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Summary This  second  article

deals with the equipment in the
radic cabinet and the practice
associated with it. The wvarious
methods of combining are outlined
and the attributes and applications
of each are discussed. Salient fea-
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Introduction

This seccond article describing the
Marconi digital tactical tropospheric
scatter equipment for military com-
munication the radio
equipment configuration and design o
provide a more comprehensive under-
standing of the various options poss-
ible with the system, The application
of new digital processing techniques
to the transmission of information
through the troposphere fundamen-
tally changes the equipment concept
leading to fewer modules of greater
refiability, and to packages which are
simpler to operate. Built-in test pat-
terns permit the rapid dizgnosis of
faulty wunits or components
improving the effectivencss of field
maintenance. A range ol equipment
options allows a realistic balance be-
tween cost and performance which can
be changed easily by the addition of
units as budgets permit or as the sys-
tem  requirements change, For an
introduction to tactical tropo and the
technology which has led to a single-
antenna, digitally secure system the
reader is referred to the first article!

foruses  on

thus

Diversity equipment
performance options

The equipment can be conligured for
cither angle, frequency or space diver-
sity (figure 1),

Ouadruple performance can  be
achieved by receiving just two inde-
pendent signals from the troposphere
requiring a single antenna only. As
explained in the first article, the digital
coding and interleaving realizes an
improvement in performance equival-
ent o another arder of diversity when
it follows one of the classical methods
ol combining. Digital processing does
not actually improve the quality of the
analogue signal reeeived at the input w
the demodulator, which must always
be above the system's threshold, but
introduces @  processing  gain, The
improvement of dual diversity with
coding and time interleaving over the
classical dual diversity is shown in fig-
ure 2,
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Fig. 1. Diversily configurations

Each of the classical methods of

comhbining has its own unigue advan-
tages and cost penalties, Angle diver-
aity (figure la) combines spectrum
eiliciency with minimum costs and is
the recommended method for Field
Command networks, In this configura-
ton two independent signals are
received from different :iral.t-:rring vil=
umes within the troposphere using a
split-beam feed which separates the
two beams by one beamwidth, This
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method of diversity suffers most from
loss, particularly over short paths, and
is therefore not as efficient as frequency
or space diversity, For tactical net-
works the improved signal strength
from the shorter paths tends to com-
pensate for the additional loss in the
higher beam and in practice an averag-
ing effect ocours giving a similar over-
all performance for path lengths be-
tween 50 and 250km,

Frequency diversity (figure 1h), is
the most extravagant in terms of spec-
trum as this method requires two inde-
pendent signals at different frequen-
cies, For decorrelation a minimum fre-
quency separation between the two
signals of 190MHz is required leading
to an equipment requirement of two
J!n'gha—p-uw-.'.r amp]iﬁrr.r. (h.p.a). For the
additional cost the operator has an
impraved system over angle diversity
and one which realizes a performance
improvement for shorter paths, bug
with a single antenna.

Dual space diversity (figure le),
necds only one hopa and one fre-
qutm‘.y, at TIIL‘ L“.XPI'! [sc {:lr'l'tl'.l ui l'j.l]g v
antennas which receive two uncorre-
lated signals via different tropo paths
when separated in space by approxi-
mately one hundred wavelengths. For
the cost of the second antenna the sys-
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can  then he

tem  performance
improved well beyond quadruple per-
formance, or the system capacity can
be doubled if a further two receivers

are purchased permitting space -
polarization diversity to be adopted
{figure 1d). Space - polarization diver-
sity receives four independent signals
permitting quadruple performance for
more channels {i.e no coding) or better
than quadruple performance with cod-
ing.

For all communication networks
there is an optimum curve relating the
trade-off in costs to the system perfor-
mance or system capacity, The Mar-
coni digital TACTROPO equipment
is fully wired so that, from the cheapest
system, any of the diversity schemes
can be employed merely by plugging-
in additional units to the basic system.
Hence, when costs permit, the very
cheap angle-time diversity system can
b updated to a more sophisticated sys-
tem giving an improved service,

As a general guide Field Command
tactical networks need only the simp-
lest configuration whilst the intercon-
nection  of  fixed  sites,  normally
demanding circuits of higher guality
or greater capacity, roquire space-
polarization diversity involving two
Antennas,



Physical characteristics
::”ld maintenance
requirement

The operator is essentially concerned
with the physical
reliability and maintenance of the
equipment and this section  deals
broadly with these features, The total
complement of tropo equipment con-
sists of three cabinets comprising the
h.p.a, radio, and multiplex/encryption
units. Depending on the exact opera-
tional use, as described in the first art-
icle, the multplex and encrvption
units may need o be housed in the
container, The bhroad phi]{psophy has
been o minimize the number of
equipment modules in order o reduce
the problems for the operator,

Ovperation of the field radio equip-
ment is simple. The job of the operator
is limited to switching on the mains,
tuning and the adjustment of power.
All of the other start-up procedures are
carried out automatically following the
application of the mains to the tropo
cquipment. Only one tunable filter is
fitted to cach up and downconverier.
Each fileer 1s adjusted from the front
panel using a single control knoly and
direct-reading frequency scale, the lat-
ter heing of the expanded variety with
i continuous tape allowing accurdte
setting without any external aid.

The frequency svnthesizers are also
fully controllable from the front panel.
A dircet reading thumbwheel switch
permits coarse selection of frequency
reference to a resolution of 100kHz and
1 single tuning knob brings the oscil-
lator to phase lock. The operator is
guided as to the direction of rotation of
the tuning knob necessary for phase
lock by reference to the light emitting
dindes, which change colour for the
in-lock condition. Realignment of the
complete radio svstem to a new fre-

characteristics,

guency is simple and afier only a few
minutes instruction the operation can
be completed within one minuic.
Frequency tuning of the klystron on
the h.p.a is also by a single vernier
scale permitting direct setting. A for-
ward power monitor displays the
transmitted power at the output flange
af the cabinet. In order to protect the
equipment against accidental misuse
an arc detector and reverse power
monitor are incorporated within the
amplifier which automatically switch
oll the h.p.a if arcs or strong reflected
levels are present. The analogue inter-
face at the engineers' order wire
leoow] and supervisory port in the
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radio cabinet permits the operator to
assess the quality of the circuit cither
by speaking or monitoring a sine wave
from a loop within the radio cabinet or
over the troposphere. For a more aceu-
rate asscssment of the equipment per-
formance a bit error rate meter pro-
vides the operator with a continuous
monitor of the quality of the link,
Special priovity has been given to the
maintainability leading to a mean time
to repair (muttr) of 30 minutes. Each
unit incorporates the Led indicators
necessary o determine the unie status,
A faulty unit can be withdrawn from
the cabinet in its working form permit-
ting visual inspection or replacement,
This facility permits the cabinet 1o be
used as the test frame, minimizing the
cost of any additional equipment for
field or hase maintenace, Digital inte-
grated circuils are not casy to test, par-
ticularly memories and microproces-
sing circuits, and in order to make
maintenance simple a digital pattern
generator is built into the hardware,
permitting fault detection down o
component level, The h.p.a continues
the modular phi]usuphy, the power
supply, control units, and klystron can
be withdrawn and replaced easily.
Because of the high levels of energy
stored within the h.p.a circuits access
to these is prevented by a safety inter-
locking switch which ensures thar all
fully dis-

have been

COTY ponents
charged before repair,

All componentis have been especially
selected for high-reliability military
use, Within the design programme the
hardware was subjected to the max-
imum shock, vibration and tempera-

Fig, 3. Trailer with antenna folded

ture extremes as defined by DEF 0755
for transportable sysiems, The mean
time between failure (m.ub.f) as calew-
lated from MIL handbook 217C, is
3000 hours for a non-redundant sys-
tern. As the tropo inherently employs
redundancy for diversity, the loss of
one or more paths leads tea soft failure
condition.

Transporiahility was covered in the
first article and it is sufficient to repeat
that both the radio equipment and the
antenna have been designed for trans-
portation over the maost hostile terrain
or for the equipment to be positioned in
the most remote location (figure 3).
Generally, the trailer version of the
antenna is not ideal for sand or jungle
warfare and for this environment a
lorry-mounted version of the antenna
is available. A tree-guard is provided
[ profect the dish durm;; movement,
but if the paraboloid 5 accidentally
holed, then the libre glass construction
on a metal backing frame permits easy
and quick repair. As explained in the
first article the equipment can be put
into operation within 33 minutes on a
pre-prepared pad or at completion of
the survey, The equipment can also be
completely removed [rom a site within
I minutes with a knock-down time of
five minutes for the antenna — this
being possible by the deployment of
guick release clamps interconnecting
the waveguide and feed, and the motor
drive on the elevation axis. If, in an
emergency, the waveguide is acciden-
tally hroken before the high-power
amplifier is switched off, the safery pro-
tection circuits ensure tripping within
10ps,
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Fig, 4, Block diagram of TACTROPO radio equipment

lio cabinet and units
The complete v ffi.f sub-system for a
single drivedreceive path 15 shown i
figure 4. Three modules form the drive
chain; an upconverter which translates
the 70MHz .0 signal from the mod-
ulator to the final carrier frequency; a
svnthesizer which provides the local
oscillator lor the upconversion process
and an intermediate power amplificr

which rases the output [rom the
upconverter  (—8dBm) o cither
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250mW or 1W depending upon the
application. A further five modules
form the receive chaing a down conver-
ter which translaes the r.fsignal down
to i1, the receive synthesizer, and the
predetection combining system com-
prising three scparate modules.

A full description of each of the
above modules is given in subsequent
seclions,

Figure 5 shows the locadon of the
modules in the cabinet, The receive
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downconverier modules are located in
the top shell position. Provision is
made  {or ﬁﬂing lour of these o
accommodate a guadruple diversity
system as may he required for strategic
high-capacity fixed-site applications,
only two being required for Field
Command tactical svstems. The next
shelf down accommodates the upcons
verters and the transmit and receive
5}'nlh:'sizrr5_ Mounted at the top of the
cabinet, adjacent to the main electrical
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Fig. 6. Irtermediale foiwer dmpi'gﬂu‘r

interface, are the two intermediate
power amplificrs (ipa), one for each
drive chain. The r.f output from the
ip.a and the r.finput o the downeon-
verters are both mounted on the front
pam:ls and positioned thus in the
cabinet, form a convenient interface for
connection to the incoming and outgo-
ing feeders.

Direcily the upconver-
ters/synthesizer shelf are the 1. patch
panel and metering units. The former
enables various loop round tests o be
p-rr!'umwd to aid fault diagnosis or
routine maintenance checks, OF spe-
cial interest is the modem/i. interface
level which is compliant with CCIR
Recommendations and thus permies
use with an external modem ifrequired

helow

eg adaptive modems as may be

required for bit rates in excess ol

2Mbitls.  Measurements  of  receive
signal level for each path, along with
the combined signal level and drive
output power are displayed on the
metering unit. This unit alse monitors
the voltage rails from the power sup-
plies located at the bottom of the
cabinet, All the signal levels mentioned
are also taken to the remaote interface at
the top of the cabinet for external chart
recording or relayed via the supervis-
ory channel,

Fitted immediately behind the patch
panel is the 10MHe reference oscillator
for the synthesizers and the modem.
The stability of the reference is such
that the worst case error ol the receive
i.fsignal is less than 1kHz, permitting
frequency diversity o be used.

The thumbwheel switches on the
wo synthesizers correspond o the
radio feequency, Le the sum ol the local
oscillator and the if, and this is the
mormal operation of the cquipment.
When frequency diversity is required it
15 possible to sclect the sum-and-
the two

difference component  in

upconverters from the one synthesizer,
obtaining a frequency separation of
[40MHz from the two drive outputs,

II“.'L"T.'!I'I'{_‘{H;”E_‘ E'H?H'T‘.‘l"
amplifier (LP.A)
The i.p.a raises the level of the signal
from the upeonverter module to either
250mW when the HY450 is used in
conjunction with the 1TkW H3742 HPA
for tropospheric scatter transmission,
ar to | W for linc-of-sight applications.
Figure & shows a view of the amp-
lifice with the lid removed. It consises
alumina substrate
stages, ecach wsing GaAs ficld effect
transistors (fe.t) devices, w provide a
gain of 384B over the 4 - 4GHz 10 5GHz
frequency range. Automatic gain con-
trol maintains a constant output at the
chosen power level, .;ic;'nmmndating
variations of drive level over the fre-
quency band and preventing amp-

of s1x  thin-film

CFuFgy
(o

Fig, 7. Up-converter

litude compression of the quadratre
phase shift keved (g.p.s.k) modulated
carrier, The latter is essential to avoid
spectrum - spreading, which  would
cause interference with adjacent chan-
nels.

All amplifier stages, except the first,
use two GaAs fe.ts in a balanced con-
ﬁgu ration with a ‘Lange” coupler at the
input and cutput. This confliguration
permits casy replacement of substrate
modules with no further alignment.

The automatic gain control {a.g.c)
function is achicved using a dual gate
Fe.tin the first stage amplifier. Gain is
contrelled by applying a d.c voltage w
the second gate, denved from a direc-
tonal coupler and detector placed
after the final stage. The latter also
serves to provide a monitor of output
power to operate NORMAL and
FAIL Le.ds on the module and for an
analogue  display on the metering
maodule,

An isolator at the outpur port of the
complete amplifier ensures that it is
able to withstand infinite load voltage
standing wave ratios {v.s,w.r) without
sustaining damage.

Up-converter module
The vpconverter converts the TOMHz
i.f signal from the madulator to the
final modulawed carrier frequency. A
view of the moedule is shown in fgure 7.
Fuliuwin_j{ prelimmary i.f amplifica-
tion conversion to r.fis accomplished
using a balanced ‘rat race’ Schottky
dicde mixer operating in a linear mode
o prevent spectrum spreading of the
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Frp. 8. Down-converies

phase shift keved (pos.k} digital signal.
The desired mixer product is then
selected by a six-pole;, 20MHz wide
Chehyshev Alter. A low-level power
output detector drives the Le.d status
indicators on the module’s frone pancel
and gives an alarm if the oatput power
drops 6dB below the nommal level.
Thus loss of either the local oscillator
or the modulator signal is immediately
indicated,

I_:‘-.;'J- Nn-CONverLes

Additional o the necessity for a low
noise figure is the necd to protect the
equipment  from  unwanted  signals
emanating from adjacent communica-
tion systems or from the transmitier
diplexer to the same antenna as the
receiver, A narrow band r.f filter is
therefore essential at the receiver inpn
to avoid damage or possible inter-
moduladon distortion. The Alier loss
adds dircetly to the receiver noise and
an extremely low noise figure is there-
fore demanded of the preamplifier for
optimum threshold, GaAs Leas have
demonstrated their noise superiority
over bipolar devices with noise figures
ldB  under optimally-
matched conditions. Such devices have
been used i the downconverter low-
noise amplifier to obtain a noise ﬂgun‘
of bewer than 2-5dB over the entire
frequency band (Ggure &) The diffier-

less  than

ence hl."'l.'l'.-'l.‘t‘[l lht! [it"n-'j.l.]‘ nose l'Lgun:

and actual performance is the result of

mahility o optimally match the Lea
for the minimum noise figure over the

entire band and because of losses in the
input isolator.

Combined with the loss of the pre-
selector filter the noise lOgure of the
iz less than 4:5dB for a
minimum transmitter receiver separa-
tion of BOMH:.

Following  amplification by the
low-noise amplifier (Ln.a) the r.f car-
rier is downconverted o TOMHz. An
image suppression mixer is used in
order to restrict notse from the Looa at

]'l:'li.'t'i‘n.'i‘]'

the image lrequency. By the adjusi-
ment of plug-in links in the mixer,
image frequencies either  above or

Fig, 9. LF amplifier|phase correcter

helow the local oscillator frequency
may be suppressed, thus allowing fre-
quency diversity operation when the
received  signals are  separated by
[40MHz, e plus and minus TOMHz
about the local oscillator requency.

Following mixing, am i.f pre-
amplifier acts as a bufler stage to
prevent the external load  aflecting
performance.

Predetection combiner
The prrdc—tcctir:n combiner shell” unit
combines the lunctions of 1.1 filtering,
amplification and phase correction,
The a0 filters are immediately prior w
age amplification and combining,
Four bandwidths arc available to meet
the range of digital speeds handled by
the H7450. Following filtering the
signal is raised in level to +1dBm for
input to the actve phase corrector.
The a.g.c amplifier has a maximum
gain of 80dR with an a.g.c range in
excess of 60dB. In parallel with the
main i.Lamplifier is a 60dB logarithmic
amplifier for monitoring the receive
signal level in cach path.

The actual predetcction combaner
comprises an active 1.0 phase corrector
medule (fgure 9) for each signal path,
a passive combiner, which adds the
signals together, and an L.l converter
{higure 10}, The i.fconverter's function
is 1o restore the frequency of the com-
hined signal from the passive combiner
back 1 TOMHz after it has been offset
te S0MHz by the action of the phase

correctar module.
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Fig. 10, I.F converter

The phase  corrector s best
explained by reference 1o figure 11a.
Consider a signal of angular frequency
w, and arbitrary phase # at Point A,
Another signal with angular frequency
i and phase ¢his at Point B, These two
signals arc mixed together in Mixer |
and the difference signal (@, —wy) has
phase (#—d¢ ). This component and the
original signal are mixed in Mixer 2
and the difference component again
extracted. This has the form
O =tk — [y — | =y

and I}'ZIEIEE{' =0=(f=d)i=d

The phase of the signal at the second
mixer output has no relationship to the
phase of the input signal, but has the
SATE ﬁ'n;-q urncy and ph.‘Lsr as the signal
at Poimt B thus ecnabling the output
from Mixer 2, afier filtering and amp-
lification, to he fed back to Point B o
form a regenerative loop.

The signal ey () is used as an input
to several circuits of the tvpe describued,
(fgure 11h). Irrespective of the rela-
tive phases of the input signals, all will
b transtated to the owtput with the
same phase; . Therclore when they
are combined, they will add on a vol-
tage basis, However, any noise come-
punents associated with the signals will
be non-coherent and will add on a
power hasis, The result is an improve-
ment in signal-te-noise ratio of the
combined signal compared with that of
individual signals,

A further property of the phase cor-
rector circuit is its square law transfer
characteristic, This is a natural conse-
guence of the behaviour of a mixer run
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helow saturation, which results in the
output being proportional to the pro-
duct of its two inputs. Thus, referring
ter figure 11, for a constant signal at
Point B, @ change in level of the signal
A will result in cormesponding
changes in bevel to both mputs of Mixer
2. Hence the square law transfer
characteristic which 15 exploited 1w
vield maximal ratio combining. It can
be shown that this form of combining

il

yiclds the optimum  signal-to-noise
ratic,

Synthesizers

The frequency svnthesizers for the
transmit and receive local oscillators
are identical, They provide {requency
selection in 100kHz swps over the
4+4GHz 1o ¥5Hz band with a stability
of I in 0%,

The choice of synthesizer configura-
tion is an extremely important consid-
eration in cnsuring that the system per-
formance 15 not impaired by phase
noise. Although fully electrically tuned
synthesizers are attractive in that they
are extremely simple o use, and the
change to a new frequency is virtually
instantaneous,  inherently  they are
liable to produce phase noise. The only
configuration found capable of meet.
ing the siringent phase noise specifica-
tiom necessary for digital TACTROPO
camprised 3 manually tuned rfoscil-
lator, phase-locked via a fixed divider
1w a 100MHz svnthesizer module.
Thus wning is accomplished i two
steps, Arst the synthesizer section is set
to the required frequency using a direct
reading thumbavheel switch and this is
followed by adjusiing the oscillator
manual control for an ‘in lock” indica-
tion, In practice this is found w be a
very simple operation and the com-
plete evele can be accomplished in less

than 30s,
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Fig. 1. Pre-detection combiner
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Fip. 12, Dhpetal mb-system

Digital sub-system

The digital sub-system occupies a
single shelf within the cabinet, being
ll](:illl‘l'.l II'I'I:Irl:":'l'jII':'I.l.l.'I':r' i:lIHH.'L'. th.' PUWET
supplics. In its most general configura-
tion  the equipment comprises the
seven modules illustrated in figure 12
and depicted in hlock diagram form in
figure 13.

As shown, the sub-system provides
tw  the external
delta-multiplexer | cryptographic
ciquipment on the one hand and ‘via
the cabinet patching panel’ w the i.f
clements of the drivefreceive on the
other. Twin modulator outputs are
provided as required for driving two

mterfaces traflic

7 Mumber |

side, a single demodulater input is
derived from the maximal-ratio pre-
detection combiner.

The digital sub-system has been
designed for compatibility with the
Eurccom D1 hierarchy of traffic rates,
and can thus accept multiplexed mes-
sage streams at bulk raves of 2536, 312,
1024 and 2048kbitfs. Using |6kbitfs
syllabically companded delta modula-
tion for the basic voice encoding pro-
cess, these rates correspond to channel
capacities of 16, 32, 64 and 128 chan-
nels respectively, of which a small
overhead is utilized for multiplexer
and crypto end-to-end  synchroniza-
tinn, The selection of a particular

selection within the ‘signal processing”
maodules and utilization of baseband
filters of the appropriate bandwidth
within the psk moduolator  and
demodulator.

The crypographic equipment may
be specified or not, at the uaer's discre-
ton. When emploved, it ensures se-
curity of the transmitted message
information but does not entail any
increase in the bandwidth of the radi-
ated signal: all signalling and  house-
keeping lunctions necessary to achieve
and maintain mutual end-1o-end syn-
chronization of the cryptographic
equipment are incorporated within the
multiplexers, in accordance with the
Eurccom 1 recommendation,

A notable feature of the digital sub-
systcm 15 the provision made for
transmitting voice order wire and
supervisory information in addition o
the incoming traffic. Such facilities are
important in the operational  role
where it is necessary to maintain good
contact between the operating stafl at
cach end of a link, and o convey key
alarm and status  signals  without
encroaching on the number of com-
munication channels available 1o the
end users. An Auxilhiary Multiplexer
has been incorporated within the Digi-
tal sub-system to provide three addi-
tional 16kbitfs service channels which
are used for such housekeeping pur-
poses — further details are presented
later,

upconveriersfh.poas and on the receive  transmission rate is achieved by link Other factors which have been
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Fig. 13. Block d‘iﬂgrﬂm af traﬂ'b'c multiplexer and M7 digital sub-system



influential in determining the overall
configuration of the digital sub-system
are:

1) the utilization of a conventional,
rather than an adaptive, p.s.k modem
and

2) the desire to achieve operational
compatibility with dual-diversity r.f
equipment configurations (as well as
quadruple) at average bit-error rates
down to 1 in 10°%.

The former constraint imposes an
upper bound on the feasible signalling
speed due to the multipath propaga-
tion dispersion encountered in the
transmission medium. However, for
moderate channel capacities and for
the link deployments envisaged for tac-
tical applications, the approach pro-
vides a compact and cost-effective sol-
ution to the problem of conveying digi-
tal information via the ‘hostile’ tropo-
spheric scatter propagation medium.

The second factor, together with the
recognition that, at the moderately low
information transmission rates
encompassed, the intrinsic communi-
cation system is power limited, has
promoted the use of forward-error-
correction coding. This reinforces the
processing gain of the maximal ratio
predetection combiner and leads to an
overall performance — for dual diver-
sity configurations using only one
antenna per terminal — approaching
that of a conventional quadruple-
diversity system.

In the event that the r.f/i.f sub-
systems are configured for conven-
tional quad diversity, the forward error
correction codec and the associated
interleaver and de-interleaver may be
omitted; the basic link performance
under these circumstances is such as to
enable the overall performance objec-
tives to be achieved without the need
for the additional performance
enhancement - and unavoidable
bandwidth expansion — provided by
the coding process.

In the event that the three coding-
related optional modules are not fitted,
the Auxiliary Multiplexer interfaces
directly with the P.S.K Modulator and
Demodulator, ‘bridging units’ being
used to provide continuity of the shelf
wiring. The Bit Error Rate Monitor
depicted in figure 12 constitutes an
important item of built-in test equip-
ment and provides a continuous indi-
cation to the user of the link overall
performance. Details of these, and of
the other modules which have been
mentioned, follow.
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Auxiliary multiplexer/
de-multiplexer

This module, which incorporates the
baseband interface circuitry, combines
and distributes the various
information-bearing signals. In addi-
tion to the incoming (rate selectable)
traffic signal the Multiplexer accepts
two 16kbit/s order wire inputs — one
from the EOW Unit, one externally
derived — and a further 16kbit/s digital
stream conveying encoded supervisory
information. These signals are multip-
lexed, together with an internally gen-
erated 16kbit/s framing signal, to pro-
duce a composite output signal for
further processing.

Synchronous transmission is em-
ployed, the multiplexer timing sub-
system being locked to the incoming
traffic clock. This gives the important
advantage of avoiding problematical
justification processes. However, due
provision — in the form of buffer stores
and phase-locked timing extraction
circuitry — is made at both the trans-
mitter and the receiver to counter the
problems of systematic jitter.

On the receive side, the various
signals are de-multiplexed and routed
to the relevant output ports. However,

_ it is necessary first to acquire and then

to maintain correct frame lock, and
this is accomplished by the all-
important  synchronization  sub-
system. The latter is required to func-
tion correctly under extreme fading
conditions, even when the link ‘instan-
taneous’ bit error probability is such
that speech is rendered temporarily
unintelligible. Sophisticated digital
processing circuitry — operating on the
framing sequence — is utilized to
achieve this objective.

PSK modulator and
demodulator

The digital modem is of the four-level
coherent phase-shift-keying variety. It
can operate in both the ‘conventional’
and ‘offset’ modes and over a range of
field-changeable signalling speeds.
The latter embrace the traffic rates
given earlier (plus the Auxiliary
Multiplexer 64kbit/s net ‘overhead’)
and the optional use of forward-error-
correction coding. The coding doubles
the transmission rate.

To maximize the tolerance to
propagation-induced signal distortion,
a modem filtering scheme featuring
low inter-symbol interference is em-
ployed. A cosine roll-off spectrum with

100% roll-off factor is produced at the
regenerator input, the critical filtering
being shared equally between the
transmitter and receiver. The actual
filters are implemented in baseband
form and incorporate simple group-
delay equalizers. The low-pass solu-
tion obviates complex, expensive,
high-Q filters centred on the if of
70MHz and has advantages in respect
of freedom from quadrature distortion,
etc.

The PSK Modulator is of the linear
variety and the Demodulator is of a
particular configuration which pro-
motes the use at the receiver of the
stated low pass ‘channel shaping’ fil-
ters. The incoming 70MHz signal is
translated down to baseband, filtered,
then upconverted to 3MHz. The nor-
mal processes of carrier and clock
recovery and coherent detection are
then implemented at this convenient
frequency and are followed by regen-
eration and differential decoding.
Although a ‘near-zero’ intermediate
frequency is employed within the
demodulator, no attempt is made
directly to achieve true coherence with
the incoming 70MHz signal in the
downconversion process.

Carrier recovery invokes the X4/+4
principle with a high-Q crystal filter
being used to enhance the signal-to-
noise ratio. This circuit also acts as a
frequency discriminator and produces
an automatic frequency control (a.f.c)
voltage to control the oscillator in the
demodulator front-end downconver-
ter. The feedback path incorporates a
track-and-hold circuit which ‘freezes’
the control voltage under deep fade
conditions when the normal a.f.c is
ineffective, thereby minimizing fre-
quency drift.

The ‘“distortionless’ method of
clock-recovery is employed, high-pass
‘pre-filtering’ being used prior to the
non-linearity. Clock information is
derived from both the I and Q chan-
nels, the timing signals being com-
bined to enhance the signal-to-noise
ratio before being applied to the phase
lock loop (p.1.1) which determines the
overall noise bandwidth. The combin-
ing arrangement differs between the
‘normal’ and ‘offset’ modes of opera-
tion, account being taken of the timing
signal changing phase relationships.
In the ‘offset’ mode, special provision
is made to counteract clock phase
inversions induced by cycle-skip
events in the carrier-recovery sub-
system.
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To reduce clock cycle-skipping to an
acceplably low level, the pll band-
width 15 made as small as possible
without jeopardizing the ability to
track systematic jitter. However, to
ohviate problems during  sustained
fades, the loop control voltage is dis-
abled = using a second track-and-hold
circuit — and the loop enters the "fly-
wheel' mode whenever the Demod-
ulator input signal-te-noise ratio falls
below a  pre-determined  threshold
level, Flywheel periods of up two 105,
during which time the voltage contral-
led oscillator (v.c.o) phase drift was
held to within 90°, have been achieved,
Bit count integrity is thus preserved
when  normal  timing  recovery  is
resurned .

FEC codec and
interleaver/
de-interleaver

The forward error correction encoder
and decoder are housed within a single
module. They implement a rate-d
block code derived from the classic
Hamming (7, 4) code. The derived (8,
4) code was previously known o detect
all double errors in a codeword but is,
in fact, capable of correcting certain
double error events. The design of the
code has heen optimized for the pres-
ent application to capitalize on this
ability,

In spite of the use of interleaving the
sustained lfades which can be encoun-
tered in the tropo mediom cause error
doublets (1.e errors in adjacent bit posi-
tions) to arise within a given codeword
with significantly greater probability
than other double-error combinations.
By  concentrating  the  decoder’s
double-crror-correcting capability on
the error doublets, a superior overall
system performance 15 achieved. With
the implemented design, the decoder
can correct five out of the set of seven
error doublets which can eccur,

The Interleaver and De-interleaver
are a necessary adjunct to the FEC
Codee: although block codes can per-
form well when errors are uniformly
distributed in time, the {:uditlg ga.in
falls rapidly in the presence of error
bunching. Since, in the tropo environ-
ment, [ades can persist lor periods
which are long compared with the B-hit
codeword duration, multiple hit errors
within a codeword arise with signific-
ant probability, particularly when the
sysiem is operating near o threshold,
To counter this  problem, time-

dispersal of the coded message se-
quence is invoked; the individual bits
ﬁrr[ning i gi\l'l.‘ll I'_'LIdL"!'I.'UEd are irans=
mitted with a prescribed minimum
spacing between any two elements.
Bits from other codewords are inter-
leaved mio the resulting ‘guard times’
L [¥] [JTI.“.EEH'L‘ lh[‘f net lriln.sml&si{:un rate.

The Interleaver provides the above
functiovn at the transmitter, with the
De-interleaver being used in a com-
plementary manner at the receiver, .o
to re-order the received bits into the
ariginal sequence for application to the
FEC Decoder. Extensive computer
simulations have established that for
tropo systems operating in the 4G Hz wo
5GHz band, an interleaving delay of
about 23ms is the optimum for the par-
ticular code described earlier. This
results in a total processing delay for
any given codeword of 168ms.

At the maximum transmission rate
entailed, the stated interleaving delay
produces a requirernent for the inter-
leaver and de-interlcaver each o store
in excess of 3530kbit of information,
With a temporary storage requircment
ol this magnitude, it is impractical w
utilize shift registers as the memory
clements and use is therefore made of
16kbit  random

AUCEEE  MEMOries
(RAMs). In their fully-equipped ver-
sions, the interleavers  and  de-

interleavers each  aceommodate 24
such devices together with the associ-
ated programmable read only memaory
{PROM) based control sub-system,

Bit error rate monitor
Owverall performance monitoring  is
accomplished by processing  the
received  framing  information. The
synchronzation sub-system within the
Auxiliary Demultiplexer
transmission errors by correlating each
received framing word with a stored,
uncorrupted replica, and routes cor-
responding ‘bit error’ pulses to the
hit-error-rate (b.e.r) monitor.

To facilitate stanistically reliable
computation ol the short-term average
b.e.r over the operational range of
interest, the monitor is provided with
four  switch-selectable  “timchases’.

detects

Th s, error pulsr.s can be accumulated
over repeated (contiguous) observa-
tion intervals of either 1-25s, 12-5s,
1235 or 12305 {20 min). Each count is
processed 1o produce a smoothed boer
indication, i.c one averaged over the
selected observation interval,

To alert users o poor propagation

conditions — or possible equipment
faults = threshold counters are incor-
porated which trigger an alarm output
when a given ber i exceeded. The
threshold value can be preset over a
wide range.

Performance

The performance of a wopospheric
scatter system, like any other radio sys-
tem, depends on the path co-ordimates,
frequency of operation, fading charac-
teristics, dispersion and the physical
parameters of the equipment.

Peculiar to the tropo path is the long
term variation of the scattenng losses
resulting from changes in temperature,
pressure and windspeeds giving a
statistical  distribution  about  the
median path loss for various service
availabilities and for different world
zones. Graphs and formulae enabling
the calculation of tropo paths are pub-
lshed by CCIR and the National
Bureau of Standards. As the improve-
ment from coding is generally inde-
pendent of the median loss the caleula-
tions can be treated separately except
in relation to the short term fading
TALC,

Hence the link budget enables the
calculation of the signal-to-noise ratio
at the output of the demodulator chan-
nel shaping filters, which directly
determines the unprocessed bit error
rate. This is a function of the physical
characteristics of the cquipment e
antenna gain, output power, feeder
losses, noise figure, bandwidth etc,
along with the path loss and diversity
opion.

To this bit error rate is added the
improvement duc to coding and time
interleaving for the short term cyclic
variation of the received signal follow-
ing combining.

As all of these functions can be com-
puted a hand-held programmed cal-
culator is available for the operator
permitting a very quick evaluation of
the overall path characteristics and
optimization of position and take-off
angle, In may cases, as discussed in the
first article, pre-surveyed locations
wonld be adopted but the wse of
TACTROPO is not restricted to these,

Link budget for 16-channel system
Received carrier 1o noise ratin=

+ve  Transmitter power AdBw
+ve  Antenna gain 4°5m 89 7dB
—ve  Aperture medium

coupling loss Lam db
=ve Feeder losses 1-5dB



Receiver noise figure 4-5dB
median/r.m.s conversion | *6dB
Noise density 10 log KT 204dB
Bandwidth for 640kbifs

10 log 64012kbitfs 55dB
Path loss 99% availahiﬁtjr

Ly dB 84% service probability

+ve

Carrier 1o noise ratio=
261 1=(Ly+L,n) dB

Typical performance

Table | compares the measured bit
error rate for a 16-channel coded sys-
tem against typical path losses for
smooth earth, zero take-ofl angle and
negligible dispersion due to multipath
as would be expected at this bit rate,
The measured resulis include the
implementation margins for the com-
bining efficiency, modem and coding,
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TACTROPO is also available in the
frequency band 2-3-2-7GHz using
exactly the same equipment housing
but with new plug-in  converters,
synthesizers, and klystron, and the
table shows that this frequency has
particular attractions 1o descrt cli-
mates where the overall path loss can
be higher.

Conclusion

The two articles which have intro-
duced digital TACTROPO provide
sufficient information to enable a
potential user 1o assess whether this
method of communication is matched
te the scenarin being considered.
Whilst the equipment is intended as a
low-cost rugged, secure, Field Com-
mand unit lor the transmission at the
low 1o medium bit rate, the equipment

Table 1: Typical performance of digital TACTROPO

is equally capable of being upgraded
for higher bit rates by the inclusion of
the more expensive adaptive modem.
The equipment brings together the lat-
est technology of the optical encryption
gun, complex digital processing, low
noise and high power transistors,

Ower the next decade digital TAC-
TROPO will continue to improve as
more powerful methods of signal pro-
cessing are applied to match the prob-
lems of dispersion which occcur at
higher bit rates. One of the advantages
of the Marconi digital TACTROPO is
that the radio has been designed with
sullicient bandwidth to ensure that
future developments can be incorpo-
rated at very low cosi.
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Maritime temperate climate = 16-channel + EOW + supervisory coded transmission

Mecasured

Carrierf/Noise bue.r at
Frequency Path length, km 99% L,+L,n, dB  ratio, dB EyfN, dB  640kbitfs
5-0GHz 100 230-5 -6 276
50GHz 150 240-9 20-2 17-2 1-5x10°8
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2-7GHz 200 252-5 8-6 36 X107
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LCe wecond article tranie du matéricl de la bolue
twddie 1 du fonetionnement quoi bui est relatl, Loy
diverses méthodes de combinaison v sont explis
ipees o les anributs et applications de chacune
Wentre elles v sont discutés. Les traits caractéris-
tigues du matériel o de son lonctiennement sont
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ten ot ce sa régularitd de oactionnement.
L'emplacement de chaque module eat indiur,
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Dieser zweite Artikel befasst sich mit der Ausris-
tng im Radisgehause und der damil verbande-
nen Praxis, Es werden die verschiedenen Kome
binatnsmethoden  angeschomten und  die
geweiligen  besonderen  Eigenschaften und
Anwendungen besprochen. Ausserdem weeden
hervorstechende Merkmale der Aussistung und
threr Wirkungsweise beschrichen umd Beeug auf
Wartung und Zoverlissighkeil genonmen. Es
wird dber dic Lage wund “'irkun;swﬂm Jodes
Modubs berichted, und cin letzier Abschnin
Defasat sich mit den Leistungedaten.

Este sepundo articulo trata del equipa de b caja
de radio y la prdctica relacionada com el mismo,
A exponen a wrandes TaAsgos los diferentes
métdog e combanar ¥ se discuten los atributes
y aplicackones de cada une. Se deseriben las
caracteristicas principales del equipo v su fune
clonamiento juntamente con loa aspectos de
entretenimiento v seguridad funcional. Se da
informede la s:ilua.r'lfmyl'nrnc'nm'um'irﬂluﬂgtﬁdi
middube ¥ una secciin fnal trata de bos datod de
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