1 RADAR APPARATUS This invention relates to radar apparatus of
the kind arranged to propagate groups of pul ses of energy towards
targets and to receive groups of pulses of energy reflected back by
the targets. Marine radar generally enploys a high power
magnetron as a m crowave source for pulsed transmtted signals. In
order to reduce the anount of clutter on the radar screen caused by
return signals fromwaves, rain and the |ike, the apparatus has
threshold circuits set to excl RKEDARWPPARIOITS ude signals. This
arrangenment works satisfactorily in the observation of |arger
vessel s, |l and nmasses: and the |ike but reduces the ability of the
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present invention there is provided radar apparatus of the
above-specified kind, characterised in that each group of energy
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Although the amplitude of the transmitted radar energy can be reduced, this produces
a corresponding reduction in the effective range of the apparatus so is not usually possible.
The amplitude of the pulse could be reduced and its energy maintained by increasing the
length of the pulse. The problem with longer pulses, however, is that it is not possible to
detect close range targets because the return signal produced from close targets will be

received during the transmitted signal.

It is an object of the present invention to provide alternative radar apparatus,

According to one aspect of the present invention there is provided radar apparatus of
the above-specified kind, characterised in that each group of energy pulses includes at least
two pulses of different lengths, the shorter pulse enabling detection of close range targets and
the longer pulse enabling detection of longer range targets, and that the different length

pulses are encoded differently.



2 Preferably each group of pulses includes three pul ses, each
of the three pul ses being of different width. The pul ses may have

w dt hs of approximately 0.1s, 5s and 33gs respectively. The pulses in
each group preferably have the same anplitude. The radar apparatus is
preferably arranged to subject the pukses to pul se conpression on
reception. The pulses are preferably encoded by frequency coding,
such as a non-linear frequency nodul ati on. Each group of pul ses may
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Mari ne rad@w. apparatus and its nmethod of operation according to the
present invention, will now be described, by way of exanple, wth
reference to the acconpanying drawing, in which: Figure lis a
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Marine radar apparatus and its method of operation according to the present
invention, will now be described, by way of example, with reference to the accompanying

drawing, in which:

Figure 1 is a schematic block diagram of the apparatus;
Figure 2 illustrates the transmitted pulse pattern; and
Figure 3 is a block diagram of the signal processing carried out in the apparatus.

The apparatus includes a conventional radar antenna 1, such as a Kelvin Hughes
LPA-Al. A waveform generator 2, such as employing a direct digital synthesis device, is
controlled by a master oscillator and timing unit 3 to produce a frame or group of pulses that
is the same regardless of the speed of rotation of the antenna 1 or the range setting of the

apparatus. The frame or group of pulses repeats continuously and comprises three pulse



3 repetition intervals A, B and C, as shown in Figure 2, but not to
scale. The pulses A, B and C have the sane anplitude but have
different wwdths or lengths. As an exanple only, pulse A mght have a
| ength of 0.1s, pulse B might have a |l ength of 5ps and pul se C m ght
have a | ength of 33s. The spaci ng between the pulses A and B, and B
and C depends on the range of the radar. Wen the waveform generator
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5 the vessel carrying the radar by hostile forces. The arrangenent of
the present invention enables reliable operation at | ow power and

| ong range by providing energy pul ses that are | onger than previously
used, such as up to about 22s conpared with conventional radar

enpl oying relatively short pul ses around 50ns. In order to overcone
the probl em of |onger pul ses preventing detection at cl oser range,

the present arrangenment produces shorter duration pulses in addition
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| engt hs: psdsesser 2hasshewn didgwehg, in order to provide reliable
detection of nmediumrange targets. The pul ses do not necessarily have
to be transmtted in order of increasing | ength. By encoding the

pul ses, it isApesldbbipprecatedohe blloaltseremrh@n&eétnﬁigwﬁ siaymegreschyeithbrei r

coding a C f r this al.s

enabl es gﬁr}e&%ﬁ%ﬁp érn&%g&h‘ﬁeér grg{n%I ?g%]ssao %8%&( e e%@&%ﬁ%ﬁr i al gets
beyond t hmwactcdwmbaseamgﬁzy an I/Q splitter hAodIdZIbwhxalppmﬂmnathed’uﬁdnan noinelly
relative th o ulses uld b var and t di f

for s of 2t5ued vRb a8 HufER st Serciteate 35 B0 wbliRng Vot bkiRa me
codes. Garffieratais eellucaalrmtbhxaﬂhahlrbck 81 by 4 facidr oo @40 SR Tl 22t us
conprising.a processor for neratin i nf rnatl nto.en
Corget o BRATEPRRE R oT 8 SHAP PO AT B By

I s arrangeshd Rridhaisgabe Mnhd Sbe Shott fudReAl PG ogﬁ?kﬂ@ﬁo@ﬁnd%{wﬁﬁé‘s of
ener gy t rds tar CF?EJ?}{ and to recejve graqups of ses aof energy

reflecte tﬁé}ﬁ@f%?e I&Ffa‘é?%d m WﬁeffeélP?F%Q%al@Pb ingf Bourersbransiimdes
three pulrzesmples ﬁceﬁd’t‘ldiu@n%ﬂw gluké RpemionMhtedvIS, rinldtiping Phel th@ERrrhéd stnal

spaci ng between each ul ses, the shorter pulse A enpabling

det ect i offitBf Sforls Brercamgated st g%‘f’%lg%Fﬁ and then IysTfdioup ) tkawstopming dheproduct
enabl i Ngp4RLLS thHmPdonaB IR sandOftd ig FHIR iftherB8liced by a factor of two, to

20MS/s, by a decimate block 23. From there the signal passes to a Doppler filter bank 24
comprising a bank of bandpass filters which span and divide the unambiguous target velocity
into N channels, where N is the number of pulses coherently integrated. The Doppler filter
bank 24 is created by transforming the signal samples coliected from a range cell during a
pulse burst into the frequency domain using a weighted Fourier transform. The output of each -
filter bank is then passed through a CFAR (constant false alarm rate) process 25 prior to
passing to a threshold unit 26 where the signals are compared to a threshold and are identified
as detected targets for supply to utilisation means such as a display screen, in the usual way.
The Doppler information enables targets of different speeds to be identified and hence helps
in distinguishing target information from clutter from the sea and rain, which will be
identified as stationary. The coherent nature of the system further enables noise to be

reduced.

- The arrangement described above makes use of considerably lower power than has
been possible previously because of the restricted range this normally causes. The power of a
conventional marine radar is typically about 30kW compared with that of the present

invention, which can be around 190W, The lower power used reduces the risk of detection of



wherein the different | ength pul ses are encoded differently from one
another. 2. An apparatus according to claim11l, wherein the targets
are marine targets. 3. An apparatus according to claim?2, wherein
the marine targets are selected fromthe group consisting of buoys,

pl easures boats, and fast attack craff. 4. An apparatus according to
claim1, mherein pulses A, B, and C have pul se w dths of between 0.1
As and 33 As. An apparatus .according to claiml, wherein the
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. pulses preventing detcction at closér range, the present arrangement produces shorter
duration pulses in addition to the longer pulses. Whilst a system employing just two different
length pulses {one short and one long) would have some advantage, it has been found that it
is better to use three different pulse lengths: short, medium and long, in order to provide
reliable detection of medium range targets. The pulses do not necessarily have to be
transmitted in order of increasing length. By encoding the pulses, it is possible to correlate
the returned signals by their coding and thereby reduce the effects of interference; this also

enables a reduction in the detection of echoes received from targets beyond the normal range.

It will be appreciated that the relative length of the pulses could be varied and that

different forms of coding could be employed, such as noise coding or Barker codes.



7 9. An apparatus according to claim1, wherein the processor
further conprises an I/ Q splitter block, a pulse conpressor, and a
deci mate bl ock. 10. An apparatus according to claim1l1, wherein the

| onger pul ses B and C are frequency encoded. 11. An apparatus
according to claim1, wherein the Iondir pul ses B and C are frequency
coded by a non-linear frequency nodul ation. 12. An apparatus

accor di ngrit O 6l @bMeiki rein the shortest pulse Ais a continuous
wave signa# gnéﬁkﬁg 8?%£§'tmo pul ses B and C have a frequency

nodul ated chirp, one being a chirp up and the other being a chirp
down. 13, An apparatus according to claiml, wherein the apparatus
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detection of close range targets and the longer pulses B and C enabling detection of
longer range targets, and

wherein the different length pulses are encoded differently from one another.
2. An apparatus according to claim 1, wherein the targets are marine targets.

3. An apparatus according to claim 2, wherein the marine targets are selected from the

group consisting of buoys, pleasures boats, and fast attack craft.

4. An apparatus according to claim 1, wherein pulses A, B, and C have pulse widths of

between 0.1 ys and 33 ys.

5. An apparatus according to claim 1, wherein the shorter pulse A has a width of

approximately 0.1 ps.

6. An apparatus according to claim 1, wherein the longest pulse C has a width of

approximately 33 us.

7. An apparatus according to claim 1, wherein the processor comprises a Doppler filter
bank.

8. An apparatus according to claim 7, wherein the Doppler filter bank comprises a bank
of bandpass filters.



17. A method of detecting nmarine targets conprising: (a) transmtting
continuously repeating groups of pulses towards targets, wherein each
group of pulses includes three pulses A B, and C of different w dths
wi th a spaci ng between each of the pulses, the shorter pulse A
enabling detection of close range targets 8 and the |onger pulses B
and C enabling detection of |onger range targets, wherein the
different length pul ses are encoded differently from one another; (b)
receiving radar energy signals reflected by the targets; and (b)

pr ocessi n® Athapparosiaverding daclaion grwhergn gregirsceasd figdre canprings HoPQl er
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selected fromthe group consisting of buoys, pleasures boats, and
fast attack craft. 19. A nmethod according to claim17, wherein the
transmi t tihGnaPay s Asrording togdsiey lamhsepimikg lencsnryisesd ad Gagfgpensy
pul ses haylhgeqt hree pul ses with pul se widths of between 0.1 s and 33
S.

11. An apparatus according to claim 1, wherein the longer pulses B and C are frequency

coded by a non-linear frequency modulation.

12. An apparatus according to claim 1, wherein the shortest pulse A is a continuous wave
signal and the other two pulses B and C have a frequency modulated chirp, one being a
chirp up and the other being a chirp down.

13. An apparatus according to claim 1, wherein the apparatus is arranged to subject the
longer pulses Band C to pulse compression on reception and to subject the shorter pulse

A to low pass filtering,.

14. An apparatus according to claim 1, wherein the pulses in each group A, B, and C

have the same amplitude.

15. An apparatus according to claim 1, wherein the apparatus is adapted for use on a
vessel, and wherein the apparatus has a low output power to reduce the risk of detection

of the vessel carrying the apparatus.
16. An apparatus according to claim 1, wherein the output power is approximately 190 w.

17. A method of detecting marine targets comprising;
(a) transmitting continuously repeating groups of pulses towards targets, wherein each
group of pulses includes three pulses A, B, and C of different widths with a spacing

between each of the pulses, the shorter pulse A enabling detection of close range targets



20. A method according to claim 17, wherein the processing step
conprises processing the received signals with a Doppler filter bank.
21. A nmethod according to claim17, wherein the longer pulses B and C
are frequency encoded. 22. A nethod cording to claim 17, wherein
the |l onger pulses B and C are frequen?§ coded by a non-Iinear _
frequency nodul ation. 23. A nmethod according to claim17, wherein
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(b) receiving radar energy signals reflected by the targets; and
(b) processing the received radar energy signals and generating Doppler information to

enable targets of different speeds to be identified.

18. A method according to claim 17, wherein the marine targets are selected from the

group consisting of buoys, pleasures boats, and fast attack craft.

19. A method according to claim 17, wherein the transmitting step comprises generating
and transmitting a group of pulses having three pulses with pulse widths of between 0.1

ps and 33 ps.

20. A method according to claim 17, wherein the processing step comprises processing

the received signals with a Doppler filter bank.

21. A method according to claim 17, wherein the longer pulses B and C are frequency

encoded.

22. A method according to claim 17, wherein the longer pulses B and C are frequency

coded by a non-linear frequency modulation.

23. A method according to claim 17, wherein the shortest pulse A is a continuous wave
signal and the other two pulses B and C have a frequency modulated chirp, one being a

chirp up and the other being a chirp down.



