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Summary Marconi Communication Systems
Limited was prime contractor for Madley 1,
the first satellite communications earth ter-
minal to be installed at the new British Post
Office ground station complex in Hereford-
shire. The initial communications equipment
is providing a large capacity for telephone,
telex and TV traffic via an Indian Ocean
Intelsat IVA satellite. Fourteen transmit
chains have been provided, having 6 carriers
with one-for-one redundancy plus neon-
redundant TV video and TV audic. In the
receive path are 55 operational chains which
can, if required, be configured on one-for-one
redundancy by use of flexibility facilities,

This article aims at giving a broad apprecia-
tion of the owerall system design and
capability and is not intended to be an in-
depth treatment of any specific topic. The
introduction outlines the need for the station
and gives a brief description of the equipment
configuration, leading naturally into more
detailed sub-svstem descriptions. These deal
with the antenna, broad-band receiving and
transmitting equipments, ground communica-
tions equipment and the station control and
supervisory facilities. Some overall svstem
aspects are then given, followed by a short
section on project management and imple-
mentation, with a stalement on further work
to be carried out by the Company at Madley.
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Introduction

World-wide demand for international telephone
and telex circuits continues to grow. The currently
planned satellites will have increased capacities to
satisfy this demand. Corresponding increases in
the numbers of circuits available at satellite com-
munications earth stations are therefore necessary,
many of the receive chains in the large earth
station complexes being devoted to the smaller
carriers being transmitted by the earth stations
now being acquired by the developing nations.

It was foreseen that the large station complex at
Goonhilly Downs, in Cornwall, owned and
operated by the External Telecommunications
Executive of the British Post Office, would not be
capable of supporting the additional traffic
demands of the nex! two decades. A new station, at

Madley in Herefordshire, was therefore planned.
Marconi Communication Systems Limited were
appointed prime contractor for Madley 1, the first
of possibly six antenna systems at the new atation,
Madley 1 was handed over to the British Post Office
during October 1878, and is working initially to an
Intelsat IV A satellite in the Indian Ocean Reglon.

This is the fourth consecutive earth station
project that the Company, as prime contractor, has
implemented for the British Post Office. The pre-
vious installations were Goonhilly 2, 3 and 4.

The Post Office specification for Madley 1
required the design, provision, installation, com-
missioning and acceptance testing, together with
associated documentation, of an Intelsat Standard
A earth station, capable of working to Intelsat IV,
IVA and possibly V satellites in either the Atlantic
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or Indian Ocean regions, for the purpose of inter-
national lelephone and telex services plus inter-
national TV transmission and reception. To be
provided under the contract were a numher of
discrete sub-systems comprising the complete
earth station swvstem. A [ully steesrable 32m
parabolic antenna was to be supplied, with its own
steering and control equipment installed in a build-
ing heneath the antenna. Also to be installed in the
antenna building were the high-power transmitter
amplifiers and i.f./sh.f. transmit drives, with
associated control logic, primary antenna feed and
low noise, cryogenically-cooled broad-band
receivers. A central building was to he supplied by
the British Post Office in which Marconi Com-
munication Svstems were to install the associated
Cround Communication Equipment (GCE), consis-
ing of s.hf. branching, sh.l./i.l. downconverters,
demodulators, modulators and baseband equip-
ment, together with a cross-site make-up amplifier
operating al the shf receive frequency, fixed
slation test facilities and all associated control and
monitoring equipment,

Peripheral systems, such as public address,
antenna building airconditioning, fire-detection
and weather recording facilities were also neaded.

As prime contractors, the Company has co-
ordinaled the efforts of the sub-contractors
involved in supplying the various sub-systems. The
antenna sub-system has been supplied from Japan,
by Mitsubishi Electric Corporation; the low-noise
broad-band receivers by Comtech in the US.A
both sub-contracts being awarded as a result of
international competitive tendering. Aside from
the peripheral svstems mentoned, the other sub-
systems have all been supplied by Marconi, a sub-
stantial amount being new, state-of-the-art, equip-
ment.

It is believed that the initial equipment fit com-
prises probably the largest original equipment
supply ever provided for earth station receive
equipment, being fiftv-five discrele chains. In all,
one hundred cabinets of communications, high-
power and control equipment have been supplied.
High degrees of project control and co-ordination
have been required to implement the necessary
design and development work, to provision the
manufacturing supplies, to complete the installa-
tion systems design and to engineer the large
volume of test specifications. as well as to maintain
liaison throughout with the customer and the major
sub-conlractors,

The engineering disciplines involved in a large
earth stalion are many and various, ranging from
soil engineering, through civil, structural and
mechanical engineering, electrical high-power
supply. lightning protection and earthing, com-
munications, thermionics, cryogenics, microwaves
and software, down o the smallest miniature com-
ponent, to name but a few. To do adequate justice
lo each within the scope of an article such as this is
scarcely practicable. The object, therefore, of this
article is to re-acquaint readers with the overall

4

system capability of Marconi Communication
Svstems, particularly in the field of satellite com-
municalions, laying emphasis on current work. It is
the intention that future issues of the journal shall
feature articles which deal with some of the more
recent developments embodied in the Madley 1
sub-systems.

The block diagram in figure 1 illustrates the
major equipment sub-systems which are described
in the following text,

Major sub-systems

Antenna sub-system

Struetural and mechonical

The characteristic feature of an earth station for
satellite communicalions, from the point of view of
the outside world, is an array of ane, two, three or
more, large paraholic dish antennas. seemingly
stationary but, nevertheless, having obvious means
of movement over large angles in azimuth and
elevation. A variety of supporting structures have
been employed for the 30-32m diameter
paraboleids used in Intelsat 'Standard A' antennas,
The most common. until the early 1970s, has been
the so-called “kingpost” elevation over azimuth
[ALT-AZ) mount, or some variant of it. This con-
sisted of a concrete tower. perhaps 60ft. high, the
upper portion of which carried a strong steel "king-
past” supporled in azimuth bearings. To the top of
this were fastened the elevation bearings and the
anlenna elevating mechanism. the antenna itself
being supported on the elevation bearings. In most
cases, cassegrain antennas were employed with the
s.ht transmitting and receiving feed located at the
paraboloid vertex. To ensure minimum waveguide
losses in receive path signals, already extremely
weak [about 1 picowatt), the front end broad-band
receivers were housed in elevated equipment
rooms close to the antenna [eed. This produced
attendan! capital cost and possible maintenance
problems,

NWrghtview of the 32 melre ontenna



Waorld-wide antenna development has led to the
production of an antenna configuration which
permits close physical location of the broad-band
low-noise receivers to the s.hf feed at ground
level in a stationary main equipment hall, This con-
figuration is known as the “elevation over azimuth,
wheel on track, four-reflector beam-feed antenna.”
The phvsical arrangement described below and in
Figure 2 is fairly typical of such an antenna, but has
certain fealures unique to Madley 1, the entire con-
struction of which from soil excavation to system
handover has been supervised by Marconi Com-
munication Systems in close co-operation with the
supplier and the client. The antenna pedestal
assembly consists of two major components, these
being the base building and the azimuth rail
assemhbly upon which the antenna turns about its
vertical axis. The basic structure of the building,
which is designed to react to the very large loads
imposed by the anlenna dead-weight and the
dynamic effects of wind and antenna acceleration,
consists of two octagonal reinforced concrete ring
beams, one acting as a foundation, the other
bearing the rail, separated by eight reinforced con-
crete columns. A series of radial beams run from
the upper ring-beam to the centre, providing
support for the azimuth journal bearing which
absorbs the horizontal loads generated by wind.
The pedestal structure is converted into a weather-
proof equipment building by roofing the radial
heams and bricking between the columns. In the
case of Madley 1, additional building facilities

were created by an annex to the pedestal building,
in which are housed the main power boards, d.c.
battery supplies, store rooms and toilets. The main
pedestal building accommodates not only the s.h.f,
feed and low-noise receivers, but also all the servo,
tracking and control equipment required to drive
the antenna. The high-power transmitter
amplifiers, high-power transmitter combining,
associated swilching, power monitoring and the
i.I./s.h.l. upconverters are also housed here. See
figure 3.

As the feed supplied is for frequency re-use hy
dual polarization, the main equipment hall has
adequate space for two duplicate sets of com-
munications equipment. Rooms are provided for
ancillary equipment such as the cryogenics
associated with the low-noise receivers and the
cooling  equipmen!  associated  with  the
transmillers. Physical separation from the main
equipment hall of these noise-generating equip-
ments is required because of the very stringent
acoustic level specifications (NR535) required by
the station operating authority.

The rail. upon which the azimuth wheels roll, is
sacured to the upper surface of the top ring-beam
of the building and permits £270° azimuth rotation
of the antenna structure,

Two steel assemblies make up the main features
of the antenna mount, respectively known as the
azimuth and elevation rotating structuraes. The first
consists of two vertical ‘A™-frames, joined as a fully
determined structure and carrying the two eleva-

T LIGHTHNIMG  FifRaL
e SUB-HESLECTOA

S 3 L
EL. BEARING ———— S
EL. SELECTOR GEAR ————

_47? - — e« EL. AX|5 LEVEL
-3-’;( FOCUSSED BEAM

———— EHIELD TUEE

o ——— EL PLATFCAM

CABLE BANDEMNG ROOM
#i WHEEL e B

Ar ANES

T UPPER RING BEAM
ey EQUAPMENT BUILDING
——— LOWER AING BEAM

Fig. 2. Main antennao slractural features

o



ANTENMA SUB SYSTEM

BAOWDBAND

RECEWE SYSTEM

INSTALLATION AMND
SYSTEM INTEGRATION

Al i )
aag T |I|
MINRON: Fig 2 GAINTBANDWIDTH
COMICAL TE T NT
CORRUGATED ST EQUIPME
HO#N CROSS SITE
(TRAFFIC) WAVE GUIDES
L ! LOWY MOISE AMPLIFSER ] (TEST Ml
R (ALUTO REDUNDANCY] 1 TEST Tml
REEDX .. +
TO STEP TRACK
RECEIVER
BOGIES = Eesiin
BEARBOXES = |_ MONITORING
DORWVE -
- AP
morons ] L Ree
I i |1 waveciiDe % i
WES L1 pATAIK i
| coaineR (|
THYRISTOR 1 TRAMSMIT
DRIVES Fral REDLADAMTY
|| = SWITCHING &
| = COMTROL
SERWD i
CONTRAL
SYSTEM Y
| BUC & TF
I I_ "POWWER | DRIVES
ANTEN [T ] amrusens 11
COMTACL H s A
21 I 1TV 3 TP STAMDAY
—{ 1 STANDBY
TRACKHIG
RECENER .
MONDFULSE AATIATED
b POWVER WAVEGLIDE
MONITOR SWITEHES DANVE
e FROM| FOR REQUNDARCY | |
PECEIVER [ e
STER TRACK Lha AEDUNDAMCY — 5
OFERATION & 3 — 1
MAINTENANCE I(
UC & IF
—] POwWER DANES
| AMPLIFIER
3L rF'E 3 o
= — 3r i
I - et T3 T sTANDEY
BROLSDEAND TRAMSMIT SYSTEM

Fig. 1. Simplified dingrem of Madley 1 communications setellite corth station termingl

fi



GROUND COMMUNICATIONS EQUSPMENT (GCE| |
1
TP RAECEVE
4
4 GHE CHAM » 0
BOC * IF + RALX
BASERAND
[ ( FLEXMBILITY
i ¥ :53 | SWITCHING BASERAND
| % S . SPLITTERS
POST LMA PATCHING
AMBLIFERS BE WAY EED ot
{MANLAL SPLITTER b "~ MAORITOR
AEDUNDANEY) WIDEQ & ALDIC I
RECEIVE
CHARMELS
SATELLITE
M o VIDED
WIND CATPUT
FIXED TEST FACHITY
> = EASERAND x:
RECEIVE = TRANSMIT
e CHAIN CHAR k|
TESTER |™ "g4F = | TESTER
PATCH
ST (E——
I ENENEEHING
ERVICE
COMTACL & SUPERVISORY e
i SRR
SUPERASORY & TwO TIER
ALARM SYSTEM FOR ALL EQ
RECENING | END OF = 1
———1 ATTENTION SUITE ALARMSE
MODULES ALARME -
CROSS SITE CABLES i
FROM
% wux
MODLLATORS ERA :
12T E"“‘EE!II:IBILITE’ BASERAND I
1TV " PATCH COMBINERS
T T LA
& PILOT
CROSS SITE CABLES




BATTERY

MAING POWER DESTRIBUTION

]

FUTLHAE
BLOAVWESR
ROOK

Wit we
LCaBY STORE
T
L]
CANSS
EITE
- CIFS
"\
1 HEEER
ANTENMA COMTROL \
EQUIPMENT \
%
HPAIPA SUITE %
[eevrmes . | ] \
EQLEPMBENT ' i
ACOM | SUITE SWITCHING CONVERTERS | Iy
i i
[ L =N |
_: i SECONDARY
CENTRAL  FEED i PCWER
| SLNTE i DIST,
i o AEGUGE B |
ELECTION
L. comewen SUGR" ||
FaEp !
COOLNG M
T L
HRAARA BUITE / [/-' l
— 5 H---H— |
i % i
SOLMD ] *
LOCK D /,.» *I
~ - /
CAYIGENIC
\ HT’/ -
s SRR } BLOWER
— == - ACOM
H""‘H-..,,_ i | A

Fig. & Fquipment loyout, antenna building

&




tion hearings at the apexes. The hase carries the
azimuth wheels at the four corners, with the
journal bearing at the centre. A large sector gear
attached to the rear of the second structure
provides elevation drive to the reflector itself.

The 32m quasi-parabolic surface is of aluminium
alloy and has an accuracy of 0:534mm r.m.s. at the
working elevation. A stainless steel tripod supports
the 2:9m diameter cassegrain sub-reflector.

To achieve the required performance, under low
temperature environmental conditions (15 C), an
anti-icing system is fitted behind the reflecting sur-
faces, this requiring up to 265kW of electrical
power,

Power to the anti-icing panels and the elevation
motors is fed via an azimuth cable wrap facility
mounted above the azimuth bearing. This permits

full =270 rotation without exerting significant twist
or tension on any cables,

Drive System

The drives in both azimuth and elevation are
duplicated. Two sets of 55kW d.c. motors, gear-
boxes and final drive mechanisms are used on each
axis. Apart from the henefits in operational
reliability of this arrangement, the configuration
removes almost all backlash from the system, so
improving the tracking performance. One set of
drives is working against the other, whatever the
direction of rotation, in a "pre-loaded” condition.
For high torgque demands, the two motors are
working together, but for low demands they are in
opposition, This is guile a conventional counter-
torque technique. (figure 3a).
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Power lo the motors is delivered by thyristor
power amplifiers with voltage and current feed-
back to control system linearity and motor torgue.

In the servo conlrol equipment itself, four servo
electronic units are used, lwo per axis, the inputs to
which may consist of tracking errors taken from the
tracking receiver or other tracking errors taken
from different modes, i.e. manual or program
command, These commands are initiated either at
the local control position in the antenna building or
remotely in the central building. axis angle infor-
mation being provided by servo-type synchros,

Operctioncl modes

Although several operalional modes have been
mentioned, [e.g. manual, program, autotrack) the
mast important mode to the earth station useris the
last, in which the antenna control system
automatically tracks the satellite alter the tracking
receiver has locked on to the satellite beacon. In
the case of loss of lock, an alarm is given and the
system will revert to a preferred mode.

Should environmental conditions be forecast
which could exceed the operational design condi-
tions for the antenna structure the reflector can be
remotely driven up lo 90" elevation, where it pre-
sents least resistance to the wind. It can then be
locked in this position by the insertion of a stow
pin. In this way, relative rotation of the elevation
platform and the elevalion sector gear is pre-
vented.
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Tracking sub-system

Two alternative auto-tracking systems are

employed in this antenna, being respeclively

known as ‘Monopulse’ and ‘Step-Track’, a brief

description of each being given:
Monapulse
In the monopulse system of auto-track employed
on Madley 1, only the primary horn is used, as
against the multi-horn arrangement sometimes
used elsewhere. The system is alternatively
known as the “higher mode detection system”
and relies upon obtaining the tracking error
signal by picking up the higher mode component
excited in the feed waveguide when the antenna
boresight axis is offset from the direction of the
satellite. Tracking is carried out by using the
dominant mode, present when the antenna is on
axis with the satellite, as the sum signal, and the
higher mode as the error signal. The combined
sum and error signals are fed (o a single channal
tracking receiver where they are converted into
azimuth and elevation angle error signals, these
being fed to the servo electronics so producing
steering commands to the motors,
Step trock
The philosphy of this system is simply that the
antenna shall be moved step-by-step to a direc-
tion of maximum intensily of the radiated

satellite beacon. This requires the following
basic eguipments: [a) a tracking receiver for
receiving the beacon signal and [h] sample-hold

Wifiers. low-loss high-power combiner,
JENCY W 0ONVEFRINN &quiprments



Cing of the (wo suites of H.P.As. with 1.P.As and EIRP control.

circuity and a comparator for determining
whether the last movements were in the correct
direction for optimizing the beam. There will
normally be two signal levels at the outputs of
the sample holders, one being the level prior to
the last movement and the other subsequent to
the last movement. After comparison, logic
decides the next step direction. The tracking
accuracy obtained with this system is not as great
as that obtained using monopulse, so the gain
variation due to tracking errors is correspond-
ingly increased, being about -0-1548 at 4GHz and
-0-3dB at 6GHz in a 14m gusting 20m wind.

Feed system

This system is composed of two major elements: [a)

the 4-reflector focused beam feed and [b) the 4-port

dual-polarization feed.
4-Reflector Beam Feed
The basic function of this part of the system is to
provide for the transmission of high grade [Ref.
Intelsat BG-28-72E Aug. 1977) 4/6GHz com-
munications from a stationary feed located close
to the communications eqguipment, wvia the
cassegrain configuration of the main antenna. To
do this, the r.f. beam has to negotiate the azimuth
and elevation axes and so arrive at the antenna
focus in the correct modes. The mechanism used
for this purpose consists of four mirrors,
arranged as shown in figure 1, fed by a

corrugated horn In achieving a final design for
Madley 1, heed was paid to a requirement that
the station should be capable of operating the
technique of frequency re-use by dual circular
polarization. The need for this technique has
been brought about by the steadily increasing
demand for international traffic channels. Fre-
quency re-use by this method reguires good
cross-polar isolation of the circularly polarized
waves and this is not readily obtainable with all
designs of feed-horn. The superior performance
of & conical corrugated horn in achieving the
necessary circularly symmetric amplitude field
patlerns at the horn aperture plane leads to good
polarization isolation and thus also led to its
selection for this application.

4-port dual polarization feed

Satellite communications in the 4/6GHz bands,
particularly for Intelsal *Standard A' ground sta-
tions, generally employ circularly polarized
propagation. That is to say, the electric field
vector, defined in a plane normal to the direction
of propagation, rotates in a clockwise or anti-
clockwise direction. Dual polarization frequency
re-ise  requires two orthogonally polarized
waves to be propagated at the same [requency
along the same path. 1t is unlikely that the differ-
ing polarization characteristics of the antenna
and satellite, plus variations in the medium of
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the transmission path itsell will permit the
polarization states of the two waves to remain
unchanged. The voltage axial ratio [VAR], which
is the ratio of the major to minor axes of the
polarization ellipse is, for the truly circularly
polarized wave unity. In practice, no wave will
be truly circularly polarized. To achieve perfect
cross-polar discrimination the two waves require
equal VAR with opposite rotation and major
ellipse axes perpendicular.

This being a new earth station, designed with
both Intelsat IVA and V in mind, the mandatory
6GHz (Tx] VAR of 1-06 {0-5dB) had to be met. To
achieve this for the whole earth station, the
Madley 1 feed syatem itself has been designed to
achieve 0-35d8 VAR,

To cope with the specified broad-band
transmit capacity, the four-port feed provided
has been designed to handle a total input power
of 10kW cow. at 8GHz, and this can be either
divided in any arbitrary way between the two
transmil ports or applied to one port only.

Madley 1 is pioneering this particular feed,
being a new design not previously used on
Intelsal earth stations.

Broadband receive sub-system

This sub-system provides the initial amplification
of the 4GHz signals received by the antenna sub-
system, the antenna feed receive port waveguide
flange being the input interface to the sub-system,
Main and standby amplifiers are preceded by a
waveguide swilch which determines the traffic
route from the antenna. A ganged coaxial switch,
connected lo the outputs of the amplifiers, ensures
that the traffic bearing amplifier is connected to the
correct cross-sile waveguide and provides the
output interface.

The use of redundant cryogenic amplifiers in
conjunclion with a 32m beam feed antenna is not
essential in order to meet the requirements of the
Intelsat svstem, but in view of the combined
circumstances of low elevation and dual polariza-
lion operation it was considered prudent to select
this arrangement and thus maximize the
operational margins of the station.

The redundant amplifiers are identical in design
and each consists of three helium cooled para-
metric amplifier stages followed by a transistor
amplifier. The net gain of this arrangement at dGHz
is nominally 55dB and its noise temperature is
lypically 15-20K when referred to the input of the
sub-system. Parametric amplifiers are particularly
tolerant of input level variations and maintain
linearity over a wide range. Howaver, in the case
of the transistor amplifier it is necessary to select a
design which has a high intercept point (rypically
30dBm| to maintain the required linearity of the
system whilsl maintaining a low noise [lactor
[typically 3-5dB] in order that ils contribution to
the overall neise lemperature may be minimized.
The amplitude response of the amplifier configura-
tion described is within 0-5dB over most of the fre-
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quency range 37 o 42GHz and the group delay
response is within 2Zns over this range, One of the
major advantages of, and reasons for, the antenna
beam feed system is that it allows the parametric
amplifiers to be mounted in an equipment room the
arientation of which does not vary with the attitude
of the antenna. This eliminates the necessity for
flexible waveguides and/or rotating joints whilst
maintaining the amplifiers in close proximity to the
feed. On this station, the amplifiers are mounted on
a vertical plale for ease of access, the distance to
the feed port being some 250mm. This short length
of wave guide contributes approximately 0:1K to
svslem noise.

The amplifiers have a comprehensive fault
monitoring facility which includes power supplies,
amplifier temperature and pump power. Failure of
any of these indications provides a signal, via in-
built control, to switch the system from “Main™ 1o
“Standby” amplifier and initiate appropriate
alarms.

Amplifier temperalure and pump power are also
continuously displayed both locally and remaotely
and il is possible to select manually the amplifier in
service al both locations.

Three compressors are provided for the
refrigeration system, one for each amplifier and
one spare. The helium pipework is arranged to
enable rapid changeover to the spare unit in the
event of failure of either operational compressor.
In order to maintain low acoustic noise levels the
compressors are  situated in an  acoustically
shielded room. Test facilities, incorperated into the
sub-system by means of additional switches,
enable the standby amplifier gain/bandwidth to he
displayed and measured. The output of the standhy

Waveguide Selection Molrix, urnfergoing fino! inspecifon prior
toshipment Lo site



amplifier may also be swilched to the "Test” cross-
sile waveguide so that test signals injected into the
test coupler at the input of the amplifier may be
received in the Central Building,

Broadband transmitting sub-system

The station was planned primarily for operation
with Intelsat IV and IVA satellites and was
required to be capable of supporting the
simullaneous transmissions of ten services as
detailed in Table 1.

Expansion of this system was not to be inhibited
by the arrangement used and the station was to be
capable of transmitting f.om./f.dm. and single
channel per carrier [SCPC) at any frequency in the
range 38925GHz to 6-425GHz.

Table 1
MNo. of Channel  Satellite  Allocoted  ETAP* ot
Services  Copacity Beam Bandwidth 5 Elevation

MHz dBW

3 132 Hemi 5 B4.0

1 182 Hemi 10 f3-4

1 253 Global 10 #8-1

1 432 Hemi 15 86-5

1 972 Hemi A6 86-7

1 TV Video Global 30 88-3

1 TV Audio Clobal 25 750

1 SCPC [60) Global 36 8014

*Equivalent Isetropically Hadioted Power

In order to provide a transmitling system with an
adequate expansion capability, whilst maximizing
syslem  availability and transmit [requency
flexibility, Marconi engineered an arrangement
using 3kW air-cooled klystron amplifiers. The
difficulty normally associated with this type of
transmitting system is that of combining the high-
power oulputs of the amplifiers (ten in this case]
into a single output port without incurring
unacceptable power losses. A novel solution Lo this
problem has been adopted by the use of a specially
developed low-loss combiner. The principles upon
which the combiner works were pioneered on the
Post Office trunk waveguide system, albeit at much
lower power levels and in higher frequency bands.

The possible twelve 40 MHz bandwidth channels
to be combined are split into two groups—six
“odd” and six “even’—each group being
separately combined by simple commutator
networks followed by a multipole stage (see figure
4], The mode of operation of the commutators
relies upon the provision of a different phase shift
between two parallel paths interconnecting a pair
of 3dB hybrids, the value of the phase difference
being arranged so as to vary with frequency. The
relative phase shift between two equal amplitude
signals leaving one hybrid will, on arrival at the
other, be alternatively 0" and 180 for alternative
channels, thus giving the resultant grouping. The
“odd" and “even'’ groupings are combined by a
3dB hybrid, giving an aggregate output to the
antenna feed. Significant advantages of this com-
bining syslem are that il avoids the use of high

filters, is capable of combining microwave powers
of 3kW presented simultaneously at each of the
twelve input ports and does so without resort to any
forced cooling technigues. The insertion loss
between any input port and the output port {(includ-
ing the 3dB hyhrid] is 4dB. The amplitude response
of any 36MITz channel typically is: slope
-01dB /MHg, curvature 0-0005dB/MHz2 The group
delay response of any channel typically is: slope
0-05ns/MHz, curvature 0-005ns/MHz?.

In order to provide complete frequency
flexibility, the high power-amplifiers are connected
to the low-loss combiner via a waveguide matrix.
This matrix not only allows any amplifier to be con-
nected to any of the 12 combiner inputs, but also
allows the outputs of any two amplifiers to be com-
bined at the input to the matrix, thus giving access
to any satellite transponder from two high-power
amplifiers.

The use of 3kW air-cooled klvstrons, which
avoids the necessity for the proximity of high
voltages and water, has significant advantages in
terms of reliability and maintenance. The use of
multiple power amplifiers inevitably increases the
number of components in the system, but this
feature is offset by the fact that any amplifier
failure would only interrupt a proportion of the
traffic carried by the station. Nevertheless, in order
to meet the wvery stringent system availability
requirements of earth stations, a redundancy
system is needed. A maximum number of twelve
high power amplifiers are planned to be used on
the first transmit polarization, although ten have
been initially fitted. These are divided into two
equipment suites, each of which contains one
amplifier which is designated for television. Of the
remaining five h.p.a.s in each suite, four are
operalional amplifiers and the fifth is used as a
standhby in case of failure of any of the other four.
Because the television amplifiers will not be in con-
tinuous use. the logic and swilching systems have
been designed lo enable the TV amplifiers in each
suite to act as telephony standby when the nor-
mally designated standby amplifier is not avail-
able; for example, during routine maintenance.

The klvstron amplifiers, designed by Marconi
Communication Systems, have a nominal 40MHz
bandwidth and have six tuning positions, sach of
which may be pre-set to any position in the
transmit frequency range. Four of the amplifiers
(two redundant and two TV] are equipped with
fast motorized tuners and are used in a "Hot
Standby'" mode.

Integral blowers are normally used for klystron
collector cooling, but due to the extremely low
acoustic noise level requirement in the equipment
halls, a common ducted air svstem was designed
for the complete suites of amplifiers. The blowing
system uses redundant centrifugal fans, housed in
a separate acoustically shielded room. It also
incorporates a controlled feedback system to
regulate the input air temperature in addition to a
pressure regulaling device,
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The klystron amplifiers are driven by low-power
travelling wave tubes which can be well backed off
to ensure operation in a linear mode. The power
level at the input of the travelling wave tube is con-
trolled by a motorized variable attenuator, which ia
continuously variable in 0-1dB increments, 11 is this
attenuator which is controlled {remotely) to adjust
the carrier e.i.r.p.s under operational conditions.

The output power of each klystron amplifier is
continuously displaved by a power monitoring
system which incorporates a high accuracy power
meter using a thin-film thermoelectric head. The
monitor indicates power levels from 10W to 10kW
in three ranges. For the standby and television
amplifiers auto-ranging is incorporated. The
monitoring syslem has pre-sel primary and
secondary 'windows' which canse alarms to be
initiated when exceeded. Six pre-set values for
each window may be selected, suitable for the
transmission of different carrier levels. Initiation
of a primary eirp. alarm causes the standhy
amplifier to be automatically brought into service,
the output of the normally operational amplifier
being switched to its dummy load. Outputs from
the power monitor are also available for data
acquisition.

Ground communications equipment sub-system
[G.C.E.]

General

Reference to figure 1 shows the equipment
included in this sub-system. Broadly, it contains all
the equipment which is specific to a particular
radio frequency (rf.) carrier and therefore
interfaces at one end with the baseband terrestrial
multiplexing equipment and at the other end with
either broad-band transmit or the broad-band
receive equipment.

Although all transmit and receive equipment
chains are capable of quick and easy reconfigura-
tion in terms of frequency, capacily and
bandwidth, Table 2 shows the number of equip-
ment chains and their initlal configuration. In
common with many ‘Standard A’ stations, non-
redundant equipment facilities are provided for
both television transmission and reception. A
special feature of the slation is the provision of
three sets of TV video modem eguipment. The
equipment is located in a separate TV room and
gives the station the capahility of simultaneous
transmission and reception of two TV wvideo
carriers in addition to an in-station test loop.

Transmif equipment

The station is initially fitted for fourteen transmit
chains; six telephony carriers using one-for-one
redundancy and two non-redundant carriers:= TV
video and TV audio. All the telephony chains are
equipped for the transmission of frequency
modulated, frequency division multiplexed
carriers [f.m.-f.d.m.), although it is anticipated that,
at an early operational stage, one service operating
on single-channel-per-carrier will be required.
However, with the exception of this service, the

Table 2—GCE Initial Test Plan*®

Mo of Chonnel Bandwidth
Eqguipment Capacity [MHz]
Chains

RECEIVE 2 612 20
2 312 10

2 252 10

4 252 15

i 192 10

2 192 10

2 132 70

4 a6 75

5 a6 50

2 72 50

11 i) 50

3 Gl 25

3 24 2.5

1 Video 17-5
TRANSMIT 2 432 20
2 432 15

2 g7z kL]

2 782 235

P 252 15

2 a1z 15

1 TV Videa 175

1 TV Video 23

*This configuration is subjed to change for operational service,

station operates in the fm.-f.dm. mode and an
outline description of the processing of these
carriers follows.

Each carrier to be transmitted has three com-
ponents, At the low frequency end of the baseband
are the Engineering Service Circuits. As the name
suggests, these circuits are used by the engineers
concerned with the operation and maintenance of
the station and they occupy the end of the
baseband from 4-3-11.7kHz. Both telephony and
telegraphy circuits are used in this part of the
basehand. With the exception of a small slot at
G0kHz, the rest of the baseband is devoted to the
f.d.m. telephony channels. The bandwidth used is
dependent upon the channel capacity of the carrier
and varies from 108kHz for twenty four channel
carriers to 5884kHz for one thousand three
hundred and seventy-two channel carriers. Al
G0kHz an unmodulaled c.w. tone is transmitted,
This pilot is used to monitor the status of the carrier
throughout the transmission. The interface unit on
the earth station which accepts these signals is the
baseband combiner, the function of which is to
combine the incoming terrestrial signals into a
composite baseband. Its other primary functions
are to ensure that the telephony basebands are
restricted to their designated frequency ranges and
that the telephony baseband has a clean slot at
60kHz so that a clean pilot (free from spurious and
noise] may be transmitted. At the high frequency
end of the baseband a noise band stop filter
ensures that a clean "out of band” slot is generated.
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When the carrier is demodulated this slot is used to
gssess Lhe signal-to-noise ratio of the carrier.

The composite baseband signal at the output of
the combiner is passed to a flexibility cabinet
which enahles the signal to be patched to the desig-
nated modulator, The modulator is in fact a shelf of
equipment which provides pre-emphasis, energy
dispersal and baseband amplification in addition to
frequency modulating the carrier. Energy dispersal
[ED) is a low f[requency triangular waveform
which is used lo maintain the power density of the
transmitted carrier within defined limits, Thus, ED
is switched on when the level of the multiplexed
signal [which depends upon how many telephone
channels are active] falls below a specified level.
Pre-emphasis is used, as in most f.m. systems. to
pbiain a substantially uniform signal-to-noise ratio
across the baseband. The baseband amplifiers are
adjusted to provide the correct level to the
modulator so that the frequency modulated carrier
produced has the specified deviation per channel.
As in the system as a whole, a high standard of
linearity is required of the modulator, in addition
to a requirement for a suitably low contribution to
channel noise. All units must be able to cope with:
{a] the high deviations experienced when large
channel capacities are transmitted, and {b] the low
noise requirements of the low channel capacities.

The modulator has normally flat i.f. amplitude
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and group delay responses and has a devialion
non-linearity of less than 1-5% over its operating
bandwidth. The output of the modulator, which has
constant level, irrespective of the channel capacity
being transmitted, is directly connected to the i.L
input of the drive [i.f./s.h.f. upconverter) cabinets
by means of the cross-site 1.1, coaxial cables.

The drive eguipment, which is located in the
antenna building, consists of TOMHz i.f. processing
and a double upconverter which frequency
changes the 7OMEz i.f. inlo a suitable microwave
carrier in the 66GHz hand. Within the LI, equipment
are contained the station and system transmit
egualization networks.

The reason for the choice of i.0. equalization is
that signal processing, such as amplification and
equalizalion. can be most conveniently designed
and economically produced in this freguency
range.

Signals transmitted via the cross-site i.f. cables
undergo attenuation which wvaries over the
bandwidith of the carrier. Therefore, the first unit
within the drive equipment is a cable equalizer
which compensates for the losses incurred and re-
establishes a flal amplitude response. Two group
delay equalizers (g.d.e.] are included in the i.f
section. The first one is a station g.d.e. adjusted to
equalize the group delay of the complete transmit
chain, its main function being to compensate for



the small but significant amounts of group delay
inherent in the broadband transmit svstem. The
second equalizer pre-equalizes the satellite trans-
ponder group delay and this may require com-
paratively large values of equalization depending
upon the size of carrier and its position within the
frequency band of the satellite transponder. The
actual value required is specified by Intelsat, Both
equalizers provide both first and second order
equalization. Finally, there is an amplitude
equalizer which compensates for the small
amounlts of first and second order amplitude distor-
tion occurring in the lransmit system. This
equalizer is necessary to ensure that the very str-
ingent amplitude response limits, imposed by,
Intelsat specifications, are met. In addition o i.f
amplification which ensures that the upconverter is
driven at the correct level, there is an if filter
which effectively defines the complete amplitude
and group delay response of the transmit system,
Again, the actual responses are defined by Intelsat
and it is the system company's responsibility to
obtain a design of i.f. filter which enahles the com-
plete transmil system to meet this specification.
The filters are characterized by very flal in-band
amplitude and group delay responses and by a very
strictly controlled cut-off at the edges of the pass
band. The filters manufactured by Marconi are
designed (o even more stringent criteria in order to
provide the necessary margins for the rest of the
lransmil system.

The double upconverter [d.ou.c.) has heen desig-
ned using microwave integrated circuits and
includes two stages of frequency upconversion.
This allows all necessary in-band filtering to be
performed at the second intermediate frequency
(700MHz band]. In this way the second upconver-
sion stage may be tuned to any frequency in the
500MHz  transmit band, the output of the
upconverter having a covering filter of 500MHz
bandwidth. Featured in the design are the local
oscillators which, for fm.-f.d.m. carriers, are
referenced to a 1000MHz ovened crystal oscillator.

However, by the addition of further components,
the 100MHz crystal is locked to a 5MHz internal
standard which gives the carrier the higher
stability for SCPC working. The d.u.c. is also desig-
ned for synthesizer operation although syn-
thesizers are not normally used on the Madley 1
transmit system. As previously mentioned, carrier
filtering is necessary to reject first oscillator break-
through and many other forms of generated
spurious signals. For this purpose a 40MHz
bandwidth linear phase filter is used which com-
bines the in-band amplitude and group delay
response linearity with the sharp cut-off and high
rejection needed to meet the requirements of the
Intelsat system. The d.u.c. has an output level of
nominally -10dBm which gives sufficient drive to
enable the broadband transmit system to be driven
lo saturation (for test purposes). lts intercept point
is +7dHm,

Physically, the du.c is contained within a

482mm cabinet-mounted shelf, complete with its
own power supply unit and up to four units are
contained within one 1-8m cabinet,

Receive equipment

The output of the post low noise amplifier provides
the input lo the sub-system. The input bandwidth
covirs the complete 500MHz satellite transmit fre-
quency band and therefore all signals received
from the satellite are available at the 96way
splitter [Fig. 1 refers). The splitting arrangement
uses siripline lechniques and has no active com-
ponents. The outputs are connected, via low-loss
coaxial cable, to the double down converter (d.d.c.)
located at the input of each of the 55 receive chains.
The dd.c., which extensively uses microwave
integrated circuit techniques, has an input filter of
nominally 500MHz bandwidth. The first oscillator,
which is frequency controlled by an ovened crystal
of about 100MHz can, by choice of appropriate
crystal frequency, tune the centre frequency of the
first mixer to any frequency in the 500MHz receive
band. The output of the first mixer is followed by a
covering filter which limits the received bandwidth
to 40MHez Amplification is provided at the first i.1.
frequency (700MHz band) followed by the second
down converter which also uses an ovened crystal
oscillator,

The output of the second mixer has a centre fre-
gquency of 70MHz and a nominal bandwidth of
40MHz, As in the transmit system, group delay
equalization for the station receive system is
provided at 70MHz. Second i.f. filtering, necessary
for  protecion  against adjacent  channel
interference, is provided by the use of filters with
identical performance to those used in the transmit
svslem. The bandwidth of this filter must, of
course, be matched to the bandwidth of the carrier
being received. These filters which also conform to
mandatory masks for the Intelsat transmit carriers,
have their own in-built group delay equalizations.
Ower 60dB of amplification is available at 70MHz
and this includes an automatic gain controlled
(a.g.c.] amplifier which compensatas for variation
in the received signal level and also for variations
[mainly attributable to temperature changes)
which may occur within the receive svstem as a
whole, in order that the demodulators may operate
under optimum signal level conditions.

The basic demodulator contains a conventional
f.m. discriminator circuit from which the carrier
baseband information is recovered The demo-
dulator is designed to operate over the range of
Intelsat carrier capacities 24-1872 chanmels.

A detected carrier level from this unit is used to
control the a.g.c. amplifier in the i.f. section preced-
ing it. In the Intelsat system, some low capacity
carriers [24-252 channels) operate at a low carrier-
to-noise ratio, very little above the threshold of a
convenlial f.m. demodulator, and it is therefore
necessary to exlend the normal operating range of
the demodulator when it is being used with theze
carriers. This technigque is called "Threshold Exten-
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sion' and in the eguipment used on Madley 1 it is
achieved by [requency modulation [eedback
(f.m.f.h.] which involves the addiion of two
modules which precede the f.m. diseriminator.

Connected to the output of the demodulator is a
receive baseband unit which provides the
necessary processing of the demodulated carrier.
The unit contains a de-emphasis network, which
compensales for the pre-emphasis applied prior to
f.m. modulation, and a high pass filter which is
used to remove the low-frequency energy dispersal
waveform. Amplification is also provided to
establish the standard levels necessary for onward
transmission of the baseband signals. Outputs from
the baseband unit are also connected to pilot and
noise monitors. The pilot detector, which operates
at 60kHz, gives a local indication of pilot level and
an putput for data acquisition purposes. An alarm
is given when the pilot level falls below a pre-
determined value.

The noise detector measures the noise level in
the out-of-hand noise [o.b.n.] slot. As this o bon. slot
was ‘cleaned’ at the input of the transmission
system, the noise level detected gives a good
indication of the signal-to-noise ratio of the
transmission path. The o.bn. detector has two
associated pre-set alarm levels, complete with pre-
sel lime delays, so that alarms will be initiated
when specific levels of o.bh.n. degradation have
been experienced for a pre-determined length of
time.

All telephony baseband outputs are now passed
on to the haseband flexibility cabinets. In these
cabinets are mounted patching links for each
receive chain and two types of modules which are
physically interchangeable. Module A contalns a
solid-state changeover switch with associated drive
logic. The basebands of two receive chains are con-
necled to the inputs of the module and the outputs
of the switch are connected to their respective
baseband splitting units. When the baseband
switch is operated the baseband oulputs are
interchanged. In this way, a one-for-one redun-
dancy system is obtained. The swilch operates in
automatic mode from information received from
the pilot detector units of the two receive chains,
these detectors being located in the baseband
splitter units. The switch may also be operated
manually to effect changeover between the two
paths. Module B contains simple inpul to output
coaxial connections and is used in place of module
A for carriers which require manual patching
facilities only. This flexibility facility, which was a
mandatory requirement of the client's specifica-
tion, enables the operalor to select quickly and
easily any two equipment chains for operation in
an automatic one-for-one redundancy svstem and
also enables any receive chain to be patched to a
particular terrestrial interface point,

As already mentioned, the outputs of the
flexibility cabinels are connected to cabinets
housing the baseband splitter units. At the input of
each unil is an amplitude equaliser which com-
14

pensates for the amplitude frequency response of
all the baseband cable between this point and the
output of the receive baseband unit. Also
incorporated in the splitler units is a pilot detector,
the output of which is used to control the status of
the baseband switch. A feature of the detector isits
clogsely matched transfer characteristics over a
wide operating range.

The baseband output from the cable equalizer
also undergoes suitable hybrid splitting and
filtering in order to provide three outputs: the
traffic baseband, the engineering service circuits
and a 60kHz pilot monitor point.

Station test facilities

The station is equipped with what are termed
Fixed Test Facilities,” These facilities are almosl
entirely located in the Central Building but enable
a wide variety of loop tests to be performed on both
transmit and receive equipment chains. An
advantage of this arrangement is that the facility
can he made available to further satellite earth ter-
minals at Madley using the same Central Building,
The test facilities include a transmit chain tester
[TCT). a receive chain tester [RCT) and a patching
cabinat.

Transmit chain tester

The transmit chain tester is a BGHz receiver, con-
sisting of a 6GHz/4GHz translator and a 4GHz
receiver which is identical, in terms of equipment
design, to those fitted to the 55 operational receive
chains. It can be seen that such an arrangement has
many advantages associated with commonality of
equipment, spares holding and maintenance. It is
also possible to use this chain as an operational
receive chain by by-passing the inpul translator.
There are of course certain differences. As a fixed
test facility, only a conventional [as opposed to
threshold extension] demodulator is required. In
order to tune to the various frequencies of the
transmit carriers which must be received the first
local oscillator is synthesizer-controlled. To cope
with the channel capacities of the transmit system
switch-selectable de-emphasis networks are
provided, For normal test purposes a 70MHz filter
for adjacent channel protection is nol necessary,
but the capability to fit the filter is retained. Tests
normally associated with this type of tester are
response measurements [amplitude and group
delay] and channel noise measurements [n.p.r.
tests], These tests may be performed in a FOMHz
loop or an sht loop from the output of the
upconverter equipment, or an s.h.f. loop from the
output of the h.p.a. before or after the low-loss
combiner. By a combination of patching and
switching within the antenna building, remotely
controlled from the central building, all these test
loops may be used on all transmit chains. Any
chosen s h.f. monitor peint in the antenna building
is connected to the 6/4GHz translator in the central
building via a 6GHz elliptical cross-site test
waveguide.
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Receive chain tester

The receive chain tester is a 4GHz low-power
transmitter. It consists of a modulator, i.f. equip-
ment and double upconverter of identical design to
the operational transmil chains, As in the ransmil
chain tester, capacity and frequency flexihility is
in-built by the provision of a switchable pre-
emphasis unil and synlhesizer, the latler conlroll-
ing the output frequency of the double
upconverier, The output of the double upconverter
is converted to the 4GHz band by a test translator.
In this way, commonalily of eguipment is
maintained and the receive chain tester can also
‘double’ as an operational transmit chain. In order
to perform this function, switching is provided lo
route the output of the double upconverter
(6/4GHz translator by-passed) via the 6GHz
elliptical cross-site waveguide, to the antenna
building, where it may be patched into the
appropriate  broadband transmit chain. [f this
mode of operation is chosen, then the 6GHz
waveguide is heing used for transmissions in the
opposite direction to which it operates when used
as a test facility; the two modes of operation are
therefore mutually exclusive. When [ulfilling its
normal test function the RCT can be comnected to
the receive system by several s.h.l, and i.[, patching
facilities all of which are contained in the patching
cabinet, Tests via the standby parametric amplifier

are conducted by connecting the RCT to the 4GHz
“Test Tx' cross-sile wavegoide, Suitable switching
in the broadband receive sub-system connects the
waveguide 1o the sltandby parametric amplifier,
The output of the amplifier is transmitted cross-site
by a second 4CHz ‘Test Rx" waveguide which is
routed to the patching cabinet by way of the
standby post Lo.a. amplifier. Anshf and i.0. cable
iz routed o each pair of receive chainsg so that by
suitable patching a complete receive chain tost
may be performed on any chosen chain of equip-
ment. Additionally, within the central building,
each GOE receive chain may be connected in a test
loop with the ROT at s.h.f. or at i.f. To complete the
lest patching facililies, baseband cables are wired
from the patch to each transmit and receive chain
so that simple patching enables a full test evalua-
tion of the baseband to be performed.

Conlrol and supervisory sub-system
The complele earth station complex at Madley is
ultimately intended to cater for up to six separate
antenna systems, and a requirement of the
specification was that a standardized philosophy
should be employed for this sub-system, com-
patible with intended operations and maintenance
of the stalion as a whole, but nevertheless standing
in its own right.
The provision philosophy employs two basic
14



functions, these being (a) alarms, (b) control and
supervisory facilities.

Alarms
Two degrees of alarm condition are provided, each
separately networked throughout the station and
known as primary and seconday alarm highways.
The system is designed to ensure that faults can be
located in the shortest possible time, leading to
minimum risk of traffic outage. A loss or major
degradation of service initiates a primary alarm,
this being indicated by a continuous audible and
visual display. A secondary alarm is initiated by
degradation of performance insufficient to cause
loss of service and is indicated by audible and
visual displays at about 1 pps. Each of the two
degrees of alarm is taken to five levels, these being
briefly described below.
(i} Local olarms
These indicate failure of a particular unit in any
efuipment cahinet e.g p.s.u. failure, signal level
failure etc. The indicators are mounted on
individual units.
{ii) Equipment alarms
The local alarm outputs are fed to these alarms
which extend the alarm condition by means of
alarm relay contacts. A red alarm lamp, indicat-
ing the failed equipment section, lights at the top
of the cabinet. A receiving attention facility is
built into this alarm level, permitting display of a
green "Receiving Atlention” lamp once an alarm
has been raised and is being dealt with, The
operation of the “Receiving Attention” key
cancels all higher level alarms. Under this condi-
tion clearance of the fault will reinitiate the
higher level alarms until the “Receiving Atten-
lion" kevis normalized.
{ifi] Suite alarms
The primary and secondary alarm highwavs
from the equipment level are taken out to visual
suite alarms, one at the end of each suite of
equipment.
{iv] Areg alarms
These are both audible and visual and are placed
at posilions such that at least one can hea seen
from any position within designated equipment
areas, Operation of any suite alarm will initiate
the appropriate area alarm. Additional contacts
provide for exlensions into the central alarm
unit. In the antenna building, a display panel is
provided which indicates which particular
equipment sub-system has failed,
{v] Central alarm unils
These are located in the operations area of the
central building, each unit handling the primary
and secondary alarm outputs from two areas.
The outputs from the units are fed to a central
display, which is of modular construction, each
module indicating the area of failure. Power
failure, or disconnections of alarm units, will
automatically initiate alarm indications.

Control and supervisory
Remote control of the various sub-systems is

20

handied from the operations area in the central
building. using the following cabinets.

{i] An antenna control cabinet provides facilities
for remote control of the various antenna
steering functions including selection of the
drive modes in azimuth and elevation,

[ii] A second cabinet associated with the antenna
houses the remote controls for the antenna
anfi-icing system.

{iii) Remote control facilities for the transmit
switching cabinets, which are situated in the
antenna  building, are provided in =a
supervisory cabinet which also monitors and
controls the output power of the high-power
amplifiers. The transmit switching cabinet has
three major functions. Firstly, it controls the
waveguide switches in the transmit power
amplifier chains. Secondly, it interfaces with
the high power amplifiers 10 provide fast
muting signals in the event of an unavailable
path. Thirdly, there is an interface with the
power manitors to contrel the frequency of the
standby amplifier and to detect when power is
outside specified limits.

[iv) A fourth cabinet houses a spectrum analyser,
GCE TV remote control and remote controls
for the cross-site make-up amplifier.

Some systems aspects

Before an earth station can achieve operational
status within the INTELSAT satellite communica-
lions system, there are mandatory performance
parameters which must be met. These, in addition
to many recommended parameters are defined in a
series of formal documents issued hy the
INTELSAT Board of Governors, For a systems or a
manufacturing company to operate effectively in
the earth station business a good working
knowledge of these requirements is essential as the
specifications are frequently reviewed and can
have significant impact upon system and equip-
ment design.

In addition to these international specifications,
each prospective purchaser, almost without excep-
tion, issues a comprehensive specification which
details the particular characteristics and require-
ments of his station. In the case of Madley 1, where
the technical competence and capability of the
customer is renowned, the demands made upon the
respurces of the contractor are correspondingly
high, from the receipt of the Invitation to Tender
(ITT) through to the "Ready for Service” date and
throughout the warranty period. The system design
is formulated immediately the customer’s require-
ments are known and particular emphasis is placed
upon the definition of any sub-system in which
novel solutions or new development specific to the
contract is needed to meet the customer's require-
ments. It is in these areas that considerahle benefil
is obtained by dialogues with the customer's Plann-
ing and Operational staff in recognizing problems
and proposing cost-effective solutions.
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Madley 1 is in terms of traffic capacity one of the
largest, if nol the largest, satellite earth stations
operating in the INTELSAT system and has been
supplied to & most rigorous and comprehensive
testing and documentation programme. An insight
into the programme may be obtained hy outlining
some of the relevant features.

Environmental tesling of a complele GCE
transmit and receive chain, in working configura-
tion, has been performed to detailed specifications
of such parameters as amplitude and group delay
response, channel noise and frequency stability.
Over and above the normal unit, shelf and cabinet
factory testing, required for the Company's quality
gssurance system. detailed and comprehensively
documented customer proving tesls have been
demonstrated on each cabinet of equipment. Alter
installation of the equipment an exacting pro-
gramme of commissioning and acceptance testing
has been performed. These tests, involving an
estimated 2,500 individually recorded and certified
sets of measured data, give some idea of the level
of activity demanded of the engineering groups
involved and the very close working relationship
which is needed between the Company's engineers
and those of the customer, especially when it is
realized that each test document, and installation
drawing, was required to he submitted for
cuslomer approval prior to it being used. Menlion

has been made of mandatory performance require-
ments. The following paragraphs discuss some of
these and other important parameters with an
indication of how they were achieved.

{i] Figure of meril

Otherwise known as the Gain-to-Noise Tem-
perature Ratio (GAT] of the station: in a well
designed station, this will almost entirely
depend upon the antenna and feed design
and the performance of the low-noise broad-
band receiver. For a given antenna aperture,
some optimization of G/T is possible by careful
design of the antenna components. For example,
shaping the main reflector from a  true
paraboloid to a modified or quasi-paraboloid,
and at the same time suitably shaping the sub-
reflector, is one way of obtaining a good com-
promise belwsen gain and noise temperature
resulting in a high G/T. Most antenna suppliers
recognize these techniques and such features are
almost standard, differing only in detail and
depraee.

For the purposes of specifications and mea-
surements, it is standard practice to refer both
the antenna gain and the system noise
lemperalure to the input flange of the low-noise
receiver,

Standard “A" stations, operating in the
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INTELSAT system, obtain approval if the follow-
ing minimum condition is met in the direction of
the satellite, and for the polarizations chosen for
the satellite, under clear sky conditions, in light
winds, and for any frequency in the band 3.7 to
4-2GHz.
G/T» 40-7+20 log, f/4dB/K

where f is the receive frequency expressed in
GHz. In order that stations may have maximum
operating flexibility, many users specify this
minimum condition to the contractor at a 5°
elevation angle.

Measuremenl of G/T usually relies upon the
use of radio stars as known calibrated noise
sources. This method was used on Madley 1 and
the mandatory performance was easily exceeded
at 5" elevation. [G/T = 43dB/K at 4GHz). A high
efficiency was shown in both the transmit and
receive frequency bands, for the complete
antenna, including main and sub-reflectors, four-
mirror heam-feed and four-port feed. However,
the contribution to the high G/T by the
cryogenically cooled receivers, having a noise
temperature of 15K, should not be forgotten in
the measurement of the system noise
temperature, which in this case was 63K at 4GHz
and 5° elevation.

[ii) Radiation patterns

Whilat considering the antenna in a system and
operating context, the requirements for radiation
pattern performance should be included.

To avoid inlerference with neighbouring
satellites and terrestrial communications
systems which share the same frequency band it
is necessary to keep the side lobes in the radia-
tion pattern as low as possible. Although there is
no mandatory performance for the level in the
first side lobe as such, side lobes at T off the main
lobe axis are required to be -28dB or lower with
respect to the main beam maximum gain, on
transmit. [The requirements for new earth sta-
tions, after Madley 1, are slightly different, being
revised in 1976, but these requirements were also
adequately met). Provided that due care has
been exercised in the design of the antenna and
foed system, good radiation patterns can only be
achieved by extreme care in the precision align-
ment of the various anlenna reflecting com-
ponents. By careful monitoring of each stage of
assembly and alignment of the focussed beam
feed and the cassegrain antenna surfaces,
excellent radiaion patterns were obtained
during transmission tests with a boresight
transmitter specially set up in the antenna far-
field. Further tests of the cross-polar perfor-
mance, using an INTELSAT IVA Satellite have
also been successfully completed.

[iii) Receive noise temperature and linearily

In & well-designed receive system the receive
stages after the l.n.a. should make little contribu-
tion to receiver noise temperature.

Relerence to figure 1 shows that an additional
amplifier has been included between the Lna
and GCE receive chains. This amplifier fulfills
the dual function of compensating for the
transmission losses so that adequate signal level
is available at the receivers, It also reduces both
the noise contribution due to the splitter and the
receive chain noise factor when referred to the
input of the L.n.a These considerations diclate
the minimum gain of the amplifier and its noise
tactor. However, if the amplifier were located
directly at the output of the L.n.a, the signal levels
in the output stage of the amplifier could be high
enough to cause significant distortion, and hence
contributions to channel noise, due to operating
over a non-linear portion of the transfer
characteristic. By locating the amplifier at the
central building end of the cross-site waveguide,
signal levels into and out of the amplifier ara
kept at a level which gives acceptable linearity
and at the same time limit the "back end’ con-
tribution to receive noise lemperature o less
than 3K.

(iv) E.i.r.p. capability

The station is required to have a high degree of
frequency flexibility and to be able to transmit
carrier(s) at e.i.r.ps specified by INTELSAT. It is
also required that the el.r.ps should be con-
trolled over a specified range of levels.

Due to the low-loss combining system used at
Madley and the close proximity of all amplifiers
to the transmit port of the feed, the insertion loss
between any amplifier and the feed is nominally
5-5dB.

The transmit system design thus gives the
station the capability of transmitting 12 carriers
each with an e.d.r.p. of 83dBW. This capability is
far in excess of any requirement that the station
may experience in the INTELBAT IVA system.

(v} E.ir.p. stability

All stations in the INTELSAT system are
required to maintain their e.ir.p.s within +0.5dB
of & nominal wvalue except under adverse
weather conditions. This requirement is not only
necessary (o ensure that the carrier flux densities
re-transmitted by the salellite are at an optimum
level but also because variation in edi.r.p levels
transmitted by earth stations can cause undesir-
able re-distribution of intermodulation product
levels in the satellite transponder.

All equipments within the station's transmil
system, including the antenna, contribute to the
total variations generated and it is a system
design responsibility to ensure that squipment
performance specifications are consislent with
the overall requirement. There are various ways
in which the overall stability of transmit chains
can be improved. the electronic stabilization of
power supplies for the equipment being one such
way. The only equipments on the station not
using this method are the high-power transmitter
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amplifiers which are fed from automatically con-

trolled mains voltage regulators. On previous sta-

Hons built by Marconi automatic level control

[a.l.¢] ol the power amplifiers has been used lo

reduce the ed.ep. variation. In the case of

Madley 1, as with many other stations, reliance is

placed in the inherent level stability of the

aquipment,

There are of course many other important
paramelers o be considered, induding over o
international mandatory requirements, all of
which feature in the programme of tests performed
on the station.

Project Implementation

The design and construction of large earth stations
involves a broad spectrum of engineering
disciplines, including civil, mechanical, electrical
and communications,

It is normal for a national civil engineering con-
tractor to be chosen for such projects, but it is by no
means certain that the mechanical or electrical
engineering design and/or construction capability
exists within the country in which the station is to
be built. It is therefore almost inevitable that the

ingredients of high capital cost, international com-
merce and multiple complex sub-contracts will be
involved. Madley 1 is no exception and high
standards of project control and liaison have been
necessary to co-ordinate the activities of the
various contractors and sub-contractors in the
design and provision of the system elemeants.

Although MUSL was awarded the prime con-
tractorship by the British Post Office, all major sub-
systems were subject to international competitive
tender, the wvarious sub-contractors to be co-
ordinated by MCSL who would also supply the
system  integration, system engineering and
installation reguirements. In the event, two major
sub-avatems [Ground Communications Equipment
(GCE) and hroadband transmit equipment] were
also awarded Lo the company.

The logistical problems foreseen due to the
involvement of overseas sub-contractors in the
provision of large and diverse equipments for
Madley 1 made the setting up of regular contract
reviews between all the involved parties a
necessily.

As prime contractor, MCSL has been responsible
for all aspects of the project including, for

23



example, budgetary, technical performance,
quality, and time-scales. To ensure that the
standards set for all paramelers were being met,
the projecl management team established methods
of securing information at regular and frequent
intervals on the various sub-systems. The basic
programme planning was carried oul using com-
puterized PERT techniques at three levels of
detail, the lowest level being used mainly for local
control purpaoses in the operating areas.

Each operating area involved with the project,
including the major sub-contractors, estahlished
their own project teams dedicated to Madley 1,
each team reporting to the MCSL Project Manager,

The following list gives the spectrum of activities
which have required planning, co-ordination and
control:

System planning, including on-site test

specifications

Equipment development and design

Sub-contract supervision

Component supply

In-house {abrication of parts

Equipment assembly

Equipment test, including environmental

Installation planning and design

Equipment installation and commissioning

Cuality verification

Spare parts and components supply

Handbooks and documentation preparation

Customer training

Detailed reports on each of the above were
produced at monthly or weekly intervals, these
reports forming the basis of monthly contract
reviews with the customer and permitting the
customer's Project Manager to keep abreast of all
real and potential problems which could prejudice
the station into-gervice date and cost.

Very close ligison was maintained with the
customer project team to ensure that there was no
disagreement with interpretation of the specifica-

tion and that any changes 1o the requirements of
the contract were quickly assimilated into the on-
going programme of work.

Such changes are inevitable in complex projects
and in the case of Madley 1 over one hundred
formal contract variations were raised.

To be successful, all projects need planning,
mativation. co-ordination and control and to
provide these essential features the project has
been handled by an Operations Unit within the
Company, this unit having specific responsibilities
for satellite communications earth stations.

The project teams within this Space Operations
Unit are constantly looking towards and planning
for future trends in the earth station business. As
the growth in demand for satellite communications
continues, so earth station traffic capacities will
continue to increase. Even before Madley 1
entered service, a significant increase in its already
large receive capability had been planned. With
the advent of frequency re-use by dual-
polarization, becoming operational with Intelsat V,
a second expansion for transmit and receive equip-
ment is likely. In addition, work is already well
advanced for a second ‘Standard A’ at this station,
Madley 2, and MCSL are again playing a major
role.

It is perhaps fitting that, in the vear of the
sevenly-fifth anniversary of the historic first two-
way transmission across the Atlantic, arranged by
the Company's founder, The Marconi Company
has completed a project which is also of greal sig-
nificance to the capability of the UK in communica-
tions with overseas nations,
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RESUME

Murconi Communicetion Systems
Limited était I'entreprenenr principal
pour Madley 1, le premier terminal
lerrestre de communications satellites
qui soit installé dans le nouveau
complexe de stations terrestres des
Postes Britanniques dans
I'Herefordshire. Le matérial de
communications Initial assure une [orte
capacité pour le trafic 18léphone, telex et
télévision via un satellite 1V A Intelsat
dans I'Océan Indien. Quatorze chaines
d' émettenrs ond féimplantdes, disposant

de B purteuses avec redondance une-
pour-une, ainsi que des chainas vidéo TY
et andio TV non redondantes, Dans le
circuil de réception, on trouve 55 chaines
opérationnelles qui, si bessin ast,
peavent etre disposées en redondance
ung-pour-une  grice & des svstbmes
souples.

et article a pour objet de denner une
vue d'ensemble de la concaption et de la
capacité du systéme et non un Iraitement
an profondeur d'un sujet spéci fgue.
L'introduction présente d' une maniére
générale la nécessité qu'il v & de disposer
d'une telle station el donne une bhréve

description de la disposition du matériel,
aonduisan! nalurellement d des
descriptions plus détaillées des sous-
ensambles. Cellesci trailent de
I'antenne, des malériels de réception ef
d'émission & large bande, de
I'éguipement de communications au sal
at de la station de contréle et des
installations de survaillance. Cerlaing
aspecis du systéme d'ensemble sonl
ensuile abordés, suivis d'un bref passage
sur la gestion ¢ la miss en oeuvre du
projel. avec mention des travaux futurs
que doit mener i bien la Société a
hadley.

ZUSAMMENFASSUNG

e Marconi Communication Svslems
Limited war die Hauptvartragsfirma fiir
Madley 1, die erste britische Satelliten-
Erdfunkstelle, dieim neien
Bosenfunkkomplex der britischen Post in
Hersfordshire installiect wird, Die
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anfanglich gelicferten Anlagen bieten
sine erhebliche Kapazitit fic den
Telefon-, Telex und Fernsehverkehr iber
einen Inlelsat=1V A-Satelliten, der dber
dem Indischen Creean stationiort ist,
Vorgesehen sind vierzehn
Sendeageregale mil & Tragarn von je eins-

zu-eing-Redundanz, sowie Fernsehbild-
und-tonkanile ohne Redundanz. Durch
Einsatz der anpassungsfahigen
Einrichiungen lassan sich auf dem
Emplangswey 55 Hetrichsageregate falls
erforderlich mil vins-zu-sins-Redundanz
betreiben,



Dieser Artike] soll ein allgemeines
Verstindnis des Gesamtaystem-designs
und des Lelstungsvermigens vermitieln
und gebl micht niher auf spezifische
Themen ein. In der Einfihrung wird die
Motwendigkeit fiir sine derartige
Erdstelle umrissen und eine
Kurzhascheeibin der Ausrisia ng

pegaben, was zwangsléufig zu einar
aingehenderen Hehendlung der
Untersysteme fihrt. Hierbei handelt es
sich um Anfennen, Brettbandemplinger
wid—sender, Ecdlunkanlagen und die
Uberwachungs-und Steuereinrichtungen
der Erdfunkstelle, Ebenfalls behandelt

werden elnige Aspokie des
Cesamisvsiems, gefolgl von einem kurzen
Abschnitt iber Projekiverwaltung und-
implementierung, susammen mit kurzen
Angaben iber weitere Arbeiten, dievon
der Gesellschaft in Madley noch
durchzafihren sind.

SUMARIO

Marconi Communication Systemas
Limited ha sido &l cotratista principal de
la estacion Madley 1, ¢l primer terminal
de tierra de comunigaciones por satélita
que s¢ ha instalado en ¢l nueve complejo
de estacion de tierra de los Correos
Dritanicos en Herelordshire, El equipo
inicial de comunicaciones estd
proporcionando una gran capacidad para
trafico telefinico, de telex yde TV a
traves de un satélite Intelsat [VA del
Ocgano [ndico, Se han provisto catorce
cadenas de transmision, con & portadores

dq’: rﬁdamda ncia L JIOE D, sz viduﬁl ¥
audia de TV no redundante. En el
traveclo de recepeidn hay 53 cadenas
oparativas que puaden, si es necesaeio,
configurarse en redundancia de uno por
uno medisnte @l uso de dispositivos da
flexibilidad.

Este articulo pretende ofrecer una
amplia consideracion del disefio general
del sistema, de au capacidad, y no lrata
de ser una exposicidn profunda de
ningin tema especifico. La introduccion
sibraya la necesidad de la estacidn ¥ da
una breve dascripcién de la

configuraciin del equipo, llevando
naturalmente a descripcionas mas
detulladas de los subsistemas, Estas
tratan de la antena, equipas de recepeion
y transmision de handa ancha, equipo de
comunicaciones de terra v las
instalaciones de la gstacidn de control ¥
dispositivos de supervision. Luego se
indican algunos aspectos del sistama en
general, a lo que sigue una corla secoidn
sobre direccidn v realizacion del
proyecin, con una relacidn de los trahajos
ulteriores gue ha de realizar la Compadiia
on Madley.



