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1 *@&00002* Positioning Methods and Systens for UNB

Devices Field of the invention The present | '

relates to nethods and systens for finding tlmmmmmmlwm@m’”m
0

position of a UWB transceiver device relative

or nore UMAB reference devices. 5 Background of 159159
I nvention The use of ultraw de band (UWB) radi

signal s for conmunication and 1positioning i sﬂ@ﬂlﬂ"ﬂlﬁﬂ]ﬂ"’"ﬂ"ﬂ"
interest to many organi zations. UAB has the p

to provide very high data rate communication wi t K003

short distance. It can be 10 used in a room

envi ronment Pbeniomd?@@ﬂfod%wsysteﬁ& RFUVIBMEViced e CE
devices such as a TV, a video canera, a player, a

PC etc. Furthernore, known inpulse node UWB devi ces

h d 193] to be used to accurately find the

| ocati ons of the objects. Due to the short pulse width

0 "
oot SR el EeRRAOTE 8deh BFIAGHS e posion
pof atUWE ingnsceiveradgyiceltalativieatotare ot moed bV Bwefdnendeedevices.
free spectrum usage and | ow cost of UWB devices, has

givepn rise tq much interest in using UWB devices to
pééﬁgm&g‘ﬁim% In fact, it is believed that the
conbi nation of the conmmunication and positioning
abilities of UAB devices will greatly enhance the

cdiveainecofcdtravideband (VWE) radiolssonals éer canaimigdion[and
R T S T I

t paovide Verchigh aiate rete donamanicatien withinalshiopt! distance. It can be
receivers. The positions of the receivers have to be

KHEGA ImagpPrY envirpnanent{erwireless canpestions ameng seutinle:GE

CUBYIcBS STUAGH AT Bideb amBRITs O PEIa B PG dle Mahermore,
t khewayisipaiiseyode i UWB deviced havey thet patential-tbl beglisedfo

i ;
ué\gcgr%tglg??inld%e locations of the objects. Due to the short pulse width of the

UWSB signals, it may be possible to achieve high resolution, and thus highly
accurate positioning accuracy. This factor, together with the free spectrum
usage and low cost of UWB devices, has given rise to much interest in using
UWB devices to perform positioning. In fact, it is believed that the combination
of the communication and positioning abilities of UWB devices will greatly
enhance the convenience of human life.

US patent 5,510,800 [1] describes an UWB positioning system based on
measuring the respective times-of-flight of pulses transmitted from one
transmitter to multiple receivers. The positions of the receivers have to be
known a priori. The transmitter and muiltiple receivers must be synchronized
by same clock source through cable connections. US patent 5,589,838 [2]
extends this system by using the relative time-of-flight of UWB pulses in
multiple synchronized receivers. The main limitation of these systems is the

need for accurate distribution of a clock signal among the multiple receivers.
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mul ti pl e synchroni zed receivers. The main limtation
of these systens is the need for accurate

di stribution of a clock signal anong the nmultiple
receivers. 2 US patent 6,054,950 [3] describes anot her
ki nd of UWB positioning system which uses several (at
| east 3) fixed reference transceivers to |locate a
mobile receiver. This is illustrated schematically in
Fig. 1, in which reference radio transceivers 1
transmt signal to a nobile receiver 3. The positions
of the 5 reference transceivers 1 nust be known a

PIUS phtent BOSH, 5@ [3t1eaeribes BR6thel Rid df URB Positibnhif system
t he pulsesfromnultlpletranscelvers 1 arrive at tTheé

r dduclyusessevarel (@ drpshy) fixed sefesenne thanassivars ¢p (goatke a mobile
t I?gcél\?&e ﬁ'ﬁfsrli%lisuétl%t&? E%%Qﬁcél&q% ! 'QCn@tr']'i‘; Q{F}]cg{ réfgreence radio

recel ver synchroni za

t ltralfnswkém@;;r3 gtragemn s-‘vgngalimbal mobifee Iedea/ereeg'm. pdsitidds of the

pat ent 4 4 4] al so uses at , units

t haferengs %%rﬂﬁﬁ%‘feégﬂénuﬁli be, ﬂ@%‘ﬁ‘ﬂ ARt Sﬁ'&? ‘?'g\é\%@eﬁ between the
I .

ot ithieh thepARES Hor? il trankesi R i 8t the receiver 3

ajape nsedBYC0ProTLESaabsobiatedh withsthe ireceiver 3etbrdedemsine the

3 fixed receivers and a reference
ﬁ%ﬁ?g'ﬁf‘tqfé*ﬂe fePaiRat- & gelf ayng aﬂgﬁf'?@ 8map the tignsceivers 1 or

|@f§5gg|td|@5k is Hedelqocks of the nultiple receivers are
d wth a central clock and their phase

differences relative reference transmtter can be

2Ot PRl et o, BB 85 A0Sty TP B it Betoan, gommunicate
aMlithodadhhéthab &y R caterd Pschile Ui WS patsnt 6iJ00R008\5] Lmb‘tllﬂes a
at _known positions to obtain the position of a nobil

olppstioningaethas fmilar &1 [4 probl ens i n depl oyi ng such
systens since many neasurenents and nuch pre-setting

25 are needed. Wth the current tendency to continue

r ¢l UC IS patentchppire US2004/01 08958 oy positioning methodamseseat least

tE%efixrtra%l rgcgﬁ)lse}'sagrl] afr(e)geren ng/ trgﬁgrultge?’ttb ?ocsa'te a tag transmitter with 1D
information. The clocks of the multiple receivers are locked with a central
clock and their phase differences relative reference transmitter can be
determined. The invention can be used to rapid acquisition of the tag
transmissions.

Note that all of the above proposals require multiple UWB units at known
positions to obtain the position of a mobile object. There are a lot of problems
in deploying such systems since many measurements and much pre-setting
are needed. With the current tendency to continue reducing hardware cost,
the deploying cost may become the main obstacle for many applications.
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30 3 Summary of the Invention The present invention
ains to provide a new and useful UWB positioning
system and a positioning nethod used by that system
5 1n general terns the present invention proposes a
positioning system incorporating a UAB transceiver
and a UAB reference device. The UAB reference device
generates UWB response pul ses 3n response to UWB

pul ses received fromthe transceiver. The transceiver
includes nultiple antennas, splayed out around an
angul ar range (typically such that the beam 10

psgfmhgﬁf &Fthbhsvertiony of antennas span all directions
In a two-di nensional 360 angul ar range around a

predeflned axis) , and circuitry for determning the

aiﬂaeunraamt inyentienprionsi tocprevigaa Bew and uasduldyVWehpositioning

%nfdré’ﬁbélﬂﬁ Hg\zf’pe{h%ﬁ‘?L °oeyﬂhrét Gysianse to B

S) tra romt ranscefver. In this
vvay, the UAB transceiver is able to obtain the range
of the reference 15 device, and the angul ar position

ofn geRerabiesMsibe RIesetdnv@ntianProResesAositigning system
o}b&%h HaAB&diRS Atifa QfWBWe’F%r%KEé GBVic! The UWB

a|n|ng he relative position of e transceiver
amn‘ereﬁoerm genemaéesrtiWB nespoiset frdses impespbdnsdto UWB

BORRECA e T I bR B el Lol
t bARTHrRISY §hlal8 BuY Sfounitar 88§NBE Fariyd &)@pléélfyoéw% t'hbﬁthe beam

multiple diréectional antennasS and by conparing t
spwpfies afibie arveieef antennasiispar ad direstiorswitbin a hyo- dlmenSIonaI

o206 GahgRel ey wllond H5efhed 2Kis) aBRETIELBF 0&@imining

I efPamphtulesof réSpadtivessigrialé PsceivdPBy g éﬁl@nﬁdb $®m tHeuwB
di stance between the transcei ver and reference device

2eferance iggesronss or iR aulse( tianspytied fropy thentrarscgiiyes. In
X Enelgg}al?'s onpg\lgltrsa?\%é@%ro@' e 'tc'%B{d"iﬁ‘ m%ﬁééﬁ;\éeté‘fﬁgé reference

e reference
I deeict| and tise angulbr positidn iof tHdweference device within the range.

A positioning method making use of this system for obtaining the relative
position of the transceiver and reference device may include the steps of the
transceiver transmitting a UWB pulse which generates a response pulse from
the reference device. The transceiver receives the response pulse through its
multiple directional antennas and by comparing the signal amplitudes from
different antennas, the direction of arrival (DOA) of the response pulse can be
decided. By measuring the time delay of the response pulse relative to the
transmitted pulse, the distance between the transceiver and reference device

can also be determined.

The proposed system is able to obtain useful positioning information even if
there is only a single reference (although, the invention is not limited in this

respect). Thus, one form of the proposed positioning method and system is
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respect). Thus, one form of the proposed positioning
nmet hod and systemis 4 very sinple in that it only
uses a single UWB transceiver and a single reference
device. Thus, in contrast to many previously known U\B
positioning systens, the proposed configuration may be
sinple and easy to deploy. 5 The multiple antennas
with splayed angles nmake it poksible to nake the
transceiver relatively sinple and easy to use. The

mul tiple antenna feature neans that a transceiver as
proposed is nore fit for use in a portabl e device

t afy Siphein thatRSMNLSEE b Sird dgvé YWBAraHdcefler @afdla single
antenna, or an _array of 10 distance-separated nultiple
afeferange. deviee. rTdtus; Eh@@tfﬂﬁt ite enanyeerenisuslycknowe UWB

OSBRI e o, OTAPAAREE U LELARGHR oy o

(deploghi ch is capable of generating a response signal

after a delay and/or 15 wth a different tine profile

fromthe signal received fromthe transceiver). By

u C

T e R N ines WIS APatibe SRR bosdill folfske Bl

e&anbgeldersnelatgaellyei;leqalé lanrheaslyeo usehwhe snytiplesantdima feature
eS|on? le for the ostlonlr}g nmet hod to be .

rrﬂ?eéf“\sot ase ransaeiver a3 RIS, is Farre T iPhyss, In & priable device

MHdA el ﬁ\@éhéﬁi&ﬁﬁﬂotaﬁ% Blréétlddm%ﬂfénnazgr Ehearra of

proposed systemis particularly useful 1ntwo kin

pdﬁtam@ase@aramlmitﬁ)dgan(emaaet ermning the positi on

of a nobile (and typically noving) UWB transceiver

relative to the reference device; (2) determning the

PTietrefiiten®d deviee UBkETRINE 2afidd pasIivd @revwhich VB

transceiver. 25 In certain applications of the system

( frstantaneawsly refleatsa signalit reseivasifiom thretrapseaiveraiov agtive

"dnd Ghiths (UaphBle dfigdridrathGA585 M fed SERAIHET 2dSh§ Bha/or

with a different time profile from the signal received from the transceiver). By
using an active reference as a responder, the receiver is able to produce
response signals which can be more easily distinguished from other echo
signals. This makes it possible for the positioning method to be more robust
and far-reaching, particularly in a multi-path environment, such as indoors.

The proposed system is particularly useful in two kinds of positioning
scenarios: (1) determining the position of a mobile (and typically moving)
UWB transceiver relative to the reference device; (2) determining the position
of the reference device relative to the UWB transceiver.

In certain applications of the system (particularly in the first scenario) the
transceiver may rotate (relative to an absolute reference system), and
accordingly in some such applications the transceiver may be equipped with a
device for measuring its rotation. This device may be a compass device or a

gyroscope for example. In other applications, such a device is unnecessary.
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accordingly in sonme such applications the transceiver

may be equi pped with a device for neasuring its

rotation. This device nay be a conpass device or a
gyroscope for exanple. In other applications, such a

device is unnecessary. 5 For exanple, in typica
applications of scenario (2), the conpass or gyroscope

i's not necessary since either he transceiver does not
self-rotate, or if it does it is the reference's

position relative to the current orientation of the
transceiver which is of interest. The scenario is

apat edampld, on tygitAalppheidrizadf éb%ﬁaﬂé (2)‘1%@ cehfpfagé lgyroscope
field of radar positioning, and sone

pionpeigaressawy gaee bisher thgdransgeives dpgﬁ @opaelﬁfot@te \ardfpt does it

- T PR B S RL AR b PR, Aot i ARl ot e fogsceiver

oRJhictRiss bf Hterest.€Ties eBerRaie ¥ analdgoes rfattzptd:al appkdations of the
limted in this respect. Specificall

pdiTarenidield of yadamposiijoning anrdseme Q%whﬂwéaroa@:«e& bAge:can be
deyd4raed f&ﬁﬂg@é’ Fgﬁurﬁtoof i%W”a t§n W%Ja%@%@ﬁeﬂ%h%%n' 8f uwB

response ses rom transceiv
opadarnh is particularly useful | n the scenari o of
tracking the transcei ver and furthernore nakes it

IR BIeCiSe ErethbR oS ananis Bt drroudiia Hoshlesulls wilbaaly @ single
tPé?bréﬁt% Hevigk! He ﬁfetﬁ&? id-hokt rlr?fﬂf%‘“oemvﬁﬂs rrééﬁédtVSpbelf@QIIy, the

absol ut e reference directi on can tained wt
u@@smbnmgrwsaemdnayrmm@tvm(ordﬁoreﬁdefmem@dewnesmach able to

| CRRSEEa Bya DXk By RsEPLF (BaRbAG B! 1R blRes from the

amahsc@t/euo MEhis Foptiopxidnparticulatly mf@anumedséwarmpbfe traoking the
pasting- and- ﬁOSItlonlng process in which

sf‘fﬁﬁﬁ‘}e'}é%ﬁnﬁg‘ut‘t ermeredpakes it possible t%traciszmerﬁr&welver in three
f‘rﬁéhﬂans Hﬁﬁl\/&l OB} %dﬂ[o%%ﬁgsltcmégkﬁsgf@t the rotation of the

p033|b e app or  éxanp

i trahbeeiverf Mah@etodaw lab@olufe laifér@ﬂbedilrteetldbrlﬂeapmwobtalned without
recharge site of the robot, then the recharge site may
b&sSg@f ad%?@rr@eaaw(@mqm@em@dnoumeﬂ Q) heylsansceiver.

automatically find the position of the recharge site.
Due to the simple configuration, the proposed scheme has many possible

commercial applications. For example, it can be used to implement a “pasting-
and-positioning” process in which by simply pasting the reference device to a
fixed location, the positioning process can begin. A possible application is in a
home robot. For example, if the reference device is attached to the power-
recharge site of the robot, then the recharge site may be put anywhere, and
the robot will always automatically find the position of the recharge site.

A second, independent inventive concept disclosed herein is that a
transceiver and reference device of a UWB positioning system may use UWB
pulses not only for positioning but also for data communication between them.
The devices may simultaneously implement communication and positioning
function. The communication can be conveyed by modulating the pulses. This
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A second, independent inventive concept disclosed

herein is that a 25 transceiver and reference device

of a UWB positioning system my use UWB pul ses not

only for positioning but also for data communi cati on
between them The devices may sinultaneously

i npl ement communi cati on and positioning function. The
conmuni cati on can be conveyed &y nodul ating the

pul ses. This 6 may be by BPSK nodul ati on. By using the
BPSK nodul ati on of UWB pul ses, one or nore

information bits can be enbedded into the each pul ses,
Wiidyebé sy BPIREmvdusRpnC By (wind thedBPSKefhodalatioAnse)\WBpulses,
direction nmeasurenents. By conbining the sinple
p@aetqrm@r@gn&mfatlgumslczﬂm mgmhe@dedmtheaﬁammlsses while the

! ARG Bllise8, O skl e lsebioflrrahpBOMGE Yrd B bR GHErRNts. By

cedrdMihgnene REiliple Wobsitiomifgb@shfiguiration af@Mimei erhhftmication
gﬂtem this UAB RFID has, additional positionin

naticp, @®r ney g ehtradip dreaupncy ddeniificplien ofREIP) can be
t4,0 r
| TR, W GAREREIEOhe BN, (FRS] Wiich  sicaly o
t bemnolinicatiorgsystgm;, #ds UWBHREID h&s gdditional pmmcamag ability.
schematically a known UWB positioning system using

miltiple refere t(]esm15 Fig. 2 illustrates a first
e:%gbﬁﬁéﬁ‘mlw Iptgn ' on using a single UAB
transcei ver and a single reference to nmeasure the

r Plréﬂeln*é@i feafires @ﬂtrﬂsf mVBﬁtloﬁ Winsew ibeedestriBel efop tied §8ke of
i s composed o whi ch

3
i nlﬁm Hem @nlyew@deferenge ?@thq t(ﬁvdiowmquurpsm whégh:

transmtted and received by the transceiver of Fig. 2

in the S hat the reference i s sive reference .
(Fi g 309 ystedter seBeftipally & knplo 25 Brr fohGoFgHem using
I gRffipledefeyehdiss;t ranscei ver and an active responder

(Fig. 3(b)); 25 Fig. 4, which is conposed of Figs.
4(a) to 4(c), illustrates a nethod for

Fig. 2 illustrates a first embodiment of the invention using a single UWB

transceiver and a single reference to measure the relative position of the

transceiver and reference;

Fig. 3 is composed of Figs. 3(a) and 3(b) which illustrate respectively
the signal profiles transmitted and received by the transceiver of Fig. 2 in the
case that the reference is a passive reference (Fig 3(a)), and the signal

profiles transmitted and received by the transceiver and an active responder
(Fig. 3(b));

Fig. 4, which is composed of Figs. 4(a) to 4(c), illustrates a method for
direction measurement in the embodiment of Fig. 2 which uses several

directional antennas in the transceiver;
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direction nmeasurenent in the enbodi mrent of Fig. 2

whi ch uses several directional antennas in the
transceiver; 7 Fig. 5 illustrates use of the

enmbodi ment of Fig. 2 to track the changing position a
transceiver with self rotation; Fig. 6, which is

conposed of Figs. 6(a) and 6(b), illustrates use of

the 5 enbodinment of Fig. 2 to/ track the position of

the reference and show its position relative to the
transceiver in a display device of the transceiver;

Fig. 7 is a scheme used by the embodinent of Fig. 2 to

si nmul t FRE@iAlstrateSRIse BT Hhe BRFJJJIABHIGF Fi§J2 to track the changing
communi cation functions by BPSK nodul at1on; and

Fpgsitign shisersceivas sdiuseitsdationint of t he |nvent|on

which is capable of perform ng three-di nensional

position finding. Detail ed Description of the

enbodi m&gates MﬁctRsfwmpdS@d or Hgs, 6(@) and®Byb), tiluztiates use of the
system.is nbodi ment of the dpresent

|ﬁmlf6ﬁnb%ﬁgo%§¢ éﬁagk e pwtleap{ fne glerenseAnd sipw its
t ar
B SRERENve 1O he Vet b 1T AR REYASE [eiSepver
section called sinply a "reference"), which nay be a

20 fl
oot vEIG TS atiane epd bisses smiEumanhaf £ 6248 aulideously
14 I'eﬁﬁirﬂ%%lt%nﬁfgoéﬁéé&hrﬁlﬁﬂcﬂﬁirﬁﬁﬂbﬁéﬁkgbyB‘PSK’\"\‘\bdulatlon and

p03|t|on or that” of the reference 102. In either
case, the target of the neasurenent is the relative

positi the units 1 S

Phe pobittostiatisddeehed dhieolenf 5 RiRGERFLunEH T} REbabte of
t parsaAiIngahretdiktdndicnal ipdisitloatfihdiig range and

direction of the reference 102 is detected. Therefore

the reference 102 can be very sinple. Fig. 2 is a

ge?ﬁf‘egbéﬁcrYdt%Wof ItRe Wi BRts| F anscei ver 101 is

Referring to Fig. 2, a positioning system is shown which is an embodiment of
the present invention and consists of two parts. One is an UWB transceiver
101 which transmits and receives UWB pulses. The other is a reference
device 102 (in this section called simply a “reference”), which may be a
passive reflector, or an active responder which can receive and re-transmit
UWB pulses. The transceiver 101 includes a processor for determining its
own position, or that of the reference 102. In either case, the target of the
measurement is the relative position of the units 101, 102. As in a radar
system, the position measurement is solely implemented at the transceiver
101 in that both the range and direction of the reference 102 is detected.

Therefore the reference 102 can be very simple.

Fig. 2 is a perspective view, in which the transceiver 101 is shown at the
origin of a two-dimensional plane defined by two orthogonal axes x, y. This
plane is referred to in the following text as the “horizontal” plane. The
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origin of a two-dinensional plane defined by two
orthogonal axes x, y. This 30 plane is referred to in
the following text as the "horizontal" plane. The 8
reference 102 may be within this 2-D plane, and if so
this configuration is very suitable for 2-D
positioning. Alternatively (in the case actually shown
in Fig. 2), the reference 108 may not be within the
2-D horizontal plane of the transceiver 101, but is

i nstead rai sed above the plane by a height Ah. 5
Suppose firstly, that the reference 102 is within the

X refePdriiee102 maybewitRPethist 19 pldhe! ane fF do' 18 édiffiguration is very
transceiver 101 to the reference 102 is denoted by R

Astisablefor 240, positioning. Alemadimely (irothei casstaciually shrawrdm Fig. 2),

ALK farbthnep A0 B0Gios e iinad e 2% pfiz AR bERE R e c

1@anteeive101, 1868 inctsad flsedrabovd theqsiENG 'b?rst hé&ight AkS
di stance within the 2-D plane (the "2-D plane range")

is denoted by r. In either case, the angle, fromthe

?rsg{ééége ‘ﬁf‘st’y;] gﬁf the iréf@‘;er@e% %E@hﬂé W}%?a}r @gae IR this case, the

fver and rererence to as

t estavagenfrbim thedtanseeiviet 18M to shk reference 1nisldenoted by R.
determ ned fromthe neasured slant range R as: r= RZ -
(Ah)Z (1) 20 Even if the Ah is unknown, if it is small

aMeHﬁivé’yaﬁftthé ?@@ﬁe&ﬁi $0Pidat 4 HSilth At apS R )Ey?ﬂléﬂe, Ris
be very cl’dse to the plane range r , and using Rin
plaeé toHenoferthetdntud|alistante ¢'stzmit clistan¢ashfrom therreference 102 to

cause a bi.g error. ing the plane .range r and the
- i reRscaitel &1 shadho Brndnht ob i ditanse BRNin18S 21 plane
tﬂBS‘QﬁD‘bPJnel%tg%msrol%}‘n%feﬁf‘W »102 can be fully

t
determned. In the followng text, exenplary ways for
range and direction neasurenent are illustrated in

o0 Blther e g Bl rof 1348 b8 BRI B tupiping the

1@anséeiver 101 and reference 102 is referred to as the azimuth angle 6.

If Ak is known, r can be determined from the measured slant range R as:

r=R -0} (1)

Even if the A# is unknown, if it is small and the slant range R is big, the slant
range R will be very close to the plane range r , and using R in place of r in

the following calculation will not cause a big error.

Using the plane range r and the azimuth angle o, the 2-D relative position of

the transceiver 101 and reference 102 can be fully determined.

In the following text, exemplary ways for range and direction measurement
are illustrated in detail. Later we will discuss how to continuously monitor the
position change of the mobile transceiver 101.
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1. Range Measurenent The range neasurenent perforned
by transceiver 101 is based on the neasurenent of the
time-of-arrival (TOA) of a UWAB pul se transmtted by
the 5 transceiver 101 and echoed back by the
reference 102. Suppose firstly that the reference 102
is a passive reference. In this case the transmtted
pul se fromtransceiver 101 wil9 be directly reflected
back after it hits the reference 102. Then it is
recei ved by transceiver 101. The process is 10
described in Figure 3(a), showing the tine profile of
the signals sent/received at the transceiver 101.
After transmtting a UMB pul se, the transceiver 101
wittl RangerMeasemandi vi ng node and wait to receive

t 1 0sTENGE et e P bifdiined By HeFREEVEP fo1 [ Based o the
Bﬁaéasuwdent bfthertiphedof-apivdl (FOAG of aud Boplise tishsatitted by the

tinme z |at Then t he sl ant range R of 15 the

r PBPERIKR %éﬂw ape eshpedheek bydhesefergheg 02 i s the

speed of light. (2) 20 If the transceiver 201 is in an
envi ronnment (such as a room including nmultiple
oﬁuepbse \fvmtl@frthatemeeeferum d0Rde a8, passive referencansdbisvaase the

mnapﬁ@ifqeﬁ YieE diorh RafecS o e &@féé'dﬁ'ggtl iledfed Back after it

r afts @6 pSfefered 102 tTihehat FSQEEQI%Q'W tbﬁ‘fsébﬁ/e"r 994 hTI'HG pPro€ess is

transceiver. To differentiate thé reference's echo
f dam:mb@ct lno‘flgtJf%3(<§t)h$hOdeg dae tmauprofilenal the skgnals eent/received

IRl S ARG VS PV M0

U%Mt@h th @ reeaivinganodé dndewaie iPrddes ﬂw@%cﬁo@ﬁ%&é@ﬁom the
102 10 One possible feature is the anplitude of th

arancen] Qd hedranssmissionga! the pulseris atdhe lefhekiherig. 3(a), and
gg?bgé@ﬂfe Bf tHeI2EEVEE MU Rt Bl P 94tet YA HY Nt range R of

the reference can be estimated as:

R==" ()

where c is the speed of light.

If the transceiver 201 is in an environment (such as a room) including multiple
objects which reflect UWB puises, then the transceiver will receive multiple
echoes, possibly including multipath echoes in which the pulse has been
reflected from multiple reflectors before reaching the transceiver. To
differentiate the reference’s echo from that of the other objects surrounding
the transceiver 101, it is necessary to recognize the echo from the reference
102 (neglecting other echoes) using the features of the echo from the
reference 102.
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it can be identified. One way to ensure this is true

is to use a strong corner reflector as the passive
reference 102. O course, the anplitude of the echoes

5 is strongly dependent on the range. To renove this
range- dependent factor, tine-sensitivity control can

be used, i.e. increasing the gain of the transceiver

for increasing ranges. O her [Bssible features which

can be used to identify the echo fromthe reference

102 include the polarization of the echo's electric-
magneti c wave, or the range waveformprofile since UVNB
hamdpadsibleFehturé Rtheldnpud@dgthe SEHPRES theWeference 102. If
alternatively, that the reference 102 is an active

r ierefarence|gan genaratesa bigges ega@,éh%theewtaeéﬁ@@ouweg objects,
a

o oh e oG R SR rBii s g Rt ST b SBrmer

ansflevtorvad theapdssiveodiférenati102. Ofitoarss, e aﬁ'fpfhflﬂ'm:@‘ the echoes
called a responder. The timng grocess of th
sb"eﬂ&?n%y ﬂ@PPW%@thhi’f@daﬂﬁeFT@ rergomMs th'ﬁﬁ@%e'@ﬁéeﬂ‘é)%rfacmf

Q{e Qénéllr\ﬁt o‘f cah BR £ el M%e}is i ti%'%? (E)Hvée frrﬁﬁscelver

recelve e transcei ver
pmmnafeasmg rfalngeseOthmhprcmsme fdatures gidtls cap bei uvsmﬂ mridentify
transmt

- IRRBChe o Meretaente ADR08suds e pplarigatian a8 gaioPelectric-
f ?ﬁ%”@t'wm %r%ﬁ@'rd@o Wé@efbﬁﬁ%r&ﬁle@%@@fl\@%a@LH@{?resqutlon

t he responder 2. Prefterably, after the
r@spangeer 102 receives the pul se fromtransceiver
101, the responder 102 initiates a del ay-and-tri gger
gate which outputs a signal with an edge (e.g. a

f Suppbse eUE altafriRivey, IRNtRE Féfetdrite 102 RYyarPactive refdrefice. In
falling edge of the gate trig éers t he resBonder to

géﬁ@Vﬁ%tetoaﬁ mwr@‘@rezsesthﬁ aciive(referenes 1 P gantrepeivaand re-
Sty b 1O PP SIS gy o

t h&)dlflcm’tmf AaradtMalrefe‘ren(cdﬂs&aﬂeb&eresﬁbnder e timingyprooess of
pre-deternined and known to the transceiver hlgoéure

¢ f FERBR O Hingrated jo kit (Bhivhsse dag HRReERAR ST t
Clirfdicdtbs ¢ sighals transmitted and received by the transceiver 101, and the

lower part of the figure indicates the signals received and transmitted by the
responder 102. After transmitting a UWB pulse, the transceiver 101 will switch
to receiving mode and wait to receive the echoed pulse from the responder
102. Preferably, after the responder 102 receives the pulse from transceiver
101, the responder 102 initiates a delay-and-trigger gate which outputs a

signal with an edge (e.g. a falling edge) after a non-zero time delay oft,. The

falling edge of the gate triggers the responder to generate a UWB pulse
similar (or identical to) the received UWB pulse, and transmit it back to
transceiver 101. Then the transceiver 101 will measure the time-of-arrival of

this pulse. Since the delay 7, is pre-determined and known to the transceiver

101, the range of the responder can be estimated as:

_c(T-1)
R =5 (3)
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11 The tine delay io should be selected to be | ong
enough to let all the nultipath echoes for pul se 301
fromthe surroundi ng objects die out. In this case the
transcei ver 101 can easily identify the first echo it
receives after the elapse tine ao as the
re-transmtted pulse fromthe responder 102. Thus the
range 5 can be determined usifdd (3). In certain
situations it is possible that the processes descri bed
above may not be able to performthe range
measurenent accurately using a single pulse. In this
CTHR.-tirhé dBRYY besnéma%"eaéélsctbe tb 'bRN6AG lenBRGN t6 RAURE multipath
pul ses to achi eve nore reliable range nmeasurenent

Eiethees for ;imseh301 frbhetheesmwwﬁnng GBJe(cnté drelnutr m‘thisem the
102 is acti transcei ver i ncl ud

« Ganspalien 10T ban sasiy Kleatly Berirstechit regonas et oaianse
r ﬁ?r%o‘?g 8§ i%-gl‘afgmed EEEEEFFB?ﬁ tﬂ@?(?écp%sp?i‘éf' h¥s) Tﬁu”sdﬂ'fé;r%nge

t ranscei ver € arranged can neEny ta

bicAf betddteHined i ;y)hl ch it receives a pulse. Th| s
process usually reqU| res that nultiple pulses are

transmtted by the transceiver 101 because a

e AIaNES e RO in B B Rs s hRRlhsg above may no
pblesbie &ppeiformities vange MBasurdnienttdvcarataeusing htsimdle pulse. In
PRIs may be used to nmake the output of the correlator

2@“'% &8, it H@Y\/ﬂﬁapﬁe piable t kapgmyananpiepeatrd pulgss i achieve
Er}@f,émg ré? t:’t@éurérlﬂs {esponder could nodify the

pul se be ansm ing it back, so that the
transmtter can d| sti ngwsh it from other echoes.

bi | i i | d
el Ul o POSSLEL LY S el a8 SLIPL s, Bs, & delay o
d'tr"aﬁ%é@@r P61 H’é”y |h€fu@lbeef‘g8rréig%rrt8 iR inePeds éN@i‘%%fHeY oF both

could in princi e measured in several
Tnéthaa quspesdethZ (lﬁtrworetfmegca/d@st lastnas) and e transcelver 101

d?r?a\é/gt?é 8&%{19%?@ sean nn%a\]/\@ rcarr]\g% bin cpoa]n hd ? ey at v(\?hl%ﬁ Iltn ceives a
pulse. This process usually requires that multiple pulses are transmitted by
the transceiver 101 because a conventional correlator only outputs a signal
indicating one of several range bins within one pulse-repeat-interval (PRI). In
this case, multiple PRIs may be used to make the output of the correlator
cover the whole possible range.

Note that, as an alternative to delay, the responder could modify the UWB
pulse before transmitting it back, so that the transmitter can distinguish it from
other echoes. However, this possibility is not as simple as a delay based
method.

2. Direction Measurement

The direction of the reference 102 relative to transceiver 101 could in principle
be measured in several ways. The simplest way to do this would be as in
conventional radar in which a mechanically rotating directional antenna is
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12 scanned through a range of angles. At each of a
nunber of angul ar positions a directional antenna
nounted on the transceiver 101 could transmt a UAB
pul se and neasure the anplitude of the response from
the reference 102. The angul ar position of wth the
maxi mum anpl i tude nmay be taken as the 5 direction of
the reference 102, or anplitud@ values fromnultiple
ones of the angular positions may be used to estimate
the correct direction of the reference 102. Anot her
approach to estinmating direction which could in

pPstashed ﬁhrb@gle ﬁﬁbﬂg@@f aRglcREAPEASIe f ainlivehdr sfangsilstositions
shown in or nore antennas are 8I aced in

saafa@ﬂ:tlaaawnteee@mmeq endhe gianspeiver 4% catiddransmif a UWB
18 RRGId sl iR G RphEkER thd ﬁ%&%@é ff¥im & 8 ferideNfbz.

erence-or - r| VI ng,

af‘rﬂwerar@ua?rspcraﬁm«)fadlth Eheemiaxinh v dmglrtudemdlwbe d¢akerpés the
short tinme differences, can

nOEeRier ot ing Eldrenpnd 2Pt BEPIbHG I ragy Mhbiplaiones of the
U%hgﬂﬁ@%ﬂ@%{ﬁﬂgbé hRed b Bﬁl‘?‘\a&?ﬂf@édr céYﬁr‘gctléﬁ‘g?g?é

pos asuri ng |rect|on woul use
p hefeesrmer 13@2 tAnothér appreach be estimatingridirestion whidh aduld ire

" RRREPTEB8 eRIBY A By iDE e BS Y aS R BEVBI [Shwhaqy more
C@ﬁterMéB dle\plaasd in pEReal drMoEQlﬁori@%et G retHdPakk iR 101)

Accordingly, the enbodiment of th I nvention uses a

menddbe sitfareaee betwaan hentCpsiof @ pse fthgitinediiarenee-of-
r%ﬂ%n ldrpd &y i s \)&(?%ﬁfjerfn%sﬁ %ea%(.@q:l%‘é ﬁgtHeIShlaP fesolution

iew | ok| ng ovvards ane 0

t banlwslpwsesmérwsr&)rpfmvel diﬁdretmbs Icaheaeimeasunedrmid thus the
ant ennas 103, having respective "beam patterns”

r Qf"@?‘i'%c?'@) bgestimated using thedHOA andot@grﬁntgnn@ggornggmeet
PP BB SRLL B R PRSI B SS0E  ara

rrateemnebeamtlwty directions lying in the x-y
plane, in a circular structure with their beam
patterns (each of which has an angul ar beam w dt h)

PRdveveP VAl bRPBI dbbveTRENEORIIBthGESAHE dither AdUblesome, large in
size or too high cost for future low-power and low cost UWB devices,
especially for portable UWB device. Accordingly, the embodiment of the
invention uses a method similar to the mono-pulse principle known in radar. It
is illustrated in Fig. 4(a), which is a view looking towards the x-y plane of Fig.
2. In the transceiver 101 are provided multiple directional antennas 103,
having respective “beam patterns” referred to as “beam 1", “beam 2", “beam
3" and “beam 4", each centred on a respective maximum sensitivity directions.
The antennas are arranged with their maximum sensitivity directions lying in
the x-y plane, in a circular structure with their beam patterns (each of which
has an angular beam width) partly overlapping. For example, assuming that
(as shown in Fig. 4(a)) there are 4 directional antennas 103, each may have a
90° beamwidth (-3dB). The antennas 103 are arranged in such a regular

configuration that these antennas’ maximum gain directions are 90° separated



(as shown in Fig. 4(a)) there are 4 directiona
antennas 103, each nay have a 90 beamni dth (-3dB).
The antennas 103 are arranged in such a regular 30
configuration that these antennas' maxi num gain
directions are 90 separated 13 from each other. Thus
the 4 antennas are enough to cover the whole 3600
ci rcunference as shown in Figl34(a). Fig. 4(b) shows
for the full 360 range of angles the respective gain
functions 5 of each of the four antennas 103. If an
echo signal cones fromdirection a as shown in Fig.
4o ehbie ofHEreTHEs 8RS ehedrRrhsirklenodgh it Eovet fhe whole 360°
receive it wwth antenna gain g, (e) . At the sane
t cifeumferenee esshewasiaddg @4 with "beam 2"  wil |
receive the echo with antenna gain g2 (9) . Normally
g, (e)+g2 (e) will be the biggest anong all the pairs
oFiggei(ghbmwhs fortthe rﬁms36©mngefqdf(m@1e§:me rﬁ@peatgm%&in I]‘]liuﬁctions
I s _bigger. than g2(e)+g3 .. Thus it , cap be | ed. t hat

5 ¢ F?é%&ﬁ&g the f%@&%f‘gqﬂ)f@%v&(q%)h ifrén ﬁ%h‘?jﬂgé‘ép mme%irp?z@ewectlon 6 as
a [ : j Ny g i SEtLALy e it wi
¢ RSN FiF DR thd BnBAR) Sscppfated S Bihi) LRAbEGve it with
diahfenmangain id) e g As threosarnertiones | the asiterira assgicated stihf ‘beam 27

fromthe maxi mum sensitivity direction antenna 1 to
t mdll repeiveuhesaahe with anterdiargaini 40 bf Namoalhyh g, (0)1%, ®) Wil be the

obagest brBrarLhe e gt Grie)os SrfeRaore)For

10 S BUMDIE (e igduhal ¥.f - pRAPTT N PEA SR UEIUR MR B behors

I OOA faliswitisiniRe Slireeidh betleamnaeennadl and2( Td obe4if the
For exanple, if the absolute signal anplitudes from

b@&ﬁwft%ﬁwecmmq gainediffReangeos e st @) t Bisedahge gain
L 65 SRR FENR BB o i ifs o el
”%éﬁﬁi'ti{/i%’;f‘&iiré’&ionpér%ﬁﬁé 1118 tﬁé}neﬂfilb'n' i S8RVl Hifecti®d!dt antenna

U i
factor. I n practice, the curve e) can Dbe
15

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

£1(0)-g,(0)
Py=2 L =L 2 4
7® 81(0)+g,(8) @

shown in Fig. 4(c) for a range of possible values for 6. The normalization

20 factor g,(0)+g,(0) is used to remove the echo strength dependence of
2,(8)-g,(8). For example, if the absolute signal amplitudes from beam 1 and
beam 2 are changed due to the change in the reference’s range, both g,(6)
and g,(0) will be scaled by the same factor (say A), and the normalization
process in (4) will remove this scale factor. In practice, the curve f() can be

25 pre-measured and stored for use in a calibration process. Specifically, during

operation g,(9) and g,(0) are measured, and the signal's DOA is estimated by

a look-up-table from the pre-measured curve.
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25 pre-neasured and stored for use in a calibration

process. Specifically, during operation g, (e) and 92

(6) are nmeasured, and the signal's DOA is estimated by

a | ook-up-table fromthe pre-neasured curve. 14 The

proposed nono-pul se DOA estimating nmethod is different

from conventional nono-pul se radar process, since in

a conventional mono-pul se rad4r process nornmally only

two antenna horns are used and they cover only a

smal | range of direction (e.g. 2-5). Wthin this

direction range, a highly 5 accurate DOA can be

dgherpropesed Mwneqpuils@ SIOA stiftatiagtmethoenis diffdrentibsthe

3600 circunference is covered. Considering the

c 6ApYentional manorpidse sadar praeess s ingt camasiinnal meape-pulse
. . . e it

LR gAPEE ARl Ly hRe SRErEh s 1S Ls8H Hydthey cofler only

c alrmhalkiangeaﬁf diteetibn ﬁegc erse)r. Within tieid ldtiredtibryh ramgB|4 ia:llhilgt_:jly

on one_receiving,channel,. In this case, the nultiple

aﬁ‘PéWﬁ&?s DO1h cBR by dgtermingd; By spn réﬁ%'&qgﬁ 9@1@%9‘%‘&1489 whole

][ngb" Eirﬁurﬂfér@ﬁée 2] &véré&t%éﬁéider%dethé)é@mg[?xw %ﬁgngﬁ %t%§t, the

r each antenna. 15 Note that the text ove
dinsnbes @ff ahtennaisdhat wa stiggest using ingthiecaseis intthe range of 3 to
mﬁbch it transmts. In principle would possibility

td be for the transceiver 101 to include an
omi -di rectional antenna used for the transm ssion,

but this solution is not preferred. Rather, if each of
t esamesmbeadimends p§thesiadentiors theucaraplesily Pl the tiarsaeiver is

an i i : . . .
2 BRAf Bl iyl A e 14 BRand Bliahndh [ 8 e Fpe muttle
(ahtdrinastdzm tpé sleetriciliaRnihby ohfeneaby-oneaMulilie pulses are
Further variations are POSSI ble in ich the antennas

16eayiresh yithronever mere pylsgs fay eaeh antennanes (such t hat

the transmtted signal is not omi-directional, but

rather a pulse (or a series of nmultiple pul ses)

t Naote thatttiee téyt ablovedasaidtidisaussed hawihecthansceiver d@degenerates

RSl e BaROf ek S oRUCh, A% LS AT e st the
transceiver 101 to include an omni-directional antenna used for the
transmission, but this solution is not preferred. Rather, if each of the antennas
103 is used to simultaneously transmit an identical UWB signal, the result will
be a substantially omni-directional transmitted signal (within the plane
spanned by the antennas 103). Further variations are possible in which the
antennas 103 transmit UWB pulses at different times (such that the
transmitted signal is not omni-directional, but rather a pulse (or a series of
multiple pulses) transmitted by the specific antenna which is intended to
receive the echo(es) - such as the antenna which is connected at that time to

the receive channel.

3 Positioning the Transceiver 101:
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the receive channel. 3 Positioning the Transceiver

101: 15 There are two positioning scenarios that can
be i npl emented using the above transceiver-reference
schene. One is to assune that the position of the
reference 102 is fixed, and the 5 position of the
transceiver 101 is to be determ ned. The transceiver
may for exanple be attached 16 a person. In this
case, in addition to the transceiver configuration
descri bed above, the transceiver preferably includes a
device for neasuring rotation (such as a conpass or a
gyhefe aretwd PbsifiBdny 'scBlafibetHetlchn Heohliémantdd tdlRg the above
transceiver In the horizontal plane (relative to an
abepseeivert@fenice sehamedi recti on, such as north). This
scenario is illustrated in Fig. 5. At the begi nning of
t he neasurenent, a fixed coordi nate systemis

eQrabisits RedumEnthat tecpsyitioh dltheaaferbrcadoRnefixéd) diel the
t he coordlnateﬁ‘F%ste origin

,.0)._During an
i RPgitignicf the Fanseriver 1%§ﬁ°tt}?ed$t§’5ﬁ§@é"r (FQ? tm%cwer may for

0; .t
15iinple Bauabfied & n defdod T Hip s P dilific & @3fansceiver
Foonfiguratibe desbrlhmhabkae\fé e tiaasceiver pderf@‘abwnnlﬂdes a dimnce for
reference 102, ar}d transcei ver 101 as th , and
t ReanwingrPiatiopr(sych as §rompass Pl QMEOSPHB% in%asuﬂ'i‘gsthe self
{ Rstalibh o tROF AL Qv in tRE nbFZBRERHISAE (WMivetoP HBBSlute

e (r, 0) where r iIs the neasured range The act ual

nriaasm@tal dinggttiona suelm asmdﬁm)nﬂma@benamb isollgstrateddn Fig. 5.
that, if the transceiver 101 is noved to anot her
|ocation with a self-rotation er , the self rotation

apgtife BegindinPeRtHE eReddUrbrRNt, COTIRES Bordiriite egsteneis Let
us assune that in the new position the neasured

r established.eThe refarense 102sqatbe pssymedie peratdha sqordinate

28?8 o 5. SELERFYAEEp Blsdiop AL herfheltarocoiver 101

r fitsttfinds it3@sitiony retdtivieito the asfeeanoeet02, Gtlautomatigally sets up the
coordinate system. For example, it can define the line which connects the
reference 102 and transceiver 101 as the x-axis, and the direction of left 90°
rotation as the y-axis. Thus the first position of the transceiver 101 is assumed
to be (r, 0) where r is the measured range. The actual measured angle ¢ can
be normalized to 0°. After that, if the transceiver 101 is moved to another
location with a self-rotation o, , the self rotation angle 6, is measured by the

compass or gyroscope. Let us assume that in the new position the measured

results are », and g, respectively. Then the new position can be determined

as (r cos(8, -0,),r sin(8, -6,) ).

In practice, to measure the self rotation angle o, of the transceiver 101, itis

typically better to use a compass than a gyroscope. This is because that the
compass will measure the absolute angle relative to the earth’s north while

the gyroscope will only measure the relative angle change, so the
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typically better to use a conpass than a gyroscope.

This is because that the conpass wll neasure the
absolute angle relative to the earth's north while

the gyroscope will only neasure the relative angle
change, so the 16 neasurenent error of the gyroscope

w Il accunul ate, and may becone very large if no
calibration is done. 4. PositilBning the Reference 102:

5 In anot her positioning scenario, what needs to be
determined is the position of the reference 102
position relative to transceiver 101. This scenario is

t hfeastifsrent erocaftiel grosdbpa willtdsetirtateNaldintdy become very
sonebody hol ds the transceiver 101, and wants to find
t lasge #41q calibration isedond.er ence 102 rel ative to his
current 10 position. The transceiver 101 may include a
di spl ay device which is used to show the position of

r éf er ePogitibbihg fhecRefepence 002:t he di spl ay device may be
set to be aligned with transceiver antenna's 00
direction. The x-axis may be defined as the 90 right

" ahbiher g?g'ﬁbhhﬁ SRS, whienéds'dy bé’?ete’?niiﬁéd*%tthggn%@ition of
in Fig. a5. e nmeasurenent resul , € ) can
dtheetﬂfel;ermbdlxm positidrerelatiye w/trarﬁaaae\xerdm Thisesdemasio is the

RS JBp BARGIE R ORiion it BPichShrebody, n8Rs S Hans eiver 101,

1@hdPatts RO find WPbﬁitlén o 2 EsFeRince MO OELARR tiHIS BufrBAt
self rotation of transceiver 101 wll| be automatically

r pbsidioneline tranReeives PO hynayeincltide a-dispayadmplics whichtiagised to

P RBOR TS oS alat cBrerBlice 02 SV bl e gy G thay be
r sgtio bé b&g?hé&mm tRiisBeiver hhiniia%n0 adirsltiont Fhandaxis enay be
antennas of the transceiver 101 are al so rotated

t gefined as dhe 90TAghhiptirruiomdhecaxs: The Pltuﬁ%ﬂi‘e'sal”%@ted in
SFESAPTIIMSE AR o0l 1t SpBkraRSt o
device, like in a radar’s plane-position- |nd|cat|on (PPI), aé shown in Fig. 6(b).

Note that in this scenario the transceiver 101 does not require a compass or
gyroscope since the self rotation of transceiver 101 will be automatically
reflected in the display device. For example, if the person’s face is always
aligned with the y-axis of the display device, when the person rotates 90° to
right, then the y-axis of the display device and the antennas of the transceiver
101 are also rotated 90° to the right. The new measured result will have a 90°
direction change to left and will be displayed in the display device with this 90°
change to left.

5. Data Communication:

In addition to the positioning ability described above, the embodiment may
have the function of data communication. Thus, in contrast to a UWB device
which is purely for communication, the embodiment may combine the

communication and the positioning functions simultaneously. In this case, the
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5.  Data Communi cation: In addition to the positioning
ability described above, the enbodi nent nay have the
function of data communication. Thus, in contrast to a
UWB device which is purely for comuni cation, the
enbodi nent may conbi ne the 30 comruni cation and the
positioning functions sinultaneously. In this case,

the 17 reference 102 nust be AR active responder to

i mpl ement the conmuni cation function. The schene is
descri bed as follows. For the conmunication physica

| ayer to be conpatible with the positioning, 5 the

C pafaraticeat 020mudbe adl sutive sespdriderdo impldnseritthe @@mmunication
Al t hough_there are different kinds of pul se nodul ation

stinatienwhhe gchemets descrikad as iliowss
pul se- posi ti on-nodul ati on (PPM and
pul se-anpl i tude-nodul ation (PAM, the preferred
nmeduthad corgmmication physival lyeoth becompatibleawith the posmonlng,

6 it B A LN LA T
aﬁme‘réh’tq&ﬁdébf St‘ilHé'mé Iﬁﬁd’r%&\erﬁ@ |éﬁ‘ﬁu%fﬂ 5 héé’d c§cuch as

t he pul ses are change carry e | nformati on.
f pulse- mmalmn mpdutatiosi @W) aractpulsesamalltudefmedtpiawm I(%AM) the

whi le | th I fil f_the

< Pepraref gl e ebghiiEndists s Priiass Sh-key

p(JBPs ?’ﬂhftﬁlsﬁ’hQG@Iéﬁoh @cwéméhnﬁml@ Plises e tiarreiftéd with equal
ulse is used to neasure the range, and

t ammmq&m(ﬁgt@ﬂ intervajsuQrdy the nelatiteef the nuises are Qh@é\ged to

SRk oA A1 R 1B Eoflp forBlme groie
binthile 1n tHeothes politity thediimerofilei dfithe S|gml RImelvgread. Tais will
is transmtted (i.e., one beginnin i Si

arisin ,
[ﬁ?&ﬁY)faCWWéﬂ ”MBOS'F'%%'BGMQ‘FGSFGQ %J\A%lt%ﬁe'ﬂw or ?eadmg edge of
1
Tﬁiénb%"%sg@ o6 1o e LRE R ERGe: Hta R Bl de e phise s
t used temeasulidthe dinectdd. The pitndtion KOshown in Bignds Rmtexample

p tive pol ari ul se.. The nsgej ver
D8 ihouaiaBNEL AT BN G vAtEnba o T oto Sprondend 4 positive

r 96%‘Pi't’5ﬂﬁﬁ|sé(?3traﬁ§rrﬁtf&i ﬁ%”BnetUeﬁﬁmu‘@WltﬁedTﬁélﬁg %"gnal) When the

| eadi ng ed 8 position and anplitude of the réceived

ptesponder 102 receives this positive pulse, the responder 102 decodes it as
1. Then if a bit ‘1’ is needed to be transmitted back to transceiver 101, the
responder 102 will sends out a positive polarity pulse. The transceiver 101 will
decode the received positive pulse as ‘1’ from the responder 102. At the same
time, the centre or leading edge position and amplitude of the received pulse
can be used for positioning. Similarly, a negative polarity pulse is used to

represent bit ‘0’.

In practice, accumulation (i.e. repeated transmission of each bit) may be used
to increase the signal-to-noise ratio (SNR). Either or both of the transceiver
101 and responder 102 may send the same pulse more than once, such as

many times.
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can be used for positioning. Simlarly, a negative
polarity pulse is used to represent bit V. 25 In
practice, accunulation (i.e. repeated transm ssion of
each bit) may be used to increase the signal-to-noise
ratio (SNR). Either or both of the transceiver 101
and responder 102 may send the sane pul se nore than
once, such as many times. 30188 Note that it is also
possi bl e for the enbodi nent to use other kinds of
conmuni cati on schenes. The conmmuni cati on and
positioning functions can also be inplenented

s alR¢ tatlivisidlsd poBsibleFBEtHEsGMBbdRRENLite st V&Y kihd§ of
enbodi ment descri bed above is for a UWWB _

r gaMsyniegtiemesheraest e eemmimigaion@ndspesiteningignctions can
agtd Vv . sed as a tag and the
t%kﬁggépﬁ@gﬂﬁgﬁé%%%ﬁg%ﬁﬂgggﬁg% an RFID reader. The
tag 102 can store information such as an ID (and

optionally other information) and can be trigged to

séie eenfut apriicatien phifta embafieentaaseriped gbane pfor a UWB

[ s gF :
bR (RPD) SRR TSI HpoReRe B2 car
f beatsedras & tag and thes transceiverotYeoamn bealseRrdsars REIBreader.

B g 30 TS I 08 oGRS S
pirﬁ@ﬁﬁéﬁ’oﬂ)‘ﬁﬂ&céﬁbé%&éﬂ@sédﬂ SMisihidemation after receiving an
applications. For exarple, In a warehouse managenent

syuiy frar éhevéades 1A Dheatormmtinisatipn sehemei iligstrated ahove can
¢ BRdisehidpSPplement bl tiRghiolr. 1§ oBliRsTR 2 AihuarteRg! RPTD system
efahicH enlgyhasfcdnmmunivatian eiity, th Préposct RBtIPsystem also has

Posi t.i oni ngb:
positioning a

iIit)Z/.0 This property would be desirable in many RFID
applications. For example, in a warehouse management system, the UWB
RFID can not only determine that a specific good is within the warehouse, but
also can find where it is. That will greatly increase the efficiency of the

management system.
6. 3-D Positioning:

The first embodiment of the invention shown in Fig. 2 is a single-transceiver-
single-reference scheme and is particularly suitable for 2-D positioning.
However, as mentioned before in relation to Fig. 2, if the height difference
Ahbetween the reference 102 and transceiver 101 is known a priori, it can
also be used to do the positioning in 3-D space. In many applications,
however, the height difference is unknown, so the positioning result will not be
correct.

Fig. 8 illustrates a second embodiment of the invention to provide more
general 3-D space positioning. This embodiment implements 3-D positioning
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The first enbodi mrent of the invention shown in Fig. 2
is a single-transceiver- single-reference schene and
is particularly suitable for 2-D positioning.

However, as nentioned before in relation to Fig. 2, if
the height difference Oh between the reference 102
and transceiver 101 is known a priori, it can 25 also
be used to do the positioningiBn 3-D space. |In nmany
appl i cations, however, the height difference is
unknown, so the positioning result will not be
correct. Fig. 8 illustrates a second enbodi nent of the
| Q¥RRta FANSERIPE20 UandBwe réferamierr 202, 208 iaRDsspace. It is
posi tioning. This enbodi nent inplenents 3-D .
passimedithat the apsrdigate sysierade pre-established apgddhe positions of
r hA ; ey t

¢ FASBEDFIBretites 2% 203 s 388K Tnatel ok lom 378 W B Hhe
paantesiver 201. Adstnievthatehiepesition of #s fikdBefereridd 202 is
coordi nate system are known to , the transceiver 201
A§suez1) RAE t%/ﬂ @056'9Ptqf6'he secontrateranceris(er enee )2bhe i s
5,(X,, . and the position of the secpn

- upbssiver 281 baBMeasfo BIPASER Rlarly o 2REB M spese e
Megferdrcdst simP fHid inethded @ddribe dtisefers: Mselinid e tie\easurement
references using the nmethod described before.

t Fegulisrarefmaguk @b 6. rggPectivale Fiurthe ,aswrrﬂ@(tﬁ;tsz\lfvggtzneeds
6t BB RTG53 2
" 2Rt kniey narametor i 18 e b ARSI AHEeRer

r edlative/ o previvigvineasursegentr ement . Note that since the

nono- pul se direction nmeasurenent is only inplenented

in azimuth direction, the neasured angles e, and e2

a Lo | o . _
NP Rono FRuP GRS ISaSRo § phiHpiemenea i
r azemutbrditeiction cthe measwedldngidsed, (antere arbazimuihoangles.

vari abl es are defined by reference to Fi

. (8)): (x1
- xepumingrthe seff rotation anglg)df the frapsceiver 101g is e()o ,)t?1e fc(allowing
relationships can be established (where the various variables are defined by

reference to Fig. (8)):

(x1—xo)2+(YI“J’0)2 '*'(7-’1—20)2 ="12 (5)
(x2 =%0)* + (12 = ¥0)? +(z5 —20)* =77 (6)
17%0 _tan(e, +6,) (7)
X1 —Xo
22750 _ tan(e, +6,) (8)
Xy =Xy

By solving the above 4 equations, the position of the transceiver 201 and

rotation angle ¢, in the pre-established coordinate system can be determined.

Note that one advantage of 3-D positioning using two references is that, in
contrast to the case described above in which a single reference is used to
determine the position of the transceiver in 2-D, in the 3-D case no compass
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(x2 -x0)2 +(Y2 -Yo)2 +(z2 -z0)2 =r22 20 Yi -Yo =
tan(el +eo) X1 - x0 Y2 _YO=tan(92 + 90 ) x2 -xO0
(8) By solving the above 4 equations, the position of
the transceiver 201 and rotation angle eo in the
pre-established coordi nate system can be determ ned.
25 Note that one advantage of 3-D positioning using
two references is that, in c@édtrast to the case
descri bed above in which a single reference is used to
determine the position of the transceiver in 2-D, in
the 3-D case no conpass 20 or gyroscope needed since

egr @%s@@pé'n‘é@&!éd Rehcdes eean BE GRSy be detiriifdd@hs an additional
unknown. Anot her possi bl e way of perform ng 3D

paaknowni ng woul d be to use the 5 transceiver to
neasure the el evation angle of echoes. This may be
done in a vvay Si rri lar to the nethod descri bed above

ggfngmérj{c{s Irf®fmin ﬂgcdofsitfb%'iﬂg/woaldpéélf@béé the

ire te nas ma provid
t transceiverio measmre tha\ﬂle\gatbheangle of pelraeas, d hisasiay e done in a

sensi ti vit rec n fer nt eI vatl I

(B et t e EetroRifestined Ahifb FOtsit iR cstalidt, o°
W@rp%cme&n Blhkélﬁ* bpﬂﬁeétfon‘ahbﬁte‘hﬁ%@ﬁéy bé pRoRHEY Bhithe
anglevvl be wwthin a fairly small range around the

hénengegiven deNiee baviog thew pesnRadtiye imaximusy sengtidin difrggtions at

tpgffe%E enlg\z%tgcﬁpg%lggﬁ erQ@ gﬁsﬁ"fa\ie %%.ngﬁ%%@e) Since,
t hmr@nheﬂmh&:@ﬁor@heetmidomh@pwae dlevatibh angmewnmm edthin a
one or npre of the directional antennas

o iy payplsangn s anb ke ApnEsl dmeRon, Waisalls s Suficient for
2 &BN3Deivd fifectidiBl AfteAHLS afB8fePentBiévation angles.

One of these antennas may be one of the antennas 103 described above. In
other words, one or more of the directional antennas 103 of Fig. 4(a) may be
supplemented by further directional antennas at the same azimuth angle, but

out of the 2-D plane shown in Fig. 4(a).
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1. A position determ nation system conprising: a
transceiver for transmtting a UAB pul se, the

transceiver including a plurality of directiona

ant ennas havi ng respective maxi num sensitivity 5
directions, the directions of the respective antennas

bei ng spaced apart; at |east one reference device for
receiving the UAB pul se and @énerating a response UWB

pul se; the transceiver being arranged to obtain

anplitude signals indicative of the respective

anpl i tudes of signals received by the antennas from

t Daidds response UWB pul se, and determ ne fromthe

amplitude signals the range and direction of the

reference device relatjve to the transceiver. 2. A

pdsi ti ArPefilien detesminstionsystam £OBWEING to claim 1 in

whi ch each of the nHX|nun1senS|t|V|ty directions is

arr ang%@réf?&%f\@?tfbla{ré%srﬂ ti qu\éotﬁ’é FaRsE&0eY including a
pl ane A position rn1nat on systen1accor I ng

t plurality mop dmecvtkunah aratehnas haviagamespaciivei snaximum sensitivity

t dt
c BTBeids, he Ui Aahe KeSRdstie ZegorTaRiRg SPased 2Bt
the plane. 20 4. A position determ nation system

accor dighJehst Jme Wéi‘é@@t%é“giéiﬂlc’ﬁ ot NrecwRirN thBeUWB pulse and
reference device is passive UMAB reflector. 5.

p@@ﬂ@iaélﬂgcﬁb[@lpﬁﬂﬁﬁtllv&ﬁ RHJS®:em according to any of
claims 1 to 3in which the reference device generates

th
ol | ou g P naar v oein 8ol (3 T pREHe cHordls Fyatve o
6theA rpspedctiven adygdlirdesnaf i signaly steseivedc tydthey anteramgs from  the

ARS8 U A, AP deHerinife T dbaramgiLge Signals the range

Ohh8Hirttion of BleAfdrdiRnke dalicRIeitivkbqo thé Bahsldiver 7- A

posi tion determ nation system according to any
preceding claimin
2, A position determination system according to claim 1 in which each of

the maximum sensitivity directions is arranged substantially on a common

two-dimensional plane.

3. A position determination system according to claim 2 in which each of
the antennas is associated with a beam width, the beam widths collectively
spanning the full 360° angular range on the plane.

4. A position determination system according to any preceding claim in

which the reference device is a passive UWB reflector.

5. A position determination system according to any of claims 1 to 3 in
which the reference device generates the response pulse after a

predetermined delay 7, following receiving the pulse from the transceiver.
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which there is exactly one reference device, the

transcei ver being arranged to output data indicating

t he di stance and direction of the transceiver relative

to the reference device. 10 8. A position

determ nation systemaccording to any of clains 1 to 6

in which there are nultiple said reference devices,

the transceiver being arrang@d to derive data

i ndicative of a respective angular direction and range

for each of said reference devices. 15 9. A position
determ nation system according to claim8 in which the

t Bansc@ y@ditiors daferirRidbnt Systsift dcaerdm@td any BréRindPaaim in
and ranges of the nultiple reference devices to o
oMthigmthedlransaeiver dnclydesa dingstipn s1aniteringfdevigg for measuring its

{ DABAERDK lalile {0 R GHLLIREHRATon 20 10. A position
etermnatron systemaccording to any precedi ng cl ai m

in which each of the directional antennas is

c%nnected V] a ap wi tchjng systemto,, a conmon receiv

c £

e
anne PYH mlnﬁjlogy%%s asereding %a@y]grecedlng claimin

di i k [ Larl Wi

¢ AR UeRE]s eRRUBTARSIEKhEhEE deRRe) MR SRR leribild B anged to
s ogtpit slata mdictitingethe distarse and dirdéom of testrarieeiver rélative to
pgsiti.on determ nati on system according to any

pﬂ&@?'ﬁﬁ‘c@l M8 n which the transceiver is attached

to a robot device and the receiver device is attached

to a power-recharge apparatus for charging the robot

d8vi ce A position detsrméinationesyistrm @gcatfing talany of claimsiltteyd in

fon:di [ : h e ,
oS0y G38 50 M S <P e 5 o
Aapangbd ot defive data midicative of aares pectivedangll&rodigdtion and range
preceding claimin which at |east one of the
t fIrRacl; Usaid rrferancs davicefevi ce is arranged to encode
at | east one bit of data into each UAB pul se it
generates, the other of the transceiver and receiver
dévi ce Abposiijoradetengpirchtion systarm actbalingléd elaind 81ig.which the
position determ nation system acc rdi,ng to cl ai ml? in
ARRCIMEr is arranged to use the angular directions and ranges of the
multiple reference devices to obtain data indicative of the position of the

transceiver in three dimensions.

10. A position determination system according to any preceding claim in
which each of the directional antennas is connected via a switching system to
a common receive channel, the switching system connecting the directional
antennas to the receive channel in turn, to obtain at different times the

respective amplitude signals from different response UWB pulses.

11. A position determination system according to any preceding claim in
which the transceiver is attached to a robot device and the receiver device is
attached to a power-recharge apparatus for charging the robot device, the
robot device including guidance circuitry for directing the robot to move to the
reference device based on the output of the transceiver.
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data i s encoded using BPSK nodul ation. 14. A position
determ nation system according to claim12 or claim13
in which the receiver is an RFID device having an ID
code. 15. A transceiver device for a positioning
system according to any 10 preceding claim the
transcei ver including: a plurality of directiona

ant ennas havi ng respective maXfnum sensitivity
directions, the directions of the respective antennas
bei ng spaced apart; and a processor for receiving
anplitude signals indicative of the respective 15

anp! i t ndpssifibn dederhinati®r SysRen RiccbRiingnb esniaprddeding claim in
t he response UWB pul se, and determ ning fromthe

ampiah @ddeasigaresot e trangeelnt and seeqiver gevicens arranged to
' BhESRLGPIIRY bAE JiEdAdt! Srtb AU BARR! i Generbles, e other of
posirtron determ oa conmpri s ng:

nation net

t tenrarsoatvertarahstelvier dgvice Waihg atraaget e decade tedt\data.
including a 20 plurality of directional antennas

atect foReSBpn deerRoaler: St asradingeld gRkpatedn which the
B3t is HoolBAsIR BPSK PRENARLGIEVI ce recei ving the UB

pul se and generating a response UWB pul se; obtai ning
anplitude signals indicative of the respective

affl i t Adpesitien detersmigations sysies weaonsiing ke claimehd 08 claien 13 in

T s RERNRE o R0 3Ryl PP e

reference device relative to the transceiver. 17. A
pasi ti @n tretseeivienatievioe ntdrhad pasitionthgigsyisternl aicooiding nto  any
whi ch each of the naxinum ﬁensi tivity directions is

aPreaesing clana theitransceiven inflédRgon 5 two- di nensi onal

plane. 18 A position determ nation nethod according to
clai m 47 digraity cor edirdttidhal antennas having respective maximum

sensitivity directions, the directions of the respective antennas being spaced
apart; and

a processor for receiving amplitude signals indicative of the respective
amplitudes of signals received by the antennas from the response UWB
pulse, and determining from the amplitude signals the range and direction of
the reference device relative to the transceiver.

16. A position determination method comprising:

a transceiver transmitting a UWB pulse, the transceiver including a
plurality of directional antennas having respective maximum sensitivity

directions, the directions of the respective antennas being spaced apart;

at least one reference device receiving the UWB pulse and generating
a response UWB pulse;

obtaining amplitude signals indicative of the respective amplitudes of

signals received by the antennas due to the response UWB pulse; and
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the antennas is associated with a beamw dth, the beam

w dths collectively spanning the full 360 angul ar

range on the plane. 10 19. A position determ nation

nmet hod according to any of clains 16 to 18 in which

the reference device is a passive UMB reflector. 20. A
position determ nati on nethod according to any of

clains 16 to 18 in 15 which ©2he reference device

generates the response pul se after a predeterm ned

delay To follow ng receiving the pulse fromthe

transceiver. 21. A position determ nation nethod

accor d'd@ﬁarhﬁmﬂ@Wr@rﬁ tﬁbaérﬂﬁllt@l@etéi’gr?éls tﬁé”réﬁ@é ancdiksbtiot of the
monitoring the orientation of the transceiver relative

t oeferenae deydee (elative taclhei teansceiveror i ent ati on of the

transcei ver being used in said position determ nation

9P ! A BN aBRr R Bt ad AN RnPRS (L WfiRn each of

he Yeceiver I'ch 1Ts conpensat ed”for ange

i msmmmummum difectibes ist draansged ymaaﬂtﬁhl@%n &common
positjon dete m nati on nethod according to any of

clt‘é{P imegsiopabRlang. which the transceiver receives a
response UAB pul se fromexactly one reference device,

the nmethod further including the transceiver

ouBput ¥ positien determifatan methdueactiosdiagde ctainh tf mewhichreach of

NG e Y
a@baﬁﬁln ltRE 78Il 360% Shgllal Fang®brfthet CP]Sﬁ@. are nultiple

sai d erence devi ces, the nmet hod further including
t he transcelver der|V|ng data indicative of a

§o5C 4 U SRR R oo B L IR A o 10
mMdHicH trrcefer@ntd devicel isianpatsiveUWB eéflddier. transcei ver
uses the angular directions and ranges of the nultiple

reference devices to obtain data indicative of the

Pyt Ap&ditibh BeldrAtTstRIn1REtHdd 4&¥of6ing to any of claims 16 to 18 in
which the reference device generates the response pulse after a

predetermined delay 7, following receiving the pulse from the transceiver.

21. A position determination method according to any of claims 16 to 20
further including monitoring the orientation of the transceiver relative to an
absolute direction, the orientation of the transceiver being used in said
position determination step to obtain an indication of the angular position of
the receiver which is compensated for any change in said orientation of the

transceiver.

22. A position determination method according to any of claims 16 to 21 in
which the transceiver receives a response UWB pulse from exactly one
reference device, the method further including the transceiver outputting data
indicating the distance and direction of the transceiver relative to the

reference device.
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any of clains 16 to 24 further including: (i) at

| east one of the transceiver and receiver device
encoding at least 15 one bit of data into the UWB
pulse it transmts, (ii) the other of the transceiver
and recei ver device decoding that data. 26. A

posi tioning nmethod according 26 claim25 in which said
data encoding is by BPSK nodul ation. 27. A
positioni ng nmethod according to claim25 or claim 26
in which the 20 receiver device encodes an | D code
associated with the receiver device into one or nore

sai d response UWB pul ses. _ .
23. A position determination method according to any of claims 16 to 21 in

which there are multiple said reference devices, the method further including
the transceiver deriving data indicative of a respective angular direction and

range for each of said reference devices.

24. A position determination method according to claim 23 in which the
transceiver uses the angular directions and ranges of the multiple reference
devices to obtain data indicative of the position of the transceiver in three

dimensions.

25. A positioning method according to any of claims 16 to 24 further
including:

(i) at least one of the transceiver and receiver device encoding at least
one bit of data into the UWB pulse it transmits,

(i) the other of the transceiver and receiver device decoding that data.

26. A positioning method according to claim 25 in which said data
encoding is by BPSK modulation.

27. A positioning method according to claim 25 or claim 26 in which the
receiver device encodes an ID code associated with the receiver device into
one or more said response UWB pulses.



