Met hod and System for Stabilising a Signal Technical Field The present
hnvention relates to signal processing and nore particularly to a nethod
and system for stabilising a signal. 5 Background of the Invention Signal
averaging is a signal processing technique that is comonly enployed in
measuring periodical signals. This techni que involves accunmul ating a
nunFertoftLepe?ted 5ﬁgnen¥s of a periodical signal. Signal averaging
exploits e act that if a Qperiqdi ' lat 1151 G0N
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(dB) by accurmetabd mgd cysteafer aigbiigngteeidnalo) nei ghbouring periods of the
signal. SNR enhancenent by signal averaging is based on the assunption that

the period OéaékEF'ouinHthEeslinggﬁtoni s known and constant. In reality, however,
this assunpt A €S no old true. In nost application
environments, the period 20 of the signal is oftep irreqular due, for
exanple, to jitteCigid AEQUBKHCY ar SO a'ofpr‘?%és'”gs%chp'éif’gr{r@ie'ﬁ FemEOpNal
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i rregular 25 periodiCi navet orm o 1e accunu signal is
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of a signal 'énh‘é%ﬂ&l Hé ﬁbr?ﬁ-it&)-inﬁfsg ratio (SNR) of a signal, that is, the ratio of the power
of the signal to the power of noise, thereby improving the accuracy of the

measured signal. For example, the SNR of an input signal, which provides a
measure of how accurately the signal can be measured, may be increased from,

15 say, 10 to 20 decibels (dB) by accumulating (or averaging) ten (10) neighbouring
periods of the signal. '

SNR enhancement by signal averaging is based on the assumption that the
period of the input signal is known and constant. In reality, however, this
assumption often does not hold true. In most application environments, the period

20 of the signal is often irregular due, for example, to jitter and frequency drift of the
oscillator used in signal generation or, in more severe cases, sampling of the
signal at a lower sampling rate than the frequency of the signal. In the latter
instance, the period of the sampled signal is often less stable than that of the
original signal. When signal averaging is performed on a signal with irregular

25 periodicity, the waveform of the accumulated signal is unstable and SNR is not
significantly enhanced. As such, the periodicity of a signal is usually stabilised
with a conventional phase-locked loop (PLL) circuit prior to signal averaging. The
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with a conventional phase-locked [oop (PLL) circuit prior to signal
averaging. The 1 *159159* *@00002* conventional PLL circuit conpares the
input signal with a reference (local) signal to obtain a phase error
signal . However, as this requires prior know edge of the waveform shape of
the input signal as reference, signal stabilisation using a conventional
PLL circuit is often ineffective in real applications as the exact s
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of the Invention Accordi ngly, présent invention provides, in a firs
aspect, a netemydomment |b§C%l#%b|'tI PB@’FQ?SaOE‘PrgﬁHle duRe f%teﬁﬁﬂ‘pl%rﬁ?r mHIthBath
receiving an t5hgna| generating a plurality of delayed signals based
on the input S|g 3 conparing a segnent of the input signal with a

segnent of each of the del ayed signal s; generating an error :S%nal ased
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segnents of I npu e i'nvention I s 1 ndependent of waveform
di storti om cagenemte fobase error sngna!s There also exists a need for a method and system
for stabilising a signal that is independent of waveform changes caused, for

example, by multi-path propagation.

Summary of the Invention

Accordingly, the present invention provides, in a first aspect, a method for

15 stabilising a signal, the method comprising: receiving an input signal; generating a
plurality of delayed signals based on the input signal; comparing a segment of the
input signal with a segment of each of the delayed signals; generating an error
signal based on the comparison; and performing signal period adjustment based

on the error signal.

20 Advantageously, because the error signal is generated from segments of
the input signal, the invention is independent of waveform distortion caused, for
example, by multi-path propagation and does not require prior knowledge of the

waveform shape of the input signal to generate phase error signals.

In a preferred embodiment, a correlation calculation is performed between

25 the segment of the input signal and a corresponding segment of each of the
delayed signals. An optimal delay value corresponding to a maximum correlation
value calculated may be determined from the correlation calculation performed.



exanple, by nulti-path propagati on and does not require prior know edge of
the waveform shape of the input signal to generate phase error signals. In
a preferred enbodi nent, a correlation calculation is perfornmed between 25
the segnent of the input signal and a correspondi ng segnment of each of the
del ayed signals. An optinmal delay value corresponding to a maxi num
correlation value calculated may be determ ned fromthe correl ation
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15 input sig ency when the error signal
i ndi cat es 10 t haardirmef geziodairasf t he current segnent is of a shorter duration

than the period of the preceding segnent. Preferably, a fast change part
oo e, Sha" M bl SHRALRU s PR B Fechie lock Sl
such as, for example, the clock frequency to a sampler or from a memory writing
clock module, when the error signal indicates that a period of a current segment of
the input signal is of a longer duration than a period of a preceding segment of the
1s input signal, and increasing the clock frequency when the error signal indicates

that the period of the current segment is of a shorter duration than the period of

the preceding segment.

Preferably, a fast change part of the input signal is filtered out. This makes
error signal estimation more stable. The input signal may be sampled. A timing of
20 the sampled signal may be isolated. This allows implementation of the signal

stabilising method in a larger system.

The input signal may be a continuous periodical signal or a packet-based

signal.

In a second aspect, the invention further provides a signal averaging

25 method, comprising: receiving an input signal; generating a plurality of delayed
signals based on the input signal; comparing a segment of the input signal with a
segment of each of the delayed signals; generating an error signal based on the



20 the sanpled signal may be isolated. This allows inplenentation of the
gignal stabilising method in a |larger system The input signal may be a
continuous periodical signal or a packet-based signal. In a second aspect,
the invention further provides a signal averaging 25 nethod, conprising:
receiving an input signal; generating a plurality of delayed signals based
on the input signal; conparing a segnent of the input signal with a
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respect of tH&M@NFEY: aspect may al so be enployed. 10 In a third aspect, the
I nvention further provides a systemfor stabilising a signal, the system
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of the inputasigstabedVabbvetinge bf Pl fRAGRPeEt rhalpalde bayetblgjeanal s; and an
adj ustnent is nodule configured to perform signal period adjustnent based
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signal, the system comprising: a delay line configured to generate a plurality of
delayed signals based on an input signal, an error signal generation module
configured to generate an error signal based on a comparison of a segment of the
input signal with a segment of each of the delayed signals; and an adjustment

15 module configured to perform signal period adjustment based on the error signal.

In the third aspect, corresponding advantages are obtained as previously
described in respect of the first aspect.

In a preferred embodiment, the error signal generation module includes a

correlation module configured to perform a correlation calculation between the

20 segment of the input signal and a corresponding segment of each of the delayed

signals. The correlation module may be configured to determine an optimal delay

value corresponding to a maximum correlation value calculated. The correlation

module may be configured to determine the optimal delay value from a correlation

curve generated based on the correlation calculation performed. The error signal

25 generation module may be configured to determine a difference between the
optimal delay values for successive segments of the input signal.



In a preferred enbodi nent, the error signal generation nodule includes a
¢orrelation nodule configured to performa correlation calculation between
the 20 segnent of the input signal and a correspondi ng segnent of each of
t he del ayed signals. The correlation nodule may be configured to determ ne
an optimal delay value corresponding to a maximumcorrelation val ue
cal cul ated. The correlation nodule may be configured to determne the
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receding segment.

In a preferred embodiment, a filter is configured to filter out a fast change

15 part of the input signal. The filter may be an envelope detection module.

in a preferred embodiment, a sampler is configured to sample the input
signal. The sampler may be an Analog to Digital Converter (ADC). A buffer may
be configured to isolate a timing of the sampled signal. The buffer may be a First
In First Out (FIFO) memory.

20 In a fourth aspect, the invention further provides a signal averaging system,
comprising: a delay line configured to generate a plurality of delayed signals based
on an input signal; an error signal generation module configured to generate an
error signal based on a comparison of a segment of the input signal with a
segment of each of the delayed signals; an adjustment module configured to

25 perform signal period adjustment based on the error signal; and an accumulator
configured to perform waveform accumulation after signal period adjustment.



signal. The sanpler may be an Analog to Digital Converter (ADC). A buffer
may be configured to isolate a timng of the sanpled signal. The buffer
may be a First In First Qut (FIFO nenory. 20 In a fourth aspect, the
invention further provides a signal averaging system conprising: a delay
line configured to generate a plurality of delayed signals based on an

i nput signal; an error signal generation nodule configured to generate an

error signal baset pg fauma@@éd@cv@n@ép@da@mmtagestdneobtamﬁdasgmlousnyth a
segnent of each of the del ayed signals
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FIG. 1 is a schematic diagram of a signal averaging system in accordance

with one embodiment of the present invention;

FIG. 2 is a schematic flow diagram of a signal averaging method in

s accordance with one embodiment of the present invention;

FIG. 3 is a waveform diagram showing a waveform of a sampled signal in

accordance with one embodiment of the present invention;

FIG. 4 is a schematic diagram of an approach to determining the error

signal in accordance with one embodiment of the present invention;

20 FIG. 5 is a waveform diagram showing a plurality of correlation curves

generated in respect of successive segments i, i+1, i+2 and i +3 of the input

signal r(t) ;

FIG. 6A is a waveform diagram showing a clock signal from the clock circuit

of FIG. 1 prior to any frequency adjustment;



FIG 3 is a waveform di agram show ng a waveform of a sanpled signal in
accordance with one enbodi nent of the present invention; FIG 4 is a
schemati c di agram of an approach to determning the error signal in
accordance with one enbodi nent of the present invention; 20 FIG 5 is a
wavef orm di agram showing a plurality of correlation curves generated in
respect of successive segnents i, i +1, i + 2 and i + 3 of the input

signal r(t) ; FlGricB/sh S 8 WaNERGRAT Bladia6 sABWHAOMENgock sigealkofsSFIgN®A Afteym t he
clock circuit of FIG 1 prior to any frequency adjustnent; 6 FIG 6B is a
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reducti on when tr|1e m@ﬂ signal period r, is greater than a set optimal

si gnal peri of'QP PE¥Y: 6C i's a wavef or m di agram showi ng the cl ock si gnal
of FIG 6A after 5 frequency increnment when the input signal period r, is

less than a set opiGneC is @ @a@éfomerdiagdamzshomﬁgaheklb& algaalh@‘nrﬂﬂ GAdafter am
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met hod in acgor d?frce wi t h anot her enbodi nent of the present invention;
FIG 9A is a b agram showi ng an U tra- Wdeband (UWB) pul se
waveform under a first set of conditions prior to period adjustnent and

accunul ation; FI GFI@B7||§a%cM@MGf|@di§gfhrﬁ@lf ansigrian eiegingesystdn jrubseoraancef or m
of FIG 1s 9A after period {( tment and accumul ation; FIG 10Ais a
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FIG. 8 is a schematic flow diagram of a signal averaging method in

10 accordance with another embodiment of the present invention;

FIG. 9A is a waveform diagram showing an Ultra-Wideband (UWB) pulse
waveform under a first set of conditions prior to period adjustment and

accumulation;

FIG. 9B is a waveform diagram showing the UWB pulse waveform of FIG.

15 9A after period adjustment and accumulation;

FIG. 10A is a waveform diagram showing nine (9) individual waveforms
under the first set of conditions prior to period adjustment and accumulation;

FIG. 10B is a waveform diagram showing the 9 individual waveforms of FIG.

10A after period adjustment and accumulation;

20 FIG. 11A is a waveform diagram showing nine (9) individual waveforms
under a second set of conditions prior to period adjustment and accumulation; and

FIG. 11B is a waveform diagram showing the 9 individual waveforms of FIG.

11A after period adjustment and accumulation.

Detailed Description of the Invention




under the first set of conditions prior to period adjustnent and

accumyl ation; FIG 10B is a waveform di agram show ng the 9 individual
waveforms of FIG 1 OA after period adjustnment and accurnul ation; 20 FIG
11A is a waveform di agram show ng nine (9) individual waveforns under a
second set of conditions prior to period adjustnent and accunul ati on; and
FIG 11 B is a waveform di agram showi ng the 9 individual waveforns of FIG
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of the invention. Referring now to 1, a signal averaging system 10 is
shown. The ssnsEEPaEsed Wt’ém'{]d'é%s%ﬂPGM@Q_@Vﬁrr‘q%n by a clock frequency 14
generated by a clock circuit 16 (and nodified by an adjustnment nodule 30

as expl ai ned bel O\N)eferhﬁgTrhﬁv é@@léZ 1I S SRNAAI Bwraging sysaamm| 1© @nshdmt THegnal
r(t). A FIFO nenory 18 an i ndependent write and read cl ogeq énot

shown) is coupis&nt!§ '&ﬁ'ugg% &GtABP 12 REverbby e clogi fregyensymmgepers
configured to c|1>§@&?6tﬁt 5 tdrid RYJRiEd iYears aBREMSent ThEHA 3048 @Eblﬁh@d!)@elow)

detecti on nodu and a waveformaccurrul ator 22 are couE to an out put
of the FI FO nEmAPCLE? iFeonbgwier dpesamenle @n pauheignaler(do AsFIFO smmmenyutded to
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line 24, coupihehD®© 12N THIMBD rAémbRel &8 \ehigeed s Rolaten tirme bethadBGaripted
signal. An envelope detection module 20 and a waveform accumulator 22 are
coupled to an output of the FIFO memory 18. The envelope detection module 20
15 is configured to filter out a fast change part of the input signal r(t) and the
waveform accumulator 22 is configured to perform waveform accumulation. A
delay line 24, coupled to an output of the envelope detection module 20, is
configured to generate a plurality of delayed signals based on the input signal r(t).
An error signal generation module 26 is respectively coupled to the outputs of the
20 envelope detection module 20 and the delay line 24. The error signal generation
module 26 is configured to generate an error signal 28 based on a comparison of
a segment of the input signal r(¢) with a segment of each of the delay signals. An
adjustment module 30, coupled to an input of the ADC 12 and to outputs of the
clock circuit 16 and the error signal generation module 26, is configured to perform
25 signal period adjustment based on the error signal 28 it receives from the error

signal generation module 26.

The input signal #(¢) is a continuous periodical signal represented by the

following equation:



configured to generate a plurality of del ayed signals based on the input
gignal, r(t). An error signal generation nodule 26 is respectively coupl ed
to the outputs of the 20 envel ope detection nodule 20 and the delay |ine
24. The error signal generation nodule 26 is configured to generate an
error signal 28 based on a conparison of a segnent of the input signa
r(t) wth a segnent of each of the del ay signals An adj ustnent nodul e 30,
coupled to an input of the ADC 2 and to uts of the <clock circuit 16
and the error signal generar@bﬂ§ﬁﬁﬁdh @ 28)]+ conflgure&1to perform 25
signal period adjustnent based ©rf the error S|gnal 28 it receives fromthe
error signal generation nodule 26. The input signal r(t) is a continuous
periodi cal signere (Episessmdied bhyhed tolowingldgasiisrg equation: 8 r(t)=

S[t+i (T+A) ] +n(t), (1) where S(t) is nDdeIIed by the follow ng equation:
Is(t) O<t<T+A S(t)= O otherw se (6% g represents a waveform of one (1)
segnent of the input S|gnal § Ileph edents an i deal period of the
input signal r(t), A represénts|a mar@enake period error, n(t) represents
the noise in the input signal r(t) and values of i represent respective
segnents in the input signal t). Because the input signal r(t) i

cont i nuous t be) repipeantyfa sn/agﬁ m‘s@érﬁ!\?t §1)i segmentnpt dhe tinRytesional r(s)exfends

f - d bed th
aver agi ng_ Sy <tearsents-an REalikiega e BPut Fided “Hnioreieens 1 margn o agicd 0"
described in &Ir@ratnﬁ?ilr a&é’ér{ts e hoe W tctﬁbl &%ﬁ? HEIer 0 ahi Gaiued 6fh/rr%gﬁﬂ%.eﬁt

FIG 2 shows sig veragi ng net ho rst step 102, an i nput
respective segments in the input signal r(t). Because the input signal r(r) is

continuous, the number of signal segments is infinite, therefore / extends from

—o0 10 0.

10 Having described the various components of the signal averaging system
10, the operation of these components will now be described in greater detail

below with reference to FIGS. 1 through 5.

FIG. 2 shows a signal averaging method 100. In a first step 102, an input
signal r(t) is received and sampled by the ADC 12. Sampling changes the
15 continuous periodical signal received into a discrete signal. FIG. 3 shows a
waveform of a sampled signal 32. As can be seen from FIG. 3, the sampled signal
32 includes a plurality of pulses 34 having a period P therebetween.

Referring again to FIGS. 1 and 2, the input signal r(t) is sampled at a

sampling rate determined by the clock frequency 14 received at the ADC 12 (i.e.
20 the clock frequency 14 generated by the clock circuit 16 and adjusted by the
adjustment module 30). The number of samples drawn from one (1) period of the

input signal r(t) is dependent on the period of the input signal r(l) and the

sampling rate.



signal r(t) is received and sanpled by the ADC 12. Sanpling changes the 1s
gonti puous periodical signal received into a discrete signal. FIG 3 shows
a waveformof a sanpled signal 32. As can be seen fromFIG 3, the sanpled
signal 32 includes a plurality of pulses 34 having a period P

t herebetween. Referring again to FIGS. 1 and 2, the input signal r(t) is
sanpled at a sanpling rate determ ned by the clock frequency 14 received
at the ADC 12 (i . @ecadd® tie ddokekefiuermpyens ygehéraedeniattioel digckt biecuil d6kis

circuit 16 and adj usted t he a t t f
drawn from or@’”@ﬁ‘}caﬂér?%ﬁéﬁ?'et%q'l'éj??ﬂﬁn’?sglr@?%og\ow'@t ?é @edgpgggb%ueﬁﬁyt rrp =
period of theebdiPed abt#NADO (2 )s ABCUAifRem mlther@fdratmuwatwecfmmgmecl ock

frequency 14 generated by the clock circuit 1 dj bl
by the adj ust th%‘élﬁfﬁé‘@e Slsﬂ%a&?fae'ﬁgﬁw%taﬁbf&baiﬁr ‘?@?@ X'&%‘*ﬂ‘h@“ DCe12

i's not uniformafRAcy S fdrhekemple Wasehiabbe ddectidhi wdtlild e, aiehevavetuiml es
in the signal avera stem 10 that are driven by a uni form cl O‘Cek?%ﬂ
0

s
frequency, f oFCCHRG ‘Pfegzt dalay lse2d @andcthecsrmorosiand generatind wmeogy

accunul at or - 2&..4fifqifehdYs |rﬁ 2naNg phEseLhFdIghshe FFO GREABAT 18 isBletd e
26. According 0;9, g 5 d"é‘d IénaI |ps assedgt hr ough t he F?FO rrelrmr 18

to isol ae tthe t'm'm ﬁ@tf@fsarn@egégmabam kel the SHITITACPS ot eteBr0dr Tsdul es
at step 104. £.f
the signal ou'%rg;&t mEhfoR} TBHRIY ag  (RALF P ich P thnfihg LP Rl LighaltdifodtfSnfthed!

nodul es
timng of 1¢ heABCgtawitouhgiuaf the ether reodules-OT he fiB1igg eBthessignal Pulptit ffemmhend

I d
To6. 5 fast cHEmyBenary TR 1S (el o e A ¥HESRR XA NG sfig! P

envel ope det eavgragingeystem 0 as noi se. This makes error signal estl mat i on
nore 15 stable.

At step 106, a fast change part of the input signal r(t) is filtered out by the

envelope detection module 20 as noise. This makes error signal estimation more

15 stable.

A plurality of delayed signals is generated at step 108 by the delay line 24

based on the input signal ~(t). The delayed signals are generated by introducing
a range of delay values into the input signal r(t), the range of delay values being

between about D —A and about D +A, where D represents an optimal delay
20 estimate and A represents a margin of error. In the present embodiment, the
optimal delay estimate D is approximately equal to one (1) period of the input

signal r(t) and A represents a margin of period error.

At step 110, the error signal generation module 26 compares a segment of

the input signal () with a segment of each of the delayed signals and generates

25  an error signal 28 based on the comparison.

Referring now to FIG. 4, an approach 50 to determining the error signal 28
is shown. This approach 50 involves generating at step 52 a plurality of delayed

10



A plurality of delayed signals is generated at step 108 by the delay |ine
24 bagsed on the input signal r(t). The delayed signals are generated by

i ntroducing a range of delay values into the input signal r(t), the range
of delay val ues being between about D - A and about D + A where D
represents an optiml delay 20 estinmate and A represents a margin of error.
In the present enbodinent, the optinmal delay estimate D is approxi mately

equal to one sﬁéﬂals‘)%ﬁ' wﬂifodhbi%?'é‘%'ﬁge of geRly vdilds fd A I epv]astenthe iapurar gi n
of period erro At step 1 he ertor signal generation nodul e 26

conpares a segigrent-(¢(pf the input signal r(t) with a segnent of each of the
del ayed signals and generates 25 an error signal 28 based on the

conpari son. R f to FI 4, h 50 d
error signal S5 n%?m%/‘va %ﬁ%&g}ﬁﬁ:@@%{% gsr 8% %rlm\Féjséeggﬁgé %‘[slrgﬁaw L[ﬁgp 52
a plurality %p@l%g’%@% ) bAdla degrhamadiseden dithé ikla9dd Gigrailsasy argesiwrdiel ay

values [D - A hto the Tnput signal r(t). At step 56, a
correl ati om d%ichl etheoerrorssmmlfgﬁnemtldmemmghe 6 s%dh@n@pmﬂacthﬁéo inplgdes @i gnal

r(t) and a s f | G
4, the error %'&h%ﬁogggﬁgggtlﬁbnaﬁﬁaﬁ%e?%ggi n %ségrg%?%achaggw?%ﬁggg&&
correl ati on nipdwegmant optiel igputesighal ;m,e)ra‘ndramommodmglsagnmmt@abacn af then
bet ween the segnent of the input S|§(nal r(t) and a correspondin rrent

of each of tHdelayes| sigedlsH4gndine GATelatipn cabeu@tiont ESOPP"E)&W@QI‘&‘FW N 9@'

E)g;]jorr:rgd V\ntéhdaggn.follow ng equation: Q 10 ¢(D) =J f (t) f (t + D)dt

10 C(D) = | £(t) £t + Dy 3)

where C represents a calculated correlation value, f(r) represents a waveform of

a segment of the input signal (), f(t+D) represents a waveform of a

corresponding segment of each of the delayed signals 54, @ represents a
duration of the segment of the input signal r{t), and D represents a delay value
15 introduced into the input signal r(t) and has a value between zero (0) and the
duration of the segment O (ie. 0<D< Q). The correlation value C provides a
measure of the similarity between the segment of the input signal r(t) and the

corresponding segment of each of the delayed signals 54.

An optimal delay value D,, corresponding to a maximum correlation value
20 calculated is determined at step 58. In one embodiment, the optimal delay value

D,, is determined from a correlation curve generated based on the correlation

calculation performed. This is exemplified in FIG. 5 which shows a plurality of
correlation curves generated in respect of successive segments i, i+1, i+2 and

i+3 of the input signal r(r). Each of the correlation curves is obtained from a plot

25 of the calculated correlation values C versus the respective delay values D. The

11



where C represents a calculated correlation value, f(t) represents a
waveform of a segnent of the input signal r(t) , f(t + D represents a
wavef orm of a correspondi ng segnment of each of the delayed signals 54, Q
represents a duration of the segment of the input signal r(t), and D
represents a delay value 15 introduced into the input signal r(t) and has a
val ue between zero (0) and the duration of the segnment Q(i.e. 0 <D< Q.
The correl atigfmaplddRyGdNi@VD dasr BacHTRRINY Seghehtae;  Sini [;ard hixd beBveremet he
segnent of the input Signal r{t) and the correspondi ng segnent of each of
the del ayed shgnalighab4() Adepimifed byeabayiny alfftbe DERy waue €5 pomespapding ta
maxi mum correl ation value 20 calculated is determ ned at step 58. In one
enbodi nent , tthe neptmupel cefeglaion, wdlue foDepch pk theecerelptini cevesn al eoPRtEMAt i on
curve gener at n 0, i a0 r b Sl S
exenpl i fi ed i%%%{)@&‘g%iféﬂgasﬁ(ﬁ‘o%%a&tél’chHr?érl"?C?"ﬁﬁg%"%%'o{(’r)gﬁgﬁ?%Wﬂr”aégj’s’éry
generated Jn f gu (RVZ- T ) St fhat adtimi a in+ 3 of
t he i nput 5Isi éﬁgﬁseﬁ?\{/?)o éicﬁﬁﬁ%{rﬁﬁwgo?@g%ﬁégh !(?Sr Sét;mibllsag%%I a%lé% ?"F’o% a
plot 25 of thpt&alised at2sh 69Withltaé foNbwial dip@tiéa:ver sus the respective del ay
values D. The 11 optinmal delay value DoP, for each of the segnents i, i+],
i+2 and i+3 of the input signal r(t) isL Eeﬁern‘i ned, Qy readi ng off the
del ay val ue D correspondi ng toDopft:hlx[‘@:%j)?ﬁ Jcorrel afton val ue for each of
the correlation curves. The optina efay val ue DoP, for each segnent i of
the input signal r(t) is stored in a nenory 5 (not shown). In an
al ternative eviesdilPend,D g regresenis thiolange ehiiciay Balmes ingrodgeedintd thednpit st ep
58 with the following equation: DoP, = arg max {C(D)} (4), D d<D<D+tr,i
where ~D - A,S'Q‘S‘ajrvrmf!\}]- represents the range of delay val ues introduced into
the input signal r(t).

10 The error signal 28 is generated at step 60 by determining a difference

between the optimal delay values D,, for successive segments of the input signal

#(t). This is modelled by the following equation:

e=D _-D (5),

i opl opti-|

where e, represents the error signal 28 for the ith segment of the input signal r(t),

15 D, represents the optimal delay value for the ith segment of the input signal

r(t), and D, represents the optimal delay value for the /—1th segment of the

input signal r(z).

Referring again to FIGS. 1 and 2, signal period adjustment is performed by

the adjustment module 30 at step 112 based on the error signal 28 received from

20 the error signal generation module 26. More particularly, the adjustment module

30 increases or decreases the clock frequency 14 to the ADC 12 according to the

error signal 28 it receives. Adjustment of the clock frequency 14 by the adjustment
module 30 is described in greater detail below with reference to FIGS. 6A-6C.

12



10 The error signal 28 is generated at step 60 by determining a difference
between the optinal delay values DoP, for successive segments of the input
signal r(t). This is nodelled by the follow ng equation: e, = DoP,. -

DoP, . -1 (5), where e, represents the error signal 28 for the ith segnent of
the input signal r(t ), 15 DoP,, represents the optinal delay value for
the ith segnent of the input signal r(t), and DoP, _|I represents the

opti mal delay val ygcf @A shbfsia cidckifrecRREBSEM frofn thelocknialit 36 BREIG T { piior
Referring again to FIGS. 1 and 2, signal period adjustnment is perforned by

the adj ust merte amydieauenty adiustinept 112 based on the error signal 28 received
from 20 the error signal generation nodule 26. Mre particularly, the

adj ust ment nmodul e \8Ren B easesigedl Jeiptieareshata petiog lof bramreensygriéntt ooft he
ADC 12 according to the f:g_ror signal 28 it receives. Adjustnment of the
cl ock frequerthy NpHtisianahel At ofs? iRRgET dugtian dhashaiperigd Of @ pegeding §ePemeRy

detail bel ith f . BA- 12..
detat1 below | bl e Lo 1B (S0t RS e,
adj ust ment . V&?ﬂ(eﬁ%}ﬁeﬁw Q4 t;of] g@@bgf@ tbrﬂgdfi&%ttﬁé pER&d oPthR&ahiflePSigRalC thisent

segment i of \put” si r(t) is of a longer duration than a period
of a precedi ng exenmitied is FIG- 6Borhicmshpwpdbe siaghdrequensy (. &f FIE. BA gfter t he

dj ust t | . , : d
the pertod of MEnER YOS S it e Sapt SR Ynd i irbl0P R ol Iduce
shows the cl ogkafer QRMEACKEt IdbtiRfal Bldral Périct fer Asf ériberern R FIGOBBE the

reduce the sanpling rate when the 1nput signal period t, is greater than a
set optima sclgckafrequemicpd 4tt2 . thADSan2 lireresiseed by cempyicy seBsrat srmMplingctlewk

put ses. 17 om tho% e % Shek Reg R R e R Rver ol sampling el ock

On the contrary, when the error signal 28 indicates that the period of the

current segment i of the input signal ~(¢) is of a shorter duration than the period of
the preceding segment i -1 (i.e. e, <0), the adjustment module 30 increases the

15 clock frequency 14 to the ADC 12 to increase the period of the sampled signal.
This is exemplified in FIG. 6C which shows the clock frequency 14 of FIG. 6A after
frequency increment to increase the sampling rate when the input signal period ¢,
is less than the set optimal signal period ,. As can be seen from FIG. 6C, the

clock frequency 14 to the ADC 12 is increased by adding several sampling clock

20 pulses 38 to the clock frequency 14 shown in FIG. 6A.

Referring again to FIGS. 1 and 2, the error signal detection method is
repeated and signal period adjustment is continually performed until the difference

between the optimal delay values D, for successive segments of the input signal

r(1) is eliminated (i.e. e, =0).
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On the contrary, when the error signal 28 indicates that the period of the
current segnent i of the input signal r(t) is of a shorter duration than
the period of the preceding segnent i -1 (i.e. e, < 0), the adjustnent
nodul e 30 i ncreases the 15 clock frequency 14 to the ADC 12 to increase the
period of the sanpled signal. This is exenplified in FIG 6C which shows
the clock frequency 14 of FIG 6A after frequency increnent to increase

the sanpling rat eTWB%vbl“tﬁrri émut"nlﬁét@r'@ pgrégrimsdvdveforimsadoastildtivarat step Slat
opti mal signal_ period romFE guency

14 to the ADCMES S9n3 ﬁerle%@@wswe%dfﬂ%e Q@U'&P'&f'y'G@ﬁp‘fV?Yﬁo"g‘ SRt bises
38 to the cl ogdeuhfupfiteMeysahdbled Sighall At st 146diter BRInAr per@ @f@tment FI GS. 1

agd 2, the error S|gnal detection nethod is repeated and signal period

adj ustnment is contj nu erfo e differe bet th

opti mal del ay val (¥sP %tﬂ X"%o?loi ﬁoamécégﬁ%w?té"%‘ﬁ ?Eﬂee FISEY, fggﬁled}%em r(t)
i's e:cl m naj edto(tre?AD@ 12t: tﬂ% peih%d bthJ tsem\pmdeiugmama@mmudeatprrorza vaefarmns
wavef orm accunul ati on a ep na er| od adj

parti cul ar | y, 3GNEURIPES or ﬁﬁ“écé is$ o\theﬁﬁa%c enhanc "E'snetH Sﬁ‘r’%d’f%m

at step 114 afd@mudteddaveRimod adj ustnent. By perform ng cl osed-1 oop
dynam cal adj ust rrent of the clock frequency 14 5 to the ADC 12, the period

of the sanpl ed si is st d t | a hi
otabi1ises the hitReng RGBS 7; ABdsRlkatirab Rl SVl 80 T B Sl °
Ref erring novaddihérl émbddimansofafalinvenesa mmﬁmwmﬁoaﬁdmmﬁm th
anot her enbodi ment of the invention is sho ge system 1 é ud

ADC io 152 dﬁ%ﬂ\/%ybha&'%kff?qt@aﬁéﬁepefgé%&%? HStb%)lo%{( fITquit 154 JE gﬁICCUIt
3?\3 A&elggcl isl§z2|§ SofiRfd Oty 88mbR SRANMHUE shjhal PPHt AH Biplit bf the ABG o5 put  of

coupled via a switch 156 controlled by a pulse acquisition module 158 to an
envelope detection module 160 and a memory 162 for storing samples of the input
signal r(t). The envelope detection module 160 is configured to filter out a fast

15 change part of the input signal r(¢). A delay line 164, coupled to an output of the

envelope detection module 160, is configured to generate a plurality of delayed
signals based on the input signal +t). An error signal generation module 166 is
respectively coupled to the outputs of the envelope detection module 160 and the
delay line 164. The error signal generation module 166 is configured to generate
20 an error signal 168 based on a comparison of a segment of the input signal r(t)
with a segment of each of the delay signals. An adjustment module 170, coupled
to an input of the memory 162 and to outputs of the error signal generation module
166 and a second clock circuit 172, is configured to perform signal period
adjustment based on the error signal 168 it receives from the error signal
25 generation module 166. A waveform accumulator 174 coupled to the memory 162

is configured to perform waveform accumulation.

The input signal r(¢) in this embodiment is a burst or packet-based signal

represented by the following equation:

14



coupled via a switch 156 controlled by a pul se acquisition nodule 158 to an
gnvel ppe detection nodule 160 and a nmenory 162 for storing sanples of the
input signal r(t). The envel ope detection nmodule 160 is configured to
filter out a fast 15 change part of the input signal r(t). A delay line
164, coupled to an output of the envelope detection nodule 160, is
cpnflﬁur?d)toAgenerate a plurality of delayed signals based on the input
signal r(t). An error signal geperation dule 166 is respectively coupled
to the outputs of the envelo@b=§§$@tﬂ?dﬂ3 e 160 and“ﬁhg delayylinep
164. The error signal generatiof’ nodule 166 is configured to generate 20 an
error signal 168 based on a conparison of a segment of the input signa

r(1) with a geaeest) ef measiedby tdgatied 43), siynapresents adiavstomanof omel(l)e

170, coupled to an input of the menory 162 and to outputs of the error

si gnal gener assgorentofl the inpLB6igaatr (), Jetaniesantoar idgal pgripd of the input sighalgur ed

to performsignal period adj ustmeng based on the error si%nal. 168 it
recei ves fronfthed dEPEERISgHNargy) g HEF'%‘fie(Srﬁr’nﬁ [GPraSsAs Wﬁv'@f@ﬁﬁnpm

accunul ator 174 I LU
agfr;'@ n_eéklc{]g rIE %Sgﬁtgpéyn t?issé@ﬂ mtgUhefhet f?\#g?rsfdﬁ'émr(t?).urst

5 ign
wavef or m atcumil ignal r rnthis enpodinent 1's a

or packet - basggatis@NAL ingUBRIPREREER Pyuisher bathetwiased erual, iitodbmgrised ohl
r(t)_I S[t+i (T+A)] +n(t), ‘{6) ,ﬁzoﬁﬁhere S(t)?i s nodel | e?n_by_ equa?ri on 2y) ,
s(t) represenihs+1a pereds. ohcnondingliiethe numbse ghsignal segmestsi njsuimiteddad tor ¢t), T
represents an ideal period of the input signal r(t), Arepresents a nmargin

of period error, t b L i i i i
Fepresents a numbaietpd BEEEED fie ARG BmbhReriSTafine pRNEnalerhiing sysBRE |
i nput si gnal 154,)the operationsef tese aorwonpats aull Jloghbe deserikeshify peater fatgil

10 below with reference to FIGS. 7 and 8.

FIG. 8 shows a signal averaging method 200. In a first step 202, an input
signal r(¢) is received by a receiver (not shown) and sampled by the ADC 152,
The input signal r(r) is sampled at a sampling rate determined by the clock

frequency generated by the first clock circuit 154.

15 The burst or packet-based input signal r(t) is not continuous and is

received packet by packet. Each packet typically comprises a header and a data
load. The header typically includes a preamble and ID information. The data load
of each packet is typically only several signal periods long. When a packet is
received, the receiver synchronizes the packet using the preamble in the header of
20 the packet and verifies if the packet is at its destination at step 204 by checking
the ID information in the packet. If it is determined that the packet is at its
destination, the switch 156 is switched to an ON position by the pulse acquisition
module 158 to transmit the data load of the packet to the envelope detection

module 160. Otherwise, the packet is discarded.
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(N+1) periods. Accordingly, the nunber of signal segnments i is limted to O
fo N., Having described the various conponents of the signal averaging
system 150, the operation of these conponents will now be described in
greater detail 1o belowwth reference to FIGS. 7 and 8. FIG 8 shows a
signal averaging nethod 200. In a first step 202, an input signal r(t) is
received by a receiver (not shown) and sanpled by the ADC 152. The i nput

signal r(t) is sappkesh 206 % StRhbAg: Eaﬁeafdﬁé acquireedinpyt sigealcH(Adk filtered
frequency generated by the first clock circuit 154. 1s The burst or,
packet - based dubfyt thei gmeelione( eptectiommodsésntiPAAsSUBOIgRd TS makesi ¢ser paedlet by

packet. Each I conpri ses a header and a data |oad. The
header typi ca%%&%ﬁhgmogéegay%reanbl e and ID information. The data | oad of

each packet is typically only several signal periods |ong. Wen a packet is
recei ved, the recd plealityofcielayedzignalsis deaerated atstap 208dYhe dsaydinen'&he

header of 20 cket. verifiesakf i 1 i iqon at
step 204 b§ c%%ggﬁﬁg%gt'@n%yl r'n’ Q?mjrp Fgr?‘arygd% @g%ta%ﬂfzq&elrétéﬁtbqﬁ@&%@yrg m ned

that the packgtarge dHdeldySvalG@sintd1eel iBput diGhal () L @B rdhge DB delvy tvalued bemgan ON
position by the pulse acquisition nodule 158 to transmt the data |oad of
t he packet t mwdtheerrmvelbpe- desmdtaboat Dnodulvenet€D Eptesenissen aptinabatekayt i s

di scarded. 15 4 ~ At step 206, a fast ch e_par i [« NRLL
signal r(t) i Lhmqt‘? &nadA rSB'ieSBS‘/tst%@aéﬂ\?eafg%réo def'ﬁeé%r Bh&%g%ﬂ{égof@gedé‘sﬂﬁoi se.
This makes erggyimatidend) estnbtenBlis Ratel2bheal t& eHal(Bl périvdodf thel iaped
signals is ge(?{gpat ed at eZtep 208I g{/bp{?‘%g delgyhl i ne 164(ﬁ5pbased on the
i nput si gnal $ignal ~(Feeddkirenresenys gaareine Pegedfaf.ed by introducing a
range of delay values into the input signal r(t), the range of delay val ues

bei ng At step 210, the error signal generation module 166 compares a segment
of the input signal r(r) with a segment of each of the delayed signals and

generates an error signal 168 based on the comparison. More particularly, a

correlation calculation is performed between a segment of the input signal r(t) and

15 a corresponding segment of each of the delayed signals with the following

equation:

C(6)= 3 )/ (x+5) )

where C represents a calculated correlation value, f(x) represents a waveform of
a segment of the input signal r(r), f(x+J) represents a waveform of a
20 corresponding segment of each of the delayed signals, values of x represent
respective samples in the segment of the input signal r(t), I is an integer
representing the number of samples in the segment of the input signal r(t) and is

expressed by the following equation:

I= (8),

U
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bet ween about 15-A and about 15+A, where D represents an optimal del ay
estimate and A represents a nmargin of error. In the present enbodi nent, the
optimal delay estinmate D is approximately equal to one (1) period of the
input io signal r(t) and A represents a margin of period error. At step
210, the error signal generation nodule 166 conpares a segnent of the

i nput signal r(t) with a segnent of each of the delayed signals and

generates an \ohdral o SepRAEN08 Aastsh on thd1ecgMBRALF I8 indVRr SgmarAd) ehdag | y, a
correlation calculation is perfornmed between a segnent of the input signal

r(t) and 15 aeprseetspnpdiiod) betgennthecfangaesh irothet dagnkrit.agrd Ssinggmiatiomi(h t he

follow ng equation: ="t () f (X, +.8). (7),. X=0 t
a cal cul ated E_BFetssptit?oc%?%yaVﬁ'H? lptréggcepglﬁ}oegg]{n ULSWQ\?Q %X\%ﬁ‘gﬁ] ag:aé 3’%@‘%&? >
of the input igB&h Z&kd ¥0)1 and XS hufBBF 868ahPlcd Nanel RigMedt 12(.e2@<5<1).
correspondi ng segnent of ‘each of the del ayed signals, values of x represent

respect i ves saMif earglatianhalua gnpiovides armeasyi of thei imiarity petwee the sggmenk eger

representing - i - t j t S
and is expr eésfgtgaqﬁga te %‘89%'oﬁﬁo%ﬁgnéegﬂi%ﬁ?ﬁ&qg:%g{%”f d?ieGd C\ﬂ/ﬁ%\:r '(Q%'Q@é?é\ledr ()
represents a guffd i ofin Aptirli® deRgToaALe O, , LdtRresponting itg nRlmaxirlmasdstrelation

represents a period between the sanples in the segnent, and S in equation
(7) represenduacslelialedvaldetermiredasihestiomnd corrdiatiomeurte gegerated fasedaomd has

a val ue between 0 t h nb in_th I (i.e.
0 7' | ) "BEakelalen chistRlir Derred s itn e BleWind Sanatet T he i it arriy

bet ween the segnent of the input signal r(t) and the correspondi ng segnent
of each ofipthe del ayed s, = argmax {C(6)} (9),

opt _ o
D-A<D<D+A

where [5 -AD+ A] represents the range of delay values introduced into the input
signal r(t). The error signal 168 is then generated by determining a difference
between the optimal delay values &,, for successive segments of the input signal

r(1). This is modelled by the following equation:

15 e =8_ -6 (10),

! opt opli_y

where e, represents the error signal 168 for the ith segment of the input signal

r(t), o

., TEpresents the optimal delay value for the ith segment of the input

signal r(¢), and 3., represents the optimal delay value for the i—1th segment
of the input signal ().

20 Signal period adjustment is performed by the adjustment module 170 at
step 212 based on the error signal 168 received from the error signal generation
module 166. Because adjustment of the first clock circuit 154 driving the ADC 152

affects packet head acquisition, the second clock circuit 172 is adjusted by the
adjustment module 170 instead. The second clock circuit 172 functions as a

17



signals. An optimal delay value 50P, corresponding to a maxi num correl ation
val ue,calculated is determ ned either froma correl ati on curve generated
based on the correlation calculation perfornmed or with the follow ng
equation: 10 (5QP, = arg max {C(S)} (9), where [D- A D+ A] represents
the range of delay values introduced into the input signal r(t). The error
signal 168 is then generated by determning a difference between the

optimal del aYmémbertﬁ\g clocK @lodaleahtsanetatesg mt(?.reqﬁehd:yefor Mamors wgiting .
r(t). This |s rmdel the foll oqwi n

(10), where elh GB%%@HP NQyheensratsH Ry, ﬁaﬁ%‘;?;ﬁ%%f‘ Ct"l‘?B'i 117% '§§g4?é%f’”%’?t°t he.

i nput si gnal pdrfob)adj &@Rentr ﬂﬁroﬂé%'ﬁﬁtﬁ)dirﬁ@ntoihbl%bn&ab@NcW@JlﬂJ’ﬂ’szﬂhcttdhe allstoh
segnent of the |npu%

(t 50 ts th del
value for theasasxsttaw Shdnaed Silsrmt mahte o heRiatet Sobiegs ol Do oy ™Y
adj ust ment i s e gBAefled gﬁtr@ié&hmk@@m 873 GecaldingStoaRe 2#3r Byaad on

the error signa recel ved fromthe error signal generation nodule 166.
Because adj usﬁﬁaﬁtreéfﬁw?ﬁe ¥pres paticwlary.cihecelpek irsguenqyyfrag Ehﬁes%QCd 18§ck

aff ects paCkeélrctﬁﬁa\‘#ZQé:ﬂ%Hu%é& WhRn tﬁ@@rr&eTﬁﬁQ 1%&3%0@(& fHékt b pefiddiod a%@h@ﬁtt ed

by the adjustnent nod I nst ead second clock circuit
functions as segmentnenbthe vmptltlsnw”latlr&c)lds raddallengei adurgtigre thare @ aerd,qcb@k a

f f h I
Cl ook G 1 out (Pressang SSomsnb b e Snp‘)uiééraﬁqﬁﬁ?f%t Teny A msrRsgl Ui ant
the second Cltg%leé %@ﬁa é‘ge%cﬁéja'?&t Peridd %hé'"c rﬁ(te'{?gﬁe‘?\‘t" ofmbemput

adj ust rrent ases or ecr ases he C re uenc

generat ed by §ifeals€]andf al shokter duratibh A trecariod dsfghtecpréd:milmj segmemtgnal
168 it receives. Mdre particularly, the clock frequency fromthe second
clock circuitielzx9y VWhencbd oldekrragueney gererateg iyl the sgcondiriosk sscuihbi2 a

period of a current
is increased, one or more samples in the current segment of the input signal r()

are saved into the memory 162 more than once. Conversely, when the clock
15 frequency generated by the second clock circuit 172 is reduced, not all the
samples in the segment of the input signal r(t) are saved into the memory 162. In
this manner, a period-adjusted signal is stored in the memory 162; the signal
stored in the memory 162 has substantially the same number of samples in each

segment.

20 The waveform accumulator 174 performs waveform accumulation at step
214 after signal period adjustment. More particularly, all the segments in one (1)
packet of the input signal r(t) stored in the memory 162 are summed at step 214
by the waveform accumulator 174 to obtain an accumulated result.
Advantageously, because waveform accumulation is performed after signal period

25 adjustment (and hence signal period stabilisation), the shape of the accumulated

waveform is stable and SNR of the accumulated waveform is enhanced.

As is apparent from the foregoing description, the period of the input signal

r(t) is instantly detected in the signal averaging system 150. Consequently, each

18



segnent i of the input signal r(t) is of a longer duration than a period of
a preceding segnent i -1 of the input signal r(t) (i.e. e, > 0) and

i ncreased when 1o the error signal 168 indicates that the period of the
current segnment i of the input signal r(t) is of a shorter duration than
the period of the preceding segnent i-1 (i.e. e, < 0). Wen the clock
frequency generated by the second clock circuit 172 is increased, one or

nore sanpl es ady &Ry pEfi6@Bégrhemt e he Mput SignalMtytin aiamet durdtion caiv ise adderd
into the nenory 162 nore than once. Conversely, when the clock 1s frequency

gener at ed by tobetheetoondreab®&RIRi rcuit 172 is reduced, not all the sanples
in the segnent of the input signal r(t) are saved into the nenory 162. In

this manner, a pervvﬁﬂeggéméﬁg WFr8N@ndustedit @F Redt itRe thasrofRERYeY o % sighal
signal stored in the nory 162 has substantially the same nunber_of

sanpl es in eadteragiegneistem019®e madeffielth earamaade 1FatepeMray niRfgdef or m
accunul ati gn 214 after signal period adjustnent. Mre

parti cul ar?y,meﬂl%fgrﬁgn%égnents in one (1) packet of the input signal r(t)
stored in the nenory 162 are summed at step 214 by the waveform

accunul ator 174 t EX@8figeAt hn accunul ated result. Advantageously, because
wavef orm accunul ation is perfornmed after signal period 25 adjustnent (and

hence signal peri ohesdedb boriftidnamplbf ia Eaperidbnt hareacisovat ed  wavef orm
is stable and SNR of the accunul ated waveformis enhanced. As is apparent

fromthe foregoing descriptign, the period of the inpuf.signal, r(t) is
instantly detected in the sﬂ§M\"S%%Pé@sﬁa“@?§?%‘Hﬁ’f§o*.]iQ:B}?%réj'aﬁte‘?ﬁ”ﬁ’Q? each
18 and every period segnent of the input signal r(t) in a burst duration
can be added together 2t o i a0mpesss irSNRmsTdwatiorper i ments were conducted to
test the performance of the signal averaging system 150 in a Field

Progr amml% e Gate Arr ay& ( I:P%‘)dB attenuation between transmitter and receiver
4. A continuous UWB transceiver

FIG. 9A shows a UWB pulse waveform under the first set of conditions prior
to period adjustment and accumulation. FIG. 9B shows the UWB pulse waveform
of FIG. 9A after period adjustment and accumulation. The waveform of FIG. 9B is

15 accumulated 15 times. As can seen from FIGS. 9A and 9B, the accumulated
waveform of FIG. 9B has a higher SNR and therefore produces a clearer signal
compared to the waveform of FIG. 9A. The peak value of the accumulated
waveform shown in FIG. 9B is about ten (10) times that of the waveform shown in
FIG. 9A. This result is relatively close to the ideal peak value of fifteen (15) times

20 the original waveform.

FIG. 10A shows 9 individual waveforms under the first set of conditions prior
to period adjustment and accumulation. FIG. 10B shows the 9 individual
waveforms of FIG. 10A after period adjustment and accumulation. As can be
seen, the waveforms of FIG. 10A exhibit poor repeatability: both the period and

25 shape of the waveforms shown in FIG. 10A are substantially dissimilar. In
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5 i npl ement ati on.
l are as foll ows:

Experiment 1 The set of conditions enployed in Experinent
1. 10 mllisecond (nms) pul se sequence + 10 ns sil ent

period 2. 20 pulses in 10 ns duration 10 3. 40 dB attenuati on between

transmtter and receiver

4. A continuous UWB transceiver

UWB pul se waveform under the first set of conditions prior

adj ust nent and

accunul ati on.

FIG 9B shows the UW\B

FIG 9A shows a

to period

pul se waveform of FIG

9A after perigsghtragi, Usé veaviefand afc EIGU1GB iexhibit THoedwapebiabiiityo fth€ | pBrio@ Banids  1s

accunul ated 1

si gnal

an seen fr

ti . As
wavef or m of Fﬁﬁéplegﬁﬁa‘ga‘é&ﬂﬁ%@o

e e e T

conpagreihdicatibhef wrvaasiitnobthd-Wevef@ins ShEIGRaloAvandieOBard Sisown in

accurmul ated waveform shown in FIG 9B is about ten (10) tinmes that of the
wavef or m showtl!% 1 PEIRY- 9A. This result is relatively close to the ideal

peak value of fifteen (15) tines

9 indivi dual
adj ust nent and

20 the origi nal

wavef or m

FIG 1 OA shows

FIG 10A after
wavef ornms of Hl
shape of the
19 contrast,

period and sh

Statistical re

sul ts. provi di ng
wavef or ms of FI\&SYeme bgfare os

wavef orns under the first Febledf conditions prior to period
accunul ation. FIG 10B shows the 9 individual waveforns of
period adj ustnment 1ac §ely e , the
G 10A exhibit ppo nrﬂepeﬁgmaﬁ&%: Nﬁﬁ‘?‘ﬁﬁ?ﬁ% per@%%pand 25
\A%aveforms shown i n| F(dB) 10Amaxeaint Sicantelatidny |dwaseforinar. | n
tlhe waveforms of F| G 10B|exhibii gqgod atabili.t .. 4 he
ape of the wavefofns shown i | G 10§ e stja 'Fﬁa\‘“y
an 1 ndi ¢cation of tlhe stabilifty of the
are shown in Tablle 1 bel ow.
period adjustment 30.9529 0.0438 0.0116 0.2765
and accumulation
Waveform after
period adjustment 37.6108 0.0170 0.0015 0.9845
and accumulation

Notes:

1

The SNR of the pulse waveform is estimated on the assumption that

the signal and noise are independent of each other and the means of the signal

and noise are zero (0), with the following equation:

SNR =

2 2
Sum - SDO
2

00

(11)

where S? represents the power of the signal in the observed peak signal area

om

and is calculated with the following equation:

S =

om

2 2 2 _
(sM +n) =8, +n +2s,n="P, +NO

20

(12),



5 Table 1 SNR Normalized Normalized Mean (dB) max point correlation
waveform STD2 STD3 simlarity4d Waveform before period adjustnent 30.9529
0.0438 0.0116 0.2765 and accunul ati on Waveform after period adj ust nent
37.6108 0.0170 0.0015 0.9845 and accunul ation Notes: 1: The SNR of the
pul se waveformis estimated on the assunption that the signal and noise
are independent of each other and the neans of the signal and noise are
zero (0), with témedants avé Peakcigial @friplifide; Breplekpnts the 1Bk aniplitae, Bz 00
where S ,,, represents the power of the signal in the observed peak signal
area and is reatesahtst ge weak SIgmlfpﬁWermM(g repieaentsnthes ngise _pgwer, and+§j,2 =
S~,, +n2 +2sti,n = PM +NO (12), sM represents t he peak sj gnal ,

anpl i t ude, rleéfﬁ‘SéQ@nfl’se ﬂ?é’eho?fsg‘ealfr@lnﬁk iy dhe pigngl eﬁreé‘gearﬁ?% ége%m'% gnal
power, NO repé&x%?d‘dtr%n}&?d@%a&%ld@@d\@fth tt?é?féll&ﬁrﬂg ehaafi@sents the power of the

signal in the signal silent area (i.e. the nolse
5 S% =(s, +n) =52 +n’ +2s,n=NO (13);
2: standard deviation of the peak signal value is calculated as follows:

STD(max(waveform, )/ Globalmaximum, i=1 to n);

3: standard deviation of the correlation between waveforms is

calculated as follows:
10 STD(max(waveform, ® waveform,)! mean(max(waveform, ® waveform,));i =1 to n),
where ® represents convolution;
4: average similarity of the waveforms is calculated as follows:
mean(sum(waveforml.* waveform, )’ | (sum(waveforml ) - sum(waveform, )Zl i=2to n),

where .* represents respective multiplication of each element in the first vector

15 with each element in the second vector.

Experiment 2

The set of conditions employed in Experiment 2 are as follows:

1. 10 ms pulse sequence + 11 ms silent period
2. 20 pulses in 10 ms duration
20 3. A packet-based UWB transceiver
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contribution) and is calculated with the follow ng equation: 5 S 0 =(so
tn) 2 #so +n2 +2son= NO (13); 2: standard deviation of the peak signal val ue
is calculated as follows: STD(nmax(waveform )/ @ obal maximum i=1 to n) ;
3: standard deviation of the correl ati on between waveforns is cal cul ated
as follows: 10 STD(nmex(waveform (r) waveform )l nean(max(waveform O
waveform )); i =1 to n), where O represents convol ution; 4: average
simlarity of the wavefior nsDistancalfrom thiearhnamittesltd oaneivenend qsatre (wvgvef or m

* waveform )2 /(sum(waveform )2 sum(waveform )2), i =2 to n), where .
* represents res I t ctor
15 vmpt h each el ep%?(% ﬂaA gh'&ké@ |h&%ﬁb&%ﬁef&é%mr%e?%{ga&%d J?e‘? oE 05¢c§|tlo s
condi tions ermlooyecberlndlz‘acpmtmleehand acemamtlbml |F@s :11B1lshdvds thee Puhdigidual
sequence + 1 ent D [ 2

packet - based %@Hasn@c': 5—3 Rg&% ﬁgrpoﬂ ﬁiﬁ@gn%%@@ "H@tﬁs ﬁlﬁe Vg?vséif%ms
recei ver: 3. 2frfHGr 418gre decEnulatdc\1S hioves. 9As el \bedsemn, Weey ahoeformsiblEIG t he

178 Shous. 1 ho! Y BaePeaBbubOPRE bF Pefied 434 AP BF B diealPaR) 4r8Phont

and accumnul athFnG Tha avevebetantially @ibsimilgr. Il Bortrast, atﬁéLWéﬂe&drﬁ& afFIG. Mes. As

can be seen, vvave orns, of FIG 1 1A exhibit eatalllt oth
the per i od artiEGROLIERERIEDILK ¢, PREod R aps OF R Wa\SOTRS SRR RIS al I'y

dissimlar. IﬂB:@rLI sftible. Sigtistioeieants pRivididean Iddcattornbbiie §@BHAlty of the

r epeat abi I|ty t he period and shape of the wavefornms shown in Fl
waveforms of FIGS. 11A and 11B are shown in Table 2 below.

Table 2
SNR® Normalized [Normalized Mean
(dB) max point |correlation | waveform
sTD' STD? similarity *

Waveform before
period adjustment 25.8064 0.0381 0.0136 0.2616
and accumulation
Waveform after
period adjustment 29.2890 0.0460 0.0062 0.8627
and accumulation

As is evident from the foregoing discussion, the present invention provides

a system and method that stabilises a signal received in a communication system.

The present invention also provides a signal averaging system and method that

15 vyields a higher SNR. Advantageously, the present invention facilitates accurate
Further
advantageously, the present invention is operable independent of multipath

parameter estimation and data detection at a lower bit error rate.

distortion.

22



11B are stable. Statistical results providing an indication of the
stability of the io waveforns of FIGS. 11A and 11 B are shown in Table 2
bel ow. Table 2 SNR Nornalized Nornmalized Mean (dB) max point correlation
waveform STD STD2 simlarity 3 Waveform before period adjustnent 25.8064
0.0381 0.0136 0.2616 and accunul ati on Waveform after period adjustnent

29. 2890 0.0460 0.0062 0.8627 and accunulation As is evident fromthe

f(ﬁr egoi ng Fi scussimﬂesst tne bbtﬁeemgeérlwfﬁmire@ qmme:rwisdaesmoaglswtmm cﬁéi;drimﬁrhod

t hat st abi |ses na eived |,n _a copmuni cation s The ent
venti on al S8 g GF AR averiRRy PSS b b ende TS B8 o ds

a higher SNR co‘?@vraea agswsdluswé 8¢ opp &Rt drﬂé’)@jﬂiél\%ﬂoﬁ @Haubt’ Ssnsac tak &f e
par anmet er estjmation and dat detection at a lower bit error rate. Further

advant ageous| {f,S3¥hi8 the §8»%4 O H\FMW%R”‘ %Oté'ﬁlétregtsq’e i ndependent of nultipath
distortion. 22 Unless the context dearly requires otherw se, throughout the
description Refdrdrizescl ai ns, the words "conprise”, "conprising" and the
|like are to be construed in an inclusive as opposed to an exclusive or
exhaustive sense; |n the sense of "including, but not
limted to". @?Refﬁehr %%é °§<ef’i§)° é% e 1 ocked | oop principle:
http://www.uoguelph.ca/~antoon/gadgets/pll/pll.html.

[2]. Yugang Ma, “Multi-Path Suppression Technique for a UWB Positioning
System”. SRL-ER-FY05-16.

10 [3]. John L. Stdnsby, Phase-Locked Loops: theory and applications, CRC Pree
LLC, 1997.
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htt p: // ww. uoquel ph. ca/ - ant oon/ gadgets/pll/pll.htm. [2]. Yugang M,
“Multj-Path Suppression Technique for a UMB Positioning Systent.

SRL- ER- FY05-16. io [3]. John L. Stdnsby, Phase-Locked Loops: theory and
applications, CRC Pree LLC, 1997. 23 Cainms 1. A nethod for stabilising a
signal, the nethod conprising: receiving an input signal; 5 generating a
plurality of delayed signals based on the input signal; conparing a
segnent of thegaimaut signal with a segnent of each of the delayed signals;
generating an error signal based on the conparison; and perform ng signal

period adjustnment based on the error signal. 10 2. A signal averaging
net hod, conprisingi reCRkHoAGoPStabilIHG aSidhanithe BRARIBEInMEtsthge! ural ity of
del ayed signals based on the input sighal; conparing a segnment of the

i nput si gnal with rgceidpaentnRHt SEEBh of the 15 del ayed signals; generating

an error signal bag%%@rélmgtdﬁu%[w&rdew@d sRitalssd¥ed Dnsthd fHput Bighkhiod _
adj ust nent based on the érror signal; "and = perform ng waveform accunul ati on
after signal peri c®mRAGgtIneROMEDD o8 theTinputnsignabl with cb seamgnt ef eaeh of theor 2,
further corrpraégi% Qsﬁ;@.r mng a correlation calculation between the
segnent of the Input”signhal and a correspondi ng segnent of each of the

del ayed signal s. generating an error signal based on the comparison; and

performing signal period adjustment based on the error signal.

2. A signal averaging method, comprising:

receiving an input signal;

generating a plurality of delayed signals based on the input signal;

comparing a segment of the input signal with a segment of each of the
15 delayed signals;

generating an error signal based on the comparison;

performing signal period adjustment based on the error signal; and

performing waveform accumulation after signal period adjustment.

20 3. The method according to claim 1 or 2, further comprising performing
a correlation calculation between the segment of the input signal and a

corresponding segment of each of the delayed signals.

4. The method according to claim 3, further comprising determining an

25  optimal delay value corresponding to a maximum correlation value calculated.

5. The method according to claim 4, wherein the optimal delay value is
determined from a correlation curve generated based on the correlation calculation
performed.

30
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4. The method according to claim3, further conprising determning an 25
optimal delay value corresponding to a maxi mum correl ation val ue
calculated. 5. The nethod according to claim4, wherein the optinmal delay
value is determned froma correlation curve generated based on the
correlation calculation perfornmed. 30 24 6. The nmethod according to claim
5, wherein the step of generating the error signal conprises determning a
di fference between the optinal delay values for successive segnents of the

input signal. 5 7. The_pethod according tp.a ne.of the precedi | ai ms,
wherein the step Sof ggﬁgr"é?tﬁﬂ‘g#?%g'ﬁgﬁ%ﬁgﬁng&’%ﬁfeén h?fn’%???ége??{?ﬁ&ﬁ‘@i ng a
range of del ayrorVeidriseomptiSed b&tetmipiig & difeedncelidtBeeTtre oftinhe) dletsgo@igbsng t o
claim7, wherein the range of d?g}e}?y, val yues is between about D - A and
about D + A ‘Rh&Yceeppive SPQRERELr F IBpYisiga del ay estinmate and A represents
a margin of error. 9. The nmethod according to claim8, wherein the optinal

delay estimate 15 D is approxinmately equal to one (1) period of the |nput
signal and A repré&sent g MeiRpdiascodingelo; HYy e 8t theirrecqdiag GEAIMBIWBREBY di ng

to any one ofybhePEEGSErMhCthai dBfaycdegrRid corh s estifPodicirdea FaHgd srdietdygnal
peri od adj ustnment .con*ﬂr I ses reducing a clock 20 frequency when the error
si gnal i ndi catagestintethg ipatists@abf a current segment of the input signal is
of a longer duration than a period of a preceding segnent of the input
signal, and increasing the clock frequency when the error signal indicates
that the period of8.t he Tharmethod aseereing thslain 7% Wieseindhe mNagt ofsielaheiugshe
period of is between about D — A and about D + A, where D represents an optimal delay

estimate and A represents a margin of error.

9. The method according to claim 8, wherein the optimal delay estimate

15 D is approximately equal to one (1) period of the input signal and A represents a

margin of period error.

10. The method according to any one of the preceding claims, wherein
the step of performing signal period adjustment comprises reducing a clock
20 frequency when the error signal indicates that a period of a current segment of the
input signal is of a longer duration than a period of a preceding segment of the
input signal, and increasing the clock frequency when the error signal indicates
that the period of the current segment is of a shorter duration than the period of
the preceding segment.
25
11.  The method according to any one of the preceding claims, further

comprising filtering out a fast change part of the input signal.

12.  The method according to any one of the preceding claims, further

30 comprising sampling the input signal.
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the preceding segnent. 25 11. The nethod according to any one of the
preceding clainms, further conprising filtering out a fast change part of
the input signal. 12. The nethod according to any one of the preceding
clainms, further 30 conprising sanpling the input signal. 25 13. The net hod
according to claim 12, further conprising isolating a timng of the
sanpled signal. 5 14. The nethod according to any one of the preceding
clainms, wherein the input signal is one of a continuous periodical signal
and a packet based S|gn 15. A system f r stabilising a sjignal, the

syst em conpri si ng:] JEEV“PVWQ %5ﬁ¥f@%ﬁ% F3G Jenbithee RMprigin Iﬁ??“@ia

del ayed si gnaﬁ,ﬁing@qs% Siplk® s@hal. nput  si gnal ; an error signal generation
nodul e configured to generate an error S|gnal based on a conparison of a

segnent of the input signal with a segnent of each of the del ayed signals;

and an adj yst ment 1’30duh'ﬂecrﬁ8tfnbgtbrc€6’rd¥r@ @eariyosre &f Mre@@dlh@@lﬁﬂbuﬁﬁé@ﬁ{ 15
based on the error signal i gnal averagi ng system conprising:

del ay |ine coﬁ"iﬁl'WétSln?b'S@é‘ﬁé}f &t(‘é’nﬁntﬁﬂ%‘irp&lf'loﬂ*?ab‘-f'gflféIaa?é‘cpaé‘}f‘gtr%ﬂ%dw@ﬂ on
an input signal; 20 an error signal generation nodule configured to
generate an error signal based on a conparison of a segment of the input
signal with a segriént &éfsystarnfasfstatilisinarepigneldthesi syatens comprisiag.ust ment nodul e

configured to perfpgmsiiR0bnRsUrb®th §9hétste™® Murality of delayed signals based on

10 aninput signal;
an error signal generation module configured to generate an error signal
based on a comparison of a segment of the input signal with a segment of each of
the delayed signals; and
an adjustment module configured to perform signal period adjustment

15 based on the error signal.

16. A signal averaging system, comprising:
a delay line configured to generate a plurality of delayed signals based on
an input signal,

20 an error signal generation module configured to generate an error signal
based on a comparison of a segment of the input signal with a segment of each of
the delayed signals;

an adjustment module configured to perform signal period adjustment
based on the error signal; and

25 an accumulator configured to perform waveform accumulation after signal

period adjustment.

17.  The system according to claim 15 or 16, wherein the error signal

generation module includes a correlation module configured to perform a

26



based on the error signal; and 25 an accunul ator configured to perform
wavef orm accunul ation after signal period adjustnent. 17. The system
according to claim15 or 16, wherein the error signal generation nodule
includes a correlation nodule configured to performa 26 correlation

cal cul ati on between the segnent of the input signal and a corresponding
segnent of each of the delayed signals. 18. The system according to claim
17, wherei n tdwretstionelcalduenionodietveedrs the cegmegurefd the dhpuer signa andopt | mal

del ay val ue correspondi ng to a maxj rrel ati on val ue cal cul ated. 19.
The system ac%?eépﬁ@d'f'%sgﬁ]’ﬁ?ﬂtn olf§,achﬁgﬂ']@icf??qyﬁ§ ¥ %l ation nodul e is
configured to determne the optinmal delay value froma correlation curve
generated io0 based on_the correlation cal culation perforned.. 20. The.

syst em accordi ng t%& cl J}‘%Si’ét,e"hﬂ%qoé‘i"ﬂg {PElalp r12rwg?r§’ﬁb{he GE tQPi'B?]J%ﬁuI e

i s configus edcdrifigdRidefordeRrmind bh esRinee dé%w\ﬁélﬂet&tﬁrésﬁbhdm@ to0g | raaxivahues
for successive segnents of the input signal. 15 21. The system according to
any one of cléaraiaton vahiexeplcy@efein the delay line is configured to

i ntroduce a range of delay values into the input signal. 22. The system
according to claim?21, wherein the delay line is 20 configured to introduce
the range of del ay!%al J88 syslefaecoatipgto paim 1§nwhatshithe gorrelatiogaeduigis
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into the input signal he system according to claim 2, wherein
t he del ay 10 i nased omptbe soritiagjan ealculetiomperdeimed. t he range of del ay val ues
bet ween about D -A and about

20. The system according to claim 19, wherein the error signal
generation module is configured to determine a difference between the optimal

delay values for successive segments of the input signal.

21. The system according to any one of claims 15 to 20, wherein the

delay line is configured to introduce a range of delay values into the input signal.

22. The system according to claim 21, wherein the delay line is
20  configured to introduce the range of delay values between about D - A and about

D +A, where D represents an optimal delay estimate and A represents a margin

of error, into the input signal.

23. The system according to claim 21 or 22, wherein the delay line is
25 configured to introduce the range of delay values between about D — A and about

D +A, where D is approximately equal to one (1) period of the input signal and A
represents a margin of period error, into the input signal.

24. The system according to any one of claims 15 to 23, wherein the

30  adjustment module is configured to reduce a clock frequency when the error signal
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D +A, where b is approximately equal to one (1) period of the input signal
and A represents a margin of period error, into the input signal. 24. The
system according to any one of clainms 15 to 23, wherein the 30 adjustnent
nodul e is configured to reduce a clock frequency when the error signal 27
indicates that a period of a current segnent of the input signal is of a
| onger duration than a period of a precedi ng segnent of the input signal,

and to increaggicatddetnat QCBeﬁd&Gﬂ%n&)frémﬁslégHéﬁt oF iR ispudadnal Ngliot af Rmgéhat
the period of the current segnent is of shorter duration than the %erlod

of the precedi¥gtieeliser Per{’SOdZBf a PF?éegv‘QtS@HP?@&Bfr Tedgrytsiond) aselodreres

15 to 24, furfRedockCRERIneY N@we‘% thblérﬁfr s@?ﬂf irditaest ihat tHd perodost tha duAsht
change part of the input si system according to cl ai m 25,

wherein the f$¢9"@¢”td§oﬁf[ﬁﬁ r&wratioa tm@ecﬂfé'oé(@tf&ﬁl?réﬁe%é?@“ew The
system according to any one of clains 15 to 26, further conprising a
sanpl er configured to sanple the input signal. 15 28. The system accordi ng
to claim27, where tHdesavpe®r agearginDsiss anynons Afoglates [i%th ad4, CHRDer t er

(ADC) . 29. Th@orﬁ rz:.[rﬁ%?a‘?’iﬁgroédmalreh% Gle& t%%ﬂ&rch%ﬁ%cf ggﬁtohﬁ{e iAOR Odrr%'l.ng a

buffer configure isolatea timng o e sa si gnal . 30. The
system according to claim?29, wherein the buffer conprises a First In

First Qut (FIFQ r‘Qnt{mryl"hezgystem according to claim 25, wherein the filter comprises an

10 envelope detection module.

27. The system according to any one of claims 15 to 26, further

comprising a sampler configured to sample the input signal.

15 28. The system according to claim 27, wherein the sampler comprises

an Analog to Digital Converter (ADC).

29. The system according to claim 27 or 28, further comprising a buffer
configured to isolate a timing of the sampled signal.

20
30. The system according to claim 29, wherein the buffer comprises a

First In First Out (FIFO) memory.

28



