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This papr describs the hardware and system
development which has been carried out in order to
evaluate the use of 94GHz radar for the autoncmoue
detectionof targets in all clutter kackgmunds.
Several instrumentation radara, kdhground-kmsed
arxiairbcrne, have hen developed for use on field
trialei, These sytems vary in complexity from
simple, solid-state, IMPATT transmitter\Gunn
assemblies to high power, pulsed, radars with
scanning antennas, dual receiver channels and
frequency agility.
?ihe radar concept of interest is one which is
carried ~ a high-speed military vehicle, flyirg at
low level(30-60m), which has to detect and
discriminate, with high probability, groups of
mobile amnoured targets out to ranges of Wm.

INIWD!JCTION

British Aerospace began an evaluation of the use of
MMWradar fcr autonomow target detection and
discrimination in 1970. At that time, studies had
highlighted the potental benefits of high frequency
radsr over other sensor technologies, Mt there was
very little practical evidence available.
Accodirgly,in order to proceed it was necesfi~ to
gather data from real targets ard clutter using the
best instrumentation radars available. Having
collected the data this could then be analysed in
order to identify @tential taryet discriminants
and then effective algorithms. It was understood
that the algorithms would identify the parameters
neededby practical radar systems.

M!mioDmxY

‘he methodology adopted was firstly to establish
the typical operating scenario of such a Target
Acquisition System (TM). This was performed over
many months using operations analysis mcdellirg,
Having achieved this, the parameters of interest,
such as frequency, antenna size, rarge, antenna
depression angle, scan authority, etc,,couldke
identified. lhen, measureme nt radar(s) were
Bpecified M procured for use in field trials.
It was expected that initial measurements would
lead to the need to develop the measurement radar
in order to provide more parameters, different
mcdes of operation,ie, an iterative procedure.
There was no ~itive way of knowing at the start

of this exercise which radar parameters weve key to
gocdtarget discrimimtion cuxl clutter rejection #
Also, the ccmpnent capability at 94GHz, the
preferred frequency, was witively infantile in
1978, compared with what it is today. Hence, it was
not feasible to specify an all=@arameter
instrumentation radar set at the outset of ‘this
data gathering work.

The particular radar sy5tem concept of majcw
importance was one which could discriminate
armoured vehicles when it was carried by a
lowflying, high-speed, platform. Operations
analysis highlighted the need for a discrimination
range of about 3Km on armoured mobile and static
target groups, with a cross-range coverage of 3Km.
It was also beneficial that the radar should
continually scan the graxxl, rather than lock onto
the targets, and that the target should be
illumimted for a minimum time.
The scenario was typical Ebropean and the radar was
most likely to ke carried over urban and industrial
areas, as well as open, natural. ground.
These requirements Iedto the choice of a pulsed
radar and a low depression angle antenna, the
antenna huvirg an elliptical beam shape, a scan
aqleof +/-3Odeg. and lowsideloke levels(<25dB),
The radar had to have a waveform which would allow
both moving ati static targets tobe discriminated.

INSIWMQWATION SYSTEM8

Phase 1 (1978).
The first instrumentation svstem. called Phase 1,
consisted of seperate 12 in6h Ca&egrain antennas,
one for transmitting and the other for receiving,
with manual linear plarisation switches, A 5-watt
pulsed IMPATTprcduceda fixed 100nSwide pulse at
94GM4. The receiver consistedof a single bulanced
mixer, fed by a temperature stabilised GUNN L.O..
The I,F, signal was attenuated bya switchable
attenuator, amplified, detected and video amplified
priorto being digitimd and recorded. Fig.1 shows
the rear of the transmitter and receiver
assemblies,

,Fhase 1A (1979).
Phase lAWSS amcdificationof the Phase 1 radar
which added a twin-channel receiver ti
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pulee-t&puIse polarisation switching. The twin
channe 1s were developd to provide phase and
amplitude information, on a pulse-to-pulse basis,
over a 35dB instantaneous dynamic range. The two
channe 1s carried the 1ineer orthogonal comgcments
of the received ~larised signal at the antenna.
Each channel had a balanced mixer, a PIN diode
remotely control led attenuator, filter, amplifier,
a detector ard video amplifier. Eetween the 1.F. ‘s
of each channe 1 was connected a phase
discriminator, which produced the SIN and CCS of
the difference in phase between the two channels,
Eoth mixers were fed by a temperature stabilised
GUNN L, O..
The polarisation could be switched in linear or
circular mcdes at rates up to 50KHz using a ferrite
switch, although accurate settings of polarisation
were only achieved at much lower rates.
This radar was used to measure the IKS and
polarisation sensitivity of t~ets and clutter.

Phase 2 (1980).
The large chirp (approx. 200Miiz) PrcKiUCed by the
Dulsed INPA~ source in the akove radars coloured
\he fine detail which was needed. Also, other
parameters such as short pulse-widths, frequency
agility and coherency could not be evaluated by
these two, essentially simple, radars.
In 1979 a specification for a more capable Test
Instrwnentation Radar wa; produced, which set the
requirement for pulse-widths lkween 5nS and 100nS,
pulse-to-pulse linear and circular switching or
fixed polarisation, fixed or agile stepped
frequency operation over a defined bandwidth,
coherent operation arid 64 rarge gates prcduced by a
directly interfaced high-speed data acquisition and
control unit linked to a DW PDP-11/34
mini-computer, Fig,2 shows the Phase 2 main system
components - a remote RF/IF unit, a signal hamlling

and data acquisition unit (centre) and an industry
standti digital tape recofier. Fig.3 shows a block
diagram of the transmitter/ receiver unit. In fixed
freqymy mcde the system is phase locked to a
100MHz, low noise, crystal oscillator, The phase
locking is achievedby comparing a multiplied-up
version of the 100MHz with the output from a
temperature stabilised 93.5GH2 GUNN oscillator. The
enor signal is used to bias tune the GUNN in order
to maintain phase-lock. Although this form of bias
tuning control is little used these days, it was
chosen as a compromise in order to prduce the
required amount of frequency agility. Also, after
resolving the early teething problems, it provided
a very good performance in terms of overall phase
noise, and fixed freqJency coherent operation to
ranges X2iQn..
The transmitter consisted of a 2*tage
injection-locked IMPA’lT chain. locked to a sample
of the 93.!XWZ phase-locked GUNN (PLO). The locking
signal was gated using a balanced upconverter, as
shown. A fast (<5nS) PIN dicde was used to remove
unwanted phaee/amplitude ripple at the keginning
and end of the IMPATT produced pulse.
FYequency agility was provided in the origiml
Phase 2 systemby a low frequency digital
synthesiser which produced a steppirg frequency
ramp with a batiwidth of about 160KHz, The stepping
rate varied on selection up to 40KHz (the radar
PRF), The synthesiser output was multiplied x80

and then applied to the PIAI lcop discussed above.
The fiml output agile range was about 160MHz. This
mode of operation did not maintain coherency on a
pulse-to-pulse &is due to the lax-ye frequency
multiplication ratio.
The received IF signal was filtered, amplified and
applied to an in-phase aml quadrature detector
(1/!2). The resulting two video signal outputs were
applied to flash digital converters. The highest
conversion rate required was 200MHz!. To achieve
this, two 4-bit, 100MHz, converters were
sequentially sampled on each I or Q leg, ie. 4
converters in all. The digitised output was then
stored in a 128We RAM memory,and then either
transferred to a digital tape, or accessed via the
PDP-11/34 computer. The radar, data acquisition,
computer and all the support equipment was mounted
into a purpse IxJilt truck for use in field trials.
lhe original Phase 2 system, delivered to Eritish
Aerospace in 1980, had a single channel receiver,
4-bit AK’s, and a non-coherent frequency agile
mode. Nany mcdificatione have been made to this
system to improve its capability, eg. 8-bit AK”#,
improved direct frequency synthesiser providing 64
steps, full dual channels in the receiver to
provide Stokes Parameter operation. ‘Ibis latter
modification was significant in the amount of
effort expetied to phase ard amplitude balance the
two channels from RF to video output. Mechanical
modifications have also been implemented to provide
automatic antenna step scanning in azimuth and
elevation.
Fbrther changes are currently being made. The first
of these is to replace the GUNN PLD and frequency
agile mcde sukaystem, in favour of a fixed
frequency InP GUNN, locked to a reference source at
IF, the output keirg summed in an upconverter with
an I.Axiti signal from a direct multichannel
synthesiser. This new ‘exciter’ suksystem will
provide ‘coherent’ frequency agile operation over
512 steps, fast switching (<5nS) and better
reliability than the current units. The second
improvement is the installation of separate, well
kalanced, mixer pairs. The current dual mixer
packages (specially kuilt) do not achieve the
cross-talk isolation now needed, because bcth
mixers reside on the same quartz suketrate. These
latest mcdificatione will provide much enhanced
performance benefits.
Phase 2 haa provided the majority of the data which
has identified target discrimimnts, ard its design
has been the forerunner of many radar system
concepts in use tcday.

Airkcm-ne Radars
In order to statistically characterise clutter of
all kinds, copious amounts of data is needed. ‘l’he
problem with ground-kased radars is to find
suitable sites which can provide the correct
depression angles, and lots of variationof the
clutter scene, eg. fields, trees, kuildings, urban
clutter, etc. . Inevitably, this type of site is
very difficult to find - a skyhook is needed.
Several airborne measurement radars have been
developed at Rt-itish Aerospace, arid are described
below.

Airkorne Radar No.1 (1980/81)
The first airborne radarwae a single antenna
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version of the Phase 1 radar. It was mounted in an
aluminium box which was fastened underneath a
Scottish Aviation Twin Pioneer aircraft (1957
vintage), which was ideal for the task since the
cabin was larye and there were two 18 inch dia.
holes in the flocw. ‘ihe mounting was fixed kaam,
kut manually steerable, &iginally, a 6 inch lensed
horn antenna was used )x,k this was later replaced
bya 12 inch Cassegrain antenna with athinperspex
weather/radome cover,
This radar flew inthe U.K., Germany, and Norway
and collected non-coherent data from clutter and
snow, Typically, a clutter run lasted 16 reins,, the
time for ahigh-density digital tape tom from
start to finish. The major problem encountered was
that by the time the 5 watt peek power reached the
entenna, via orthomcde trarducer and plarisation
switch, there was only about 1 watt bei~ radiated.
This, combined with the need for low angles of
antenna depression (1 to 5 deg.), demanded that the
aircraft should fly below 150ft. altitude. This was
uncomfortable for bcth pilot and radar operators!

Airborne Rader No.2 (Called Phase 3-1985)
A more ca~le airborne radar was needed to movide
more peak-power, scanning of the antenna, P&e
width variation down to 10nS and ~eater range

swathe coverage, Such a radar was developed at
Warton.
An Ekter@ed Interaction Oscillator (EIO) was chosen
as the source to provide >lKw, of peak power for
pulse widths between 10n8 and 100nS. A scanning
platform was suitably mcxiified to give +/–3Odeg, of
scanning at approx. 50deg./sec,, Twin channels of
RFand IF reception were built usirg dual channel
94GHz mixer packages. The RF receiver was mounted
onto the twin antenna (10 inch dia. Casseqains)
scannirg, stsbilised, platfonu, whilst the
transmitter subsystem was mounted off-gimbal. RF
peak power was fedto the scannirg platform via a
length of dielectric waveguide. ‘he lergth of this
cable was appmx. 24 inches, ad its final version
insertion 10ss was 1.3dE, with a flexure variation
of 0,3dB over the argles used,
lhe dual channels of RFwere provided from the
output arms of an orthomode transducer connected
directly to the receiver antenna, Each channel had
a receiver protector using a PIN diode switch
Dviding >25dBof isolation to radar transmitter
spillover. Eoth channels were carefully matched in
phase and amplitude ueingmatched components right
through to the logarithmic detectors and phase
comparator.
The whole of the RFandscanniq platfom was
mounted below the TWin Pioneer, and a specially
developed radome and fibreglass cover was used for
wird and weather protection. IF receiver circuits,
data acquisition andreccwdirg and all control
circuits were mounted into four 4ft. cabinets
mounted within the aircraft. Fig.4 shows the radar
mounted beneath the Twin Pioneer.
‘This system fimt flew in December, 1985, Durirg
the long development period, workusi~phase 2 had
highlighted the use of frequency agility fcr tqet
discrimination. This was so powerful that we needed
to provide. Pha9e 3 with fyequency agility, and witi,
In-Phase (I) end C&wirature (Q) detection.

Phaee3A (1988/89)
Adding frequency agility to the EIOwes not an easy
matte;. TM% m&lif~cation was designed by Varian,
Canada, suppliers of the EIOsuhystem. A
trieu@ar format steppiq waveform is produced
digitally, each step triggeredat the selected PRF.
This voltage waveform is traneformedto a high
voltage usiq several stages of transformer ard FBI
multiplier and is then applied ketween the EIO
cathcde ad the prime HV sbpply (20KV). The EIO can
change frequency at a 20KHz max. rate, with a
useable bandwidth of 160NHz.
In order to maintaina constant IF receive signal
an automatic frequency control (3X) was developed
by British Aerospace, which works by sampling the
transmitted 100nS pulse to produce an offset
voltage to drive the varactor in a GUNN VCOO This
GUNNoscillatm prwides the first L.O. to the
receiver mixers, The AGC works well to PUISO width$
down to 50&.
In Phase 3A the IFreceiverwaa reWilt to provide
I ani Q output channels, for each received signal,
instead of the earlier lcg detection and phase
comparator system.
Phase 3A first flew in 1988 and has since lx~n
gathering data specific to target discrimination
algorithms.

PHASE4 (Eeincf Developed)
In 1982 investigations beaan on the kuildirm of an
NMWradar to fl~ ona hifi~peed xnilitarya~rcraft.
Specifications were written forthemajcr radar
sukeysteme, radome, antenna, transmitter, exciter,
receiver, etc. arxi these were issued to eupplie~.
Fbnding problems prevented further progress until
late 1986, when Eritish Aerospace gave the
go-ahead, Harxlware development work started in
mid-1987.
Phase 4 was to incorporate all the discrimination
parameters identified, and tobe flownto
demonstrate performance in a self-contained
military aircraft pal. The subsystems were chceen
to minimise development risk and cost, tit each is

PurPQee built to meet a demandi~ performanc~,
Fig.5 shows ablock diagramof the Millimetric
Target Acquisition (Ki’A8) pod system, includirq
data acquisition, interfaces and control units.
‘lTie prime subsystems are outlined below:-

a. Radome - 24inch dia hemisphere. made fmm

b, Antenna-

C,nwrls- -
mitter

d, Driver-

PEI/Quartz, 6mm.”thick. F&dome
less approx. 1.5dB.

16inch elliptical offset Cassegrain,
quasi-ptically fed from off-gimbal.
Polarisation stabilised as antenna
scans ani r-ells.

High gain EIAwith H@40KE&, Input
drivM17dRn, baniwidth>2001&iz,
Peak power>lKw.

InP stable amplifier. 0.@ut power
>17d%n peak, input poweX5dRn.
Bandwidth>lGHz.
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e. Trans- - Stepping fre~ency synthesiser at
ceiver J-band. Multipliers prcduce 4!5GHz &

94GHz. @tput pulsing via a mcdulated
doubler, giving 80dB ON/OFF . Twin-
channel, balanced, protected, receiver
with calibration facilities.

f.IF & -l%in-channel IF processor and 1/(2
Video detectors with auto phase ard

amplitude balance.

g. Gimbal - 4-ersis, 5-semo, unit providing scan,
& stab. pitch, roll, polarisation stabilisation

and seperate antenna depression
angle variation.

The current status is that items (a) and (c) to (g)
have all been delivered, item (b) will ke delivered
by the end of Felmmry,1990. Testirg and
integration is taking place arid it is hoped to fly
the Phase 4 system at the end of 1990. Use of this
system, combined with a hardware processor in 1991,
should allow British Aerospace to fully demonstrate
autonomous mobile target acquisition.

Fig.2 PHAsE2RADAR EUMENIS.

●

Flg 3 PHASE2 TRANSMITTER/ RECEIVER I
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CONCLUSIONS

The concept of an autonomous sensor to detect and
discriminate taqets from a high-speed,
low-altitude, platform has been investigatedby
Eritish Aerospace since 1978. 94GHz radar has been
chosen as a prime sensor for this role. The key to
achieving this capability lies in the inherent
ability of the sensor to provide many itiependent
measures of target identity. Identifying such
measures requires large amounts of real target and
clutter data.
Such data has been collected usirg several
stateaf-the-art instrumentation radars operating
at 94GHz. The progressive improvement in capability
of these systems hae been pcmsible kecause of the
improving capability of the basic devices @
components - to such a degree that it is now
possible to demonstrate viable ~rformance of
future systems.

Fig.4 PHASE 3RADARNON1’E0 EENEATH TWIN PIONEER,

Fig.1 PHASE I RADAR UNITS.
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Fig.5 PHASE 4 POD BILXX DIAGRAM.
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