
• Transpor tab i l i t y 
The technica l me thods of ach iev ing these 

goals came as a result of m a n y years of 
research and the p roduc t ion of a large range 
of f ixed-base and mob i le radars for mi l i tary 
use w h i c h have been emp loyed in many 
parts of the w o r l d . 

Frequency scann ing was fu l l y invest igat-
ed in the early 1960s and a Royal Navy-
sponsored 5-cm " M u l t i - R e g i m e Frequency 
Scanner " was bu i l t . The basic disadvantage 
was that w i t h a f ixed f requency at any one 
angle of e levat ion, an enemy could identi fy 
the f requency and jam the band involved. 
Because of the size of the MRFS another 
system was bui l t w i t h a planar array, linear 
polar isat ion and up to six f requencies on the 
same ang le of e levat ion. 

Also const ruc ted and tested was a 23-cm 
in te r fe rometer 3-D radar, but th is was very 
m u c h a f ixed-base system. 

One f u n d a m e n t a l piece of research 
beh ind the evo lu t ion of Martello was the 
Storage Array Radar (STAR), the idea for 
w h i c h or ig ina ted w i t h the Royal Radar Es-
tab l i shmen t . STAR began as a 2-D surveil-
lance radar and was later conver ted to 3-D. In 
th is system the who le angle of elevat ion had 
to be scanned in a Vt microsecond pulse 
length and th is necessi tated processing the 
ou tpu t on any one b e a m w i d t h in an excep-
t iona l ly short t i m e . It is considered that it wi l l 
be years before techno logy has advanced to 
the stage of a l l ow ing processing at that 
speed. 

The lowest prf and h ighest power was 
required to enable smal l targets , long ranges 
and h igh a l t i tudes to be covered, w i th 
m a x i m u m c lu t ter suppression and good 
ECCM. The 23 c m band was chosen, as 
opposed to 10 cm, to provide improved 
per formance in bad weather and other clut-
ter cond i t ions . This also has the advantage 
that j a m m e r s at that f requency must be 

t h ' s a , s o a p p l e s 

to the radar aerial, w h i c h has t u r n e d out to be 
2 0 ft w i d e and 3 5 f t h igh. Over a decade 
before, Marconi had dec ided tha t sidelobe 
reduct ion was v i ta l in ove rcoming the ef-
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deployment. 

It has been evident for some t i m e that the 
days of the massive, f ixed-base defense 
radar are numbered. Apar t f r om the natural 
vu lnerabi l i ty o f a f i x e d posi t ion w h i c h can be 
pre-targeted, and wh ich emi ts a radar signa-
ture like a l ighthouse, many of the present 
mi l i tary radars round the w o r l d have ex-
hausted their deve lopment and modi f ica-
t ion potent ial as far as Electronic Counter 
Counter Measures (ECCM) are concerned. 
They are also l im i ted in low-level cover. 

Air attack can now be conduc ted w i t h 
considerable precision, us ing a var ie ty of 
sophist icated convent ional weapons del iv-
ered f rom any a l t i tude between 100 f t and 
over 4 5 , 0 0 0 f t , wh i l e the a rmoury of air-
borne electronic j ammers is constant ly ex-
panding. 

Marconi Radar Systems has now devel-
oped a new-generat ion radar, Type S 7 1 3 3-D 
Martello, wh ich is in tended toopera te under 
the most severe cond i t ions of attack and 
electronic countermeasures. The name Mar-
tello comes Uom t h e ' Mar te l lo towers w h i c h 
formed an earl ier defense system for the 
Brit ish Isles. 

The Martello radar is based on the fo l low-
ing basic requi rements : 
• Long-range cover 
• Compat ib le he ight per formance 
• Cont inuous posi t ion and he ight data 
• Full ECCM 
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Design aim specification for Martello 

Horizontal beamwidth 2.8° 
Vertical beamwidth 1.5° 
Polarisation linear 
Gain 

transmit 32 dB 
receive 38 dB 

Sidelobes 
horizontal (1st sidelobe) . . 30 dB 
horizontal (15° off main 
beam) 45 dB 
vertical 30 dB 

Vertical cover 0 - 3 0 ° 
(heights to 24°) 

Rotation rate 6 rpm 
Pulse width (effective) 0.25 sec 
Receiver noise figure 4 dB 
Cancellation (ground clutter) . 4 0 - 5 5 d B 
Instrumented cover up to . . . 200,000 ft 
Height accuracy (single look) 1,000 ft 

RMS at 100 nm 
Time into action 5 h 

fo rmed ' beam channels are processed in 
phase and in quadrature, using d ig i ta l Dop-
pler mul t i - f i l ter MTI processing w i t h self-
adapt ive plot and height extract ion. 

Plot range, az imuth and height on all 
targets are correlated every 10 seconds w i t h 
extracted IFF/SSR data for onward trans-
mission to the operat ions centre. The com-
put ing system uses a Locus 16 processor. 
This signal processor forms the clut ter map 
wh ich is stored for e ight minutes and is 
cont inuously up-dated. 

At the heart of the system is the Twystron 
valve, developed by the Directorate of Com-
ponents, Valves and Devices, Min is t ry of 
Defence, and manufactured by EMI-Varian. 
Basically capable of 7 M W peak power, the 
valve is "de - ra ted " to 3.3 M W peak power, 
w i t h the object of prov id ing a 10,000-h l ife. 

and anti-spoof j i t ter . The use of a large 
number of parallel receivers di lutes the 
jammer power, wh i le pulse compression 
w i t h d ig i ta l Doppler, mul t i - f i l ter MTI pro-
vides addi t ional protect ion, as does chaff 
and clut ter suppression. Automat ic radar 
management w i t h manual intervent ion 
faci l i t ies are provided, w i t h ECCM manage-
ment on a sector basis. 

Martello is described as " redeployable in 
a reasonable space of t i m e " . This means that 
a new site can be instal led and operat ing in 
less than 5 h using six men. The basic 
equ ipment is carr ied on three 4 0 f t long 
standard ISO art iculated vehicles. A site 
layout consists of antenna, radar container, 
services container and generator. Because 
of its unique construct ion, it should be 
possible to replace damaged arrays, either 

fects of ECM and a linear array w i t h equal 
path length feed had been developed by the 
company as part of the S600 series of 
private-venture radars and was subsequent-
ly adopted by the Royal Navy for new 
surveillance radars. 

From this work Marconi planned Martello 
to have: 
a) A planar array w i th m i n i m u m sidelobes 
b) Parallel output phased-array technique 
c) Manifold receiver processing ensur ing 
high dynamic signal capabi l i ty . 

Martello has been evolved w i t h a vert ical-
stack, tr iplate glass-fibre antenna w i t h 60 
identical horizontal linear array elements, 
each w i th its own receiver. Al l arrays have 
the same shaped ampl i tude d is t r ibut ion 
offering a narrow azimuth beamwid th . Low 
sidelobes are obtained by precision control 
of the ampl i tude and phase feed to each 
array. 

All arrays receive returns f rom a target 
and receiver outputs are assembled into a 
passive beam-forming network at the inter-

mediate frequency• This synthesizes eight 
elevation beams and a cosec2 survei l lance 
beam, matched to the required elevaTTorr 
coverage. All nine beams are processed 
simultaneously to give az imuth, range and 
height information on all targets in every 
revolution of the aerial. Cover is provided 
through 360°, f rom the radar horizon up to 
30° in elevation, w i th height measurement 
up to 24° elevation. Detection of intruders is 
possible at ranges in excess of 3 0 0 nautical 
miles and alt i tudes of over 100 ,000 f t . 

All received signals are pulse-com-
pressed to 0 .25 microseconds to opt imise 
s ignal /c lu t ter ratio. Thereafter, the 

1 m2 target 
Probability of 
detection 50% 
Probability of 
false 
alarm 10 -6 

Coverage of the Martello 
aerial in elevation for a 
1 m2 target. 

singly or as a complete assembly, f rom a 
reserve vehicle. Inaddi t ion, a numbero f pre-
planned sites could be avai lable for installa-
t ion wh ich wou ld al low for f lex ib i l i ty and 
"gap f i l l i n g " , as wel l as provide consider-
able confusion for any enemy. 

The radar picture f rom a Martello site can 
be relayed by s imple d ig i ta l communica-
t ions link to a sector operat ions centre or to a 
local fac i l i ty , or s imul taneously to both. 
Marconi expects to def ine a total standard 
mobi le package for display and data han-
dl ing, based in a 3 0 f t or 4 0 f t container. Al l 
the hardware required has already been 
developed and a mobi le uni t could probably 
handle inputs f rom up to three Martello 
radars. The system is of course sui table for 
either mobi le or f ixed appl icat ions. 

Martello has been designed for m i n i m u m 
technical support and has bui l t - in faul t 
diagnosis. 

An env i ronmenta l test model is l ikely to 
be on show at the SBAC show at Farnbo-
rough, wh i le a fu l l model for complete 
electrical evaluat ion of the aerial w i l l begin 
tests early in 1979. Marconi 's program 
envisages f irst product ion units being avail-
able by late 1980 or early 1 981. 

Martello represents a mul t i -m i l l ion 
pound investment by Marconi wh ich should 
y ie ld good d iv idends in both home and 
overseas markets in the 1980s, when mobi l -
ity and resistance to j a m m i n g wi l l be pr ime 
requirements for the replacement of exist-
ing mi l i tary radar systems. • • 

Power f rom the Twystron is fed via a power 
d is t r ibut ion network, th rough duplexers to 
the aerial array. The aerial array itself has 61 
receivers, inc lud ing one for reference and 
balancing. The array is t i l ted backwards at 
14°, the bot tom beam being directed along 
the ground. It is designed to operate in a 70-
kt w ind and survive gusts of up to 120 kt. 

The ECCM faci l i t ies of Martello are thus 
based on high power output , unrestr icted 
frequency agi l i ty w i t h i n the 23-cm band, 
low antenna sidelobes, random prf stagger 
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