1 RADAR APPARATUS This invention relates to radar apparatus of the kind
arranged to propagate groups of pulses of energy towards targets and to
recei ve groups of pulses of energy reflected back by the targets. Marine
radar generally enploys a high power nmagnetron as a m crowave source for

pul sed transmtted signals. In order tlo reduce the amount of clutter on the
radar screen caused by return signals fromwaves, rain and the |ike, the

apparatus has threshold circuits. se tP% de | ower anplitude signals.
Thi s arrangenent works satisfa bservation of |arger vessels,
| and masses and the |ike but reduces the ability of the radar to display

signals fromsmaller objects of interest, such as buoys, pleasure boats and
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radar, howev easy er ves %0 is a
di sadvanheatgfgeWnere a vessel needs to remai n unobserved. Although the
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Modern naval vessels are often designed to make them less easy to detect by hostile
forces. The high power produced by conventional radar, however, can be relatively easy to

detect by other vessels so is a disadvantage where a vessel needs to remain unobserved.

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.



the | onger pul se enabling detection of |onger range targets, and that the
different length pulses are encoded differently. 2 Preferably each group
of pul ses includes three pul ses, each of the three pul ses being of different
wi dt h. The pul ses may have wi dths of approximately 0.1 s, 5s and 33s
respectively. The pulses in each grouﬁ preferably have the sane anplitude.
The radar apparatus is preferably arranged to subject the pulses to pul se
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radar app@yatus and its nethod of operation according to the present

invention, will now be described, by way of exanple, with reference to the
acconpanying drawing, in which: Figure 1 is a schematic bl ock di agram of
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appar at d&tecting targets including the steps of transmitting a series of pulses of radar energy towards
targets and receiving radar energy reflected by the targets, characterised in that the series of
pulses includes at least two pulses of different widths, that the shorter pulse is suitable for use
in detection of closer range targets that the longer pulse is suitable for use in detection of

longer range targets, and that the two pulses are encoded differently from one another.

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



The apparatus includes a conventional radar antenna 1, such as a Kelvin
Hughes LPA-A 1. A waveform generator 2, such as enploying a direct digital
synthesis device, is controlled by a master oscillator and timng unit 3 to
produce a frame or group of pulses thgat is the sanme regardless of the speed
of rotation of the antenna | or the range setting of the apparatus. The
frame or group of pul ses repeats conti nuously and conprises three pulse 3
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The pulses produced by the waveform generator 2 are coherent pulsed bursts of low
power and at an intermediate frequency of 60MHz. These are supplied to a mixer 4 with
signals from a second oscillator 5 to translate to a radio frequency between 2.9 and 3.1GHz,
such as, for example 3.05GHz. The low power RF output of the mixer 4 is supplied to a
multi-stage power amplifier 6 in order to produce an output of about 190W. The output from
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 Uaﬁsmission 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



mul ti-stage power anplifier 6 in order to produce an output of about 190W
The output from the anplifier 6 is connected to a duplexer 7 and fromthere
passes to the rotating joint 8 of the antenna 1 for transm ssion. During
the reception node, the amplifier 6 i% turned off to prevent | eakage.
Signals received by the antenna | pass via the duplexer 7 to a | ow noise
receiver 8. At the front end of the receiver 8 a solid state receiver
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with a stored, pre-computed set of weights and then inverse Fourier transforming the product

back into the time domain. The sample rate is then further reduced 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 collected 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



the sanpl es received during the pulse repetition intervals, multiplying the
transforned signal wth a stored, pre-conputed set of weights and then

i nverse Fourier transformng the product back into the time domain. The
sanple rate is then further reduced by a factor of two, to 20VS/s, by a
deci mate bl ock 23. Fromthere the sighal passes to a Doppler filter bank 24
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different forms of coding could be employed, such as noise coding or Barker codes.



pul ses preventing detection at closer range, the present arrangenent
produces shorter duration pulses in addition to the |onger pulses. Wilst a
system enploying just two different |length pulses (one short and one | ong)
woul d have sone advantage, it has been found that it 1is better to use three
different pulse lengths: short, nmediumand long, in order to provide
reliable detection of nediumrange targets. The pul ses do not necessarily
have to be transmitted in order of increasing |length. By encoding the

pul ses, 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 fromtargets beyond the nornal
range. It will be appreciated that éggﬂﬁslative | ength of the pul ses could
be varied and that different for di ng coul d be enpl oyed, such as

noi se codi ng or Barker codes. 6 CLAI M5 Radar apparatus arranged to
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in that the pu ses ave W oximately 0.1 s. 5s and 33
ps respectively. 4. Radar apparatus according to any one of the preceding
clai ms. charadta@ni §@araiud according to Claim 1. characterised in that each group of pulses

includes three pulses (A. B. C) and that each of the three pulses is of different

width.
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Radar apparatus according to Claim 2, characterised in that the pulses (A, B, C)

have widths of approximately 0.1 ps. Sps and 33 ps respectively.

4. Radar apparatus according to any one of the preceding claims. characterised in

that the pulses (A. B, C) in each group have the same amplitude.

5. 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.

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

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

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

are frequency coded by a non-linear frequency modulation.

8. 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



that the pulses (A B, C in each group have the same anplitude. 5. Radar
appar atus according to any one of the preceding clains, characterised in
that the apparatus (22) is arranged to subject the pulses (AL B. C to pulse
conpression on reception. 6. Radar apparatus according to any one of the
preceding clains. characterised in that the pulses (A B. C are encoded by
frequency coding. 7. Radar apparatus according to Claim6. characterised in
that the pulses (A B, C are frequency coded by a non- Iinear frequency
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longer range targets, and that the two pulses (A and B. C) are encoded differently

from one another.





