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Summary The article reviews the

changing requirements of com-
mumnication systems, detailing the
changes in system design and the
increasing use of digital forms of
communication. A descniption is
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given of the Marconi 74530 digital
troposcatter  equipment, together
with details of the results of trials
carried out over different paths and
with different configurations.

Introduction

Troposcatter communications have
been in use since the first link estab-
lished by Marconi between Santa
Marghereta and Santa Stephano in
Ttaly, Since that time the use of tropo-
seatter systems for analogue and low-
speed data communications has been
considerably developed, with regard
both 1o the terminal equipment avail-
able and to the study and characteriza-
tion of the troposphere itself,

The drvrlupml:nl ui‘lrt:i.hqm:attrr has
put this system alongside line-of-sight
(LOS) and satellite communications
a3 one of the choices available when
civil or military authorities consider
the means of [ullilling their communi-
cation needs for either analogue or
digiml links. The advantagl_‘.g of
toposcatter can be seen as:

a] the ability to provide secure, reli-
able communications over territory
that is descrt, mountainous or has
large expanses of water where LOS
cannot be used,

b} in its mobile form, the ability o
provide for
emergercy scrvices or iemporary links

communications

where speed of implementation s
essential and satellites may not hbe
available,

c) the provision of communications
which are more cost effective than the
multi-terminal LOS used in long-haul
systems, both in terms of equipment
rtquirfd and lomg-term  manpower
COMMItments.

Development of
tropospheric scatter
systems

The physical characteristics of the
troposphere and its behaviour have
been the major factors influencing the
development of equipment for tropo-
scaller systems.

The main problems arising out of
this transmission medium have been
high path losses and multipath fading,
and technical developments have been
concentrated on overcoming  these,
The small amount of signal scattered
forward has instigated the develop-
ment of efficient high-power klystron
amplificrs with frequencies ranging
from 900MHz to ."!G['Iz, and to the

improvement of carrier — 1o — thermal
noise ratios by use of low-noise pre-
amplifiers,

In addition, recciver improvements
Llsing threshold extension technigues
amd post and pre-detection combining
have meant that greater distances can
be covered with improved reliabilicy.

The cffects of signal fading have

been reduced by a variety of diversity
techniques, each of which is designed
b prnvidr. signal paths through the
troposphere that are uncorrelated and
therefore do not fade in unison. The
possible methods are diversity of:
al space—utilizing antennas that are
separated by at least 100 wavelengths,
b} polarization—the same signals
being transmitted on horizontal and
vertical polarization,
¢} angle—where the signal is directed
wwards the troposphere at two differ-
ent angles, giving two uncorrelated
signal paths,
d) frequency—where the signal is
transmitted at two separate frequen-
cies, again spaced sulficiently apart to
give low correlation between received
signals.

The choice of diversity method
depends  upon
reguirements, the physical charac-
teristies of the propesed site (it may not
be possible to fit two antennas into the
space available), availability of suir-
able frequency allocations and equip-
ment cost considerations,

Az the number of installations has
increased and total area communica-
tions, such as in the North Sea, have
developed, it has been necessary io
investigate automatic level control
bath on transmit and on receive sig-
nals, The need for transmit level con-
trol arises from the high transmitted-
power levels required by troposcatter
systems and by the possibility of inter-
ference with adjacent communication
systemns when transmission medium
characteristics are at or near their max-
imum, Level control may have 1o deal
with a range of TOdB, though this is the
worst case condition and not a normal
design parameter,

the overall system
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The use of receive level control is
alsn  necessitated by the need o
acpommodate the large dynamic range
of input signals that can be encoun-
tered in troposcatter systems,

Digital communications
Recent years have seen an increasing
interest in digital communications, the
pussibilities of which were initially
realized in line networks, Here pulse
cocle modulation (poeom) is used o give
error-free performance over long dis-
tances provided the signal is regener-
ated atl reasonable intervals.

The advantages of digital communi-
cations, cspecially where there is a
need for information security, and for
trans-horizon  communications o
interface  with  terrestrial
have resulted
being put into the development ol digi-

networks,
in considerable effori

tal troposcaller SySlems.

Unlike the analogue frequency divi-
sionn multplex (Ldom) system, where
performance is characterized by sig-
nal/nodse ratio, the digital system per-
[ormance is measured by bit error rate,
more specifically the numbers af errors
for a particular time span.

For digital troposcatter systems, a
bit error rate of 1 in 10F can be obramed
using quadraple diversity systems and
be employing four-phase shift keying
{p.s.k) modulation. At higher data
rates, system performance is consider-
ably affected by dispersion effects
which arise from signal paths having
diflerent lengths, and which are there-
fore displaced in time and produce
mter-symhbal - interference. These
effects can be reduced only by adaptive
modems  which, depending  upon
transmission path charactenstcs, wiall
allow up 1o 12M biv's data rates w be
used,

Marconi digital
troposcatter equipment
Marconi Communication Svarems has
designed  and  developed  a
iroposcatier system, the H7430, that
can be used for both civil and military
applications, with the choice of
analogue or digital moedes of operation.
The complete  system has . been
described inodetal in previous arbe-
cles,'=

The terminal equipment is shown in
figure 1. The 4:5m diameter mobile
antenna has been designed o fold
down tooa width of 2-3m lor transpor-
tation either by trailer on normal

mobtle

Mumber 1

Fig, [ Operational factical froposcatier ferminal

roads, or by air nsing a C130 transport
plane. Special account has been taken
in the design of the antenna to ensure
that it can be erected quickly and easily

Fig. 2. View of the inlerior of the comtainer

by two men. It can be deploved in 43
minutes on an unsurveyed site and,
when suitably staved, can withstand
winds of up to 120km/h.
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Frg. 3, HPEH fove-tevel eguipment

The radio eqquipment is designed o
bee installed in a standard 150 con-
tainer, allowing a varicty of system
configurations to be realized (fgure 2.
The low-level equipment is contained
in a frec-standing cabinet (figure 3)
which contains v.0/1.0 systems for up to
twi transmit paths and four receive
chamng, Analogue or digital modula-
tion can b provided, up tw 300
analogue channels or 2048kbit/s digi-
tal using 1Gkbit delta modulation.

The output level from chie H7450 can
e 250mW or IW, depending on the
system application, The I'W output
can be used for LOS applications and
the 230mW output is used to drive the
H3742T high-power amplifier (hop.a)
when working in a troposcatter mode.
The h.p.a has an cutput of |kE'W and a
choice of Fequency of 4+3GHz2 or
2GHz. Two amplifiers can be accom-
modated in the container, allowing a
quad space diversity system o be con-

figured.

The equipment can be powered
from locally available mains supplics
or from a  15kVA  three-phase
generator which provides power for the
aperation of the radio equipment, one
h.p.a and all the auxiliary services.

As already noted the overall equip-
ment can be used both for civil and foe
military applications. The digital sig-
nals can be cncrvpted using MAR-
CRYP and the coding can be changed
using a portable optical fill-gun which
can be contralled from a central head-
quarters, allowing further security in
the communication system.

Equipment field trials,

Rivenhall/Norwich
General

The ficld trial activity can be divided
intor two distinet phases. The firse, a
general proving exercise, consisted of
performance measurements made over
the period December 1981 — January
1982, During this period a link was
established between Rivenhall {Essex)
and Norwich airficlds, the former
being a Marconi Clompany site used
for testing radars, antennas etc,

On each site the cquipment con-
sisted  of & single 4'3m diameter
antenna, a contaimer having the TkW
HPA Type H3742T and H7450 low-
equipment. In  addition at
Rivenhall, where all measurements

lewel

were made, a small caravan was used
to accommcdate the extra measuring
cuipment cegquired Tor the tests, To
simulate a normal operational system,
the terminal equipments were powered
by diesel generators,

Amy trial carried out to assess equip-
ment performance needs to measure
the following parameters:

a) recerved signal  lewel (single-
channel and diversity combined),

b) - hit crror rate,

¢ multupath dispersion,

d) signal fade rate,

¢) weather conditions (temperature,
pressure, humidity).

In these trials, the sipnal levels and
hit ercor rate were recorded on chart
recorders, The weather information
was obtained lrom equipment ar Nor-
wich airport and dispersion measure-
ments made on a RAKE receiver. The
cquipment was conligured e dual
angle diversity using a vertically offset
system, transmitting from Norwich on
the lower beam receiving  al
Rivenhall on the upper and lower

il I:L‘I
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beams. In both transmit and receive
directions, wertical polarization was
used. The link cruipment parameters
were as follows:

antenna diameter 4-5m

3dB bandwidth 1-0°

antenna gain 44-3dBi (at4-4or
4-7GHz)

vertical offset ]-<5"

angle

polarization vertical

transmit 4580MHz

frequency

transmit power [kw

path length 106 miles

scatter angle 0-9°

Tx height A2m  above sea
level (m.a.s.1)

Ex height 34 (m.asl).

System resulis

Stgnal levels

The received signal level lor both
receivers was monitored for a period of
eight weeks, chart recordings being
taken for a few hours of cach day,
g:ivlng appmximarr]y 538 usable huurl}'
samples for each receiver,

The combined signal levels were
recorded, showing a high gain for the
dual diversity combiner. The system
was calibrated by injecting a signal
generator output into one of the receiv-
ers.

Analysis of the signal level vanation
was carried out for both long-term and
hourly median changes of level, In the
short term, (6 hours), variation of
about 3dB occurred whilst the long-
term changes showed variatons that
were dependent upon the time of the
year (c.g |3dB for December, =25dB
for January).

A computer analysis of the practical
resulis was made and compared with
theoretical predictions. In order 1o do
this, use was made of the Marconi
NB5101 computer program. This dif-
fers [rom other programs presently
available in that it attempts to over-
come the shortcoming in existing pred-
iction techniques by taking  into
account the beam hroadening effect (as
proposed by Hirat). Marconi Research
Centre has developed the program by
modifying the STC program to take
thiz inte acecunt.

The comparison  of  theoretical
yearly median signal levels with the
values measured over the Rivenhall/
Morwich link showed agrecment
within 0-8dB which i§ an excellent
result.

Dispersion and fading rate

measurements

Cremeral

Measurements, using the RAKE
receiver, Wwere not continuous

throughout the trial but were made
during a lew hours of the working day.
The receiver measured diversity chan-
nel sequentially rather than simul-
taneously, cach measurement being six
frames in length (with each frame giv-
ing 925 of data) and recordings being
made at 2 min intervals,

The analysis ol the recorded data
was made on the computer using a spe-
cially written program which analysed
the following parameters:

a) normalized delay power spectrum,
b} multipath spread,

c) threshold crossing rates,

d} mean time delay,

The delay power spectrum was
sampled at 100ns intervals, which on
this link was comparable to  the
expected value of 2o, This means that
the measured variations were due to
two factors:

a) changes due to variations of the
troposphere,
b} drift of transmit and receive clocks.

The problem caused by the sampl-
ing interval being similar to the inter-
val 2o can be overcome only by reduc-
ing sampling intervals,

I general the delay power spectrum
showed a rapid rise to maximum
power, followed by a gentle decline at
long time delay with no double hump-

reasonable conformity with the classi-
cal Bello predictions.

The experimental evidence showed
that the dish elevation has a great
influence on the relative dispersion
between beams and that great care
should be taken when optimizing the
System.

Figure 4 shows the distribution of
threshold crossing rates and compares
it to the theoretical, which assumes a
Gaussian [ading power spectrum. Tt
can be seen that the two beams are
similar though both are narrower than
ﬂie mfl’.:ll.'ELi.{_"dJ..

Digital field trials
General

The second phase of the cquipment
trials was conducted over three sepa-
rate links. Unlike the first proving
trials the second phase was concerned
with not only general link parameters
but also the equipment performance
when used in a digital mode of opera-
tion. The performance was therefore
gauged in the ollowing ways:

a} received signal level,

b} mult-path dispersion,

r.:ll hit error rate,

d) synchronization performance.

Path details

The details of each path are shown in
Table 1. The choice of sites and
equipment deployment  provided a
variety of conditions and highlighted

ing or irregularity. This result is in  the desirability of good antenna
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Table 1: Path topographical details
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Link Path Mean transmitter Mean receiver  Distance of Distance of Scatter Path
length height height tranamitler to receiver to angle asymmetry
(km) (m.a.z.1) (m.a.sd) horizon on GCB horizen on GCB - (%) factor
{km) {km) (s)
A 124 45 32 28-0 3-0 1-26 0-217
B 187 e 37 9-7 47 2:05 04905
% 189 52+4 a6-4 36 H-0 i-39 TG
GUB=great circle bearing
Table 2: Systems details of each link
Antenna diameter {m)
Link Diversity configuration Keying method Codedfuncnded Bit rates®
Tx Bx {kbiu/s)
A Choad, dual angle, dual 2-4 4-5 Oilset Both 256, 512,
space (=2 1024, 2048
Dual angle 4-5 4-5 ] BT Both
B Dual angle 4-5 4-5 Normal/ Baoth 124, 2048
= offset
C Dual angle 4-5 4-5 Mormal/ Both 256, 512
offset 1024, 2048

“Befers to channel bit rates only amd does oot indude additional 64kbatfs for framing, supervisory and e.oow, Thus 512 coded, i exam FI"f. results in a

rransmitned biv rate of (5123 +64) x2=1152kbatss

deployment in order to achieve max-
imum performance,

Link details

In order to take full advantage of the
treials a number of different system con-
figurations, antenna sizes, coding, key-
ing methods and bit rates were used,
Theze are shown in Table 2.

Trial methods and results

Recetved segnal levels

The prediction of troposcatter systems
performance is relatively simple when
ltIE]'l: j.!- el .ﬁ.ﬁ.ﬂd ]'I:]-':I.llt[:ll'lilli.l.l L'll!'['i-'l.'ft‘.II
diversity signals, However, in angle
diversity systems a problem  arises
because of the poor correlation bet-
ween the received signals from cach
beam. The decorrelation hbetween
angle heams means that comparison
with theory is only approximate. Table
| shows the basic topography of the
links used in the teses. Table 2 gives
system details. On link “A’, measure-
ments were made on 2-4m and 4 5m
diameter transmit  antennas. They
show that the difference in received
signal level between main and elevated
beams was larger than predicred.

(n Link ‘B°, good corrclation bet-
ween theory and measured results was
achieved when using the NBS 101 pre-
diction.

On Link Q7 the frequency and
guantity of measurements was insufli-
cient to provide a valid comparison
against theory,

Multipath digpersion

For this series of trials the RAKE
receiver was used e measure mul-
tipath characteristics each hour. The
period lor each measurement was 92z,

Link ‘A7 Results

On this link, two antennas were
involved, 2:4m and 4:3m diameter.
Cumulative distributions of 2 were
plotted and show a good normal dis-
tribution,

When results from the two antennas
were compared it was shown that the
dispersion spread decreases as the
antenna size increases. In addition, it
was found that median dispersion does
not decrease significantly as the
antenna beamwidth decreases. This s
shown in Table 3 where all of the pred-
iction merthods show that median val-
ues should decrease as the anlenna size
INCTCASES.

Error rate and synchrontzalion performance
The frame word data in the auxiliary
multiplexer was used to obtain a

measure of the error rate. The follow-
ing information was derived:

a) percentage of dme that the Bit
Error Rate (BER) did not exceed 1072
OVET @ Dne minute period,

bl percentage of time that the BER
did not exceed 10~ over a one minute
period,

¢} percentage of error-free seconds,
d) percentage of error-free minutes,
e} mean time between loss of syn-
chronization [MTBLOS),

The - crror rate results are very
dependent upon the propagation con-
ditions prevailing during the digital
transmission, This means that to make
a direct :nmparis:m between the vari-
ous modes of transmission is very dif-
ficult.

An attempt was made to select
results with similar propagation condi-
tions and it was found that mormally
keyved quadrature phase shift keying
(. p.5.k) was generally beteer than off-
set keying. Coding of signals appears wo
improve bit error rate marginally up o

Table 3: Comparison of measured and predicted medians

Prediction method

Link Tx Antenna Measurcd
dia {m] Bello Collin ol Baddow

A 2-4 26 34 78 130 106

A 45 23 3 50 a3 108

B 4-5 a4 45 al 106 |26

B 45 92 152 120 ] 182
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bit rates of 512kbit/s. This coding
improvement is removed when 1 or
2Mbit/s data is transmitted because of
the effects of multipath fading.

Ttis interesting to note that the prac-
ticul measurements agree with the
results obtained on the Marconi
simulator,

Comparison of
theoretical models and
measured results

Once again, the assessment of meas-
ured results against theoretical models
proved to be difficult due o the decor-
relation between the two angle beams,
which was a noticeable feature of the
median signal level resulis.

The theoretical predictions assume
conditions where the upper beam is
3dB lower in level than the main beam,
This means that measured perfor-
mance appeared to be pessimistic,
relative to the theoretical predictions,
because the upper beam level was at
times up to 20dB down on the main
beam.

In order to ensure thart the compari-
sons are reasonably valid it was neces-
sary to choose the samples for analysis
on a random basis,

Each of the three paths was analysed
for at least two different forms of
transmission. For Link ‘A’ the system
variation was between dual or quad
diversity, for Link ‘B’ the systemn was
kept in dual diversity whilst changes
were made to coding and bit rate. Cn
Link “C*" the parameter varied was the
keving as shown in Table 2.

A typical set of results shown in fig-
ure 3 shows the system to be limited by
link dispersion even though the ther-
mal/noise ratio was good. The model
shows that it s possible to predict what
it is that is limiting link performance,
i.e. dispersion, thermal noise or both.

Trial conclusions

The main conclusions to be drawn
from the trials are:

10 ., Bitaeres e
Maasured
102
Pradicted

10—
10—
L ] . T I T ]

ot 1 1] 5 a0 )

Probalbds Bl error rata not exsadad {%)

Fig. 5. Bt ervor rate performance of Link ‘B

a} the use of troposcatter links for digi-
tal transmission can provide a high-
quality system for a variety of link con-
ditions and signal parameters,

b) the effect of multipath is to degrade
the svstem perlormance and normal
methods, such as coding, can give only
marginal improvement,

¢) coding on transmitted signals can
give an improvement in bit error rate
for bit rates up o 512kbit/s. Above
that rate the coding in fact gives a
degradation in performance,

d} the wse of offser keying dees not
provide an improvement over nor-
mally keyved systems.

Future possibilities
With the cver increasing need to pro-
vide systemns capable of transmission of
higher bit rates, eg #Mbit/s [120
channels], it will be necessary to over-
come the elfects of multipath distortion
produced by frequency sclective Fad-
mg,

There arc a number of possible

methods for achieving this improve-
ment, each having its own advantages
and disadvantages and a future article
will deal with this topic. However, it is
in this area of development that digital
troposcatter systems will move for-
ward, for it is the transmission medium
that is always the limiting lactor and
the development history of troposcat-
ter has been the search for new types of
eruipment and systems that will over-
come the effects of fading etc. The
deseribed  digital system represents
another step forward in the design of
such systems, giving improved per-
[ormance, greater fexibility and case
of operation.
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RESUME

L'articke  examine  les  modifications  qui
apparaissent dans les exigences concernant les
systimes de communication, exposant en déail
les changements apportés & la conception des
systemes of 'usage crowssant gqui est fait des
formes de communication numensgques. Une
description est donnée du matériel de tropodiffu-
sion mumérigue Marcomi H7430, amsi qu'un
expost diétaillé des résultars obtenus au cours
d’essais réalises sur divers chemins de propagsa-
tion et au moyen de diverses confgurations.

RESUMEN

El articnlo revisa los rﬂ]uisitn: de cambio de boa
sistemas de comunicacion, detallando s cam-
bics en el diseio de sistemas y el uso creciente de
las formas digitales de comunicacion. Se da una
descripeidn del equipo Mareoni digival H7 450 de
disprersion troposfenc, junte con detalles de bos
resultados de pruchas realizadas sebre trayec-
torias  diferentes. v con condiguraciones
dilerentes,

IUSAMMEMNFASSUNG

Der Auvfsate erirtert die wechselnden Anfor-
dﬂungcqi dﬁr Kmlﬂ ull.itiltlllnﬁ*'r'}tl_‘ml.‘ I.II.'II'J
befasst sich im Einzelnen mir den Anderungen
der Systembonstruktion und  der seeigenden
Apwendung digitaler Kommunikationsformen,
Dhas digitale Trogescattergerat Macconi H7450
wird heschrichen sowie die Ergebnsse der aber
verschiedene Plade avsgefihrien Versuche mit
verschiedenen Anordnungen,
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