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-1 RANG NG SYSTEM AND METHOD Field 5 The present

invention relates to estimation of time of arrival
and/or range, particularly though not solely to a

met hod and system for estimating range based on thANWWl
time of arrival of an Utra Wde Band (UWB) signal.
Background 10 Methods for estimating positio

i

transcei ver systemto estimate the range to an o

or between devices by determ ning the del ay between *Gooooz
transm ssion and receipt of each UWB pul se, which is

Hidd known as the Tinme of Arrival (TOA). Such 15

systens may be used in applications such as radar,

object |ocation or tracking, and mlitary

applications. In Figure 1 shows prior art systemfor

I angere$hdseRd ihAdhtida irélgted (P estifRtifh S£4iAE 8FaPival a?ldml?an ge,
Gezici, Zhi Tian, GEorglos B. G annakis, Hi sash

gﬁﬁ@%@g 'thoggﬁ %tes%fe uy to M%@gg gpd gy?s?enll_lfor&ktgrﬁgtrlﬁg BRQJ based on the
%&?Pﬁéva‘ee%nd‘é@aq&w% g E B ier of ot hads of

range estimation exist, the TOA nethod for range
estimati on has particular advant ages when used with
UNB signals. The TOA nethod includes sending a coded
Buekgrobsé 100 fromthe transnitter. The receiver
receives the reflected pul se 101, as shown in Figure

Al

*159159*

Methods for estimating position or range are widely used in many wireless devices.
For example it is known to use a pulse-based UWB transceiver system to estimate the
range to an object or between devices by determining the delay between transmission and
receipt of each UWB pulse, which is also known as the Time of Arrival (TOA). Such
systems may be used in applications such as radar, object location or tracking, and

military applications.

In Figure 1 shows prior art system for range estimation using TOA, as disclosed by
Sinan Gezici, Zhi Tian, Georgios B. Giannakis, Hisashi Kobayashi, Andreas F. Molisch,
H. Vincent Poor, and Zafer Sahinoglu, in “Localization via ultra-wideband radios.” IEEE
Signal Processing Magazine, vol.22, 2005. While a number of methods of range
estimation exist, the TOA method for range estimation has particular advantages when
used with UWB signals. The TOA method includes sending a coded UWB pulse 100

from the transmitter. The receiver receives the reflected pulse 101, as shown in Figure
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2 1(a), which is snoothed using an envel ope detector
or a low pass filter. Then the envelope is sanpled
and becones tine discrete sanples 102, as shown in
Figure 1(b). The TOA of each pulse is estinmated based
on these discrete sanples, for exanple the nunber of
cl ock pul ses between transnission and receipt. 5 A

l.i.ng. error occur st ted T na
i@%}r?&sémoomfga#w" Syt Ao d TR patiRiat TheR the

gure 1(c). The discrete tlne sanplln% step and | ow
?IPWE’PCr*%%aHFR!%q K beromppting dcrste sampiessl U2, qsegeowatlugwe 1(b).
two sanple points will not be identified. That is to
$hy TOprhefteatinpulae siestimyted based mintthebe [dyscretesapenies, fargxample the
rate. Therefore the |lower the 10 sanpling rate, the
hugberof cloek pakes biteeantipisimigionrandirecelfar i ous syst ens
have been proposed in the prior art. For exanple a
positioning systemis disclosed in US patent nunber
7171303 that uses a common clock unit to form the

S arr‘pIA wn e§r0¥ Hgg%%hr ag e| é%ﬁﬁ')ategelf(%”@ﬁ nﬁ@q)e éil?ﬁ?]rent from the

relatlve sor th the oca recei ver “an

nsor have.t he e duri t he
?ciﬁaa-tfﬁfaﬁ%@agémm R B e %fé@s S4palyBsicizand low time
nmet hqd f processing t ositionln nals j .
{ﬁselyapnofgtsgﬁ%mlaﬁr A5aRSAs Jf@ pb(eangﬂwgs e egléwﬂ*méue identified.
nmet hod col | ects pseudo-range sanples from positioning
$hagnatossay cthati the accaracy ielimited by thersawepling rate. r hereferethe lower the
satellites. US patent nunber 7042868 di scl oses a

saamginggateethh bz gbethepessilblewsamplaigetrrasi gnal transcei vers.

20 The time delay or distance between two transceivers

can be determ ned through sending and received packet
signals to each other. US patent number 6239741

descrypRes systesiiRlve been proposed in the prior art. For example a positioning
system is disclosed in US patent number 7171303 that uses a common clock unit to form
the sampling basis in both the local receiver and the relative sensor. Both the local
receiver and the relative sensor have the same reference during the ranging processing. In
US patent number 7057553 a method for processing the positioning signals in the global
positioning system (GPS) is disclosed. The method collects pseudo-range samples from
positioning signals received at the ranging receiver from several satellites. US patent
number 7042868 discloses a ranging method between two packet signal transceivers.
The time delay or distance between two transceivers can be determined through sending

and received packet signals to each other. US patent number 6239741 describes a tunnel

diode detector for UWB object detection.
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di ode detector for UAB object detection. 3 The

present inventors have also filed Singapore Patent
appl i cation nunber 200604221-2 on 23 June 2006,

relating to a nethod using a tine to voltage converter

to estimate the TOA 5 Sunnﬁry In general terns the
invention relates to determning the delay between

when UAB si naI LS tu recei ed and when th

recei VEATOHE ! Yg ?‘é? aﬁﬁ%@f’d éH}%P?—f ate‘f*h‘i‘@“ﬁﬁtif’"rf&\?g’

t he advant age that tin]n% di fference smaller than
20(04 22 ion§3 gung 2&2961@1%@& 9 a meshasdcising ayfimp gyoltage genverter to
har dware conplexity and/or that a high sanpling rate
essimatotheA€®ssary. I n one specific expression of the
invention there is provided a nmethod of estimating

range to an object conprising: 15 transmtting at

| east one UWB signal, receiving at |east one UVB
ShRfdry sanpling the received UAB signal depending on

a plurallty of clock and/or sanple pulses having a

first frequency, providing a fractional signal having

a second frequency that is lower that the first 20
frequenc nd a phase t hat dependant he de

bet wiR BT MURE er&fogrrshateﬁ 10 SER e dsleY '?Fé‘de hphen a
when the received UB sig is first sanpled, an

YR signaliinactealy reegiyd %lésvé*efndhe léaceqvaaytw% srgnplsip ﬁrﬁﬁ yapled.
of clock or sanple pul ses

This may have the advantage that a timing difference smaller than the sampling period

can be detected without undue hardware complexity and/or that a high sampling rate is

not necessary.

In one specific expression of the invention there is provided a method of estimating
range to an object comprising:

transmitting at least one UWB signal,

receiving at least one UWB signal,

sampling the received UWB signal depending on a plurality of clock and/or sample
pulses having a first frequency,

providing a fractional signal having a second frequency that is lower that the first
frequency and a phase that is dependant on the delay between when the UWB signal is
actually received and when the received UWB signal is first sampled, and

determining the range based on at least a first number of clock or sample pulses

between transmitting and receiving the UWB signal and the phase of the fractional signal.
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between transmtting and receiving the UAB signal and

the phase of the fractional signal. 4 In a second

i ndependent specific expression of the invention there
is provided a systemfor estinmating range to an object
conprising: a transmtter to,transmt at |east one UVB
signal a receiver to receive at |east one UNB

S to sanple the r elved
e oo AEFoBA T B el s bR retn ORI ER U prE 1 rovided a
pul ses having a first frequency, and a circuit and/or
BistsE s GptimaHTg 1gngete m&bgf@hwremag fractional signal
having a second frequency that is |ower that the
f i r sa transpytientoyrapsmit at leksh ove UNEB signaldependant on t he
del ay between when the UWB signal is actually

r ecea weeeivamnd redeive dt heast erdl wWasigh¥B signal is 10 first
sanpl ed, and determ ne the range based on at |east a

firsysdamprbas sehp Eltﬁ’é:}‘ecg'ile@@m Si nﬁ’l%eﬁ@ﬁilﬁ’f&w@ thrallty of clock
transmtting and rece|V|ng t he si gna

RS aiple ffses hR%HE TG bR and me2°£§8222’2 of
or ack P SRoe Broce s heswTghsitio BT see 8 mﬂ%@’aﬁ‘b@v%@s&om
of non-limtative exa one or

Ertisasyiat is loyverthat thetys nﬁirszcuwgcy ndraphase ﬁ\ab'ﬁé‘épft"éa%frml the delay

as illustrated by the acconpanying draw ngs; in
bgtive¢n when the UWB signal is actually received and when the received UWB signal is

first sampled, and determine the range based on at least a first number of clock or sample
pulses between transmitting and receiving the UWB signal and the phase of the fractional

signal.
Brief Description of the Drawings

In order that one or more aspects of invention may be more readily understood
and put into practical effect, there shall now be described, by way of non-limitative
example only, one or more embodiments of the inventions, with reference to and as

illustrated by the accompanying drawings; in which:

Figure 1 is a graph of a prior art method of TOA estimation
(a) The UWB pulse sequence
(b) The envelope detection and sampling

(c) The sampling output and TOA estimation error
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Figure 1 is a graph of a prior art nethod of TQOA
estimation (a) The UWB pul se sequence (b) The
envel ope detection and sanpling (c) The sanpling
out put and TOA estimation error 5 Figure 2 is a block
di agram of the ranging systeg1according to an
exenplary enbodinent. 5 Figire 3 is a graph show ng
the rel ationship between the signals in the system of
Figure 2. Figure 4 is a graph of signal A and B
triggered by the arrival pulse edge and the sanpler
cl oc kFighrerhis adjeckedipgrammf ghg ranging $ystem gegosding tq g exegplary
are graphs of the phase change of the signal F along
embddiment. pul se arrival time change. Figures 6 (a)-(c)
are circuit diagrans of the hardware for generating
signals A, B 15 and F(wl -w0). Detail ed Description
An exenpl ary enbodi nent is shown in Figure 2 for
est I "L fsQ%rgﬁ%h@f«vil?gztyg\%lat?&lsﬁi'p%ﬁ*/een-[ﬁ@siéﬂaﬁ theHftem of
includés a transmtter 202 for generating the UWB
ﬁkéggﬁ and a receiver 204 for receiving the reflected
signal. Typically the transmtter 202 sends a
reference signal out and the receiver 204 receives the
echo reference signal fromthe

Figure 4 is a graph of signal 4 and B triggered by the arrival pulse edge and the

sampler clock in the system of Figure 2.

Figures 5 (a)-(c) are graphs of the phase change of the signal ¥ along with the

pulse arrival time change.

Figures 6 (a)-(c) are circuit diagrams of the hardware for generating signals 4, B

and F(o, —,).
Detailed Description

An exemplary embodiment is shown in Figure 2 for estimating the TOA of a UWB
signal. The system 200 includes a transmitter 202 for generating the UWB signal and a
receiver 204 for receiving the reflected UWB signal. Typically the transmitter 202 sends
a reference signal out and the receiver 204 receives the echo reference signal from the
target object. By detecting the delay between the transmitting the signal and receiving the

signal the distance to the object can be found.
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target object. By detecting the delay between the
transmtting the signal and receiving the signal the

di stance to the object can be found. 6 A clock 206
provides timng pulses to the transmtter 202, which
generates the coded pul ses a%pording to a preset

pattern. Were repeated pul se coding is used, the
maxi mum del ay shoul d not be longer in the tine domain
than the UMB pul se code length. 5 The receiver 204 is
connected to an integer delay detectiaon 208 and. a

f r act Aowedk 298 pagvidesttiping pylsed to. thefransmyfterodd)2, wlichygenerates the
detection 208 determ nes the nunber of integer clock

@ded pulsésotcperdingtto ampseset patieon. t Whete\iBpeatedw]seanding is used, the
receiving the reflected UMB pul se. The fractiona
siexigyntddlgcshionld ndl Be Wagatintheaind dumaie thay thet W pulsdw@de length.
first clock pulse after the reflected UMB signal is

TIRCREMES 208 Gs YAHRBctb DB dreihtederl @y diRcBbANOS ahda AattibHal delay
received. 10 The rel ationship between integer del ay

. _ , I SN

55 200 PO SGRELRRRD 208 (Bl Ah iRl S iniger clock
asured in the. I Of, cl ock pulses ory s )

AT PAEn i it D BBt 86 FocklViithe fnsEURLBlpyise. The

first sanple 310 after the UWB pul se 304 is. received.

fractigng] dejayelgtection pld) ewva}had%gv SUEFL e g1 clais pulse afte the

pul se 304 may be received in between sanples. )

redeeseUMVB signalhigreceivedandonan thereflpctad B/ W1 signal is petnally received.

fromwhen the UMB pul se 304 is actually received 312

to the first sanple 310 after the UWB pul se 304 is

recei ved. The actual tinme when the UWB pulse is

r ecei YRélrebatidnbiiy bbveds iéger deldy dsteyii208h@md dravedbpdelay

the signal fromthe receiver 204 is above a

4@ P10 shown in Figure 3. The integer delay 306 is the time (measured in the
number of clock pulses or samples) from when the UWB pulse 302 is trz\msmitted 300 to
the first sample 310 after the UWB pulse 304 is received. As explained in the background
section the UWB pulse 304 may be received in between samples. Consequently the
fractional delay 308 is the time from when the UWB pulse 304 is actually received 312 to
the first sample 310 after the UWB pulse 304 is received. The actual time when the UWB

pulse is received 312 may be determined as when the envelope of the signal from the

receiver 204 is above a threshold.

Therefore the total delay or actual TOA may be calculated by subtracting the
fractional delay 308 from the integer delay 306. A ranging calculation (212 Figure 2) is

based on the total delay.



20 Therefore the total delay or actual TOA may be

cal cul ated by subtracting the fractional delay 308
fromthe integer delay 306. A ranging calculation (212
Figure 2) is based on the total delay. 7 1In order to
determ ne the fracti onal deI?y 308, a fractiona

signal F is generated. The fractional signal F has a

| ower fr cy tha e cI reque and .a
314 \ree tp de %Eﬁ@ﬁ Ma%'ﬁn% Hé' é%gy edtinpelsigndl i gererated.
cl ock or sanple pulse after the UAB signal is

Thedeactianpl signalale hasaa loyver Beenancy ghanike ¢logk eqpeasy and a phase 314
Because F has a large period 5 relative to the
wlriolplsidegernslant @the delayrbktweer ket firsecledkaorgemipte fulsei afigr the UWB
between the when the reflected UAB pulse is actually
sigpis\redtivedand Aeally ftei9MERheUMV B 8ignall BeauseFehaé@darge period
will result in a bigger change in the phase 314 of F.

rdBEVPRARE sl HRAbd 2 nBif REBIE §h§h§E SRR between the when the
expansi on of the fractional delay 308 so that the

rg{itgc‘rf]%gal?g% %lﬂ?él 1§Xctﬁ%§y ﬁ@&v&ﬁanﬁ?ﬁéﬁﬁs?&m iﬂeg it 1?ﬁecalve? will result

requency
fracti onal deI detectiqgn.210 is shomn |n Fi gure
ITROISEST ENHRLS g e 3dp el E’en dhaphase o&signall F Aep@smﬁs a temporal’
phase with the received UMB pul se 400 with frequency
expansygn afithg Bacsionglhdelay X)8oseethat the fractienabdgipy 30fycan be measured
frequency wi. Signal Bis in phase with the first

wingake standanadineplinglfequeé®y. after the UWAB signal is
recei ved and has a 15 frequency the sane as the

sanpling frequency wl. A further signal Cis generated
by the nultiplication of signals A and B as shown

An example method of fractional delay detection 210 is shown in Figure 4. Two

signals 4 and B are generated. Signal 4 is in phase with the received UWB pulse 400 with

frequency @0 which is slightly slower than the sampling frequency !. Signal B is in

phase with the first clock or sample pulse 402 after the UWB signal is received and has a

frequency the same as the sampling frequency 1

A further signal C is generated by the multiplication of signals 4 and B as shown

in Equation (1):
C = A(w,)- B(a,) ()

Signal C can be separated in the frequency domain into two parts. A first part

signal D is the high frequency part centered at a frequency of @ * @ and a second part
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in Equation (1): 20 C = A(wo) B(wl) (1) Signal C can

be separated in the frequency domain into two parts. A
first part signal Dis the high frequency part

centered at a frequency of wo + wl and a second part 8
signal Fis the Iom1frequenc§ part centered at a

frequency of w, - . Thus signal C can also be
represented as shown in Equation (2):

il B0 13thy 10W Wequdky part cerRerBeapalfreqehgnét € DYanthis signal C can

have S|gn|f|cantly different frequencies, a |ow pass

the | ow frequency part
Jléd ﬁﬁep@%ﬁt&@as%ga'nﬁﬁEfserfagg)ﬁg%Cy part D(wl - w0) may

be di scarded. 10 The signal F(wl - w0) has a | ong
period relative to the sanpling period because CO

is close to w0 . The phase o;mz %? vary in
accordance with the eféiwbé t a&hé% |rst cl ock or @)
sanpl e pul se after the UWB signal is received and when

the UMB signal is actually received. Therefore the
fractional delay 308 can be determ ned by sanpling

t he phase 314 F 1 factor. _or Ltiplier

whi ¢ hBF‘H’é‘S‘? 1gea’y dhap 5%%.&? %ﬁ?@ﬂgﬁb@ﬂ%&cﬁmﬁew& # laygpass
domain into the phase 314 of F(wl - an be

1Rt Gty e S SRAVhE RvERERAlhey pdBF (610, . The high frequency part

D(w; — ®g) may be discarded.

The signal F(wl - mO) has a long period relative to the sampling period, because

D is close to?. The phase of signal ¥ will vary in accordance with the delay between
the first clock or sample pulse after the UWB signal is received and when the UWB signal

is actually received. Therefore the fractional delay 308 can be determined by sampling

the phase 314 of F .

A factor or multiplier K by which the fractional delay 308 is expanded in the time

domain into the phase 314 of F(a), B w°) can be calculated as shown in Equation (3):

) —w, (3)

For example, if the sampling frequency w; is I00MHz, and w is 99MHz then

F(wl B 0)0) has a frequency of 1% of @w; or IMHz. This gives a resolution of 100 samples
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=ww, -w0 (3) 20 For exanple, if the sanpling
frequency wi is 100MHz, and wO is 99VHz then F(wl -
w0) has a frequency of 1% of wl or 1MHz. This gives a
resol ution of 100 sanples 9 over the possible range
of fractional delay of 10ns %one sanpl e period). This
maekes it easy to use a relatively | ow speed sanpling

Qiyrge uengézlﬁ 0 obt ?lfrgﬁé}érgg r t| réeégﬁ%Hp%pq?%é), This makes it

received signal. In the above exanple, the tine
qaExs 9] Use Mﬁlatwely iy preed sampling fquengyetoebtaiw higher tirse resolution by
|nproved by two orders of 5 magnitude from 10ns to

Fensiad, 00 g, od,. of

oGy st et e A eSSl s examte
ul.se se uenc -w0) can't he

E? imegessliition *rfephﬂ%.s ﬂme efgictipn mmr%‘gﬁd\tfayawmﬁ@s of
next com ng pul se S|%nal 10 For exanple as shown in

W@}Pé%frgmal)onééq”i% Phad80bf F varies dependi ng on

the fractional delay. In Figure 5(a) the signal is
received at the sane tinme as a sanpling pul se

(factional delay is zero), and according the phase of

F is shown Ly |gur 5(b mal | facti onal .

del ayTe&®egio 0523 acco? Xlszl"{é”xp‘h‘d mast be smallgpyhan thg period
Figure 5(c) a large 15 fractlonal del ay exists and

dingly th .of t I )
GO RER SotehegD BEV ol arent 20 4By BE AT I (v because i

Counterl when the . )
will overlay with the next coming pulse signal.

For example as shown in Figures 5(a)-(c) the phase of F varies depending on the
fractional delay. In Figure 5(a) the signal is received at the same time as a sampling pulse
(factional delay is zero), and according the phase of F is shown as 0°. In Figure 5(b) a
small factional delay exists and accordingly the phase of F is 90°. In F igure 5(c) a large

fractional delay exists and accordingly the phase of F is 180°.

Integer delay detection 208 may be implemented by starting a Counterl when the
UWRB signal is transmitted and stopping the Counterl when the sampled received signal is
higher than a threshold, (i.e. the first clock pulse after the UWB pulse is received). The

integer delay 77 is calculated according to Equation (4):

TI=NI'T (4)



10

20

UMB signal is transmtted and stopping the Counterl
when the sanpl ed received signal is higher than a
threshold, (i.e. the first clock pulse after the UAB
pul se is received). The 20 integer delay T1 is
cal cul ated according to Equaﬁéon (4): T1=N1T (4) 10
where N, is value of Counterl, T is the sanple period.
Fractional delay detection 210 may be inpl enmented by
sitharet 1'/nds eal@oofi€ @rmzerhh €nis tidsampieymriode of t he si gnal
fromthe receiver is above a threshold, and stopping
the 5 Counter2 when F(wl - w0) changes state, (i.e.

t he nunber of clock pul ses represent the phase of F).

The f F?a%fiizr%? Ablaf!8e@iidn 259 rﬁ§9 bl AELEY dhfifhelaCounter2 when

Equat i on T/K (5 ere e val ue

f Counter2. Therefore total delay or actyal TOA A can
B oot S S Fomtifs e e P o R kG and FopehE
é6) 15 The fotal .delay or actual TOA A nmay be used to

eureer? athen Bleye @) plsiges B#e, (Eerthe pynben of clagk gyiseppgpresent the
rangi ng system the distance d between the transceiver

e b11®). OeGRdctiona dPaPRN dal@Mabd 4RoidNe; BaANtio (HCt ual
% oifm)t he received s?gnal as conpa‘rd;% Wi t(ﬁmt he(ﬁ
emtted signal, as shown in Equation (7): 20 d
=(A-X)S/2 (7) where X is a known constant circuit
delay and c is the speed of propa&a@}gy for exanple
Ty =Ny

the speed of |ight. (5)
where N, is the value of Counter2. Therefore total delay or actual TOA A can be
calculated according to Equation (6):

A=1, -1, 6)

The total delay or actual TOA A may be used to calculate range or position. For
example in an UWB ranging system, the distance d between the transceiver and the object
is proportional to the delay or actual TOA of the received signal as compared with the

emitted signal, as shown in Equation (7):

where X is a known constant circuit delay and ¢ is the speed of propagation for example

the speed of light.
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11 Figure 6 shows a hardware inplenentation for
fractional delay detection 210. Signals A(w0) and
B(wl) are generated by two feedback oscillation
circuits 600, 608. 5 In Figure 6 (a), the first
oscillator circuit 600 receiﬁFs out put of the envel ope
detector (214 Figure 2) which is supplied to a clock
input of a latch register A \Wen the envel ope
detector 214 output rises above a threshold (detects a
UWB pul se arrival), the [latch register A output 606
wi | | Bigursi @showsrs hand ware smplementatian kdractendl delay detegiom 210.
to oscillate. The frequency of the oscillation is

LT O DAY e BERRES b RGBS gl o, s

latch register Awill be cleared to zero when F(wl -

w0) changes state stopping the oscillation or the next

pul se arrives. In Figure 6 (b), the second oscillator

ci r culnFigo® 6 (@), tkeefirst oscy latasrcanceit §0¢ regkivex output of theeenvelope
|atch register A's output 606 is conbined at an AND
deadceor@2 D4 Riigtife X) twehicH isclppiet s@s clock inplihef @latghutgister AhdVhen the
AND gate 610 is supplied to a clock input of latch

deeliopt @éteBor ThioUtRlt¢Res 409 & tIResHBIDeRls 01% B\billbe &fival), the
hi gh after the first clock pulse after a UAB pul se

1afch !r?’%'ﬂter Axgi Bt wvwﬁb@higﬁ,@%ig@e&s%ﬁ&h B osBilfAtdrB02 to

osci[Tate. requency of the oscillation is

R A e

i C
is al so stopped once F(wl - w0) changes state or the

WIEiEh iset ADANKIEN RS ults2 al fequbfiyr of “B. (Thk lateh fegfstdd @ will be cleared
circuit 616 is shown. The signals A(wW0) and B(wl) from

: : r : , _
SRS, POR %00, atapssii: oy KB OISRy g
in signal C. Signal Cfromthe XOR gate 618 is

provided to

In Figure 6 (b), the second oscillator circuit 608 is used to generate signal B (wl )
The latch register A’s output 606 is combined at an AND gate 610 with the clock pulses.
The output of the AND gate 610 is supplied to a clock input of latch register B. The latch
register B output 612 will be high after the first clock pulse after a UWB pulse arrival.
This causes a feed back oscillator 614 to oscillate. The frequency of the oscillation is
determined by the feedback line 616 length, which is set at D; which results in a frequency

of @y, which is also stopped once F(@, — @, ) changes state or the next pulse arrives.

In Figure 6 (c), a further circuit 616 is shown. The signals A(wO) and B(wl) from
circuits 600 608 are sent to an XOR gate 618 which is equivalent to a mixer or

multiplication which results in signal C. Signal C from the XOR gate 618 is provided to
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12 the clock input of a latch register D to sanple
and hold the XOR results. A(WO) is supplied to the
clock input of a latch register D so that signal Cis
sanpled and registered at wO . This is equivalent to
a lowpass filter which resulis in signal F(wl - w0)
at the output. 5 Wiilst the preferred enbodi nents of
the invention have been described in detail, nanva)
0/ is

thétlodk irpasofd ﬁ;dncrs%btb} B thsdiple ahd BoRICREXOR réshfs. A
invention as will be clear to a skilled reader. 10 13

sggﬁ!'ri)é@tb,tllle cloék ﬁﬁg&h% 19k h Ftidt 8B s hat §gﬂﬁ dR sﬁlﬂﬁféalaﬁ& tegistered
c rising: transmtting at |east oné UMB sighal, 5
receiving at | east one UMB signal, sanpling t%ﬁ
atag,ei Thdis\dqBivaiegniala Idepmssiiing volriclaragslits ialsignal 6f“cT Bekat the
and/ or sanple pulses having a first frequency,
@ﬁéﬂiding a fractional signal having a second

requency that is lower that the first frequency and

a phase that is dependant on the del ay between when
the UMB signal is 10 actually received and when the
received UMB signal is first sanpled, and determ ning, )
t he r¥fulst the pesderand embqdigents gf the irventiombave bgen é?ssekecgm detail,
sanpl e pul ses
many variations are possible within the scope of the invention as will be clear to a skilled

reader.



10

15

20

between transmtting and receiving the UAB signal and
t he phase of the fractional signal. 2. The nethod as
claimed in claim1 wherein the phase of the fractiona
signal is 15 determ ned relative to when the UAB
signal is received. 3. The hod as clainmed in claim
or claim2 wherein providing the fractional signa
ékﬁgrlses starting an oscillation signal A when the
¥ignal is received, signal A having 20 a third
frequency which is simlar to the first frequency,
starting an oscillation signal B when the first clock
or sanple pulse occurs after signal A starts, signa
B hawi methad bbestintating eapgene yn objecticompsismgr el ati vel y
smal |l frequency difference to the third frequency,
mul t irgsytittipg ot Baslone YWIBGiddal,0 generate signal C, and
14 providing the | ower frequency conponent of signa

C asreggein%raa%gmeluwg@@{al 4. The method is clained
in claim3 wherein the first nunber of clock pulses is

dete r

§ ﬂd’]ﬁg n!Eeér;:@% H)Wi%(aﬁrfn%l d@enﬁ%&q%u%gﬁx&%&mﬁ%r sample

nsm e and stopping the first counter when the

m@%@ﬁ@%&g §”§ﬂEV is sanpled 5 The nethod as
claimed in claim4 wherein the ase of the fractiona
si gnlviding yecdionplsignablhaving? §‘?Cﬁ@d frequspgy that ispwer that the first
whi ch out puts a second nunber of clock pul ses, 10
{ibeuenehan ase thatis dependanicon/ibe dalay betvweppiwhgn thedUWB signal is
second counter when the fractional signal changes
adtadlly.received and when the received UWB signal is first sampled, and

determining the range based on at least a first number of clock or sample pulses

between transmitting and receiving the UWB signal and the phase of the fractional signal.

2. The method as claimed in claim 1 wherein the phase of the fractional signal is

determined relative to when the UWB signal is received.

3. The method as claimed in claim 1 or claim 2 wherein providing the fractional

signal comprises:

starting an oscillation signal 4 when the UWB signal is received, signal 4 having

a third frequency which is similar to the first frequency,
starting an oscillation signal B when the first clock or sample pulse occurs after

signal 4 starts, signal B having a fourth frequency which has a relatively small

frequency difference to the third frequency,

multiplying signals 4 and B to generate signal C, and
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6. The nmethod as clained in claim5 where an arrival
time or total delay of the UMB signal is determ ned

by subtracting a fractional delay from an integer

del ay, wherein the 15 integer delay is determ ned
based on the output of the fL st counter and the
fractional delay is determn based on the output of
the second counter. 7. The nmethod as clainmed in claim

6 wheraiding the lpwersigrauene) eoynposemntaf érgmah@dasuhs Eractipmal gignal.
=N T 20 8. The nethod as clained in claim7 wherein
the fractional delay is determ ned based on rf =Nf

T/K 15 9. The nethod as clained in claim8 wherein

#he trat aletiddl ia¥lahedin/dlai@l 3 Whéteini the ﬁ@@h@:ﬁﬁéﬂﬂf@l&ﬁgﬁﬁes is
on A=T~ -TJ 5 10. The nethod as clained in claim

M@mﬁg ${F§%ﬁi§g tgﬁqé%tscogﬁtne WHidbEHRAS £ frs? Humg%f%f(ﬁ%cr glzsbses, when

S/ 2. h as clained in any preceding c m

I .compr.i.sin et er i nin n the i gnal
IS CNELBATR et She Bl he HACE T PR L 808ed Sw
L603Lved 10 signal is above a threshold. 12. A
UL AY st i mati ng range to an obj ect conpri sing:
atransmtter to transmt at |east one UAB signal

5. The method as claimed in claim 4 wherein the phase of the fractional signal is
determined by starting a second counter, which outputs a second number of clock pulses,
when the UWB signal is received and stopping the second counter when the fractional

signal changes state.

6. The method as claimed in claim 5 where an arrival time or total delay of the UWB
signal is determined by subtracting a fractional delay from an integer delay, wherein the
integer delay is determined based on the output of the first counter and the fractional

delay is determined based on the output of the second counter.

7. The method as claimed in claim 6 wherein the integer delay is determined based on

r,=N,-T

8. The method as claimed in claim 7 wherein the fractional delay is determined based

on

7,=N,-T/K



a receiver to receive at |east one UM signal, 15 a
sanpler to sanple the received UAB signhal depending on
a plurality of clock and/or sanple pul ses having a
first frequency, and a circuit and/or processor
configured to generate a fragf{ional signal having a
second frequency that is |ower that the first

Bt wdoh e = ALTDRB g We ERRR LRl draate i i

when the received UAB signal is 20 first sanpled, and
gtedinshlasehen r ange based on at least a first nunber
of clock or sanple pulses between transnitting and
receiving the UWB signal akd 1 ke ,phase of the
fractional signal. 16 13. The systemas clained in
claim 12 wherein the circuit and/ or processor
configured to start an oscillation signal A when the

ignal is received, .signal A having.a, .third
T e tbiRtnaras e iy P Bereae Fanae i< dosciTupEl pase on
start an oscillation signal B when the first clock or
sanpl e pul se occlrs(faf¥ke/3ignal A starts, signal B
having a fourth frequency which has a relatively snal
frequency difference to the third frequency, multiply
signals A and B to generate signal C, and provide the

| pwerrhé hREHSRNRS )élaﬁﬂé@&%ﬁar&fedi%gg%h flrtRe cbRPrising determining
fractional signal. 10 . The systemis clainmed in

%@n e LAV B AR r&RIRE b UBGrmfinfg WHlenGR YRV 8bpd & i Abdived UWB

signal is above a threshold.

12. A system for estimating range to an object comprising:

a transmitter to transmit at least one UWB signal,

a receiver to receive at least one UWB signal,

a sampler to sample the received UWB signal depending on a plurality of clock
and/or sample pulses having a first frequency, and

a circuit and/or processor configured to generate a fractiongl signal having a second
frequency that is lower that the first frequency and a phase that is dependant on the delay
between when the UWB signal is actually received and when the received UWB signal is
first sampled, and determine the range based on at least a first number of clock or sample
pulses between transmitting and receiving the UWB signal and the phase of the fractional

signal.
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the UMB signal is transmtted and stop when the
received UWB signal is first sanpled, wherein the

out put of the first counter is the first nunber of

cl ock pulses. 15 15. The systemas clainmed in claim14
further conprising a second g ock pul se counter to
start when the UMB signal is received and stop when

b pdbe St LBia ety e et BsruatifEidbllrogfsqpgnisured

g)hase of the fractional signal.
start an oscillation signal 4 when the UWB signal is received, signal 4 having a
third frequency which is similar to the first frequency,
start an oscillation signal B when the first clock or sample pulse occurs after signal
A starts, signal B having a fourth frequency which has a relatively small frequency
difference to the third frequency;

multiply signals 4 and B to generate signal C, and

provide the lower frequency component of signal C as the fractional signal.

14. The system is claimed in claim 13 further comprising a first counter to start when
the UWB signal is transmitted and stop when the received UWB signal is first sampled,

wherein the output of the first counter is the first number of clock pulses.

15. The system as claimed in claim 14 further comprising a second clock pulse counter
to start when the UWB signal is received and stop when the fractional signal changes
state, wherein the output of the second counter is representative of the phase of the

fractional signal.



