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Abstract

The invention relates to an apparatus for and a method of
processing signals. The apparatus includes circuitry for
obtaining a first set of samples of a signal at a first set of
non-uniformly-spaced sampling intervals; circuitry for
reconstructing the signal from the first set of samples:; and
circuitry for generating, from the reconstructed signal, a
second set of samples of the signal at a second set of
sampling intervals different from the first. The invention
can be used in a number of fields of technology, e.g. radar
signal processing, to make use of information contained in the

signal.
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SIGNAL PROCESSING APPARATUS

This invention relates to apparatus and for and a

method of processing signals.

Signal sampling techniques are used in a number of

fields of technology. A signal is sampled and the

information contained in the samples 1is utilised to make use
of information contained in the signal.‘
Sampling make take place i1n the time domailn. For

example, a continuous signal may be sampled at regular
instants of time. As long as the sampling occurs at a rate

greater than the Nygquist rate, all information about the

original signal is retained.
Sampling may also take place 1n space.

Figure 1 shows a prior art antenna arrangenent
comprising an array of spaced-apart antenna elements 1-5.
The elements are coupled via lines 6 to a signal processing
arrangement 7 which is coupled to further circuitry wvia line
8. The elements are spaced at a constant pitch d. Signals

are applied to, or obtained from, each of the antenna
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elements 1-5 wvia lines 6 such that a defined phase and/or
amplitude relationship exists between the respective signals
supplied to or obtained from, each element. In this way the
directivity and direction of the antenna beam can be
predetermined or adjusted. The signals received by each of
the individual elements can be considered to comprise

samples of a radiated signal taken at different points in

space.

In general, sampling is performed at regular, equally
spaced 1intervals. Sampling in fhe time domain is done at
regular intervals of time under control of a clock. In an
antenna array, such as a binomial array antenna, the

individual elements are all spaced at a uniform pitch.

Uniform 1intervals are generally emploved because the
parameters of such systems are easier to determine on the
basis of uniform intervals. As a consequence the properties
of arrangements based on uniform intervals are well
understood and arrangements based on uniform sampling

intervals are almost universally employed.

While it has been suggested that, in theory, it would
be possible to provide arrangements in which the sampling

intervals are not uniform, it has also been acknowledged
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that such arrangements would be difficult to design. The
provision of a non-uniform sampling interval would require
the provision of a dedicated signal processing arrangement
to process signals produced by such an arrangement. In
general, a uniform sampling interval arrangement is
perfectly satisfactory and so there has been no need to
attempt to construct an arrangement having a non-uniform
sampling interval because of the very great difficulties

involved in designing such an arrangement.

However, in certaln applications it would be
advantageous to be able to use non-uniform sampling
intervals. For example; in installing a phased array
antenna it would be a great advantage to be able to site
individual antenna elements according to site geography
(e.g. to avoid roads or building etc) rather than having to
space the elements apart by a constant pitch determined by
electrical requirements. It would also be desirable in such
a case to be able to use, for signal processing,
conventional signal processing arrangements designed to
operate on data obtained from an array of elements having a
fixed pitch. While 1t -ﬁight be possible to design a
dedicated signal processing arrangement for use with a

particular arrangement of non-uniformly distributed

elements, this would obviously entalil a great deal of extra
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expense and design complexity.

Similarly, in radar or sonar applications, it would be
advantageous not to have to transmit pulses at a constant
rate, yet be able to use conventional signal processing
arrangements designed for use with pulses emitted at a

constant rate.

Certain types of signal processing arrangement can
only give a meaningful output if the correct number of
signals are presented to it. If ©one of the signals is not
present then no output can be obtained until such time as
the correct number of\ signals are received. Thus if a
single signal of a time-sequence of samples is missing, or
1f an antenna element of an array becomes faulty, then it is
not possible to make use of the information contained in the
remaining samples of data or the signal produced by thé
remaining elements. It would be advantageous to be able to

provide an output based on such information as 1is available.

The present invention provides signal processing
arrangement which allows signal processing arrangements
intended for use with uniform sampling intervals to be used

in conjunction with non-uniform sampling intervals.
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In accordance with the invention, signal processing
apparatus comprises: means for obtaining a first set of
samples of a signal at a first set of non-uniformly-spaced
sampling intervals; means for reconstructing the signal from
the first set of samples; and means for generating, from the
reconstructed signal, a second set of samples of the signal
at a second set of sampling intervals different from the

first.

The second set of sampling intervals may comprise

equally-spaced intervals. -

This allows subsequent signal processing to be carried
out with conventional signal processing apparatus designed

to accept samplés taken at regularly-spaced intervals.

The number of samples 1n the first set may be the same

as the number of samples 1n the second set.

The samples may comprise samples taken at different
instants of time. For example, a continuous signal may be
sampled periodically, or respective echos from a train of
pulses may be sampled in consecutive time frames in a fixed
time relationship to -the time of transmission of the

transmitted pulses.
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The samples may comprise samples taken at different
locations 1in space. For example the individual elements of
an antenna array can be considered to sample a radiated
signal at different points in space. These samples are then

suitably processed to produce the desired antenna response.

In a further aspect of the invention, radar apparatus
comprises means to transmit a sequence of non-uniformly
spaced pulses; means to received a sequence of signals
comprising reflections o¢f the ’sequence of pulses, the
sequence of signals comprising said first set of samples:;
and means to convert the first set of samples into a second
set of samples, said second set of samples representing the
sequence of signals which would have been produced in

response to uniformly-spaced transmitted pulses.

In this way the radar apparatus is not restricted to
the use of pulses transmitted at equally-spaced intervals.
Pulses having an arbitrary transmission ihterval can be
employed, yet the 1nformation conveyed by the reflected
pulses can be processed using conventional data processing
apparatus which requires the transmission of

regularly-spaced pulses.

_______
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In another aspect of the invention, antenna apparatus
comprises a plurality of non-uniformly spaced elements,
means for coupling received signals received by 1individual
ones of salid elements to signal processing apparatus to
produce a further set of signals, the further set of signals

corresponding to signals which would have been produced had

the elements been spaced uniformly.

In this way it is possible to receive signals
employing an antenna array being a non-uniform antenna
element spacing, in conjunction with a conventional signal
processing arrangement designed for use with an antenna

array having uniformly spaced elements.

In another aspect of the invention signal processing
apparatus comprises; means for obtaining a first set of
samples of a signal at é first set of uniformly-spaced
sampling intervals; means for reconstructing the signal from
the first set of samples; and means for generating, from the
reconstructed signal, a second set of samplés at a second

set of non-uniformly-spaced sampling intervals.

In this way signals with a uniform-spaced sampling
interval are converted to corresponding signals which would

have been produced had sampling taken place using



CA 02101177 1993-06-29

P/8802/MRSL/CA/AU

- 8 -

non-uniformly-spaced sampling intervals.

According to yet another aspect of the invention, a
method of signal processing comprises the steps of:
sampling a signal at a first plurality of non-uniform
sampling 1intervals to obtéin a first plurality of samples;
using said first plurality of samples to reconstruct the
signal; and sampling the reconstructed signal at a second
plurality of uniform sampling lntervals to produce a second

plurality of samples.

The number of samples of the first plurality may be
the same as the number of samples of the second plurality of

samples.

According to vyet another aspect of the invention, a
method of signal processing comprise the steps of: sampling
a signal at a first plurality of uniform sampling intervals
to obtain a first plurality of samples; using said first
plurality of samples to reconstruct the siénal: and sampling
the reconstructed signal at a second plurality of
non-uniform sampling intervals to produce a second plurality

of samples.

Exemplary embodiments of the invention will now be
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described by way of non-limiting example only with reference
to the drawings 1in which;

Figure 1 shows a prior art antenna array:;

Figure 2 shows an antenna array in accordance with the

invention:

Figure 3 shows a known antenna array;

Figure 4 shows an antenna array for use in conjunction

with the invention:

Figure 5 shows how the arrangement of Figure 4 behaves

when used 1n conjunction with the inventiocn;

Figure 6 shows waveforms produced by a conventional

doppler radar system; and

Figure 7 shows waveforms of radar pulses produced by

an arrangement in accordance with the invention.

Where a site is free from obstruction, a
regularly-spaced antenna array can be employed. However, in

the arrangement shown 1in Figure 2 the sites for the elements
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corresponding to 2, 3 and 4 of Figure 1 (shown in phantom in
Figure 2) are obstructed by a stream 20, house 21 and marshy
ground 22. Therefore the corresponding elements 12, 13 and
14 are sited at convenient locations having regard to the
site conditions and are no longer arranged at a uniform
spacing. A signal processing arrangement 30 accepts signals
from elements 11-15 on 1lines 24. The signal processing
apparatus 30 1s provided with information as to the actual
spacing of the elements 11-15 and. the spacing of the
corresponding uniformly-spaced array which it is to
simulate. The signal processing apparatus 30 produces
output signals on 1lines 60 corresponding to the signals
which would have been produced had the antenna elements
11-15 been spaced uniformly. The signals on line 60 are
then processed by a conventional fast fourier transform
processor 7 to give an output signal 8. The signal
processing arrangement 30 can be considered to take the
original set of samples, reconstruct the signal from those
samples and re-sample the reconstructed signal at a uniform

sampling rate to produce the second set of output signals.

A second embodiment of the invention will now be
described with reference to Figures 3, 4 and 5. Now as is
known to those skilled in the art, the resolution of an

antenna array 1s, inter alia, a function of its effective
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aperture, i.e. the distance between its extreme elements.

Consider an antenna array shown in Figure 3. The
array comprises n equally-spaced elements 17, 2/, ... n’
spaced apart by a distance d’. It has an effective aperture
Al. To obtain a higher resolution it would be necessary to
increase the distance Al by providing more elements.
Because of the weighting assigned to each element, it is
feature of such an array that elements contribute
progressively less signal to the arrangement the further
they are from the centre of the array. Thus while the
extrene elements are nécessary to obtain increased
resolution, they contribute relatively little to the gain of
the array, and the extra expense incurred in obtaining a
higher resolution does not produce a corresponding increase

in sensitivity.

In Figure 4, two additional elements 40, 41 have been
added to the array of Figure 3. Elements 40, 41 are spaced
apart from the end elements 1/, n’ of the original array by
a much greater distance than the pitch d’ of the original
array. The effective aperture of the array now becones
distance A2. Thus it c¢can be seen that the effective
aperture of the array has been more than doubled without

doubling the number of elements. The signals from the array
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are processed by signal processing apparatus 30 to produce a
plurality of output signals 60 corresponding to signals
which would have been produced by a uniform array comprising
n+2 elements 1’7/, 2’’, ... n’’, (n+1)’’, (n+2)’’ having an
aperture A2. This effective antenna array as seen by signal
processing circuit 3 is shown in Figure 5. Thus it can be
seen that the effective aperture of an array can be
dramatically increased by the addition of only two
additional elements, and that the original signal processing
arrangement 7 can be retailned. The signal processing
circuit 30 in accordance with the invention provides an

interface between the antenna array having a non-uniform

PO N

element spacing and a circuit 7 which is only capable of
processing signals from an antenna array having a uniform

element spacing.

A further embodiment of the invention will be

described with reference to Figures 6 and 7.

As 1s known to those skilled in the art, doppler radar
systems utilise trains of pulses transmitted at
regularly-spaced intervals. The receiver looks for echos
arriving in respective range windows a-e, each range window
being defined in terms of a predetermined range of elapsed

times after the transmission of a pulse. Such an
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arrangement 1is shown diagrammatically in Figure 6, in which
transmitted pulses 61 produce echos 62 from a target. As
the target is at a constant range these echos 62 always lie
within the same range window d. Signal processing circuitry
700 compares the phases of the echos 62 arriving in the same
range windows of successive pulses and uses the change of
phase between successive pulses to determine the rate of
acceleration of the target which gave rise to the echo. The
signal processing required for this is extremely complex and
requires the use of pulses transmitted at regularly-spaced
intervals. Unfortunately the transmission of
regularly-spaced pulses means that it is relatively easy to
detect the transmission of such pulses. It is therefore
relatively easy for a target to detect that it is being
observed and for the target to transmit signals synchronised
to the pulses which will give rise to false echos 1in the
receiver. Further, as the signal processor requires a
continuous pulse train, any missing or corrupt pulses will

severely upset the operation of the arrangement and give

rise to unusable data.

Figure 7 shows an arrangement of pulses transmitted in
an arrangement 1in accordance with the invention. Pulses
71-74 are transmitted at unequally-spaced intervals. The

echos 710-740 are received in range windows a-e which are
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defined at respective constant ranges of times relative to
thelr associated transmitted pulses but which occur at
correspondingly unequally-spaced times relative to their
adjacent corresponding range windows. The echo signals
received 1n successive range windows are processed by
processor 300 to extract the phase information so as to
obtain a signal representing the rate of change of velocity
of the target. The signal i1s then re-sampled so as to
produce a plurality of equélly—spaced signals corresponding
to those echos which would have been produced had the
transmitted pulses 71-74 been pulses 61 transmitted at
uniformly spaced time intervals. These edqually-spaced

signals can then be processed by a conventional signal

processing arrangement 700.

A number of modifications are possible within the
scope of the 1nvention. For example, 1t is  possible to
compensate for the 1loss of one a sample channel. A
conventional fast fourier transform circuit requires all
inputs to be present before it can give a meaningful result.
By employing the invention, if one of the antenna elements
of Figure 3 for example had to be taken out of commission or
was otherwise unusable, the circuit 30 could be reprogrammed
to calculate the intermediqte signal on the baslis of such

information as was received by the remaining antenna
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elements. It would then convert this information into the
correct number of samples requifed by the subsequent
processors 30. While some inaccuracy would result from the
absence of this information from the missing antenna, the

information would still be meaningful.

Similarly, 1instead of calculating the signals which
would have been produced had the antenna elements been
uniformly distributed aCross aperture A2, the arrangement of
Figure 4 could calculate the signals which would have been
produced by an array having the same pitch 4’ as Figure 3
but an aperture of A2. While this might produce some
degradation of performance in other respects, the resolution
would be equivalent to-an antenna of aperture A2. It would
also.be possible to selectively switch out the end elements
40, 41 and revert to operation using only the original n

elements.

In the arrangement of Figure 7, the circuit could be
modified to detect that interference has been received and
to ignore 1information collected while 1interference was
present. It would then calculate the acceleration on the
basis of such samples as it has received. The signal
processor would then produce the correct number of samples

at the times required by the subsequent processing
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circultry. Agaln, accuracy would be reduced but there would

be no break in the production of meaningful information.

Further, although the operation of signal processing
has been described as a sequence of operations in which a
signal 1s reconstructed from samples taken at non-uniform
intervals and the reconstructed signal re-sampled at uniform
intervals, the re-sampled signals may be obtained from the

original samples without actually reconstructing the signal

as an intermediate step.

A mathematical analysis relevant to the operation of

the invention will now be given.

Shannon’s sampling theorem (Proc. IRE Vol. 37 pp
10-21, Jan 1949) demonstrated that a lowpass bandlimited
signal was '"completely determined" by its ordinéte sample
values taken at equispaced time intervals. A bandlimited
signal 1is said to be "completely determined" if (and only
1f) the signal may be éxactly reconstructed from these

samples.

Proposition 1

An N order sampling scheme (denoted sa,(t/T.), where
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T, is the cyclic interval) is the addition of N equispaced
sampling schemes of spacing T,, each displaced from t=0 by

an amount U,, where k=0,1,...,N-1. That is

N-1[ »
saN(t/Tc) mkfo{i 6(t~nTC~1,'/k)] . (1)

Proposition 2

An alternative mathematical expression for N™ order

/

sampling schemes to that given 1n proposition 1 is

N-1
saN(t/I‘C) = }' z 6(t-,{!k)] * T 6(t-n’l‘c) (2)
k=0 n

where the asterix signifies continous-time convolution.

Proposition 3

A periodic time function g,(t) with periodic interval

NT may be written in the form:

gp(t) = gé(t) % ﬁ S(t—nNT) | ' (3)

where gé(t) = gp(.t). ‘for t € [0,NT) and g,;(t) = 0 for t £ [0,NT).
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If the periodic time interval N of a periodic time
function is the same as the cyclic period of an N" order
sampling scheme T_, then the Nt*" order sampled periodic time
function g sa,(t/T.) may be expressed as

N-1 |
g (t) x saN(t/I‘c) =1{ ¥ g'({, ).6(t—=;rk)] * T 6 {t—nNT) (4)
. n

It can be seen that the finite set of non-equispaced
samples contains all the information about that signal; that
is to say, additional samples over and above those contained
within the periodic interval will reveal no further
information about the signal. Therefore the reconstruction
formula of a.sampling theqrém'to cater for this case will
ideally be based on only the finite set of samples contained

by the square brackets [-] in (4).

Theorem 1

If the Fourier transform G(f) of a complex-valued
periodic time function g,(t) (periodic over time interval
NT) contains no frequency components above and including the

N*" harmonic, then g,(t) is completely determined by the
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finite sequence of complex-valued time samples

' N—1

taken at arbitrary but distinct time locations

N-1
within the periodic time interval {[O,NT). The
reconstruction is
N1 P L Ll DL PR | 1)t
g () =] zg'tyre °F T sinl@AD).(t=w)) |le N
P k=0 P K -0 sin(( »
v=(0 sin{ (WNT)O(#JK V)) (5)

VFK -

Alternatively, if g (t) is in the form a (t)+jb (t),
then the real and 1imaginary components of g,(t) may be

reconstructed independently as follows:

N-1 ST
a (t) =3 a'(y ).cos({m(N=-1)).(t=¢ ))-b*' (¢ ).sin{ (w(N-1)).(t ))]
P k=0 [p K. Ne KW Bk Nt K
N-1
x | 1 _sin((mMANT). (= )) (6)
XMOsﬁlﬂmNﬂ.wyﬁbH -
VK
and |
N—1
bp(t) = ki [ap(wk).SJ.n((n(g—‘rl)).(t—wk))*i*bg‘)(t,'lk).cos((ﬁ(ﬁ;l))-(t"‘a(lk))]
I N-1 |
x 17T sin((n/Nr).(t-y )) (7)
v=0 s1in ((Tr/NT)-(t.Dk-z,!fv)) |
v#k

Note that the real and imaginary samples of g, (l}(k) are
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a (t) or b (t).

Proof

Since g,(t) is periodic over time intexrval Ny, the
spectrum of g (t) is a discrete line spectrum consisting of

N harmonics of spectral spacing 1/NtY. That 1is,

v .
G(f) = £ G(n/NT).6{f-n/Nr) (8)

n=0

Consequently, gp( t) may be expressed as

j2mt Nt j2m2t/NT . 52 (N-1) t NT
gp(t) = GO + Gl'e -+ GZ'e + coe F G(N—l)'e
N-1 32t /NT N-1 j2nt/N'c] &
or - g (t) =G .e = I G .le (3)
e b n=0 ! _ n=0 !

i.e. g,(t) 1s a polynomial of degree (N-1).

Suppose we were to evaluate equation (9) at N

arbitrary (but different) values of time

!
W k=0
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within the periodic time interval [O0,NY) such that we

obtained the discrete time sequence

: N-1
{gp(gbk) S

that is

N—1 N—1 J(ET/NTWK n N
1%%”;@0 =41 Z G .|e } (10)
K

n=0n

.

=

From equations (9) and (10), let the contents of the

/l

square brackets [~] be dénoted as

J(2n/MNT)t N—1 ) (2/NT)y, ) N-I |
X=e and {xk]k:O = 1e " respectively.
Using Lagrange’s 1interpolation formula,
N1 T N1
g (t) =2 g W) ]] | (x=x) | " (11)
P =g P . =0} (x, —x )
k "%
v#k
‘X’ and ‘x4’ (where & = k or v) may be substituted
—in (11)- to obtain
N-1 N-1 J(2/NT)t J(ZH/NI)¢v |
g (t) = g (W) []] (e | - e ) (12)
P k=0 5 v=_ ______..._......._...._.!......__,._.._.__.____._______.___.
vk J(2n/NTka 3 (2t/NT)Y,
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The contents of the square brackets in [-] in equation

(12) can be written in the form:

jrNOt Ay, SintAt SjaAy | SIEATY, e
- ) «C

(e e ). .C e

.~

-—_____w_.-___________—-—-w-——_——————-

j(21r/Nr):,Dk j(27T/NT)¢'v -j(n/Nr)tf/k e‘-j(n/Nr)l!/V
e )

(e ).€

GEnce 3 (re/NT) « (£ )
sin({w/NT).{t—¥ )} .e -
sin (/D). (G Y )]

/.I

Substituting back into eguation (12) results 1n:

N—1 N—-1 . jhnmhﬂ-ﬁfﬂk)
(t) = T g @ ).| [] _sin({(nANx).(t¢)) .e
gp | k=0 P s v=0 sin ((W/N‘t).(wk—yv))
vk
Oor ‘ | -
N-1 L VN P bullm s

g (t) =f{ = g (¢ )-e NT Jd 1T sia((mNT).(t— ) ||.e N

D k=0 P % v=0 sin{ (/NT) . (P V) -

v#K

It can be seen that Theorem 1 can be used to create a
‘non—-equispaced to equispaced transformation’ (NESTEST)
process which ‘transforms’ non-equispaced samples into an

equivalent equispaced set. From then on, conventional

equispaced processing techniques may be applied to the
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The NESTEST process for lowpass bandlimited periodic

time functions (NESTESTt) simply amounts to evaluating
equation (5) at the equispaced time locations m., where
m={0,1,2,...,N-1}. Thus, given the non-equispaced sample

set

- N-1
tg () dy—o-

we can transform this set 1into an equivalent

//

equispaced sample set

e N—-1

by means of the followlng equation:

' N—-1
{gi(mT)} o =
) jr(N-1)m ) N-|
N-1 gLl Gt 2LV P | T
pat@ e N0 T sin(u/ND.(mog ) | e
k=0 © v=0 sin((/NT)- (9,0 |] a3)
v7k J =0

Therefore, since the Discrete Fourier transform (DFT)
of a finite set of equispaced lowpass bandlimited periodic
time function samples can be obtained from the well-known

equation:
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- N-1 ~3 2rnm
DET[fa' () 3 ] = (G(nANT)IY L = (IMNT).E g'(mr).e N (14)
P =0 n=0 r;%gp )

Substitution of equation (13) into (14), produces the

DFT of an non—-equispaced sample set

RS !
{gp(‘r}k) 3k=0

as
- N-1{N-1 ",?,————Mﬁ;l) 2
PG(H/NT)}nzo = {(AMNT). Z | Z g’ (Y, ).e
m=0{k=0 ¥
N—1 : ~Jjmun. (20— (N-1}) N-1

x | ] sin((zm/AN7) . (m=¢r )) | }.e N
v={) sin((n/Nr)-(wk"wv))

V7K n=o {(15)

For completeness, inverse cases will now be prévided
without proof, since their derivation follows the approach

above in a straightforward manner.

Theorem 2

If the inverse Fouriler transform g(t) of a
complex—-valued periodic frequency function G,(£f) (periodic

over frequency interval 1/1) contains no temporal components
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above and including the Nth rahmonic, then Gp (f) 1is
completely  determined by the finite sequence  of

complex—valued frequency samples
. N1
{Gp(wn.)ln,__o

taken at arbitrary but distinct frequency locations

w3

n

within the periodic frequency interval [0,1/.). The

L

term ‘rahmonic’ is taken from Cepstral terminology and is

Ve

taken to mean ‘harmonlc 1in the time domain’. The

reconstruction 1is

N-1 jn(le)wn N-1 —J(N=-1)Tf
G (f) =| =G ('t,';n).e et [T sinm(f—¢ )) | |-e
‘ v
Similarly, the ‘non—-equispaced to equispaced

transformer’ NESTESTSf is

' N—1 —
IGp(m/NT) EITT"O o
S (N N—
N-1 jr(=-1)ry  [8-1 | m—f}-}lr—“- |
LGy ).e 1] sin me{mNo)-¢ ) f .e - L
n=0 ° v=0 sin ar(y Y ) (17)

v#n

M=Q
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and the inverse discrete Fourier transform (IDFT) for

a non—-equispaced frequency sample set is

N-1 _
tglkn)l, o =
N-lN-1 (-l [N-1 ) jrm. (2k—(N-1))) N-1
L1 ZG(Y,).e J TT sin_mc(aND) ¢ )) | foe ©
m=0f n=0 P v=0 .sin nc(y Y,)

v#n

(1)
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CLAIMS

1l. Signal processing apparatus comprising

means for obtaining a first set of samples of a signal
at a first set of non-uniformly-spaced sampling intervals;

means for reconstructing the signal from the first set
of samples; and

means for generating, from the reconstructed signal, a
second set of samples of the signal at a second set of

sampling intervals different from the first.

2. Signal processing apparatus as claimed in claim 1
in which the second set of sampling intervals comprises

equally-spaced intervals.

3. Signal processing apparatus as claimed in claim 1
or 2 in which the number of samples in the first set is the

same as the number of samples in the second set.

4 . Signal processing apparatus as claimed in any one
of claims 1 to 3, in which the samples comprise samples

taken at different instants of time.

5. Signal processing apparatus as claimed in any one
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"of claims 1 to 3 in which the samples comprise samples taken

at different locations in space.

6. Radar apparatus comprising signal processing

apparatus as claimed 1in any one of claims 1 to 4.

7. Radar apparatus as claimed in claim 6 comprising
nmeans to transmit a sequence of non-uniformly spaced

pulses;

means to receive a sequence of signals comprising

i’

reflections of the sequence of pulses, the sequence of
signals comprising saild first set of samples, said second
set of samples representing the sequence 6f signals which
would have been produced in response to uniformly-spaced

transmitted pulses.

8. Antenna apparatus comprising a plurality of
non~-uniformnly spaced elements, signal processing apparatus
according to any one of claims 1 to 3 or claim 5, and

means for coupling recelved signals received by
individual ones of said elements to said signal processing
apparatus, sald received signals comprising said first set

of signals.

9. Signal processing apparatus comprising;



CA 02101177 1993-06-29

P/8802/MRSL/CA/AU

means for obtaining a first set of samples of a signal
at a first set of uniformly-spaced sampling intervals;

means for reconstructing the signal from the first set
of samples;

means for generating, from the reconstructed signal, a
second set of samplés at a second set of

non-uniformly-spaced sampling intervals.

10. Signal processing apparatus as claimed 1n claim 9
in which the number of samples in the first set is the same

as the number of samples 1in the s€cond set.

11. Signal processing apparatus as claimed in claim 9
or 10, 1in which the samples represent values of signal at

different instants of time.

12. Signal processing apparatus as claimed in claim 9
or 10, in which the samples comprise samples taken at

different locations in space.

13. Antenna apparatus comprising a plurality of
non-uniformly-spaced elements, signal processing apparatus
according to any cne of claims 9, 10 or 12, and means for

coupling sald second set of signals to said elements.
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14. A method of signal processing comprising the
steps of ‘

(a) sampling a signal at a first plurality of
non-uniform sampling intervals to obtain a first plurality
of samples;

(b) using said first plurality of samples to
reconstruct the signal; and

(c) sampling the reconstructed signal at a second
plurality of uniform sampling intervals to produce a second

plurality of samples.

15. A method as claimed in c¢laim 14 in which the
number of samples of the first plurality of samples is the
same as the number of samples of the second plurality of

samples.

16. A method of signal processing comprising the
steps of:

(a) sampling a signal at a first plurality of uniform
sampling intervals to obtain a first plurality of samples;

(b) using said first plurality of samples to
reconstruct the signal; and

(¢} sampling the reconstructed signal at a second
plurality of non-uniform sampling intervals to produce a

second plurality of samples.
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17. A method as claimed in claim 16 in which the
number of samples of the first plurality is the same as the

number of samples of the second plurality.

o
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