ﬂg{é?ﬁw’ﬁte'b Q%I{Jes qqyf/fifn d:]'ﬁ? I8§§Mp table can be

- baped @&tprem@uSIy&:aWIamI simutaednetmbeasietfes! v

linearly proportional to the DOA. In this case a | ook
up table for a, and a2 can be used based on the

Can%{)\i@f@&% o¥ 8l 4Ra ddicaft b@uf’&f’ adVa’ cfod LA Sk of‘Bng,‘i"rgjr Bquation

ased on previ ous calc ted, sinmulat
Basured data. The average of a, and a2 can be used as
a good estimation of a using Equation (7). 10 a= al +
a2 (7) 2 Estimation of As shown in Figure 8, Ad is
defined as the difference |n&ange of transmtting
antennas 1 and 2 relative ae—t—he—?-eader and can be (7)
esti mated based on the 15 aver%lge tinme dlfference in
the received pulses in Equation (8): Ad = AA + AB CO

(E8), ,
stimation of 3
As shown in Figure 8, Ad is defined as the difference in range of transmitting

antennas 1 and 2 relative to the reader, and can be estimated based on the

average time difference in the received pulses in Equation (8):

AA+ AB
2

Ad =

Co (8)

With the assumption of D<<d, AA=AB and Aa—0, Equation (9) can be
established from geometry analysis.

Ad =Dsin 9)

Therefore step 906 includes the calculation according to Equation (10):
B=(1- sgn(Aa)) x% +sgn(Aa) X arcsin(él-;i) (10)

The sign, sgn(x) or signum function is used to overcome an ambiguity
depending on which side transmitting antennas 1 and 2 are on. It is defined in

Equation (11)
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2 Wth the assunption of D<<d, AA=AB and Aa--+Q
Equation (9) can be 20 established from geonetry
analysis. Ad = Dsin,8 (9) Therefore step 906 includes
the cal cul ation according to Equation (10): 25 Ad ,8

= (1 - sgn(Acr)) x + sgn(Aa) x4arcsin(-) (10) 2 D The
sign, sgn(x) or signumfunction is used to overcone an
anbiguity depending on which side transmtting
antennas 1 and 2 are on. It is defined in 30 Equation
(11) 14 - 1 : X<O sgn(x) X=@ 1 >y 5 Therefore
the estimtion of thegyfg)alive orlg(nlgtlon i's based (11)
on Differential Tine of FIli ghf (DTER)gas it is
cal cul ated using the average tine difference in the
recei ved pul ses, (as opposed to absolute tinme taken
freréfoee the estimation bhthal relathadorientadn ésbased oaMifferential Time

G 55, 8T T o e n
t 0.

q‘gﬁ'ﬁ%ﬁ%ﬁ Iﬁ’ﬁ ? gtelag% E scgl te ﬁ ok th% %leses to travel

ssednini TOFi gstireation)wi D Qﬂﬁe:aalsberqﬁedom tHis ansel (imsteddB of TOF)

%ré%a@e D |9f|xed and known.

Estimation of d

The difference between ay and a2 (from step 904) is defined as Aa in Equation
(12).

Aa=0ay-ap (12)

As shown in Figure 8, with the assumption of D<<d, AA=AB and Aa—O0,
Equation (13) can be established from geometry analysis.

Ag=DcsB (13)
d
Therefore step 908 includes the calculation according to Equation (14):
d= Dcos(f) (14)

Ao

Because d is estimated using B, it is based on DTOF (not TOF), and therefore

is not dependant on DOA.

Combining the results of Equations 7, 10 and 14, the relative posture
triplet(d, a, ) can be estimated.
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Equation (13) can be established from geonetry
analysis. 20 Aa - D cos,8 (13) d Therefore step 908
i ncludes the cal culation according to Equation (14):
25 d.= Dcos(fl) (14) Aa Because d is estimted using
P, it is based on DTCF (not TGQk), and therefore is
not dependant on DOA. 30 Conbining the results of

uat | .and 14, the relative posture triplet
E%'%é &Cgﬂaégslégsti mat ed. 15 Performance analysis In
experiments carried out by the inventors using the

system descri bed herein gives the foll ow ng
érp)@xeﬁrlmnés gavipdaeuleRy the inveséers using thegystem desgeribed herein

gw grfollivt?lﬁpﬁ%?rgﬁﬁia‘?g a%urtalafea[ el ative distance is

ont PVe 10 OF I entati on whi ch uses DTOF

Bh+ Scahi fferential nmeasurenent is nore accurate than

t he Tg: di stance neasurenent used in [3] and does not

&itfet from dependence on DOA. Wil st there has been

esc.r5Cbed in the foregoing description enbodi nents of
5 the present invention, it wll be understood by

those skilled in the technology concerned that many

[ t| DShiye" l. s n .
U853 BT e B B B 0 oitive
deipatdtiongviiicle seb O TOE S aitis differeriial Aldaslifement is more accurate
than the TOF distance measurement used in [3] and does not suffer from

dependence on DOA.

Whilst there has been described in the foregoing description embodiments of
the present invention, it will be understood by those skilled in the technology
concerned that many variations or modifications in details of design,
construction or operation may be made without departing from the present

invention.
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Clainms: 1 A position determ nation system conprising a
first UMB device including two or nore
ornni -directional antennas 5 spaced by a
predet erm ned spaci ng, and a second UAB devi ce
including one or nore directiqgpal antennas, wherein
the systemis arranged to obtain a plurality of
?ﬂgﬂﬁglers for at |east two UWAB pul ses betmeen t he

rst. UAB device and the second UAB device, and
determ ne, based on at |east the paraneters and the
predeterm ned to spacing, the posture of the first UWB

devi Ce pEdifibnh Hétérﬁ’nrﬁdl%rﬁé%%?éfﬁ ddnihriyg ce. 2. The

systemas clained in claim1l wherein The relative
post uedirshdiWii deviceliecladiggewodirshareemairdirectiorra ahtemnas

ce relatiye to the second UVB
g&@#‘%‘gb&fﬁrgdg&ﬁ?@'g PRIAD MY ned in claim 2 wherein
the secsEtdnMBAVBRYEVICS indNsdingoR8 6r\’fﬁor%r difgttienal antennas,
di recti onal antennas_ angul ar ébopace at a

pr edetdieipindhe sysiemnis anmanged ooktaina lusglity efpasameters for at

n
4 S 408 BotRRE S (SRR BR6E i A bind e
device; dind deteramé kasedroraal) leaeﬁtheﬂn’aranwtergtaiﬁi tf@/préldétermmed
the gmmi -di recti ona
ARREnHaDs o deeidhafrst R a6y rolalive i svand UWB device.
antennas, an anplitude Al B (of the first pulse from

the first of the ornni-directional antennas) and an
2npl i Thasyzmasigioted ihelaioc b mhepeinghe frelativé bestes tmdudes

Bie. o hne® e b IRte B P AL UV BBy efaf an e

Aécdred VB devize. first pul se and the second pul se
received at the first of the directional ant ennas and

atime difference AB between the first pulse and the

gecon%e %gﬁfém %E%?él?ﬁ%@é@ 15)9162 WrePAH tRE sbBSnd UWB device

lrectio antennas
including two or more directional antennas angularly spaced at a predetermined

squint angle.

4. The system as claimed in claim 4 wherein the parameters include an
amplitude A1A (of a first pulse from a first of the omni-directional antennas) and
an amplitude A2A (of a second pulse from a second of the omni-directional
antennas) received at a first of the directional antennas, an amplitude A1B (of
the first pulse from the first of the omni-directional antennas) and an amplitude
A2B (of the second pulse from the second of the omni-directional antennas)
received at a second of the directional antennas, a time difference AA between
the first pulse and the second pulse received at the first of the directional
antennas and a time difference AB between the first pulse and the second pulse
received at the second of the directional antennas.
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5. The systemas clained in claim4 wherein the
posture is at least partially determ ned by
determining the angle a of the first UAB device
relative to the second UWB based on at |east the
anplitudes Al A Al B, A2A, A213. 5 6. The system as
clainmed in claim4 or claim5 wherein the posture IS

I stprtiall .determ n by determ nin
i encilid SIERAS s FLEalhd Wi B bestbih s Bdeasigartially
Sﬁt@rﬁﬁnb@%y@téﬁﬁmh@s% aHylét dreRs Firdthenvl ddvice relatB/e to the

di ffer ences AB and the predeterm ned spacin )
|Secon ﬂw\é/Bsh}aﬁ%im@t teast W@amnhtudys M, d¥1 Ei;mazmsAlet 0
6 wherein the posture is at |least partially

determ ned by determ ning the distance d fromthe

fG rst ThéBsysiemi aeclaimédiin elltmﬂcbr%rrdswr@ghﬂﬁécbdsmr@tls at
the predetermn

Sl ity Bl bnoraiob K O
WBice r@lét%ttbQﬂélse%ﬁc? a8 6&!@&%85‘%&%%%{}@%%@% CFlfferences

omi -di recti onal antennas relative to

WB AR enddhe predeterminedeapaaingclai med in any of the
preceding clains wherein the first UAB device

i ncluding a spacer fixing two of the omi directional

ant enrmae Gisterhl®s Garslsd BY aiy6se SPaRIMSE 4 t@QS \Q/heﬂgiﬁ the posture is
léq)éstem as. clainmed in any one of clains 3 to 7 wherein

teagh partally federaningd @woietqrmmnmethg;dsstencag feoraithe firstrUWB

2
SRYS 6 ST Ry ULy RGPt aon .
the peadeterndeéd m@écm@ D henchrzage Aangewbenthd fisst @ftHe omni-

di t naI trans tt| nnas of the first UWB
bR Bhennaaueohn SoRnd b ie amnadireciansl Palannasdelative to

ot ScortelWE dedret he average DOA of the ommi
directional 30 transmtting antennas of the first UWB

device relative to the second UWB device. 18

8. The system as claimed in any of the preceding claims wherein the first
UWB device including a spacer fixing two of the omni directional antennas at
the predetermined spacing.

0. The system as claimed in any one of claims 3 to 7 wherein the squint
angle is 60°.

10.  The system as claimed in any one of claims 4 to 7 wherein the relative
posture is a triplet (d,a,B) where:

d is the relative distance, defined as the average range from the omni
directional transmitting antennas of the first UWB device to the second UWB
device.

a is the relative angle, defined as the average DOA of the omni directional
transmitting antennas of the first UWB device relative to the second UWB

device.
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is the relative orientation, defined as the angle of
the axis joining the ormmi directional transmtting
antennas of the first UAB device, relative to the

second UWB device. 5 11. The systemas clained in any

of the.pre.ce.ding clains whepgein the-first UB

devi ce includes a transrn'tter arranged to feed an U\/\B

ul se to each, of mi, - ecti nal . ant enpas
@%%@?%mea@'%taﬁ'%@% ot FEpHe R [ing Shomni
ditddtioPal ftahsARENGBnteradof IR fiFst ‘UWB%\}?(% "i@%’ﬂvé k& the second
transmtter and each of the oMhi-directional
HWBdaediee. 13. The systemas clainmed in any of the
preceding clains wherein the second UAB device

i ncludes a receiver arranged to be fed an UAB pul se

feed THS shstem aschaimbdtihangior @ p%b@dr@élﬁﬁﬁ@&helé’in tr‘re first
aosr tion det er m nati on system corrPrr sing a

dev
W davicg Iaslides atensmilieeairabaed L inestamUVHE awsafio each of
{h%CcﬁhHiedr?éctioﬁaﬁantteY‘MawB pul ses fromtwo or nore

rnni -directional antennas 20 spaced by a
predeternrned spaci ng, mherern the systemis arranged

121 oLfe Bt Plaimo T ol e Bi el ! BRI deVite iNdudes an

Ssyradetify eedsbtwbBA tivé QAAERItEBNAR SRATbNMYe JrABI- directional
rel ative posture of the UWB device. 25 15. A position

YHeBnaA$-nat i on system conprising a UWB devi ce including
two or nore omi-directional antennas spaced by a
predeterm ned spaci ng adapted to transmt at |east two

18\B plihe sgstem as elaimed i aay df tmpremdinmhmﬁmmerem the
osture of the Vi ce nm

SeneHIEIdeviSs Ticider 8 fechiveicaangediakaiad g SNS pulse fod

RIS AeBESHHI aderiits. Pul ses and the
predeterm ned spacing. 19 16. A nethod of determ ning

the posture of a first UAB device relative to a
14, A position determination system comprising

a UWB device including one or more directional antennas adapted to
receive at least two UWB pulses from two or more omni-directional antennas
spaced by a predetermined spacing,

wherein the system is arranged to obtain a plurality of parameters
representing the pulses, and determine, based on at least the parameters and

the predetermined spacing, the relative posture of the UWB device.

15. A position determination system comprising

a UWB device including two or more omni-directional antennas spaced
by a predetermined spacing adapted to transmit at least two UWB pulses to one
or more directional antennas,

wherein the relative posture of the UWB device may be determined,

based on at least a plurality of parameters representing the pulses and the

predetermined spacing.
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second UWB device fromat |east two UVB pul ses
received at the second UAB device fromthe first UWAB
device conprising: 5 determning a plurality of
paranmeters fromthe two UWB pul ses, deternmining the
angl e, orientation and distangg of the first UWB
device relative to the second UMB devi ce based on at
| east the plurality of paraneters. 17. The nethod as
claimed in claim16 wherein the paraneters include an

116. anpl mistrited & d’etéﬂﬁmﬁwg‘ tHespoqutess? a ARt LANBatgVidd Mﬂ@lve to a
A2A (of a second pulse) received at a first |ocati

aRcenp HWEB gevige fsorpat leat twp (VB RYISRS regrivachat the second UWB
@gpﬂcbtéf.q}g I‘e%ﬁl?stmf\/Bt&@/mseeg&ﬁEnQH se) received at a

secon erefdce AA between the
first dptdremmagda ploealsye obparameters ﬁremetheevs#oa.ﬂV\AB]pulées st
| ocati,0 et ween .t he f

pul se dﬁFﬁi”‘t‘WB%@% @Ha%plgpggtat@g %@?Vé‘&e&f ”P%Br% é@& Bdevice
k@884 A thelsbcohBeU Vs B&ﬂcé‘%a%é‘bﬂeﬁ Iéé‘st%é“pmrél?t of parameters.

wherein the angle a of the first devi ce relative
to the second UMB is at | east partlally det er m ned

d
3588 Ao ) S5 e e mouce o
ehmllmdbSAV\AE(bea fir$tpeslse)i sgvot an amfblltlm‘e AZQ (6f a sectMBpulse)
devi. ce reI e to the second UW\B device is at | east

raaiyed ?Sﬁ Q3ORe N BARIUIMALE (oLiha firshgusgiand an

B EIRAZ8, (Ot SecRE dlSe)TREEN B R 135 oE Tgye o fine
differensendd redwekaithe first puiseyarmh theoseadna prisd Tedaiveidat the first
1518k Bel ) FhSREe A BT 453 oy theSe8nd piss
ficprad MafelRe8dd Meatonl east the relative orientation

P, the spacing D between the two UWB pul ses rel ative

to the first UAB device, and an angle Aa 30 between

188 t¥Re WBNBY'REGaihR A Y&int 97 WHerSRRBAnYYPaLRYAS first UwB

device relative to the second UWB is at least partially determined based on at
least the amplitudes A1A, A1B, A2A, A2B.

19.  The method as claimed in claim 17 or claim 18 wherein the orientation B
of the first UWB device relative to the second UWB device is at least partially
determined based on at least the time differences AA, AB and the spacing D
between the two UWB pulses relative to the first UWB device.

20.  The method as claimed in any one of claims 17 to 19 wherein the
distance d from the first UWB device to the second UWB device is at least
partially determined based on at least the relative orientation B, the spacing D
between the two UWB pulses relative to the first UWB device, and an angle Aa

between the two UWB pulses relative to the second UWB device.



