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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.
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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
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the amplifier 6 is connected to a duplexer 7 and from there passes to the rotating joint 8 of the

antenna 1 for transmission.

During the reception mode, the amplifier 6 is turned off to prevent leakage. Signals
received by the antenna 1 pass via the duplexer 7 to a low noise receiver 8. At the front end
of the receiver 8 a solid state receiver protector 9 protects the receiver from high energy
signals which might enter during traﬁsmission or from external sources of radiation. The
linear dynamic range of the overall receiver 8 is preferably 65dB or greater. This dynamic
range is increased by a sensitivity time control unit (STC) 10 immediately after the receiver 8
and implemented by a switched attenuator under control of the timing unit 3. The RF signals
from the STC 10 pass to a second mixer 11 where they are frequency translated to an

intermediate frequency of 60MHz. The IF signals are supplied via a limiter and bandwidth
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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



filtering are preferably perforned in the frequency
domai n by taking a Fourier Transform of the sanples
w0 emeilz3es4 during the pul se repetition interval BCT/GB2006/000110

mul tiplying the transfornmed signal with a stored,
pre-conmput ed set of weights &nd then inverse Fourier
transform ng the product back into the tinme domain.
The sanple rate is then further reduced by a factor of

the ves§g] capryimprtheradar by hestilefirenst Thohuaged®nt 6F theptdsententdirion

' Doppl filt k 24 i Si
enb SALIERBEREN bf1of OBP 55 Aora B B By ding Ferpey Rulocs that are
longetthasniyirgrdonsty ewdgaich\weped hdout QQ?is bbApARE R cg%%&gmléll radar

IS tqiﬁnunber of pul ses coherently 1 htegrate
emplayipg,redativiely short mysek aani §0us. davedsr Iy overanss therrolleinhet longer

| . ected froma range cell during a
- pulse 0BG RO SRS HPs LR San R el Grmmaduges shares
duratigo pulses irt adalitidncto he H)'hgeégiﬂﬂls!ébl.tWMlstec@ﬁBtefrﬁ Lhflo fi’l%:]nﬁstit%o different
Va rate)

i ttQﬁn passgg t hrough a CFAR (constant” fal se a
ength pulses {ene shast andion dong) sequidyhavs semeradyenioge) itimistbedh found that it
is bett¥h @ Re Qe Si o.a threshold and are .
i dent ff i ed afg&%t@ g%tg Zeél é! ar gtéchg “%’eod#“’E&BS I?(i}’gf 3 order to provide
reliablgtdefdctian o merimansngeitigas Thediulqk ay nEARRSarily hdveSo be
yal . Jhe Doppl er information enables targets of
transmiiftcd'n o %fp‘ﬁ%fa%m{)ﬁeﬁ%thi Hesoreding themlsesritis nessipls tp worrelate
the rettirfedisiEHAlsHY th6ir t&diHE hnd HAk tercfrom...
t he s[ey;_ié and r ai n, 1V\%i %(I!ﬁmve\:n&f ! bg&%c}tel%? ﬁécﬁ‘lé#lggerfemnce’ this also
enables pgedustignyn therdstectipe oBethonmtaceived fronheargetsbshl Wid Mnal range.
enabl es noi se to be reduced. The arrangenent descri bed
above makes use of considerably | ower power than has

bie mllmeappwcﬁtd@rtﬁaﬂtwgmq&%g %FfJ gfv%e&rdi%fs Egﬁh e $h89d and that

. range this _normally causes.

differept, toff 6Ading eewl e ematiied; suchyapinosk lcydiap onBadk Wédes.
conpared with that of the present invention, which can
be around 190W The | ower power used reduces the risk
of detection ofthe vessel carrying the radar by
hostil e forces. The arrangenent of the present
i nvention enables reliable operation at | ow power and
| ong range by providing energy pulses that are |onger
than previously used, such as up to about 22ns
conpared with conventional radar



enpl oying rel atively short pul ses around 50ns. In

order to overcone the problemof |onger pul ses
w@e@earaosyg detection at closer range, the preBENGB2006/000110

arrangenent produces shorter duration pulses in

addition to the |onger pulseg. Wilst a system

enpl oying just two different |ength pul ses (one short

and one | ong) would have sone_advantage, it has been

found that it is better tCLAdMS nree different pul se

| engt hs: short, nediumand long, in order to provide

reliable detectlon of mediumrange targets. The pul ses

dRader apnacaiys arringed hapwpagatd erdupans pulsésest enbregtowhirdd f‘targets and

R B P BRSPS B Sttt
C aktit RAclapbup RE Ry HERMCH S &I1ELE Hwo g{llg%{ng :]]i @%@%?fferent

this al so enabl es a reduction in the d
eCHidds, the shorjerpulsed A erabliog sleteetion df tloge nogetireetangkihe longer

I N t th t h of th
P PSSP 4 At el AP B
c puisegareankcodddadiffeiehtdyed, such as noi se coding or

Bar ker codes. CLAIM5S 1. Radar apparatus arranged to
propagat e groups of pul ses of energy towards targets

a f.ener | ecte
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three pulses (A B, C) and that each of the three
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33nms respectively. 4. Radar apparatus according to any
one of the preceding clains, characterised in that

Radar apparatus according to any one of the preceding claims, characterised in that

the apparatus (22) is arranged to subject the pulses (A, B, C) to pulse compression on
reception.

Radar apparatus according to any one of the preceding claims, characterised in that

the pulses (A, B, C) are encoded by frequency coding.

Radar apparatus according to Claim 6, characterised in that the pulses (A, B, C) are

frequency coded by a non-linear frequency modulation.

Radar apparatus according to Claim 6 or 7, characterised in that each group of pulses
includes three pulses (A, B, C), that the shortest pulse (A) is a continuous wave
signal and that the other two pulses (B, C) have a frequency modulated chirp, one (C)
being a chirp up and the other (B) being a chirp down.
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