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Met hods and Apparatus for Estimating Tine of ' Mu
of a Pulse in a Train of Pulses in a Rangi ngmmumm Il"”l"lm
Field of the Invention The present invention rel atgs,-

to methods and an apparatus for esti rrati ng ti rre of

arrival of a pulse in atrain of pu

system Background of the Invénti on A puI se bfm @Iwmﬂumm
transcei ver system nmay be used to neasure the

between a target and a transceiver by neasuring ttweooo2*
time delay between transmtting a signal and

r eddtethiods and Msdarafiss for Estimatiaat Tiavabf AetivaldoP4 Pulse in a
determining the_tipe of arrival of the recelved signal

is to use a sangifalyofPulses ina Ranging Systemcei ver

output at known tine intervals and to count the nunber
OField BEthenNhéN@s Whi ch occur before the signal is
recerved back after it is transmtted. The TOA is
estimated fromthe counted nunber of tine intervals
equbS?rﬁgemie'th@QﬁOm ralates deiroethadd arst @pt apparatus for estimating
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Background of the Invention

A pulse-based UWB transceiver system may be used to measure the distance
between a target and a transceiver by measuring the time delay between
transmitting a signal and receiving it back again. A conventional method of
determining the time of arrival of the received signal is to use a sampling clock
to sample the receiver output at known time intervals and to count the number
of time intervals which occur before the signal is received back after it is
transmitted. The TOA is estimated from the counted number of time intervals
elapsing between transmission and reception. In systems where the signal
comprises a pulse code, the TOA is defined as the phase shift of the pulse
code. The maximum delay must not be greater than the pulse code length.
However, due to the discrete time sampling and the absence of amplitude
correlation among adjacent samples, it is difficult to recover the delay finer
than the sampling period. The larger the sampling period, the greater the

possible estimation error.

There is a need for an improved apparatus and method of estimating time of
arrival of a pulse in a train of pulses in a ranging system which is economical

and not complex in its construction and implementation.

Summary of the Invention

In broad terms, the invention provides an apparatus and method of

estimating the time of arrival of a pulse in a train of pulses in a ranging system



code. The maxi num del ay nmust not be greater than the
pul se code |l ength. However, due to the discrete tine
sanpling and the absence of anplitude correlation
anong adj acent sanples, it is difficult to recover the
delay finer than the sanpling period. The larger the
sanpling period, the greater the possible estinmation
error. There is a need for an2 nproved apparatus and
met hod of estimating tinme of arrival of a pulse in a
train of pulses in a ranging systemwhich is
econom cal and not conplex in its construction and
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between the estimated tinme of arrival obtained by a
SABPbIdirg teea tiest zapdct biethagirasénttinventiof there isvpldovided a method
rovide a fine estimate of the tinme of arrival of the
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paf e¥ynating B SiArTiyalpq pulseds BEain G PUIRESHP & EAIAING system,
'[h"eer%;r% &&ﬂgﬁsihﬁ tivé 9%(41p§ec§#: a method of estimating

time of arriv of a pul'se in atrain of pulses in a

rangi ng system the nethod conprising the steps of:
estimating estimatng aafinst value fonéhe time of atrival pala ggcomd pulse

second pul.se . based an disc e bl. ld

oBrsehoB w5Cre I sABUDE eth FphliBo ARB, 4iflo B Stpge from
afift ep@ber svered mrsdsterineti ManbarPdi tigneeddrmpling tpegiods; the
sampl i ng stage being controlled by a sanpling clock;
deempling stagedpriag wanireledby @AY @efi od around t he
estimated first value for the tine of arrival, the

observati Ond)é"fir'?lq?wd?fivéﬂébr@ati&ﬁ afyindoWTetiBd Feriod around the

finishing tine, the observation w ndow having a .
destmated fitgt vatuer forithe tione ofj@aival othehebsanaticramindayy having a

{.O g{?iétoghweta%tgid\é%tstlgﬂ%gﬁg othﬂé,egr{eato%rseﬁ/taﬂgﬁ \ﬁfndtowe h?a(/f?{gt a duration

greater than or equal to the time sampling period;

activating an integrator stage at the start time of the observation

window;

integrating a current to provide an output voltage as a function of

time of integration;

deactivating the integrator stage to cease integration on
detection of the arrival of the pulse whose time of arrival is to be estimated;

and

determining a revised time of arrival of the pulse using a time
value obtained from the output voltage of the integrator and the estimated first

value of the time of arrival.



wi ndow;, integrating a current to provide an out put
voltage as a function of tinme of integration;
deactivating the integrator stage to cease integration
on detection of the arrival of the pul se whose tine
of arrival is to be estimated; and determning a
revised tine of arrival of the pulse using a tine

val ue obtai ned fromthe out put3 vol tage of the
integrator and the estimated first value of the tine
of arrival. 3 Preferably, the step of estimating a
first value conprises detecting one or nore envel opes

oPréfaalily, méretdw@pr@snmanhg%iﬂrstsaémélcftgnpng&ceemng one or
pul se wavef or m at regul ar_ intervals and determ ni ng

£ More anVRIORSS G 914/ 8F THAISEACOMINGIPYISPSt SARRIRG Fnipceives pulse
T LAkt 59%@'&%&(@%8 a{?{oeé@t%ﬂﬂlnYrﬂ%EqﬁsPHﬁwgeof arrival based on

conprises a sequence,
deiserate sangplimgraata $redin therwampledrpulseal furt her
conprising averagi ng a nunber of revised tinmes of

rlval for subs t I d
PPEFEFaY.y (NG NBUSEe SOBPRISRS o8r BLISRy Chipriesisgnee, the step of
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integratof stage rises linearly with
prevised tanes e adiva fer sulisequentpidse Qﬁdﬁ éeqmm& ses
resetting the integrator stage at the finish time of
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conpri ses" ring grator
sthageutpat ef hevinteasstof iSteterSGS lingatlgiwithetirhel t er ed
output; using the filtered output to control a phase
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Preferably, the method further comprises:

filtering the output of the integrator stage in a low pass filter to

obtain a filtered output;

using the filtered output to control a phase shifter to adjust the
sampling clock so as to move the sampling pulse towards an expected

time of arrival of a pulse to be received.
In a preferred embodiment, the method further comprises:

filtering the output of the integrator stage in a low pass filter to

obtain a filtered output;

using the filtered output to control a first voltage control oscillator
to adjust the frequency of the sampling clock so as to move the sampling

pulse towards an expected time of arrival of a pulse to be received.

Preferably, the method further comprises:



In a preferred enbodi nent, the nethod further

conprises: filtering the output of the integrator

stage in a low pass filter to obtain a filtered

output; using the filtered output to control a first

vol tage control oscillator to adjust the frequency of

the sanpling clock so as to nove the sanpling pulse
towards an expected tinme of ardival of a pulse to be
received. Preferably, the nmethod further conprises: 4
synchroni zing the sanpling clock to a repetition rate

of the pulses in the train of pulses. Preferably, the
synchroni zi Bgntﬂireﬁlzﬁ@mﬁé sefmpliRPlcldorgtd RE repétfr ea@nof the
i nput of a ase detector, the phase detector

geHiseatie the "@U‘t?ﬁﬁu'%ﬁsgnal passi ng the output signal

of the phase detector through a low pass filter to

g appl yi ng the

fﬁ?‘rg?éetgy %éJbEﬁ%Iﬁh@gggpaé%rgﬁtro signal to a

voltage control oscillator which produces a sanpler
frequency oapplyingstrmmhlseatnplayiingutt bk aspimdeedetector, the phase
fre ncy output s to, a fractional counter to
pps&? ?mogﬁ’&ﬁmgné t he sane noninal frequency

as the frequency of the train of pulses;. applying

t he out put phgsiah tbe dltpuf B@Qél ofitthe pbast efetéctoanhrough a low
i nput of the phase_detector; aring in the phase
d@?é%f'%”lolﬂﬁ’}ﬁﬁﬁ%eea f'@ﬂ@pqut@l‘ﬁﬁ* n% of the train of

pul ses with the frequency of the output signal of the
fractional I lw

t he vol tagegggmrﬁjtheo@yeggpgqlﬁuésqdr?gats?e%&?tﬁgte red ¥k voltage
owoplio! asajjladr Whichh prbeu gesaa saohplaerdtemuency lootpkuttsignal;

sanpl er

applying the sampler frequency output signal to a fractional
counter to produce an output signal at the same nominal frequency as the

frequency of the train of pulses;.

applying the output signal of the fractional counter to an input of

the phase detector;

comparing in the phase detector the pulse repetition rate of the
train of pulses with the frequency of the output signal of the fractional counter,

and

controlling the frequency of the voltage control oscillator using
the filtered output signal from the phase detector to lock the sampler

frequency to the frequency of the train of pulses.

Preferably, the pulses in the pulse train comprise one or more packets of
pulses, each packet comprising a range measuring portion and a waveform
recovery portion for synchronizing a sampling clock used for waveform
recovery with a transmission pulse clock, the method further comprising the

steps of:



frequency to the frequency of the train of pulses.
Preferably, the pulses in the pulse train conprise one
or nore packets of pul ses, each packet conprising a
range measuring portion and a waveform recovery
portion for synchronizing a sanpling clock used for
waveform recovery with a transm ssion pul se cl ock,
the nmethod further conprisinghe steps of: 5

appl ying the pulse to an input of a phase detector,
the phase detector being arranged to generate an

out put signal; passing the output signal of the phase

det ect or théle?fhg_atHeO IsBa@Safh iihp@roft @ HeRer aéector, the phase
filtered output signal; applying the filtered output
sigiestordieing eo*angeg te ggnerate anouipitisignel; contr ol

oscil lator which produces a sanpl er frequency out put

si gna apph%%é]ﬂ%_ttglgdogﬁﬂﬁoﬁgngf Sﬂﬂfé‘ﬁﬁg%‘gﬁl@ctﬁgg{gﬁ'}:gh a low

to a freque [ rovide a ut sl
appsyfilbey tohyeneuatewd filkergdautdt sidrealf r equency di vider to
an i nput of the phase detector so that the output

signal of the vaolt .contro scillataor i .

control Led BEPskBIIERE bilacRibel 8 2 cdrlipl sieuy! 1g @ votage
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and | ocked to the pulse repetition rate of the

rangi ng portion; applying the output signal of the
vol tage conf@PBIYINgs e isamilet eQHe”Pmﬂh{tglbtf signal,te rf frequency
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provide a filtered signal which is arranged to control
a further wepplyagetheomitpot sigsai of thedrequemely ydividemto an input of

oyt put signal from.the furfher.voltage cantrol . .
ot Phases Ao trs ol 4 il fos Shtell Siahey of 8%, FQldCcaptro! oscillatoris
odgbptvslledl @Nprodidech sighabhalingd frequency at the sampling rate of the

waveform recovery portion and locked to the pulse repetition rate of the

ranging portion;

applying the output signal of the voltage control oscillator to an

input of a further phase detector;

filtering in a low pass filter an output signal of the further phase
detector to provide a filtered signal which is arranged to control a further

voltage control oscillator;

applying an output signal from the further voltage control
oscillator to a fractional counter to produce an output signal which is applied

to an input of further phase detector,;

controlling the frequency of the further voltage control oscillator
using the filtered output signal to produce a signal having a frequency which
differs from the frequency of the signal output from the first voltage control

oscillator but is locked to the frequency of the first voltage control oscillator



to an input of further phase detector; controlling the
frequency of the further voltage control oscillator
using the filtered output signal to produce a signha
havi ng a frequency which differs fromthe frequency
of the signal output fromthe first voltage contro
oscillator but is |locked to the frequency of the first
vol tage control oscillator 6 &nd thereby to the
frequency of the ranging portion, the ratio of the
frequency of the filtered output signal and the
frequency of the first voltage control oscillator

bghd dhereby by tﬁé‘ﬁeﬁhéﬁé* entle @@r’@ﬂigebortrbhetrfeufdtrb%f the frequency
vol tage control oscillator acting as the sanp
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t
ng%{L%Rw’eé'B%bgtgﬁﬁ i ”E“agd%arﬁ bouAbAY 1 1 dnd h€P VBltae control
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a preferred enbodinent, the nethod further conprises

c AND gate t nal s, of th
 PIderaly, i dHeneyofags comie opoatpt ksted ah ¥ frequency
p&@ﬁé&%ﬁtrélﬁé&@@' tot 9 MGhrbleabﬁtH‘e %&Qérﬁ’éybe e6& YiestYvoltage control
process so that wavef orm r ecovery process is

i nbeillatoed at the same poi nt for each packet. According
to a second aspect of the present invention there is
;OV' gﬁeq‘(grigd ?@rg{eﬁ'ﬁoir@ nfeéﬁb&n?uhﬁ‘@r Ebr‘i‘rg)rrg& %Jrﬁﬂﬁrng in an

t AR eY ﬁtersurmmsrgrelmgf trmfrresanmammmerf mltafeﬁt camattolru;crllators
a first value for the tinme of arrival of a

oI SEoEP GIFTH <or BAHE! HOEHIPIT 5 R4eR SRRR RegoLipal the
prN%get erhﬂ%co%m SAnitiated atptHess%n%/ Sbrn@for each packet

rm ned of tinme sanpling periods;
sanpl i ng stage being controlled by a sa Ilng clock a
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an estimator for estimating a first value for the time of arrival of a
second pulse based on discrete time sampling data obtained by a sampling
stage from a first pulse over a predetermined number of time sampling

periods; the sampling stage being controlled by a sampling clock;

a processing stage for defining an observation window time
period around the estimated first value for the time of arrival, the observation
window having a start time and a finishing time, the observation window

having a duration greater than or equal to the time sampling period;

an integrator stage arranged to be activated at the start time of
the observation window to integrate a current to provide an output voltage as
a function of time of integration, the integrator stage being arranged to be
deactivated to cease integration on detection of the arrival of the pulse whose

time of arrival is to be estimated; and



having a duration greater than or equal to the tine
sanpling period; an integrator stage arranged to be
activated at the start tine of the observation w ndow
to integrate a current to provide an output voltage as
a function of tine of integration, the integrator
stage being arranged to be deactivated to cease

i ntegration on detection of tHe arrival of the pul se
whose tinme of arrival is to be estimated; and 7 a
determ nation stage for determning a revised tine of
arrival of the pulse using a tinme val ue obtained from

the out put yqldtéginafion BRagefordemratiningdrévised time of arrival of
estimated first value of the tine of [

| .
Pihef pulag uping adimes valkatabiaingd digen the a\?ﬁ%&%\ég%a%otmeeiefegrator
ggﬁ%?@egg irﬂa?é?ivﬁljgpg%lﬁe o?fthé)ﬂﬁg?cgr%d;ﬁ\%ﬁ. i ncom ng pul ses,

receive Se wave regular intervals
and determne a first time of arrival based on

dPsefieead sy sthepd stimptibex stagé i arrahged dongleéett muieser. more envelopes

T REb R B rm SRS R S8 M BB S sBEPHFAES e
r fubsas Ahdeetimins Vbt edfeirae tthsad dildieretéfsampling data
revised tinmes of arrival for subsequent pul se code

s&quethessampledfmisthl y, the integrator stage is
arranged to integrate the current such that the

0 f e |.ne a [ j Lt ‘nati
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betqw;jbéilngtadrémegéfd (1) Sﬂgter'mm% & revised ﬁbmeof/atﬂim by averaging a
eriod. ILn a preferr i ment, the ar gt us
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out put of the integrator stage to obtain a filtered

ot Slerably, PRAREGTAidrstigalls aRgRged & Megité ted karent such that
using the filtered output to adjust the sanpling

cthRuipot atheontagrator stageaiigas lingaply vt timewar ds an

expected tinme of arrival of a pulse to be received.
Preferably, the integrator stage is arranged to be reset at the finish time of the

observation period.
In a preferred embodiment, the apparatus further comprises:

a low pass filter for filtering the output of the integrator stage to

obtain a filtered output;

a phase shifter arranged to be controlled using the filtered
output to adjust the sampling clock so as to move the sampling pulse

towards an expected time of arrival of a pulse to be received.
In a further preferred embodiment, the apparatus further comprises:

a low pass filter for filtering the output of the integrator stage to

obtain a filtered output;



In a further preferred enbodi nent, the apparatus
further conprises: a low pass filter for filtering the
out put of the integrator stage to obtain a filtered
output; 8 a first voltage control oscillator arranged
to be controlled using the filtered output to adjust
the frequency of the sanpling clock so as to nove the
sanpling pul se towards an expected tinme of arrival of
a pulse to be received. Preferably, the apparatus
further conprises: a synchronization stage for
synchroni zing the sanpling clock to a repetition rate

of the pul sasfidshvbitggd 'b@hﬁoloésdﬂldtéleérra gea' b ¥ontréiRed using
synchroni zi ng stage conpri ses: hase detector having

an ithpuiltered whitRy té? ?ﬁlP%tethienf”?%eeWI Qfethet $gPRling; clock so as to
appl

S0P P 5 SoRRARS AR ChRIabSRREATARE dranBRaRSrl fuso
r eceheseedelivedout put signal of the phase detector to
generate a filtered output signal; a first voltage

illator, arr recelvetheflltered
{a@ tﬁglapggr%tug%ﬁp%] ﬂg'@ﬁ “to produce a sanpler
frequency out put signal; a fractional counter arranged

to receive shgraniggtidn saderfoy symthironizirgy theasarnpling clock to
produce_ an output signal at the sane nom nal frequency
@ repgiitian eﬁeeﬁ&iﬁ peiSeRn thedrainf Pylseses: t he

fractional counter being arranged to apply the output

S'P%J@ratw I@ﬂégﬂEHForﬁ%m%EFag%h@bﬁﬁ pigdect or; the phase

det ect or arrange conpare the pul se

repetltlon rate of the train of pulses with the

fr equency of pheseodetegtordiaying anfinputhte whight  gndge in the pulse
unt er

rgahésnappﬁ%d,t Hﬁeonhﬁgggcgetggtgr belngC%Wan%l | 'Q)gg%hgrate an output

signal;

a low pass filter arranged to receive the output signal of the

phase detector to generate a filtered output signal;

a first voltage control oscillator arranged to receive the filtered

output signal as a control signal to produce a sampler frequency output signal;

a fractional counter arranged to receive the sampler frequency
output signal to produce an output signal at the same nominal frequency as
the frequency of the train of pulses; the fractional counter being arranged to

apply the output signal to an input of the phase detector;

the phase detector being arranged to compare the pulse
repetition rate of the train of pulses with the frequency of the output signal of

the fractional counter; and

a control stage for controlling the frequency of the voltage
control oscillator using the filtered output signal from the phase detector to

lock the sampler frequency to the frequency of the train of pulses.



control oscillator using the filtered output signa

fromthe phase detector to |ock the sanpler frequency

to the frequency of the train of pulses. 9 Preferably,

the pulses in the pulse train conprise one or nore

packets of pul ses, each packet conprising a range
measuring portion and a waveform recovery portion,

t he apparatus further conprisithg: a phase detector

havi ng an input for receiving the pulse train, the

phase detector being arranged to generate an out put

signal; a low pass filter for filtering the output
sirgefratslf, tHe pphrseindgiepliRe troin 66MPFigs @ b Im&leefackets of
out put signal; a voltage control oscil]|ator arranged

t PUIsESeeReh tRaske! coRPEEINguR gaﬂggir@murmasp@t@arﬁmga waveform
Si d ¥ out put signal; a
fF%%ﬁéﬁ%@OQ?ﬁk erag?%gﬂggghygFggggﬂgégthe sanpl er

frequency output signal to provide an output signal;

t he aphpee dateetal hakinghan finpd fenosceailing dee pudsentrain, the phase

arranged t.o be applied to.an input of the phase
e A b BFraTORH ¢S SnBIRtS NP ASRsle Vol ¢ age
control oscillator is controlled to produce a signal

havi ng adlofv pase kYT R fliteEing IREWULNE dighsl off thehshase detector to
waveform recovery portion and | ocked to the pul se

r §gBeTate grfiltesed obtput sigNakingi ng portion; a further
phase detector arranged to receive the output signal

of theg Wa??%n@r%%é&lat%?%h‘ahé&@"@ r@cég\?{é tHEfiidral RASH signal

filter for [ tering an out put “si gnal the further
plaasecontedl sigral ta prasiuceiadsamapler fregrencys dgtpat sigmath i s
arranged to control a further voltage control

osci | | at

r. a fractional counter arr ed to recejve
an out Buleyeiey SWidshiancpd torerevo e Spmdleh fiegerioy output
OSan!all & provide & odtie sighaput put signal which is
applied to an input of further phase detector; and
the output signal of the frequency divider being arranged to be applied
to an input of the phase detector so that the output signal of the voltage
control oscillator is controlled to produce a signal having a frequency at the
sampling rate of the waveform recovery portion and locked to the pulse

repetition rate of the ranging portion;

a further phase detector arranged to receive the output signal of the

voltage control oscillator,;

a further low pass filter for filtering an output signal of the further phase
detector to provide a filtered signal which is arranged to control a further

voltage control oscillator;

a fractional counter arranged to receive an output signal from the further
voltage control oscillator to produce an output signal which is applied to an

input of further phase detector; and



10 a control stage for controlling the frequency of
the further voltage control oscillator using the
filtered output signal to produce a signal having a
frequency which differs fromthe frequency of the
:signal output fromthe first voltage contro
oscillator but is |locked to the frequency of the first
voltage control oscillator ahd thereby to the
frequency of the ranging portion, the ratio of the
frequency of the filtered output signal and the
frequency of the first voltage control oscillator

bei ng aetorfityolt agkr &et contadilirmpune effequdreyf of therfurther voltage

! BPME N SRIAPoH IO Be SRSy BioLt Sanal i SR § Signal heving 2
fregl}&ﬁ e}’ Wh‘c?g&ffé%‘?r{) RS frb +| o %Pﬁ?l 8u tfrom the first

uen stanti a y equ a mul t
fwelmwwnwbl bbeillator Hut\vis! lbelge tmmlhe drequesncyld»father fIrSt voltage

epairaoaeiaer Tad DIsRBY I theneaHRnsY, Olang angngrparfian. the ratio
f bf ﬁe %uteHE rh4OfilteR8 cﬁﬁﬁ‘ﬁtré’i n8EShd ' AE M Sqiéhcy of the first
oS

pro uce a sig tointiate veformrecov
pvoltarpes mtrbhaiscﬂlla&m@eefgorset byectlme/efre}ctmnutecsmnmesr the further

initiated at the int for each ack t hu one
orofiagt rliol SRAIEOT AN acat HBeaaRMAY  Clocki &1 Mg waveform
ardddRnAbAn. di fference based on Iarge st ep-si ze

si gnal ‘sanples, which have very |ow anplitude
rel ati onships to each other. The recovered timn

aE@@feaaig}yu the ifadbpengdage ofontrd esiiatphPperatess ag @ {refuency
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Fastihgtorore, there is no need for a high- speed
multi-bit A/D converter and a |ow speed multi-bit A/D

e ysed. Also, in ane or nore. prefer
CBkearatli: ahe naabHakR ToR0rG SRR eAND; gate, amanged to
NEE/BHF thel &thﬁﬁglﬁﬁélst&f%h%\/ﬁféﬁdmurthB?vél@é’@% bBrSJtré]'d&hlators to

for waveform recovery may be | ocked to the pul se
r epatucei apighaktpuaiiaje efwavesonnaregaygry process so that the waveform

recovery process is initiated at the same point for each packet.

Thus, one or more embodiments provide the ability to distinguish a time delay
difference based on large step-size signal samples, which have very low
amplitude relationships to each other. The recovered timing accuracy is
independent of the sampling step-size and therefore the signal sampling
period may be large, which enable the hardwares to be less complex.
Furthermore, there is no need for a high-speed multi-bit A/D converter and a

low speed multi-bit A/D may be used.

Also, in one or more preferred embodiments in a packet pulse system where it
is necessary to recover the waveform, the sampling clock for waveform
recovery may be locked to the pulse repetition frequency of the ranging
section which serves to improve stability of the recovery waveform and

enables the starting point of the recovery process to be consistent from



section which serves to inprove stability of the
recovery waveform and enables the starting point of
the recovery process to be consistent from 11
packet -t o- packet. A pul se-based | JWB transceiver

syst em enbodyi ng the invention may be used to produce
an active reflector device without a delay between
transmitting and receiving of 1the signal to be
reflected, thereby inproving ranging accuracy. Brief
Description of the Drawi ngs The present invention wll
now be described by way of exanple and with reference
t patid-taeREANYi Ng drawi ngs in which: Figure 1(a) is
a waveform of a received signal of a coded sequence as

used in an ul se transceiver; Figure 1(b) is. a
Briserhaseo; VB cEarsRaiies, SieiFmoPmBcHYIng Jeajnugntp may be

eny¥&l ORE prdLiest bAN afivk SRMEBIr2ABYICBY Withogt vVal Selay between

Figure 1(c) is a diagramshow ng the output of a . _

s irapsmitting tange recriving ofi e signiabho die reflecied f theraby gmproving

bet ween real TOA and estimated TOA, Figure 2 is a

dfao{bqj%lagﬂg\?/lcﬁg t he observati on wi ndow and envel ope of

a received pulse, and the tinmes to trigger an

i BriefDatoription off thetDrapimys de a fine TOA estimation;

Figure 3 1s a block diagramof an integrator stage for

i ni fine TOA estimatjon; Fi 4 i bl pck .
ait g BiesEnt Invden WHCRa 1 slsSibed ey cof eamBfE and wih
t Rerdritea8thé AtchmparyihGNrawing3ah Miich:Fi gure 5(a) is a

wavef orm showi ng a conventional waveformrecovering
schenme using a very |ow sanpling speed; 12
Figure 1(a) is a waveform of a received signal of a coded sequence as used

in an UWB pulse transceiver,

Figure 1(b) is a waveform of the received signal of Figure 1(a) after envelope

detection and shows sampling intervals;

Figure 1(c) is a diagram showing the output of a sampling stage and an

indication of the differences between real TOA and estimated TOA,;

Figure 2 is a diagram showing the observation window and envelope of a
received pulse, and the times to trigger an integrator on/off to provide a fine
TOA estimation;

Figure 3 is a block diagram of an integrator stage for obtaining a fine TOA

estimation;

Figure 4 is a block diagram of a phase locked loop (PLL) application of the

integrator based TOA estimation;

Figure 5(a) is a waveform showing a conventional waveform recovering

scheme using a very low sampling speed;



Figure 5(b) is a block diagramof a synchronizing
apparatus according to a preferred enbodi nent, for
the sanpler clock in a | ow speed waveform recovering
nmet hod; and Figure 6 is a block diagramand tim ng

di agram of apparatus for aligning the clocks of the
rangi ng pul se sequence and the waveform recovering
sanpl er. Detailed Descriptionidf Preferred Enbodi nents
Figures 1(a) to 1(c) show a conventional nethod of
finding the time of arrival of a pulse. Figure 1(a)
shows a waveform of a received signal of a coded

SEHREBb RS BSHIEck iddrakhV\Bf @Uéﬁﬂ:hﬁ'érﬂﬂlﬁgeép’pﬁa"ratus according to a
Conventional ly, the waveformof Figure 1 (a)

smﬁferred embodihentn fenvibeopampéareclock ior A 9@%@ waveform
The ulting waveformis then sanpled at

r %ﬁﬂvﬁf'”ﬂﬁ‘?%#‘\)ir gnd shown in Figure 1(b), to give a

sanpl ed out put as shovvn in Figure 1(c). Figure 1(c)

aF@mre toissa thieckr éiagraan randalimirigheiagraim esftd pparat safor iaﬁgrhing the

tige i ndi cate the dlfferencgtherebetv\/een whi.ch i

d6 C{‘%Of Hie @nonEpYise srEueacsHBNY Hif &’%ﬁ*%’ﬁ’o’elci%bﬂ??”%amp'er

resolution the sanpler. The tinme of arrival (TOA) of

t DRtASPessrigtivhi dTErefbrirsEmMbedimégtsdi screte sanpl es,

and Ts defined as the phase shift of the pul se code

The maxi num delay shoul d not be greater than t

pﬁn%e%da@) MOeh@:) ghow 2 Kogventianahmethod of Flpdm@sfawéﬂwé arrival
hfr% ﬁ‘i’ulsé” rf':l gan)pfrﬁdWse% \gv%ef%ﬂrha&e{a‘treéé‘lo@ﬂ%?gnér I'8tSa coded
e s i e e

onger ng step, greater f
peeqmérhc&: et iumtii am am r OWWB Apitlse strangeasveast r e@onventionally, the

enbodi nent . af the, present ve on ains to solv S
BBt Ph FiquiBe! Sabrmonined Birodo el shelSes deedoior low
PYkss fitkhe THA A rdsuitfdg Wal¥foRst isnkbR0sarHgieB%ateregular intervals, as
conventi onal rret hod.” From this, subsequently an

i she\gnalnoFlgLse (bi)tthge/@ aysans&ﬁlpo@tpyul@es @Worint bigure 1(c).

EE@QL&%EL@@Z ﬂ’get E(F]%F\Aﬂla R/%PE%@E% egtkééfe%il aPrgvaI time to

eﬁidléﬁbedweTQ‘?fferfenceStf@r‘@b@%@nowm’fﬁﬁyd@@| ®e th@ddiscrete time
periods, it is relatively stable. However, r is tine

diS3BENG sieriane e timeciesolutipnie 8aMPI9Tor bet ween t he
esti mat ed TOA

The time of arrival (TOA) of the pulse is estimated based on the discrete

samples, and is defined as the phase shift of the pulse code. The maximum
delay should not be greater than the pulse code length. Such a system can
only resolve the time of arrival to between two adjacent samples. Thus, the
longer the sampling step, the greater the possible estimation error. A first
preferred embodiment of the present invention aims to solve this problem. In
this embodiment, for a periodic coded UWB pulse, the TOA is firstly estimated
using a conventional method. From this, subsequently an integrator is
initiated by a sample pulse prior to the estimated TOA and terminated by the
arrival of the received pulse, as shown in Figure 2. As the estimated TOA, r
is averaged over many pulse code periods, it is relatively stable. However, ¢
is time discrete and hence there may be an error between the estimated TOA

and the actual time of arrival. To correct for this error an observation window



and the actual tinme of arrival. To correct for this

error an observation wi ndow 13 based on r is first

defined. The start point of the observation w ndow is

r - T, where Tis an integer multiple of r. For a

periodi ¢ coded pul se sequence, after the comon TOA
estimation output becones stable, the integrator is
switched on at the start point!3of the observation

wi ndow i n the next coded pul se sequence period. Wen

the first pulse arrives after the start point, the
integrator is triggered off and the integration

sthaged ohhe ik firsidatined. THeRtArt Yelrita@ehd Bbsémvation window ist-T,
proportional to the delay fromr-T to the real TOA

Thehere e ds anvidegageuttile of cdependent on the current:

I) may be denoted bya , and the corrected TOA

esti [ : - g N
por | 3" oot $2def A& geliondd okER ihé Lorriaf K estmation
ongiput Peeomest gtableT e iirdegratavisr switchedesnlat tbe estart point of the

several ..peri.ods whi.ch reduce the effect .of .
oBRSRVBHA Windy In i ne soract Plse SearEnee BRige. WgRgthe first
Pplis8SarrivequaRer thd OartapBHihe Cihedireg@io0s afiggerear afusnd the
1 according to a preferred enbodi nent of the

i degratiom staps. i Tipe evtegratorputpet Valtaggr{dl iv papostionafdmthe delay
estimator_techni gu Figure.2, .The . receiyved signal

TP brhr Goles i 08" oG L Ber R oURGE ale GRPEfifent on the
S| tr7 ) $n i i tinaf imati

coama L) PR Rl BV ¢ BB oot TR Pgtimation may be
cdemateddyn stage 2 is applied to a switch 4

controlling the current 6 to an integrator 8. The

envelope is also applied to a common sanpling TOA
estimation stage A.0= thd tuwput of which id)also

applied to the switch 4 controlling the current 6 into

the integrator 8. The output of the integrator 8 is

applied to the input of a voltage read stage 12 which
applies an output to clear the integrator 8 after

' eaOIIIr?%‘verlyd'period for the coded pulse sequence, 7. is updated once. The

output TOA is an averaged result over several periods which may reduce the

effect of occasional errors due to incorrect detection of signal pulses.

Figure 3 shows a block diagram of an apparatus 1 according to a
preferred embodiment of the invention for implementing the integrator based
TOA estimator technique of Figure 2. The received signal, after preprocessing
to produce the envelope of the signal, is applied to the input of a threshold
comparison stage 2. The output of the threshcld comparison stage 2 is
applied to a switch 4 controlling the current 6 to an integrator 8. The envelope
is also applied to a common sampling TOA estimation stage 10, the output of
which is also applied to the switch 4 controlling the current 6 into the integrator
8. The output of the integrator 8 is applied to the input of a voltage read stage

12 which applies an output to clear the integrator 8 after reading.



The threshol d conpari son stage 2 ensures that each
detected pulse in a sequence turns the switch 4 off
to prevent current passing to the integrator 8. Once
the conmon sanpling TOA estinmation stage 10 has
stabilized to determne the approximate TQA, this
stage emts a pulse at atinmner - Tto turn the
switch 4 on thus allowing thelurrent 6 to be appl i ed
to the integrator 8, the output of which then rises
linearly with tinme. The next received pulse fromthe
threshol d conpari son stage 2 turns the current 6 off

and fhe tatdghield edmplkigon Rtaw 2tedisufed mle@%h(dm5&téﬂtpulse ina
At the end of the observati on wi ndow, the volta

t FRAYSTICEUE MY thendwitehh f it ox Brevant suiFentcPasping o 3@1 indgprator 8.

r©ﬂ@eSihég%oﬂr%@ﬁ‘dsérhﬁhﬁg“m)\aé@ﬁmgtlé@ stéééa’f@%asﬂk@ablhzed to
output as read by the voltage read stage 12 is t

c@ﬁ?i@é’ﬂt'@dtheoapmﬂ%lmaﬁﬁ?eT@Mhlﬁ stage emeity aspuise @ aptameod T to

{5 Suio oS e aloing the Hedat Bapi FrabpBirhid fheygtegrator

%C%tbtﬁlﬁgtléf VididtethethBséd TRed B RitHIHAB. I Thd ﬂ@?ﬂoﬁi&,‘éﬁ)@d pulse
of the sanpling rate. However, the greater th

staml thadhresbpld eerapadsayestaghe fumetheacurmentta Qﬁ.and the output of
r L nt of the invention is shown
Aﬁ% F%@F@o(ﬁﬁ h\%%%%ﬁsg%gdl nment, a phase | ocked | oop

(PLL) is fornmed by conbining the apparatus of Figure
3 wi il the phraks ef st fabsenationolindger, thatvoitagesati tHeabOTput of the
ents in the apparatus of

CO : 13'§1e co B E q
ar b dadeadapy thenwmlidgenipac siaggate aed eth@n@éegrator 8 is
nél@Efe%' T heFélﬁHﬁ?aé]' réé}P the %f?%éfe ?éa’%?ét%?;b en converted to
pref er t

appar at us accordi ng to secon |rren

i thevtime klohisen wobtthg ees@hing peeage isladdéd o gwnma r — T to produce
conprises a | ow speed digital to anal ogue converter

whi CiresiRy at@8 epceAlet ége ¢HEeatiope the nEOSF eglimatign will be a
a pulse is reached and acts to clear the integrator 8.
TerRNtiByePatvals -t agte limer resalutipg isnindgpandentgof theagpmpdag rate.

tﬂo@e%@r"vﬂp@a&été fhe's plm@nﬁ éhtﬁe%'{g thgéntt\?ﬁ?ath%v‘ﬁme

I'ter Contro e shi
shlfts t he phase of the out put of a san‘pl i ng clock
20. Another preferred embodiment of the invention is shown in Figure 4. In

this embodiment, a phase locked loop (PLL) is formed by combining the
apparatus of Figure 3 with a phase shifter or voltage control oscillator (VCO).
The common components in the apparatus of Figures 3 and 4 are denoted by

the same reference numerals.

Figure 4 shows a block diagram of an apparatus according to a second
preferred embodiment in which the voltage read stage 12 of Figure 3
comprises a low speed digital to analogue converter which operates once after
the true time of arrival of a pulse is reached and acts to clear the integrator 8.
The output voltage 14 from the integrator 8 is applied to a low pass filter 16
and the output of the low pass filter 16 controls a phase shifter 18 which shifts

the phase of the output of a sampling clock 20.



15 In operation, the output of the integrator 8 shifts
t he phase of the sanpling clock 20 such that the
sanpl i ng pul se noves towards the true TOA t hereby
reducing the TOA estimation error to a very | ow val ue.
The output of the phase shifter 18 is also applied to
a reply pul se sequence generator 22. The apparatus of
Figure 4 may be used in an actlpve pul se sequence
reflector. Conventionally, a true passive reflector,
such as a wall, may instantly reflect the pul se
sequence. However, the passive reflector will greatly

at t emuaperdtiog, ﬂieg@ﬂbuﬁbfm@ghtfegré'fcr emif@ﬂh@ pHe of the sampling

shortc passive reflector ive
r@PP%@E’o?UCﬁhy‘%éﬁﬁsﬁ”P'M BIEEVBOYRS i%%fs‘ﬁ t@vﬁltrue TOA thereby
gk%&'bﬁ{getﬁéﬁ’oﬁegﬁnﬁ%ﬁeer?cﬁqfd)eﬁ%r?%wtvélﬁée' Vige 6Ufbut of the

retransmt it. A sinple active reflector
pphase sfufter 48 i alsbwapplied to eéeﬂl&tm&se)seqtl&nmemator 22.
detector detects a pulse, the active reflector just

?)‘?BZ‘T@%G a%;?zlu%&&g @&052 r‘?ﬁﬂg tSeeturs%QSnW af aéétweTg{t;@e sequence

ve 're asi C. oes n
Cafflieytagput pul se sequence det ecti on and
synchroni zati on, the reflection contents are very

easi | ed by random noi se.. I f oc¢casi onal
o e Yuie PasIye TeRestah, sHitugs] 5 Walharidnstantly
a%fl@cp%éep@l@?j Ybhleh®. tH%Qﬁs%thﬂe Hass{Ve ?éﬁé‘ctgr will greatly

strength and shape as the real pulse. This type
eaftenuate ttzer§161rcualf $tr©'wth t o mvedtame rtherﬁéwcfrmmm% @ia passive

NeTECRE A pcfVEhe et ey e . A G0hV T Forlordyfberate the

t §8megRMe/ Sslidreads it RsbaiRRONEd Fetidm@niit il ng of the
pul se code using code correl ation processing. As code

correlation is adopted, the pulse is detected code 3/
code A eiMRlR Ectvp £ “qcdoromay ReuAtRIs gepenadersplug & pdlge detector.

2?{‘2?%@@6‘%‘%&% gﬁ’aserﬁéjs é)gps‘r/) urtf;fée“é‘"cgg% &%ﬁ%&&hﬂgv\ge%rates a single

apslaeyzner rmnm solitsck Jbehtyps dfrmjiivesreﬂlecbtnr fshieasiec s/ #rdoes not
Iéar?f :%lét %eg %nge Qrcgﬁgise%ctl g ts?ﬁcﬁr%ﬁ Z%tl q%ﬁgcer}eﬂectlon
contents are very easily corrupted by random noise. [f occasional noise is
wrongly detected, it will be permanently regarded as a pulse and will be
transmitted at the same strength and shape as the real pulse. This type of

error is very difficult to handle in the final signal processing.

Another type of active reflector which is more robust than that described
above first samples the received signal and recovers the timing of the pulse
code using code correlation processing. As code correlation is adopted, the
pulse is detected code by code (a code consists of a number of pulses instead
of a single pulse) thereby reducing the chance of error in the transmitted pulse
sequence. However, as a sampler and clock such as that used in the receiver
is used before the processing, and the reply sequence is transmitted using the
same clock, an uncertain delay may be introduced. This may affect system

performance.



same cl ock, an uncertain delay may be introduced. This
may affect system performance. 16 The PLL arrangenent
of Figure 4 may be used to solve the uncertain delay
probl em The output 14 of the integrator 8 is
proportional to the wuncertain delay, and after
passi ng through the | ow pass filter 16 to renove
occasi onal noise, this delay fBformation will contro

t he phase shift or the VCO of the sanpler 20 in rea
time, to adjust the sanple clock pul se to approach

the real TOA of the received pul se. Therefore the

acti vaerplll eftaigenseritoyf Figute 4 ey Ber@@d tekbRet e uncertain
wi thout delay and its reflection is nore reliable. In

adgax kereblam s e Thas etruine! 4yl e intedrgitorg Saifu PRRRetionah to the
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desired to brlng the ranging information to th
velvEeosaMPlEE ki, reghtime. ttgaﬁcﬂﬁ’%t tL?é%'ﬂEﬂﬁc‘ﬁ?%k pufse to approach

aA4es| fb%noﬂot‘i’i'e%cél'veﬁ pulldte TRdREdradn igdti ré’ﬂédft‘ér |%rl'hcﬂv more

pul se peri od; acquisition point 1s related
f likeea Tz reﬁectcraw:tbm)t drflay hed itangflegjionns angrel rghable
waveform the pulse repetition clock in the ranging

R e -
r ealigr inplamehtedaihidifferdnbyadsi ofgtte pasketl eMoreover, the pulse

frequency, which is close to but a little different
fp@md%@rﬁbps@vo papeatare; ¢fferent do eachspib®h .Whﬁng'aﬂ% desired to
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of the pulse repetition clock, which causes the
rbeRAmRIar plark &rswavefnge reeavesy to be unstabl e.
According to a further preferred enbodi ment of the

'fﬁ"S”&dn%nt.éHﬂC.’?u %oz%é\peﬂ’orm recovery may be achieved by using a

sampler frequency, which is close to but a little different from the pulse
repetition rate, as shown in Figure 5(a) which illustrates a pulse envelope of a
received signal in an UWB system at a repetition rate of f1. A sampling
sequence having a sampling rate f2 is also shown in Figure 5(a). After many
pulse periods, one pulse is scanned and rebuilt. However, in such a
conventional method, the sampler clock is independent of the pulse repetition

clock, which causes the recovered pulse sequence period to be unstable.

According to a further preferred embodiment of the invention, synchronization
of the sampling frequency 2 to the incoming frequency f1 is generated by a

fractional PLL structure shown in Figure 5(b).

The fractional PLL structure shown in Figure 5(b) comprises a phase detector

30 for receiving an incoming waveform signal, the output of the phase detector



of the sanpling frequency f2 to the incom ng frequency
fl1is generated by a fractional PLL structure shown
in Figure 5(b). The fractional PLL structure shown in
Figure 5(b) conprises a phase detector 30 for

recei ving an incom ng waveform signal, the output of

t he phase detector 17 30 being filtered in a | ow pass
filter 32. The output of the Héw pass filter 32 is
applied to an input of a VCO 34 to control its
frequency of oscillation. The output of the VCO 34 is
applied to the input of an f1 f2 fractional counter 36

t 90 bRfryVfileed’in %Ulbmﬂbas?ﬂ filtdte3 B amRe fou@siiestake E!@wfdass filter 32 is
which i's applied further 1input of the phase

depRriedoto 80. Innrweofv@o/@@ aftde qm!»r\ﬂl aésfr%qvvaqft oggillggion. The
Sylﬁt@H?B?%ef@CW%hs bﬁ?l?eosfoaﬂﬂle(?nﬁml &1 £ ffﬂ%‘& fnial counter 36 to

roni zed ransm tted pul se repe

rprtomdeTlan oudptipat thes samel ireqbérm:yaas atmihicly is apghed toa further
shown). In this enbodi nent, thecg?enerat ed frequency f2

|'§PP6@P‘<é|'c‘IetR§‘al$ﬁede eriuthcyhe1 VCY hoalgh prevides an output at a
?fééé\ﬁrﬁf‘ ?Ir Cﬁ id Ny oétgﬁfe Worisier 'ffec%u%n'c Sﬁﬁrﬁbﬁ@e@' to the

and, 1n this way, .
whersroitiedi gulse abpetltlomcatherﬂms afutputeild appliedi t@eatsarnpllng stage
h ai to furt r al

I RnpBe), 14 5 ardbedfdhdBei el Sredinrl 3 i faeked to the

Sﬁ&@u@f Hoakhdwgh f1h@ diffeneat Frlom f2edavehyr wards, iffMds not stable,
| ses for the ranging part of the sequence are

af;’pwnlléallqvesfhﬁnﬂnlm Ideasa the sekuivaveigm igcstalige out put
of the phase detector 40 is applied to the input of a

LgW?Q\%ZE)B f}str%@rerﬁgodimé%t ?a“élf&% @’{(5594 b%l@ﬁ%ﬁn?fté kdrfer align

to an I npu to contro
fme:chenlcwjordhe mise sbquemte tcChe @ngng aond thehsama@maocls for the

d t t he diyi t. 46
oliBBrar SR WA ogbrirded s W reRuPd aster bF sapuence are
pééﬁi%od@ 88 ifut tG pRadeldeteRtoradd. ptrheoéutbmeOMﬁ@ Biades detector
éﬂ ied to an input of an AND gate 48 _and anot her

40 poapplietnte e Voot g lowppss &ler 62a e ertpubiphdlae low pass
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fgt%tggez{fs \t/he output of which is applied to a further input of the phase detector
40. A further output of the VCO 44 is applied to an input of an AND gate 48
and another output from the VCO 44 is applied to a second phase detector 50.
The output of the second phase detector 50 is filtered in a low pass filter 52
and the output of the low pass filter 52 is applied to the input of a further VCO
54. The output of the further VCO 54 is applied to a fractional counter 56, the
output of which is applied to a further input of the second phase detector 50.
The output of the VCO 54 is also connected to the other input of the AND gate
48. The output of the AND gate 48 acts as a pulse to start the sampling

process for the recovery of the waveform.

If the pulse repetition rate for the ranging portion of the pulse packet is, for

example, 50KHz and the pulse repetition rate for the waveform recovery part



54. The output of the further VCO54 is applied to a
fractional counter 56, the output of which is applied

to a further input of the second phase detector 50.

The output of the VCO 54 is also connected to the

ot her input of the AND gate 48. The output of the AND
gate 48 acts as a pulse to start the sanpling process

for the recovery of the wavefdsm If the pul se

repetition rate for the ranging portion of the pul se

packet is, for exanple, 50KHz and the pul se

repetition rate for the waveformrecovery part 18 is
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recovery in_ a packet is triggered by the output of
t foe samplg B % wanetormsracovenssedionnwill traek aayovasiagion in the

ﬁ%g@%@g\dthle in&vrﬁingtﬁgvesfgl!ﬁ start point for every

The start point of the waveform recovery in a packet is triggered by the output
of the AND gate 48. This is to ensure that the recovered waveform will have

the same start point for every packet.

One or more preferred embodiments are particularly advantageous
as they provide a continuous TOA estimation which is independent of the
sampler step-size when the sampling period is smaller than the pulse
repetition period. The hardware complexity may be reduced due to the
adoption of a low speed sampler. [n such an embodiment, an integrator may
be used to provide a fine correction to the TOA estimation to provide an
accurate estimate, which is particularly advantageous in a discrete time
sampling UWB communication and positioning system. The system,

however, remains simple because the sampler speed is not required to be



One or nore preferred enbodi nents are particularly

advant ageous as they provide a continuous TOA

estimation which is independent of the sanpler

step-size when the sanpling period is smaller than the
pul se repetition period. The hardware conplexity may

be reduced due to the adoption of a | ow speed

sanpler. In such an enbodi nentl an integrator nay be

used to provide a fine correction to the TOA

estimation to provide an accurate estimte, which is
particul arly advantageous in a discrete tine sanpling
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i mpcaneey sthemesability of the systenmis performance in
| ow sanpling rate waveform recovery schenes. Various

" e LB BT S Bk s aesoriea
0tabele ¢RAPBAGHAGe 2FEr BRAMPIE, TiEdScapondifts ahdafefiod steps can
substituted for those above. Thus, _although th

e
i Beeaddeshongubstivtad frsthoseaboyBovEhusi lthqyant theuinyention has

e [ , varlk at i e . in 1

co88l SR ReoCRatyE Ve o B e BERRDENEn e ebigfons are
r gagsible withinhihet sctgeast thegclhinendsheillsis® pReavftotthe skilled reader,
invention. 20 Clains 1. A nethod of estimating tine of
amitheyt dgparging drasie the,seone af thedavestioses in a  rangi ng
system the nethod conprising the steps of: estimting

a first value for the tinme of arrival of a second

pul se based on discrete tine sanpling data obtained

by a sanpling stage froma first pulse over a
predet erm ned nunber of time sanpling periods; the



sanpling stage being controlled by a sanpling clock;
defining an observation w ndow tinme period around the
estimated first value for the tine of arrival, the
observation wi ndow having a start tinme and a

finishing tinme, the observation w ndow having a

duration greater than or equal to the tine sanpling
period; activating an integrar stage at the start

time of the observation wi ndow, integrating a current

to provide an output voltage as a function of tinme of

i ntegration; deactivating the integrator stage to

ceagiend ntegration on detection of the arrival of the

pul se whose tine of arrival is to be estimted; and
determning a revised tinme of arrival of the pulse

udi ng A& Mefod obestEnatiaiimefardyal ohe muwaut agin gfpulses in a
of [ M val ue of
tﬁ%ﬁ@ﬁ%es%t%g{g?b?va%ﬂgg%ﬁmq%i dtegég%or I'ng to claiml1,
wherein the step of estimating a first val ue

conpri ses destowting afiest yalueofos tba\l@n@pégrnwalmﬁea eecond pulse

el Bl Pugtiing Rtk dilabBachy & sipilp stage from a
f ifipstt pms@Eooér a;r rédétebmm anﬁbe‘rt:bﬁttﬁnéa@mhpnﬁg dedrivds; the
from t he pul se. 3. A nethod according to

clsamaling am@ elﬁgtq@@trQUe@@y@omps&c aclkul se code
sequence, the step of determning a revised tinme of

arrival fur "d%ﬁﬁ e bPéé}gaﬁHﬁr FHI anmé”b;?énc‘}li 4around the

revised tines o arrl va r subsequent  pul's
s egtimabast first . valiarkiritbe taone af dirrigalt me:bhsewmtlomﬁvenGaow having a
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greater than or equal to the time sampling period;

activating an integrator stage at the start time of the observation

window;

integrating a current to provide an output voltage as a function of

time of integration;

deactivating the integrator stage to cease integration on
detection of the arrival of the pulse whose time of arrival is to be estimated;

and

determining a revised time of arrival of the pulse using a time
value obtained from the output voltage of the integrator and the estimated first

value of the time of arrival.

2. A method according to claim 1, wherein the step of estimating a first
value comprises detecting one or more envelopes of one or more incoming

pulses, sampling a received pulse waveform at regular intervals and



rises linearly wwth tinme. 5. A nmethod according to
claim1, further conprising resetting the integrator
stage at the finish time of the observation period. 6.
A nmethod according to claim1, further conprising:
filtering the output of the integrator stage in a | ow
pass filter to obtain a filtered output; using the
filtered output to control a phase shifter to adjust
the sanpling clock so as to nove the sanpling pul se
towards an expected tinme of arrival of a pulse to be
received. 7. A nethod according to claim1, further

Cﬁgfé'rhﬁrhlﬂﬁ a fitdtttfhe I ArRGalobdstd oRfdisdtetd %ﬁﬂﬂlﬁg(&ata from the
stage In a low pass filter to obtain a filtere

ogepwled pdlsAg the filtered output to control a first
vol tage control oscill ator to adjust the frequency of

the sanplidthd aeEsr MPViGhERen %ﬁér@u'l corplglrléés a pulse

towar ds an expecte fa1(?'-narr|val of a
reoéevaque&ceAthetsktepi afcdeteimugngoaoﬂewsedltlrrfeuof hegrival further

rggﬁ{arl?i"%ﬁaveoﬁa@' % RUMoL 8 cleViogd WBek o AT dof shbseauent

u{%em@%@égl ng to claim8, wherein the
synchron|2|ng step conprises: applying the pulse to

an input of a phase detector, the phase detector
géner ate fﬁﬁth@dt Qgﬁo@ﬂ@wdp C|@a§su1ng\~hﬁ@lrbdh§utste§1 gfalintegrating

ene ‘? ?pﬁf}nﬁfﬁw‘ér L[ %Bﬁg%f)mgpgﬁ?m gOlf ttl?qegfnté&ator stage

flnlseeh&ebmuwnumnm.gnal as a control signal to a
vol tage control oscillator which produces a sanpler
fre ency t - .
au r/l met% uacgclJr%lng to claim 1, further comprising resetting the

integrator stage at the finish time of the observation period.
6. A method according to claim 1, further comprising:

filtering the output of the integrator stage in a low pass filter to

obtain a filtered output;

using the filtered output to control a phase shifter to adjust the
sampling clock so as to move the sampling pulse towards an expected

time of arrival of a pulse to be received.
7. A method according to claim 1, further comprising:

filtering the output of the integrator stage in a low pass filter to

obtain a filtered output;

using the filtered output to control a first voltage control oscillator
to adjust the frequency of the sampling clock so as to move the sampling

pulse towards an expected time of arrival of a pulse to be received.

8. A method according to claim 1, further comprising:



appl yi ng the sanpler frequency output signal to a
fractional counter to produce an output signal at the

same nom nal frequency as the frequency of the train

of pul ses;. applying the output signal of the

fractional counter to an input of the phase detector,;
conparing in the phase detector the pulse repetition

rate of the train of pulses wlth the frequency of the

out put signal of the fractional counter; and

controlling the frequency of the voltage contro

oscillator using the filtered output signal fromthe

phase det eckghctironizZiik théessapiiEeiclodkr esiuenepetitiort tate of the
freguency of the train of pulses. 10. A nethod
a@&&ﬁﬁﬂﬂéhﬁﬂaﬁl%ﬁmﬂﬁﬁsmherein the pulses in the pul se

train conprise one or nore packets of pul ses, each

packet ACORBIHoR RBcardif a8 cIERRS 'Y, | RARGA LI YREhnizing step
wavef orm recovery portion, the nmethod further

ceAparseag the steps of: 23 applying the pulse to an

i nput of a phase detector, the phase detector being
arranged to N, QU S ; '

out put _si gnaPPumg i BhiiEuh 1RbEN8) o BREH B8ich the phase
paetediod generbte greovatpit aignal;i | t ered out put signal ;

applying the filtered output signal as a contro

2 Sampl e 1 PERHORCecopt Starahal g sBrsPiieieRBr RHUEh a ow
s AR Biltef 10PGRIRNEN lterdd &it?@@éigﬁ@' a frequency

di vider to provide an output signal; applying the
out put signal of the frequency divider to an input of
t he phase dépebing thedfilteiad oukut signaless eentrol signaido a voltage
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applying the sampler frequency output signal to a fractional
counter to produce an output signal at the same nominal frequency as the

frequency of the train of pulses;.

applying the output signal of the fractional counter to an input of

the phase detector;

comparing in the phase detector the pulse repetition rate of the
train of pulses with the frequency of the output signal of the fractional counter;

and

controlling the frequency of the voltage control oscillator using
the filtered output signal from the phase detector to lock the sampler

frequency to the frequency of the train of pulses.

10. A method according to claim 1, wherein the pulses in the pulse train
comprise one or more packets of pulses, each packet comprising a range
measuring portion and a waveform recovery portion, the method further

comprising the steps of:



wavef orm recovery portion and | ocked to the pul se
repetition rate of the ranging portion; applying the

out put signal of the voltage control oscillator to an

i nput of a further phase detector; filtering in a | ow

pass filter an output signal of the further phase

detector to provide a filtered signal which is

arranged to control a further 23vol tage contro

oscillator; applying an output signal fromthe further

vol tage control oscillator to a fractional counter to
produce an output signal which is applied to an input

of further qﬂ%@@h% tcaRtinpld bna phesd He%&@cxhe phase
of the further tage control oscillator wusing t
f|d|et@terdb@ug;ﬁrrar@egrtelgen@rqie@@mput sigeg@al havi ng a
frequency which differs fromthe frequency of the

signal outp r h r

osci |l | at or blﬂ)tl‘j]tS glrngmhtgcﬁletghtf gbnﬁgb]f?%l@%g% %gte%tﬁe tP Toru th a low
v Pasafiectongensratasa filtergdooutpuyt sigaialt her eby to the

frequency of the ranging portlon the ratio of the

frequency Qf, tF t
frequency o%p ’Mﬁ% |Hre|s@|ﬁ:’\r/r§ 55 %Eael OSCFI?I Sggenal to a voltage
bebng‘ols@scillatort\hhichrpﬁottum samptﬁre‘reqddmeyfdmmd’tef ignal;

vol tage control oscillator acting as the sanpler
clock for the vef orm recover portion. 11, A method

accordi ng t PEIYHIGNtR®, SAAARIEEITrEQUSECY BUtREt Signal dgea frequency
CARVideH to [:9§9|HL | &Etpgpggﬁéles at a frequency

substanti a equal mul tiple of the frequency of
the first voI tage control oscillator. 12. A nethod _
accor di ng t @pelangrtheooutput sigael ebimerrequanayatvidar trgannnput of
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srcgnablléd)to prddureea signaV ehoing a frequensy at meesamettng lnate of the
the waveformrecovery process is initiated at th

e
s #AYSIRIThireeQrens RatipAcrd loaled f¢n thp phiylae yepeition rate of the
e?%r‘r%ﬁé pB&rcH me of arrival of a pulse in a train of
pul ses '

applying the output signal of the voltage control oscillator to an

input of a further phase detector;

filtering in a low pass filter an output signal of the further phase
detector to provide a filtered signal which is arranged to control a further

voltage control oscillator;

applying an output signal from the further voltage control
oscillator to a fractional counter to produce an output signal which is applied

to an input of further phase detector,

controlling the frequency of the further voltage control oscillator
using the filtered output signal to produce a signal having a frequency which
differs from the frequency of the signal outpul from the first voltage control

oscillator but is locked to the frequency of the first voltage control oscillator



in a ranging system the apparatus conprising: an
estimator for estimating a first value for the tine of
arrival of a second pul se based on discrete tine
sanpling data obtained by a sanpling stage froma
first pulse over a predeterm ned nunber of tine
sanpling periods; the sanpling stage being controlled
by a sanpling clock; a procesg#ng stage for defining
an observation wi ndow tinme period around the
estimated first value for the tine of arrival, the
observation w ndow having a start tine and a

f iaRdSheRDy oRe frdifticRRy OF Y1 FHhiNG PERWN, AR t&YD 8f the f
dl.?l‘ ation gtreat gr ‘{tﬁan gr equaél}(gt"‘z‘;él Phe tni me sanpl | nge requency
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integrate a Current to provide an output age as
f wscillaton asfing iasghefsamplergriatk fom the ivavefaregreaboerystartien.
bei ng arranged to be deactivated to cease integration

on .det gct | f.the.arrival. of th uls ose  ti

of Tar r Py etad el iy deind 1, Mn S8 et P ki Eige control
Soagiflafopr ot RITTRR N FrequeRYy SestdntBllPieqidl itvah @litiple of the
the pulse using a tinme val ue obtai ned fromthe output

v dlegagecyof irshy@tpagt eantrohpacilater.est i mat ed fir st

val ue of the tine of arrival. 14. An apparatus

ageor diAn%étﬂoéFla%cB}d]ir?f% NG5 1ot RGusst &Fmg#ig’iﬂﬁs&ﬁﬂﬁinii@ in an
arranged to detect one or nore énvel opes one or
MAND igate thenguipuit semals shthe firsh and derthedvaltdgeecontrol oscillators
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13, wherein the pulse conprises a pul se code
sequence, the determ nation stage being arranged to
déger niearparatis fop gstimatng fimer ¢fi aravalmg aaRepadn Agrain of pulses
nt (M7 [ ' for subsequent
pu szégghgSgé%%@ﬂ@ééﬂﬁ%gabiEBQiE%b]'us according to
claim 13, wherein the integrator stage is
an estimator for estimating a first value for the time of arrival of a

second pulse based on discrete time sampling data obtained by a sampling
stage from a first pulse over a predetermined number of time sampling

periods; the sampling stage being controlled by a sampling clock;

a processing stage for defining an observation window time
period around the estimated first value for the time of arrival, the observation
window having a start time and a finishing time, the observation window

having a duration greater than or equal to the time sampling period;

an integrator stage arranged to be activated at the start time of
the observation window to integrate a current to provide an output voltage as
a function of time of integration, the integrator stage being arranged to be
deactivated to cease integration on detection of the arrival of the pulse whose

time of arrival is to be estimated; and



arranged to integrate the current such that the output
of the integrator stage rises linearly with tine. 17.
An apparatus according to claim 13, wherein the
integrator stage is arranged to be reset at the
finish time of the observation period. 18. An
apparatus according to claim 13, further conprising: a
| ow pass filter for filtering2bhe output of the
integrator stage to obtain a filtered output; a phase
shifter arranged to be controlled using the filtered
output to adjust the sanpling clock so as to nove the

sanpl i ng pulasgetetraiatids s@égéifd@@ét@%lhin@fa pdvised tinel ofcérrlval of
a pul se to _be received. appar atus accordin

clth® RiIES USiNg aHipe aanbotawgd fa)m éw pHEtvoltage of e integrator
fi 'nb%éfé% ?ecPH IR YEIR o fttﬁg gh{g §|gérrﬁ(/9f stage to

obt ain tere out put st voltage control
osci | | ator arranged to be controlled using the .
f i1kt er & epppratus @cediding tae ickaifr ¢3uwheseinfthe hastimation stage is

sampl i ng cl k so as to nove the s Iin ul se )
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of the pulses in the train of pulses. 21. An apparatus
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conpri ses: ase havi ng’ an 1 nput
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S'SQB%qﬁnttd&%e code sequences.

16.  An apparatus according to claim 13, wherein the integrator stage is
arranged to integrate the current such that the output of the integrator stage

rises linearly with time.

17.  An apparatus according to claim 13, wherein the integrator stage is
arranged to be reset at the finish time of the observation period.

18.  An apparatus according to claim 13, further comprising:

a low pass filter for filtering the output of the integrator stage to

obtain a filtered output;

a phase shifter arranged to be controlled using the filtered
output to adjust the sampling clock so as to move the sampling pulse

towards an expected time of arrival of a pulse to be received.
19.  An apparatus according to claim 13, further comprising:

a low pass filter for filtering the output of the integrator stage to

obtain a filtered output;



phase detector to generate a filtered output signal; a
first voltage control oscillator arranged to receive
the filtered output signal as a control signal to
produce a sanpler frequency output signal; a
fractional counter arranged to receive the sanpler
frequency output signal to produce an output signa

at the sanme nom nal frequency2éds the frequency of the
train of pulses; the fractional counter being arranged
to apply the output. signal to an input of the phase
detector; the phase detector being arranged to conpare

the pulse &efet vbitade taholodsdillBot BAraNged tdWesesntrblidd using
the frequency of the oqutput signal of the fractional

courtherfiltesed ozltpta tecflivel] th@tfa@@q&f«y Qfothter%ﬁmpwtg clesk so as to
f 1 eqUBPeYhOka ggul ﬁ%ggr a‘?&%‘? %%Féd %;f téotgoftétﬁmse to

filtered outpu se d
| ockbe rexepatpl er frequency to the frequency of t he
train of pulses. 22. An apparatus according to claim

rein the pulse |n t R train conprise
ﬁ@ or AcARbAALRECSOH NGt LB i Birthes R S | o1 ng
range neasuring portion and a waveformrecovery

port ion, the apRarcizgtion stagBeor 6paNTbAIZIMG the $ARPRNg clock to
detector haV|ng an i nput for recelving the pul se

t edPRetitiaferatp gEthe @'é'ﬁ@%trbtheﬁéq’“ﬁ@fﬁﬂls&ﬁged to generate
an output signal; a low pass filter for filtering the

0giput A Sé}ﬂraﬁfs 58@0@?@5&) aﬁﬁﬁwfwﬁé?equﬁfgggﬁﬂtémzmg stage

filtered o ut signa a voltage contro
acoapgieds:t o receive the filtered output signal as a
control signal to produce a sanpler frequency output

signal ; a freguen er.arran ei ve, the
Samprer frequdiey et ARk AR SR eouhBE At fine pulse
strafrlis apbbed®Utheubhas@nidtectbr thand metngedytodgehdeite an output
belng arranged to be applied

signal;

a low pass filter arranged to receive the output signal of the

phase detector to generate a filtered output signal;

a first voltage control oscillator arranged to receive the filtered

output signal as a control signal to produce a sampler frequency output signal;

a fractional counter arranged to receive the sampler frequency
output signal to produce an output signal at the same nominal frequency as
the frequency of the train of pulses; the fractional counter being arranged to

apply the output signal to an input of the phase detector;

the phase detector being arranged to compare the pulse
repetition rate of the train of pulses with the frequency of the output signal of

the fractional counter; and



to an input of the phase detector so that the output
signal of the voltage control oscillator is
controlled to produce a signal having a frequency at
the sanpling rate of the waveformrecovery portion
and |l ocked to the pulse repetition rate of the
rangi ng portion; a further phase detector arranged to
recei ve the output signal of £Re voltage contro
oscillator; a further |ow pass filter for filtering an
out put signal of the further phase detector to
provide a filtered signal which is arranged to contro

a further wokbage etiyd Gbr @datrbliagothe Z@qachencdfi @dlvoltage
count er arranged_to receive an output signal fromthe
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the frequency of the further voltage control
082i | | &noappariahts abeortling tr eldirouthuvhaiegméihe polgesoduthe pulse

a,signal having a _frequen which differs fromthe . .
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the first voltage control oscillator and thereby to

t REtar SQUENISINGT t he ranging portion, the ratio of

the frequency of the filtered output signal and the

frequepcye Qfeténﬂgr I”lb(/l?l arf ‘ﬂiﬂlﬁ‘%r f“EQfé'i\/rir:l’gll;1 éﬁ??}iﬁe‘g{rrgh the phase

bei ng set by t racti onal” counter;

vdetentrr ing aaiangeditd lgeherata@nicugputssigined; sanpl er cl ock

for the waveform recovery portion. 23. An apparatus
accordi to claim22,. . wherein the further yoltage

contr of 10sgar i oF suPtFE The oLl il K8 PRRE detector to
SyeRERIM balileye®guut bynal:nul tiple of the frequency of

the first voltage control oscillator. 24. An apparatus

according to claim?22, further conprising an AND gate
ar r ang@dV§98 SPPiTRECEHlatgl epanIey gQ1pé¢C§'\éﬁ thentgred Qutput signal

agd o dBritf Sighal tRERIRRBYE Sdmpler frequency output signal;

a frequency divider arranged to receive the sampler frequency output

signal to provide an output signal;

the output signal of the frequency divider being arranged to be applied
to an input of the phase detector so that the output signal of the voltage
control oscillator is controlled to produce a signal having a frequency at the
sampling rate of the waveform recovery portion and locked to the pulse

repetition rate of the ranging portion;

a further phase detector arranged to receive the output signal of the

voltage control oscillator;

a further low pass filter for filtering an output signal of the further phase
detector to provide a filtered signal which is arranged to control a further

voltage control oscillator;



oscillators to produce a signal to initiate a waveform
recovery process so that the waveformrecovery
process is initiated at the same point for each

packet .

28

a fractional counter arranged to receive an output signal from the further
voltage control oscillator to produce an output signal which is applied to an

input of further phase detector; and

a control stage for controlling the frequency of the further voltage
control oscillator using the filtered output signal to produce a signal having a
frequency which differs from the frequency of the signal output from the first
voltage control oscillator but is locked to the frequency of the first voltage
control oscillator and thereby to the frequency of the ranging portion, the ratio
of the frequency of the filtered output signal and the frequency of the first
voltage control oscillator being set by the fractional counter; the further
voltage control oscillator acting as the sampler clock for the waveform

recovery portion.

23.  An apparatus according to claim 22, wherein the further voltage control
oscillator operates at a frequency substantially equal to a multiple of the

frequency of the first voltage control oscillator.

24.  An apparatus according to claim 22, further comprising an AND gate
arranged to combine the output signals of the first and further voltage control
oscillators to produce a signal to initiate a waveform recovery process so that

the waveform recovery process is initiated at the same point for each packet.



