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ABSTRACT

This thesis describes the basic information, techniques and
practices used in the.planning and engineering of over—the—horizonr
communication systems. The communication channel used with these sys-
tems is the troposphere. The effect of the atmosphere and its refrac— -
tive index on scétter propagation is investigaﬁed. Finally, a tropo
link for the Libyan Post and Telecommunication Corporation consistipg
df four hops 1s analyzed and link performance is calculated. The propaé
gation conditions of this link are discussed throﬁgh its path loss varia—
tions and SNR performance. Theoretical calculations are éompared with

experimental data and system quality is evaluated.
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CHAPTER 1 -

- OVER THE HORIZON
- COMMUNICATIONS--~INTRODUCTION
Tropo—scattér radio-relay systems havé reacﬁed a certain levél
- of matufity over the past yéars by the completioﬁ.of solid state sys-
tems. However, technical progress will still continue in the direction
of miniaturization, high reliability, low power consumption and better
receiving systems, iThis thesis attempts to bring to light some of the
recent methods inApredicting the performance of such systems. The main
féatures of this thesis are:
1. Overall deéign of troposcatter links provided bnyippon'Eiectric
Coﬁpaﬁy (NEC) standard design metﬁod, wﬁich iéfﬁésed on CCIR
Report 244-2 and NBS Report 101.
‘2. Presentation of an actual link'desigﬁed on thecﬁaSis of the
above method.
3. A propagatiqn test carried out on that iink@ EValuation of the
design and.:system is achieved by comparisoﬁ.between theoretical

estimates and expéfimental data.

The purpbseiof this thesis in general is to present an .intro-
' _duCtory explanatioh»of tropo-scattér systems With emphésis on éystem
deéign and-international sténdards set for such kinds of systemé°

| Litérature oﬁ tropo-spheric pfopagatioﬁ is reviewed in Chapter‘2,
with pérticuiar eﬁphasis on propagation mechanism; divérsity techniques;

1



2 -
- modulation and detection and a brief.explanation of the advantages of
tropo.i

Material inVChapters 3, 4; and 5 discussés the overall tropo-
scatter system'planning and design. The préséntation begins with defi-
nitions of quality, CCIR recommendations and design objectives; It
proceeds through design»factors such as transmission loss, signal-to-
ndise ratio, sigﬁal—to—thermal noiée ratio, etc.

Chapter 6 describes a link that was designed by NEC for the
(LiByan Post and Telecommﬁﬁication-Corporation. This tropo—scaﬁter radio
system is a microwave communication link of 120 channels telepﬁone and
one-way monochrome T.V; transmission which connects Jalo with Kufrah
City across the Libyan desert. Péth.and eqﬁipment parameters are tabu-
lated and noise’berformance is calculated,

Chapter 7 discusses a_propagation'test carried>out on the same
Jalo-Kufrah link. This»test was to confirm the actual statistics of the
radio propagation.> It is discussed th;ough its ﬁath loss Variations\and
S/ performance, Theoretical calcﬁlations are compafed with the experi-
‘mental data.

Finally, in Chapter 8, system quality is e&aluated and conclu=-

sions are drawn.



CHAPTER 2

GENERAL ASPECTS OF OVER THE HORIZON COMMUNICATIONS

Introduction

Troposcatter communications may'be defined as'a method or a sys-—
. tem of;transmitting, within the troposphere, microwaves in the UHF or
SHF bénds to.effect radio communication EetWeen'two poiﬁts. This method'
of communicaﬁibn is now generally understood to émbrace a radio system
that permits communication over wide distances,.wifh.ekéellent reliabil—'
ity and good information capacity, using relatively higﬁ transmitted
pbwef; frequency modulation; and highly sensitive receiving a@paratus.

Figure 2.1 is a conventional sketch of a tropo span. This
grapﬁic'represéntation is merely s&mbolic, and ihdiéateS'in a general
way that the circuit utilizes high power and large direétional antennasf
These may be duplexed, can surmount ground obstacles of considérable mag-
nitude, and will span’a relatively large distance over fhe eafth's sﬁr—
face. -

Witﬁ accuracy, tropo can be termed a "gap filler." It provides
a means of'rédib communication at distances not covered either by short’
range UHF andlSHF Line;of—Sight systems, or by the HF and long range

LF systems.

2.1 General Properties of the Troposphere
The troposphe£é is thé’région'of the atmosphere extending from
- the sutrface of the earth up to a height of 8 to 10 kilometers at.polar

3 .
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5
‘latitﬁdes, 10 to 12 kilometers at the moderate latitudes, and up to 16
or 18 kilometers at the equator.

In the troposphere; the percentage of the gas components com~ .
-prising‘the'atmosphere'doesenot vary with height, remaining practically
the same as it is at the sgrface. The only exception ie the water-vapor
content Whieh»is strongly dependent on weather conditions and sharply |
‘decreaees with height.

The most important property of the troposphere isrthat its tem-
perature decreases with height. = The average vertical temperature gra-
dient isv6 degrees per kilometer (about 5 degrees per kilometer in the
lower troposphere and 7 degrees per kilometer in the upper region).

' The annual average temperature of the air in the upper pert of the tropo-
sphere is =55°C in the polar regions, and -80°C at the equator. The
upper boundary is usually termed the tropopause, Whichtie a narrow re—
gion of constant temperature.

Although the troposphere extends to a relatively low height, it
accounts for four-fifths of the entire air mass. The_average pressure -
at the;earth's surface,is 1014 millibars (1 millibar = l/lOOOth ber.

1 bar = 105 Newtons per'square meter = 1.019 kilograms per square cen—
timeter, which is very close.to one atmosphere). Atpan’altitude of 5
kilometers, iteis.nearly hal_ved9 at 11 kilometers it is:225 millibars,;
- while at an altitude of 17 kilometers, thevatmospherie pressure is a

_ mere.90 millibars. | |

fﬁe water vapor. contained in the troposphere comes from the
evaporation of-water'from the-surface-of oceans, lakes, and water reser—

.voirs, This is the reason why the troposphere over an ocean contains



more moisture than it does over a desert. The Watef—vapor content
rapidly decreases with height. At an altitﬁde of 1.5 km, the water
vapor content is about 1/2, and at the uppef boundary it is a few thous-
andths of what it is at the earth’s surface. )
The key characteristics of the troposphere are pressure P (in
millibars), absolute temperature T (in degrees Kelvin), and absolute
humidity e'(in millibars),b Sometimes, the water-vapor content.ofrthe
air is expressed in terms of specific humidify S (which is the mass of
water vapor ‘in grams/kiiograms of air) or relative humiditytr, expressed

in percent.

Absolute humidity e is related to S and r as follows:

- S/ ___ - | : |
® 7 623-0.377 mb ‘ o 2.1
Ff:\’.‘
= e b
e 100 m 2.2

where Ef‘ié £he bressure of water vabor which will saturate the air at-
a given témperature (usually found'frém charts).'

In summary, the'tropospheregis an inhomogenéous dielectric.
The ?roperties of thié dieléctric vary continuallylwith timé, so that
fhenfluctuations related to thé formation, movement; and.digéppeafaﬁce
of localbiﬁhémogeneitiés‘in‘the troboéphefe are Suﬁerimposed'bn the

slower variations caused by meteorological conditioms.



2.2 Tropospheric Propagation Mechanism

The phrase '"tropospheric seatter" describes a hypothesis that
Jexplains the meehanism that enebles the propagation of usable miero—
wave radiovsigﬁals well beyond line—of-sight distances.. |

It is generally known that the atmospheric coﬁditions of the
troposphere are not homogeneous and are constantly agitated by turbu-~
lence. This turbuleﬁce is thought to produce blobs'" of atmosphere
whose refractive indiees are sharply different from those of the sur-
roun&ing atmosphere. 'When irradiated by a mierowave~signal, these blobs
reradiate the'signal, scattering'it in all directions. Some of this
scettering is in the'forWafd direetion, which produces the field at a
receiviﬁg,location.’ The entire process is thought teoccur in the fegion“
between the stratesphere and the surface of the earth, that is, the
eropOSPhere. ‘This hypbthesis«forms'the basis for tﬁe'National Bureau of
Standards (NBS),methods for predicting the strength and time availabilitye

[1]

of beyond the horizon fields. Although the hypothesis itself remains
unproved, the methodrhas been widely accepted; the hypothesis combined
with massive empirical information ordinarily effords a'usable solution
to the problem of éredicting ﬁerformaﬁee. |
Another promising hypothesis explains these fields as being the
»prddUcts of mode propagation besed on partial reflections. The gravi-
éational stratification of the.atmosphere, where the lowest layer is
‘the densest-and~each succeeding leyer is less.densea with eharp boun-

daries between the layers, is thought to be responsible. When an elec-

tromagnetic wave is propagated through such an atmosphere, ray bending



8
occurs and is accompanied by partial reflections. This hypothesis has
: F2=51
been advanced by Carroll and others.
A third approach, long a subject of spéculatioﬁ by many, has
[6].

been formalized through a derivation by Bullington. This concept

is based primarily on the average value and the standard deviation of

. -

‘the index of refraction at the earth's surface, both of which decrease
exponentially witﬁ height. The result is avquantitative explanation\of
tropospheric radio propagation, derived without the use of arbitrary
numerical factors. | |

All three hypothesis serve to explain the propagation mechanism
butvthe first one is adopted throughout the thesis due to the fact that
it is adopted by NBS and the huge amount of empirical formulas present
in the NBS reports that helps to predict and estimats the performance

of any tropo system.

2.3 System Considerations

Regardless of the true mechanism, much is known concerningAthe
sharacteristics'of.the-microwave energy field propagéted beyond the
horizon:. This ksowlsdge has been obtained through observation of a large
mass of:empirical data collecfed from operatiOnsl tropo links. |

First, it is knswn that the average amplituds of the field prop~-
.agated beiond the horizon is greatly aﬁtenuaﬁed witﬁrfespéct‘to‘the
transmitted field. The amount- of attenuation can be calculated as a

function of the angular distance between the transmitting and receiving

sites.  Angular distance is a parametér that takes into account
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curvature of the earth, terrain configuration, and climatology. Usually
it is clesely related to.the linear distancé beﬁ&een the two sites.

Second, the amplitude éf the received field varies substantially
with time over a given pé.th‘° The NBS has gathered and analyzed a mass
of data on these wvariations, so.-that it is now possible to predict the
amplitudeétime distributions for most paths with a high.degree of accu-
 racy. These amplitude variétions-are separated into short-term and long¥
term distfibutions° Short~term amplitudeftime distributions are those
measured over periods shorter than.a few minutes. During such periods
the amplitude variations are described by a Rayleigh distribution. The
long—term distribution represents tﬁe variation of Hourly median levels.
over a loﬁger period of time, usually a month, a séasoﬁ, or a year. If
amplitudeivariatioﬁs are sampled over a périod bf‘one*hour, an hoﬁrly
median amplitude can be found, and if the hourly mediaq‘amplitudes are
obsérvedvover a longer perigd of time, the distribution becomes,apparent!
.Since it has not yet been possible to derive éxact theoretical}expres~
sions fof-these,long—term distributidns, empirical relatiomns, based on.
the large mass of available data, are uséd°
._The short-térm and long-term distributions of éignal amplitude
vary éonsiderably with the season.of the'ygar and With geographical loca- '
tion° Therefore Whén a system is being designed these'factors must be
tgkeﬁ into cdnsidefationm Détermination of parameters.aﬁd design are
‘usually baséd on the worst-propagatiqnal_month of the year.
| "Third,>asrﬁas previously menﬁioned, thé trbpospﬁeric scatter
_signals_ére subjéct.to amplitude‘timé variatiohs, separated into short—

l -term and long~term distributions. In practicé the two types of signal
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fading are not compensated individually, since thé resultant fading is
a coﬁbination of both types, uSuallyAreferred to as a monthly median
"level. Methods known as~diveréity tecﬁniques have been developed to
conteracf ;his fading;énd afford-the.desired propagational reliability.

Fourth, all hiéh quality; long distance; multichénnel communica-
tion systems have two requirements:‘ (1) reliability and (2) delivery
of a favorable SNR (signal—to—noisefratio)‘to the éustomer. The éignal
compdnents usually are amplified, as required? to overcome,the various
losseé in the systemwr Every Eimé the signal isvprocessed'there'is some
adaitién of noise, which adds oﬁ a cumulative basis. The result is thaf
long-~haul systems require caréfﬁl attention to.the details of noise
agcumulation if the resulting SNR is to meet requirements.

Much thought has been given to this‘geﬁefal subjeét'and Inter—
national objectives of performancé have been formulated. This work has
culminated in the C.C.I.R standards,{7]@fafaradiohﬁtadtkééf;;““:‘>l
In addition, the Defense Communication ‘Agency of the U;S; Department of
Defense has formulated specialized versioms of these standards tp apply

to the Defense Communication System (Prescott,. 1960).

2.4 Divérsity'Techniques
-Diversity can be defined as the utilizaéion éf more than one
indeﬁendent‘and uncqrrelated transmission path over a singleyspan of
troﬁo to afford greafer reliability than that pro&ided'by'a single'tréns-

mitter and receiver at each end.
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One. of the most effective methods is known as space diversity,

- in which two antennas, separated in space by 100 Wavelengtns or nore,
'are'used to . receive the signals and reduce the effect of fading. Sig-

_ nals separated in space by this distance show an almest complete absence

of correlation. Another method in wide use is known as frequency diver-

' sity; wherein two frequencies, separated by about one to ten percent .

depending upon'the frequency‘band in use, are transmitted overvthe span

from the transmitting;to the receiVing station. Here again, there is a’

" minimum of correlation between the signals reeeivedion the two freduen—
cies. Other types‘of diversity, which are little used at the present
time, include circular polarization and differences in azimuth orienta-
tion of antennas (angle diversity).

‘Although space_and frequency diversity may be utilized indepene
dently (dual diversity), borh may also be used simultaneously to afford
quadruple diversity. For hign reliability requirements and’in applica-
tions where the span length otherwise might prodnee marginal performance,

'qnadruple‘diversity is the preferred solution despite the additional
cost.

To produee an optimum signal from a multiple receiver installatien
utilizing either dual or quadruple diversity,‘a "combiner" is provided
for;adding_and,effectively utilizing theireeeived signals. The combiner,
inro nhich all the receivers are fed, may be operared at basebandifre—
quencies (post detection combining) or at intermediate receiver frequen-

cies (predetection combining)g
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As shown in Figs. 2.2vto 2.4, divérsity systems give remarkable
improvement in the short-term fading if the antenna spacing or the fre—-
quency: spacing iS'suffigient. Figures 2.5 and 2.6 indicate the relation

between the correlations and the frequency spacing or the antenna spacing.

2.5> Antennas and Traﬁsmission Lines

Because of the high gain requirements encountered in troposcatter
transmission, highly direc;ional antennas are used. They usually take
thé form of lérge parabolic reflectors with horn feeds. The larger the
parabolic surface, the higher the gain. However, a point of diminiéhing'ﬂ
réturns is reached. Abéve a cértaiﬁ gain, depending upon the'particular
radio path, the increase of gain with increasing parébolic diameter pro- .
. ceeds at a slow rate. A“practical limit cn,the.méximum gain capability
6ver that path is reached. This‘éffect occurs primarily bécause of the
medium-to—-aperture coupling loss.experienced in'troposcatter syétems.
This loss occurs only in the troposcatter mode; in the linejof-sight
.appliéations, gain is not affected in this manﬁer. The directly propor-
”:tionai-relationship between gain and.frquency limits'the'siZe of antenna
thaﬁ canrbe uséd for any particular frequéncy. Furthermore, sihce path
attenuation increases with increasipg frequency, the optimum frequenéy
for a particﬁlér path is a compromise betweeﬁ path attenuation and net
antenna gainerz

| The'traﬁsmission lines ﬁéed in‘tfoposcatter work are usually the
"best available, since.they represent only a small part of the total

equipment cost and contribute heavily to the performance of the system.
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Large diameter, rigid coaxial cable is normaliy used for transmitting -
power from the transmitter to antenna, particularly at péwers of lO.KW
and greater. It has high powef—handling capability, low attenﬁation,
and low voltage standing-wave ratio (VSWR). In many instances, rec-
tangular waveguide'is used to pro&ide even better pérformance in these

respects.

2.6 Modulation and Detection Techniques.

Wideband;Freqdency:Modulafién_(WBFWD ié practically ?he only:-
fmethod,usgdwin;the tfansmissioﬁ of.thpd'signals-today'becauSé’of its
- superior performagee-WhenQCOmpared'wffhisiﬁgie;si&é.baﬁdvéuppreésed—
carrier amplitude modulatioﬁ'(SSBSC%AM,nor simply SSB).

‘The reasons for the recognized superiority of TM over SSB are
frequently misunderétood, or overlooked. First:is thé fact that ﬁuch
higher SNR performance is available from an‘FM system operating well
above threéhold. The seldom-reproduced right-hand pértion of Fig. 2.7
shows that: the SNR_values achievable at high signal strengths are far
greater &ith an FM system than with an SSB éystem,[g] In both cases
thé limiting fact§r is intermodulation noise caused by equipment non-—
lineafities; | |

The second feature favoring ?M can be-éeen when examining Fig;’
2.8. If shoﬁé the distribution'of energy abdut'tﬁé carrierrfrequency°
It should be noted that these occuflin balanced pairé and that the
ﬁroceés of detection produces a summation of ail the individual cémpo—

~ nents,
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These features are obtained at the costrof increased spectrum
space required, but are unobtainabie by any other presently known means
of achieviﬁg the extreﬁely high performance required for toli quality -
of'transmiésion. Current practice sets the FM index at about 3, re-
‘quiring a bandwidth of abqut eight times the highest basebandrfrequency,
although in most systems optimization of deviation usually takes pléce'

after installation to achieve best results.,

2.7 Bandwidth Capability

fhe information bandwidth of a scatter systém is- limited byr
frequency sensitive fading and multipath effects. Because of these
effects, if a broadﬁaﬁd signal is tfansmitted, frequency components in
different péthé of the band fade in random manner. This-is duerto the
différent time takén‘for components of the signal traveling - by~differ—
ent paths between traﬁsmitter and receiver. InAwideband communications
such as multiplex telephone communication, T. V. transmissioﬁ,»etc., the
phase,énd amplitude characteristics detefioraﬁe with regard to the higher
baseband frequency,~thus.limiting the serviceable frequency bandwidth.

Therefore, the longer the distance is, the larger thé scatter
vqlume becomes, hence the bandwidth becomes narrow. .To widen this band-
 width, the transmission and recepﬁion antenna beam width are narréwed
- by using high gain.aﬁtennas such that a radio wave ﬁasses only through
'the>centfal portion of the scattéf volume. The path differeﬁce between
‘the longest and shortest path lenéth is reduced, and thus a %ideband

. transmission. becomes possible.
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Available bandwidth:

3 = —22:6_ f£(a/a) | ' 2.3
Byc (d/100)3. a/a, N (2.3)

where d hop distance in km

a = half Power antenna beam angle
a, = scattering angle
[10]

and f(u/uc) is shown in Fig. 2.9,

208 Typical Tropo Equipment

The development and subsequent experience with tropo throughout
the past years hés teﬁded to "standardize' to a great extent the equip-
ment used today on these circuits, regardless of point of manufacture..

As‘préviously discussed, frequency modulation is used almost :
exclusively‘bn tropo circuits because of its.inhe;ent capability to pro-
duce a greater SNR. Almost all of the tropo circuits utilize an output
power  of one kilowatt or»greafer. In practically every casé a Klystron
power tube is used. With the continual development of more efficient -
'i and larger Klystroms, output powers up to 100 KW are now commoﬁ. With
fhe:advent of high—poﬁer traveling-wave tubes additional flexibility in

equipment design is forthcoming.

2.8.1 Higﬁ quer Transmitter

The transmitter used in a tropo COmmﬁnicétipns sysfem.requireé
1érge radio freqﬁency transmittiﬁg power. Thié'fower varies betweén
50 W and SO.KW_up to lOO RW depéﬁding oﬁ‘the composition of the system.

'A K1ystron-is ﬁsua11y uséd in the final stage of suéh a high power -
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‘transmitter, although there are cases where a TWT is utilized. Recent
trbpo tfansmitters are all‘éolid state except for the final outpu,trt'ube°
Figure 2.10 sﬁoWs the bloék diagram of a transmitter which uses a
Klystron power amplifier,[lo] This transmitter is used in a dual-or
quadruple_dive;sity system and is operatéd as descfibed below,
- Two ﬁodulatoré a;é installed in this transmiﬁtef'for on-line
and staﬁdby ﬁse. The'pilo; signalndétected at the modulator outpuf is
used for on-line standby changeover. The base band signal is pre;
emphasized and then applied to a frequency modulator to obtain a 70 MHZ
IF sigﬁal. Automaticifrequeﬁcy control (AFC) is used in the modulator
to ensure fréquency stability. | |
The exciter converfs the modulated IF signal to a signal in the
2 GHZ band. This signal is amplified by a transistor amplifier sd‘that
appréﬁiﬁately 1 wat£ of-output power.is obtained. The exciter also gene-
rates the two frequeﬁcies to be used for frequency diversity. The dif-

ference between these two frequencies is kept precisely comnstant by

_meéns of the automatic phase control (APC).

2,8.2 Receiving Equipment
| The main differencés between the receiver used in tropo systems
and the receiﬁer uéed in line—of-sighf radio systems are:
a. The transmiésiﬁn loss of the tropo system is greatlaﬁa'according—
1y -the receiving.input.power is sméll, thus requiring that a
low-noise amplifier be uséd at the receiver head to improve the

s

noise figure. -
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b. A threshold extension demodulator is used to provide éatisfac—'
tory demodulation and to recover ﬁhe baseband Signél from the
weak receiver input.
c. A combiner is empidyed to provide a satisfactory signal‘f?gﬁ-the;
: diversé receivef iﬁﬁutémwhosé‘lévélsfare“varfing ét all times due

to_fading.

2.8.3 Low Noise Amplifier.
A parametric amplifier or a transistor amplifier is generally

used as a low noise amplifier in tropo radio relay systems.

Parametric Amplifier.[lo] The parametric amplifier is a typé

of negative resistance amplifier; It has three tuned circuits, the_
first one of which is tuned to the signal frequency, and the second to}
the idler»frequency (i.e., the lower side band frequéncy produced by

a pumping frequency and thé.sigﬁél frequenéy), and the thifd»is'tﬁned‘
to the pumpiﬁg frequency; These three tuned circuits- share a>varactor
 diode as shown iﬁ Fig. 2.11..

When fhe pumping power is appiied to the varacfor diode through
the pumping circuit, a negative resistance is generated in the sigﬁal
vcircﬁit. A stable amplifier is acquired when a circﬁlator, which is
used for selection of an input signai aﬁd a reflected Signal froﬁ the
diéde'is set in the input terminal of the signél circuit. In practice“ 
the only'noise>in,thé_ampiifier is from thermal noise céused by the’
series resistance of!the varactor diode. This amplifier has the lowest
noise figure émong miérowéve frequenéy amﬁlifiers which do not‘reéuire 

refrigeration.
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Figure 2,12 shows the block diagram of a parametric amplifier

[10]

currently used for 2 GHZ tropo communications.’ The main performance
features of the amplifier are as listed below:

Radio frequency band: 1700 to 2700 MiZ

Noise figure =~ 1.5 db
Bandwidth i > 29 db
Pumping frequency ¢ 18 GHZ

The'amplifier consists of a péfametrié amplifier puﬁped-by an IMPATT
(or GUNN) osciilator and a transistor amplifier. ‘Both amplifier units
are connected in series to obtain wide bandwidth, high gain, and
stability. All component parts of the equipment afe solid state, pro-
viding high'reliability, low power comnsumption, and sm;ll size.

[10]

‘Trénsistor Amplifier. Tﬁe power gain of a‘microwavertrané
sistof generally decreases at a rate of 6 db per octave,.the circuit
désign is made to compensate the falloff in gain so that a flat:response’
is obtained.

The main performance characteristics of an amplifier suitable
for use in fhe 2 GHZ tropo sfstems are as follbws:

Frequency range : 1500 to 2700 MHZ

4 db

R

Noise figure :

R

Small signal gain : 20 db -
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2.8.4 Threshold Extension Démodulator

It is_well known that there is a threshold phenomenon in fre-
quency modulaﬁion systems, ‘The baseband noise.after demodulation is
inversely pfoportional to thé receiving input power. Hdwever, the noise
incregses abruptly when the rgceiving input power drops below a particu--'
-1ar level. The input signal level at which an abrupf iﬁcrease in noise |
is produced is called the threshold 1evel.[lO]-’

The threshold phenomenon takes place bécause the signal is de-
pressed by noise when the peak value of noise at the inpﬁt of the ampli-
tude limitef is greater than that of thé signal.. The nbise_level atlthe-
inpuf of the amplitudeilimiter must be reduced to the greatest possible
extent to bring the tﬁreshold ievel dowﬁ. The most.efféctive’method'to~
extend threshold level is. to narrow the béndwidth, since noise power is
determined by the product of the'ﬁoise spectral'deﬁsity multiplied by
the bandwidth. For this reason, part of the demodulator output is applied
to thé local oscillator in a threéhold extenéion demodﬁiator,ras shown
in Fig. 2.13. -

This process subjecté it to freQﬁency-modulation so that the
local oscillator frequency may follow up the freqﬁenﬁyrdeviation of the
| receiving signal; i.e., FM negative feedback is utilizéd. Frequency |
deviatién of the‘IF signal theﬁ bécomes smalle? than that of thevreceiv—
ing signal. Distortion occurring in thé feedback:loopbis also improved 
by an amount equivalent to the,amoﬁnt of feedback. As a result, the.

bandwidth of the IF émplifier is narfoWedchgSing the threshold level

S~
e

to be';mproved. | , : S~
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In this'case,-the groﬁp delay of the FM signal will become un-
stablé if the baﬁdwidths of all stages of the IF amplifier are narrowed.
It is nécessany to narrow ﬁhe'bandwidth of only one If stage to stabilize
ﬁhe M feedﬁack, while the frequency'bands of the other stages are kept
wide.

Anothéf method is thé so-called FM feedbéck-phase detection syé;
tem (or phase lécked loop) which is often used as a.meané of extending
thevthreshold levél as shown in Fig. 2.14.[10] The input FM—signél
énters therphase deféctor where the phasé-difference Setwéen this Signaif
and the output of the voltaée controlled oscillator (VCO) is de£ected. N
The threshold phenomenon‘does not occur if the amplitude of the VCO outfi
put is kept sufficiehtly high and constant since the phase detector is-

a kind 6f éynchronbus'détector° The' linear characteristic_range‘of,the
phaée detectof is restricted within approximately * 60° which is insuf-
.’ficient.for demoduiafionVof fhe widebaﬁd M signal.‘ Therefore;;the '
phase detector output is amplified by the low frequency7amplifier and
‘épplied to the VCb° A negative feedback loop is formed causing the out-
put pﬁase'éf the VCO to follow the.phése of the incomiﬁg ™ sigﬁal.and
alsé rgduCgrdistortion. Demodulation of thé wi&eband FM signél is then
: possiBle. . |

| Noise in the demodulator outpﬁt increases When'the‘receiving
iﬁpﬁt ievel becdmes smaller; This)noise médulates the VCO oﬁt?uf when-
péssing tﬁrough the feedback loop. Modulatioﬁ by means of noisé in-
-cfeéses deviation and also causes an_increase.in the phase'differenée

between the input-signal to the phase detector and the VCO output.
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When the phasé'éifference exceeds a certain vélue; an abrupt increase
in distortion takes place and the‘threshold phenomenonroccurs. The
‘above shows that the threshold level of this system is determined by
the bandwidth of the feedback loop (so-called equivalent noise band-

width).

2.8.5 Combiner
A diversity system is always used to minimize the effects of
fading in tropo communication systems. As a result of diversity recep-
‘tion, not only fading depth but also transmission bandwidth and'intér—
modulation noise are improved. |
- Diversity reception reduires combiner equipﬁeqt to combine the

receiving signals.. The combiner used in tropo circuits is designed to

- follow the fading which varies more often and more rapidly than that in

" line~of-sight radiao relay sysééms.

,The‘comBiners-are claséified from tWO‘sténdpoints, Qne of these-
ié the combining point of the signals.- Among thé combiners classified'
in this way are the radio frequéncy combiner, the IF combiner (both
so~called predetection combinér), and the BaseBand combiner (so—éalled

'fost detection combiner). Preaefection combinérs require ﬁrecise phase

»confrél of the.RF‘or IF signals which are to be:Combined;, However;'the

_combining_is accomplished prior to dequulation,..Therefore, the carrier- .

'to—nOisésraﬁioiof the combined signal is improved anq normal demodﬁla—
_ 'tion-is-performed eveﬁ when each input signal is bélow the threshoid

_levelo'
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The.other classification of combiners is by combining function.
Among combiners classified according.to funetion are the seleefofbtype,i
the linear adder type and_the ratio squarer type. A selector type com-—
biner selects the signal having the most satisfactory S/N from .among
two or more received eignale. The linear-adder type combiner_performs
signal combination by eddiﬁg two or more received signals'juet asvthey
are. (bn the other Hand, the retio squarer;type combiner combiﬁesrthe
signals by emphasizing the stronger signal aﬁd by de—emphaeizing.the
Weakef signal.
The former two Eypes of combiners are simple in ecircuitry, but
. the ‘latter has the best S/N improvement. .Thefefore, the retio squarer
ﬁypevis &idely used. _ ,
Figure 2.15 shews en example of‘an IF combinef.[lO]A i&o input
signals must be of the seme frequeﬁc& and pﬂase at _the;combin'ef° For |
this reason, -the phase difference between the two IF sighals~is detected
by a phase detector. Two receiving local oscillators are controlled by
this phase detector output. In addition, a commen AGC output VOltagerr
is simultaneously-aﬁplied to the~main IF amplifiers since the gaine of
_the two receivers must alweys be the eame;  | N
| Figure 2,16[10]'shows e quadruﬁle diversity:system using IF end
basebaﬁd combiﬁers. These combinefs have’fatio‘squerer cﬂaracteristics?,
The'feceiver low ﬁoise pre~amplifier perfofms common am?lificaﬁien of
two signals having different frequencies in order to minimiée.the over— .

ell'deViation,'fTherefore, the IF combiner provides frequency diversity°"



L

E &

L

E &

L

-9 D90H9

33()

Eo(

(1



/"

/"
E

(CCC(

-9 D9O0I19

3%()

m

! (

J& # &4%"

5

%



38

2.9 Advantages of Tropo

Tropo has been developed over the past years.into a highly

successful method of radio communication, which offers certain advan-

- tages not possessed by other modes:

1.

tages.

It provides a high-grade multichaﬁnél?éervice over distances
between 112 and 960 kiloﬁeters in a single span, thué reducing
the number of stations or terminals required in a line—of;

sight systémf

With a;prbperly.designed é&éfems.it will offer?a circuit of high »
propagational~reliébility on a year-round basis. This reliabil-

.

ity compares very favorably with that of line-of-sight circuits.

It can be utilized in rugged or otherwise inhospitable.terrain

where it is impractical or impossible to provide other means of

‘communication. .

It provides a high degree of spectrum utilization while simul-
taneously minimizing frequency allocation problems incident to

radio interference in a high density locationm.

‘Under many conditions, tropo offers certain overriding advan-

When the cost of a tropo system is considered, these advantages

‘mQSt be weighed against the cost of other systems that may lack the

advantages peculiar to tropo.



CHAPTER 3

OVERALL SYSTEM DESIGN OF TROPOSPHERIC
SCATTER RADIO LINKS

Introduction

This is a standard design method that is adopted by Nippon
Electric Company (NEC). It is based on CCIR Report 244~2 and NBS
Report 101.

The most important factoré.for designing a tropo-scatter radio
system'in generél are the following:

1. To predict the transmission loss and its time variations due
to the variations of atmospheric conditions. |

2. To prediect the total noise'power consisting of path thermal
noise, path intermodulatioﬁ noise, etc.

3. The thermal noise and.the-iﬁtermodulation-noise of the radio
path. vary With geographical and méteofologiCal COnditions‘of
thé rédio path. Tﬁus, a detailed fiéld survey or some aSSﬁmp;
tions for path conditions atre neceésary for the system deéign,'

‘4.> Allowable éost,‘where thefe‘is<élfgédéaffﬂbetwéen the réquired

performance and the cost of the system.

Since communication system installations are of national and
“international importance, there has to be a certain minimum of require~
ments in order for the system to be part of an international link. - The

39
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Intérﬁatioﬁal Consultive Cémmittee for Telephone énd International Con-—
sultive-COmmitfee for Radib-(CCIT, CCIR) specify in their recommenda-
tions thé minimum required performance of a hypothetical‘reference
circuit as well as the minimum'required'performance.of a system to-be

- part of an international connection.

3 .1 Definition of Quallty

In deflnlng the performance of any communication system, two
features are of paramount importance, the quality of the communication
channels, and the reliability with which this quality'israchieved°

Ih voice communications, chanﬁel quality is measured in terms
'ﬂqf the signal-to-noise ratio (SNR). In teleprinter and data channels,
it is measured in’terms(ofAbinary error rate. The reliability.ofimicro—
wave commﬁﬁication systems has two factors, i.e., propagétion'reliabilF
ity;'and equipmenﬁ reliability. The quality and reliaﬁility required is
generally determined in accordance with the purpose of the system.

Thé follbwing CCIR recommendations are appliéd toward the system .
qﬁality reﬁuired for tropo-scatter radio systems.

Allowable Noiée Power in the'Hypothétical Reference Circuit
(CCIR Rec. 397 -2, New Delhl9 1970) Recommends:

l,- ThatD from- the p01nt of view of performance, ‘trans-horizon
radio-relay systems be divided into two classes;

2. that, when a trans-horizon system is intended to operate
between two points for which other transmission systems could
be used without excessive difficulty, e.g., line-of-sight radio-
relay, underground cable, etc., the hypothetical reference cir-
cuit should be established in accordance with Recommendation
"296-1.  The noise power at the end of this hypothetical refer-
ence circuit will be calculated by statistical combination of
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the noise power in each of its radio sections. The statisti-
cal distribution curve of the one~minute mean psophometric
power*,during the most unfavorable month, should then pass
below the points defined in Recommendation 393-1 §§1.2 and 1.3.
The requirements of Recommendation 393- l §1.1 need not neces-
sarlly be satisfied; .

3. that, if a trans-horizon system is to be used between points,
for which other transmission systems cannot be used without
excessive difficulty, and if the condition laid down in Recom-
mendation 393-1 cannot be met without excessive difficulty, the
following conditions will apply, once the statistical noise
power distribution at the end of the hypothetical reference
circuit has been calculated by the method set out in §2;

3.1 The mean psophometric power during one minute must not
exceed 25,000 PW for more than 207 of any month;

3.2 The mean psophometric power during one minute must not
exceed 63,000 PW for more than 0.5% of any month;

4. that, for the two classes of system defined above, the un-
weighted noise power (with an integration time of 5 ms) must
meet Recommendation 393~1, §1.4, but with the percentage of the
most unfavorable month changed to 0.05% for the systems referred
to in 3 of the present Recommendatlon, ~

5. that, the conditions given in §§3 and 4 are provisional and
should be considered later.

The required quality has>been defined by the CCIR for au2500 kﬁ route
length as described abbre. Taking the hyﬁotheticellcireuit ae a refer—
ence; we have to coneider the qne—minute noise power which is not

; attained,during 20% and 0.5% (or 0.1%) of any month, also the instan-
e taneous nbise power (ﬁeasured with a 5 ms time céﬁstant) which is not
‘attalned durlng 0. OOSA of the most unfavorable month.’ However, the

.ﬁactual troposcatter radio system is usually de51gned for a route length

*PWOP = psophmetrically weighted power, in pico-watts (10
watts) at a point of zero relative level, . : :
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shortéf than 2500 km, This calls, théfefore,:fof"the ability to adjust -
~the required-system quality from a 2500 km circuit to any system of a
given length. . |

3.2 Calculation of the Quality ~
Required for a System

Recommendation 397-2 states that the noise power ét the terminal’
of a'hypothefical reference circuit must be calculated by statistical
combiﬁation of thebnoise power of éacﬁ of its links. Accordingly, when
predicting the overall noise power of a.given.system, the calculations .
have been made on the basis of statistical combining methods. Also,
~allowable noise power for the given system to .be desigﬁed-should be
.deterﬁined by use of the same method, when Class II specification (i.e.,
' CCIR Rec. 397-2, para. 3) is applied as a quality required’ for that sys- -
tem, | |

When: Class I specification (i.e., CCIR Rec. 397-1, para. 1) is
applied as a quality reéuired for the system to be designed, it ié
recommended that the allowable noise power be determined in accordance
with CCIR Rec. 395—1;'usingrthe same philosbph&“adopted‘by "line-of-
sight" radio systems, with the exéeption of the specification for the
hourly mean noise powér, | -
3.2,l1vDeSigﬂ;Objective of a System Having
a Quality of Class I -

| CCIR Recommeﬁdation 395-1 prescribes as follows:
'Iﬁat circuit,to:bé estéblished over real liﬁks, the compb¥
sition of which, for plannigg reasons, differs substantially
from the hypothetical reference circuit, should be planned

in such a way that the psophometrically weighted noise power 
- ..at a point of zero relative level in a telephone channel of -
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Length L, where L is between 50 and 2500 km, carried in one or.
more baseband sections of frequency-division multlplex (FDM)
radio links, should not exceed:

i) for 50 km < L < 840 km:

= 3 LpW + 200 pW one-mlnute mean power for more than 20%

of any month,
- 47500 pW one-minute

power for more than (280/2500)x0.1%

of any month when L is less than 280 km, ot more than
(L/2500)x0.1% of any month when L is greater than 280 km;

ii)for 840 km < L < 1670

kms

- 3 LpW + 400 pW one-minute mean power for more than 20%

of any month,
- 47500 pW one-mlnute
of any month;

mean power for more than (L/2500)x0.1%

iii)for 1670 km < L £ 2500 km:
- 3 LpW + 600 pW one-mlnute mean power for more than 20%

of any month, :
- 47500 pW one-minute
x0.1%7 of any month;

On the basis of each

noise of the given system is

3.2.2 ADeeign_ObjeéﬁiveS'of.a

a*Quality of Class IIL
As regards the noise
known that the mean level of
which can be approximated by
..}aw applies to detefmine the

signed. -

mean power for more than (L/ZSOO)

of the above statements, the allowable

‘determined by the use of Fig. 3.1.

System Having

caused by tropo-scatter radio path, it is

received signal follows a distribution law

‘a log-normal law.. It follows' that the same

allowable ﬁoise of the system to be de-

As the system, in the case of a tropo—scatter3system,‘has no .

fixed length, the CCIR Rec.'396—l paran 3 states thet, if a radio sec—

tion under study is L km long9 the hypothetlcal reference c1rcu1t should

- be composed of 2500/L sections of thls type in tandem, ‘the value 2500/L

being taken to the nearest whole number.
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- With the help of this statement and a log-normal law, allowable
noise on'a systeﬁ (or a 1ink) of a given leﬁgth, caﬁ be computed in
- relation to the one permissible on the whole 2500 km hypothetical cir-
cuit for the time percéntage 20% indicated in the CCIR Recommendations.
Figure 3.2 has been made on tﬁe basis of the above statements.

| The log—nbrmal’law-statiétical comﬁining method iérmade on. the
basis of the assumptioq that fhe correlation among the noise distribu-
tion (noise variation) of each éectiop is equal. However, it is gén—
erally understood thai "the small percentage of a moﬁth in which one
minute mean power may éxceed 47500 pW or more is proportibnal to the’
number of homogeneous éections" as is done with line—qf—sightvradio links'
' (Rec. 393~1, para. 3). By applying.this point of view, as ?egards the
-small pércenﬁage specificatioﬁ, an allowable_percént for 63000 pPW 1is

calculated as follows:.

L - . _ :
7500 © 0.5% (for 63000 pW)

- Allowable percent =
- Figure 3.3 has been made on the basis of the above formula.

3.3 System Design Proecedure

;For designing.a tropo¥scatter radio éystem,'the following pro-
3 éeduré is usually’apéiied: E | |
A, ”Prepafétion fér'System Design .
(1 'Determine_the channel ﬁién of the teléphone'or telegraph
.system,

(2) Determine the requirements of the transmission quality.
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(3)

(4)
(5)

50

Select a route for the system, taking into consideration

convenient and economical maintenance as well as easy

" installation.

Study the path profiles.

Confirm the path parameters and equipment parameters.

B. System Design

)

(2)

©

4

Calculate the allowable_npise.of tﬁe overail-system and
each link to be designedov

Determine the provisional systeﬁ dimensions, taking into
consideration the link distance.

a, Transmitter power

b. antenna diameter

C. loﬁ—noise amplifierb

d. feeder type

e. order of diversity

(For reference to determine the provisionél dimensions,
Fig. 3.4 gives the typical system‘&imensionSgiﬁ acéqrdance
with vérious hop distances.)

Calculate the received powers of each link, and the long-~

' term fading distribution of the received powers.

Confirm the threshold margins. Generally, median receiving

, pbwer at 99.97% of the long-term fading distribution is

necessary to maintain a higher level than the receiver
threshold level to avoid system interruption due to propa-

gation.
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"Threéhold Margin'"
= '99,9% of the Median Receiving Power"
- "Threshold level” > O
(5). If the threshold margins of some of the links cannot éatis—
fy the above figures, change the provisional system dimen=
sions of their links.
(6) Calculate the signai—to—ﬁoise ratio ofreach link.
(7) Calculate the overall signal-to-noise ratio of the system.
(8) Compare the overall signal-to-noise ratio of the systém
" with the allowable noise.
(9} If the overall néiée is gfeaﬁer than the allowable noise,
change fhe provisional system dimensions of the links
having the_most noise.

(10) Determine the final system dimensions.



CHAPTER 4
TRANSMISSION LOSS

- The receiver input power of a radio communication link is

[11],

~obtained. by the following equation

B T T e e i Fq (4.1)

where, Pf: median input power level of the receiver'system.

in dBm . N -
Pt:'itranSmitter oﬁtput power in dBm
Gt: gain of‘the.tranSmitting antenna in dB
Gr; gain ofAthg receiving anfeﬁna,in-dB

L, basic median transmission loss in dB
(L,+L.): lesses:of the feeder system fncluding filters in dB

r
L : antenna-to-medium coupling loss in dB

Among these parameters which determine the receiving input

power, "mes" and "Lc" are decided by the propagétion path.

4.1 Surface Refractivity_(NS)

Much wofk has been done on the.quantitative-study‘df the influ- .
ence of radio-metéorological phenomena on propagation. If»has Eeen
fognd'ghat a consistent corfelation exists-bef&eén the gradignt of'thé_
radio-refractiviﬁy of ﬁﬁé;atmOSPHefetin’the first kilometef‘above tﬁe '
‘ [11]

earth's surface and the transmission loss.

53
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Furthérmore; the variations of the refractive indeanre impor-
tant not only from the view of variation in the field strength or traﬁs~
mission less, but also‘from'the viewpoint of total bending of radio waves
passing through the troposphere. Thus, the atmosphefic refractive index
is -one of the most important parameters to be taken into consideration
as.well,as such chafacteristicsrof fhé radio transmiséion path suéh as its
length, the antenna héights éndwroﬁghnessLof terréin._ |

The radio fefractivity‘df the atﬁosphere (N)- is given Ey ﬁhe

.following equation reported in the CCIR Recommendation 453.

N o= (ae1)x10® = 7256,<% 1 4:810 esR%> B O wy

where, n: refractive index of the atmosphere
P: atmospheric pressure in millibars
T: temperature in degree Kelvin

es: saturation vapor pressure in millibars for
the temperature T . : '

Rh: relative humidity in pércent

To simplify the probleﬁ in the rédio.propagation application'of,
the radid refractivity, it is pertinent tb represenﬁ the_afmoSphere by:
means of the refractivify gradient (AN)g.Which is defined és the simple
difference between the valueAOf the refractivity at the eéffﬁfs surface

(NS) and at one kilometer ébove the earth's surface'(Nl),

AN = NL-N o (4.3)



.755_
The transmission loss is a function of AN value. Accordingly,
the AN value is a very important factor in calculating the transmission
loss. Moreover, AN is in genéral correlated with the sﬁrfaCe value -
)

g> and the relation betweén both values is apbroximated as follows:

AN/Rm = -7.32 exp(0.005577 NS) | | (4.4)

The above formula may be used for estimating AN in:the usual
case where only surface meteorological data are.available.[111

values is impossible in

- However, the estimation of AN and Ng

places where meteorological data ére not available.‘-For»this purpose,
the use of the data of the refractive index at sea 1evel:(No) reported
in the CCIR Report No,_23342 (refer to Fig. 4.2) is the best wéy to

estimate N and NS of any‘piace Qithlthe aid of thg following formula

and Fig. 4.3:

- ~0.1057h '
NS - NO e . . (405)

where h is the eléﬁation of the surface abqve mean sea level
in kilometers. | . |

Most of the refraction of a radio ray takes place at low ele-
_vations, so it is appropriate to determine Nd and h for loaétions éorref
spoﬁding tokthe lowest elevétion‘dfftherrédio_rays most imp?rtant to the
geometry of a propagation.path.l As a practical mattér for Within~the—
horizdn paths, h is defined.és the-ground elevation immediatély beloﬁ

the lower antenna terminal,-énd No is determined at ‘the same location.
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For beyond—-the-horizon paths, h and No are determined at the radio

" horizons along the great circlé path between the antennas, and Ng is
the average of the two Qalues calculated from Eq. (4.5) or Fig. 4.3.
An éxception to this létter rule occurs if an antenna is more than 150.
' meters below its radio horizqn; in such a case, h and N, should be

" determined at ﬁhe'antenna location.

Considering the worst case, NS is generally computed as follows: 

Ng(ht) + Ng(hr) + NS(th) + Ng (hLr)
4

(4.6)

where ht and hr are. the elevations of the antenna location above -
mean sea level and hLt and hLr are the elevations of the transmitter and

receiver radio horizons, respectively.

A,é Scatter Angle (6)

THe scatﬁer angle is the aﬁgle between the r;dio horizon rays
from the transmitting and'receiving antennas in‘ﬁhe great circle plane,
‘The value of the scatter angle is an important facﬁonfin determining
propagation loss and fading depth.  The séatter anglé for the path'shown
in Fig. 4.i can be obtained by using,;he following proéedure.[ll]

The horizon rayé are elevated above (or belOw)'the horizonal

by angles 97 and 62} 01 and 62 are given by the'follbwing equations;

_ hLt - ht __-dLt
- dLt 23 x 107

5 fmrrad). : | (4.7)
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_ hLr - hr _ _ dLr | S
8o o= i 7 x lO_3'(m rad) (4i8)

where, ht and hr: the elevations of the antenna locations
' ' above mean sea level in meters.

hLt and hlr: the elevation of the radio- horizons above
mean sea level in meters.

dLt and dLr: the distances from the antenna locations
to the radio horizons in kilometers

a:  effective earfh's radius in kilometers.. -
"a" is given by the following formula:
a = a, [1-0.04665 exp(0.00577-Ng)] -1
where: ao'ls the actual radlus of the
earth (6370 km). TFigure 4.4 shows
the effective earth's radius, a,
plotted versus Ng.
For irreguiar terrain, angles o and B defined in Fig. 4.1 are

calculatéd as follows:

_ d : ht - hr
o _A-E;—;—I6:§-+ 61 + 3 (m rad) . ’(4.9)
' _ d AL ‘hr + ht .
B = 72 % 10=3 + 65 + —3 (m rad) (4.10)

The scatter angle~(e)’is then calculated as follows:

8 = a+ 8 (m rad) o (4.11D)

To allow for the effectvof a nonlinear,réfractiﬁity gradieht,
o and B are modified by the corrections‘Aao and ABO. However, these

correétions are generally very small so that they can-be'safely neglected.
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4.3 Basic Median Transmission Loss (Lbms)

The basic path loss in tropo-scatter propagatidn varies with

- such geographical and meteorological parameters as path.length,vantenna
elevations, roughness of thé intervening terrain, atmespheric eonditioﬁs,
and the radio frequency to be used. The most general fqrmula for the
prediction of a median basic transmission loss, Lbms, which agrees

[1]

fairly well with actual measured values, is given as follows:

Lbms - F(d6) + 30 log £ - 20 log d + A - V(0.5,de) (4.12)

where the diétanc.es d, is expreséed inrkilométers, the scatter’
angle, 6, in radians and the frequency, f, in MHZ.

The first three terms of the above formula are the most signifi-
cant terms. The first one is called the attenuationrfunction: It
depends on the path distance (d), angular distance (6), path syﬁmetry
(8) and sprfate-refractivity (NS). The secénd is a frequencf atténuation~
term. The third is a distance correction term toAF(de), the fourtﬁ rep-
résents atmospheric absorﬁtiqn.andithe fifth is a correction term to the
median of the worst hourly median accofding to CCIR Repért 244-1,

. Transmission loss of each tropo—scatfer link ean be estimated'by.A
using this expression. The detailed caléulétiOn methéd for dééermining
’ [11]

F(d8) and A are expressed as follows:

2

F(d6)
The attenuétion»function F(de) depends upon the most important_.1

features of the-pfopagatibn path and upon the surface refréctivity, NS.
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Figure 4.5 gives an example of the kind of graphs that are used gene-.
-rally to obtain F(d6). Other figures férvdiffereﬁt_valueé of NS and d9
are foﬁnd in Aépendix A. In Fig. 4.5, F(d8) is plotted versus the
prodqctﬂde.

For values of d6 < 10 the.cur§eé of Fig. 4.5 are vélid»for all
values df the syﬁmetry parameter S = o/B. For valﬁes of é greater than
10 the éurves may be uséd for values of § from 0.7 to unity.

For highly asymmetrical path with 0 > 10, Figs. Al to A4 in

Appendix A are used to obtain F(d8). For S greater than 1, 1/S is used -

in reading the graph.

Atmospheric absorbtion due to oxygen and water vapor for trans-

horiZoh paths with the frequency range 0.1 ~ 10 GHZ is shown in Fig.

4.6, 1111

V(O.S;de).

The correction term is obtained from Fig. 4.7 with the function

of effective distance (de) and»climaté regions.[ll]‘ Effective distance

is calcﬁléted from Eqs. (4.36) ~ (4.39).

14.4: Anteﬁna—to—medium,Coupliﬁg Loss

 Another important system parameter. to be estimated in a tropo--
scatter system is .the antenna-to-medium coupling loss.. .In a troposcat-~
ter link, high gain antenmnas are usually employed; In that case the

 total path -antenna gain is often unequal to the sum of the free space
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antenna gains of transmitting.and receiving antennas. Genéfally, tropo- -
scatterrantenna gain is smaller than the sum of free space antenna gain
due to losses. This loss is called the antenna-to-medium coupling loss.
It is estimated by the following formula which gives the best agreement

with practical experimental data‘[ll]

Lec = Lch + Lev - (4.17)
where Lch: the partial antenna~to-medium coupling loss
- associlated with the horizontal antenna pattern.
Lcv: the partial antenna-to-medium coupling loss

associated with the vertical antenna pattern.

The above values are éalculated from the following formulas:
- 7 va O
oule) (@i ew
- ot wth rh :
. ’ 8 2 8 23 A .
Lev = exp (:‘b—t—m> + <_Jr_m_> A ' ‘ (4.19)
o tv : v o -

- where etm; optimum elevation of angle of beam axis of trans-
mitting antenna

Lchv

6 : that of the receiving antenna
: _O.6X (horizontal beam width of transmitting antenna)r
0.6X (that of réceiving antenna)

¥ _: 0.6X (vertical beam width of the transmitting
antenna o .



NOTE:

rv’

Kl:

68
0.6X (that.of the receiving antenna)
Meteorological constant for mean value
estimation K = 0.4

for worst value estimation K = 1/1.3

When o is larger than B, replace wt with ¢_ in
Eq. (4.18), (4.19), (4.20), (4.21) and (4.22)

In practiée; Lch and Lev are calculated using the following

procedures:

2

_ 1 ) [/ B - :
Lch = 5 log |1+ ;.7%(““ + (———) } (dB). -~ (4.20)
: P b
th rh

ho

The parameters to obtain EEE and -2 are:
» lIJtV ?rv
3 wiv S(m+0.5'e° T ho)~ | | (4.21)
) wiv (m-l-OSg T+ ho) C (4.22)
i '('811%)% (Km) | < (4.23)

T

= 2.5 for mean value estimation
= 1,3 for worst value estimation
, -1 . , Y .
= 3 (Km 7) for mean value estimation

= (O for worst case estimation

' . 6 6 :
And, by the use of Fig. 4,8; (—E@) and (—rﬂ> are obtained. -

v v

tv TV

Then'ch and Lc are obtained as follows:
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Lev =
) 2
Lev = 4,343§<w—@-> +<
. T Ev TN
Le = Lch + Lev (dB)
‘ ) o 4.5 - Feeder -

) 6. 2 :
epr%<§%E- + (
i tv

=,

(dB)

(4.24)

(4.25)

ystem Loss (LgtLly)

Eeeder'system loss includes the insertion losses of all mate-

rials composing the feeder system. When the NEC method- is applied,

-feédef syétem«loss ié'calculated_as follows:

L +L = L

t Tr TXBF

where, LTXBF:

e

+ o (Li+lp) + Lpgpn +

L

(4.26)

‘Insertion loss of bandpass filter or branching
filter used in the transmitting side in db

Insertion loss of waveguide feed

in db

er per meter



7L
L;: Feeder length of transmitting side in meters
Ly: that of the receiving side in meters

L : Insertion loss of the dual bandpass filter or.
branching filter used for receiving side in db

LISO: Insertion loss of isolator in db

4.6 Received Power (Pr)

The median received power of a link is calculated as follows:[121

P, = B+ (GHC) - L - (Lt+L¥) - L, (dbm) (4.27)

Each parameter mentioned in the above equation has already been
" . explained. in the previous paragraphs.
‘When obtaining the distribution curve of the received power, the

following equation is applied:
TR(PT) = P_-Fd(®  (dbm) (4.28)

where Pr(P%)r Receiver input level of P% in dbm.
Pr: Median receiver input. level

Fd(P): Long-term fading depth of P% in db

The threshold margin of the system is considered by using the

following relation:[ll]

M =. Pr(9909) - Pth > O(dbm) i . . ’ ‘ (4.29)
where, M: Threshold margin in db
Pr(99°9): 99.9% of the median receiver input level in db

Pth: threshold'level in dbm



4.7 TFading Depth (F)

‘Two types Qf fading, long-term and.short—term fading, must be
considered for the system design of a tropé—scatter link.

The long-term fading is caused by the variations of meteorolog~
ical conditions. Its distribution has been éxperimentaliy found to be
a log~normal diétribution; The étandard deviétion of the long-normal
distribution is éetermined by the scatter anglé énd/or metébrological
- conditions.

The‘shoft—term fading is produced by the multipath effect of
incoming radio waves. Its distribution canvbeMEaken-as-ézRé§léigh
distribution, which has been verified theoretically and experimentally.
Therefore to estimate thevfading, both 1ong—term_and short-term fadings
musﬁ be combined into a composite distfibutioﬁ.

The probability density function of the Rayleigﬁ distribution,

P(y), is given by:

“ 2 | N ‘
P(y) = 5 exp (—' —L2"> s 0=y (4.30)
g<. 20 _

where, y: the input level
g: the standard deviation

',,yok median value

The median value (YO) is given by

Y, = Y267 log 2 L | (431
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Now, assuming. that the log-normal distribution is gentered at the

median value-yo-of'theuRayleigh distribution, theQdensfty“fuﬁction is
given by‘the-following equation:

, y>
o o
K { l°g<R‘ }
2 o2

2T o Yo

2

aly,)) = § | (4.32)
"where R: mean value of Y,

K: the transfer coefficient from true value to db value.

Hence, supposing that the median value in Eq. (4.30) is such a

function as in Eq. (4,32), Eq. (4.30) can be rewritten as follows:
S Plysy) = (ZY/YOZ) Log 2 = exp {- (YZ/YOZ) log 2} (4.33)

The density, P(y), of the composite distributien to be found is

therefore given by:

. = . o : . A
£(v) | J Plysyy) aly)) d vy (4.34)
o .
 The distribution function, P(y) is given by
. - | (
F(y) = J £(y) dy ' (4.35)
. - ‘ , _
The cumulative distribution of fading for about one

‘month in a tropo-écatter.link can beAgstimatedtfﬁbm Eq. -€¢4,35).. The
- "result of calculéting this distribution from Eq. (4.35),-with the

standard deviation of the log-normal distribution used as a parameter,
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is shown in Fig. 4.9. The long-term fading is estimated by the methoa
. which is presented in CCIR Rep. 244-2 (see Fig. 4.10).
The standard deviation (c) of the log-normal distribution is
obtained from Fig. 4.10 by. use of.the foilowing effective distance (dej

[11]

as a parameter.

for d < dL + dS1 de = 130 d/dL + dS1 (Km) (4.36)

for 4 > 4dL + dS1 _ de = 130 + d - (dL+dS1) » (4.37)
a1 = 1/3 '

where: dS51 = 65(100/f) (Km) , (4.38)

dL 3 vY2hte + 3v2hre (Km) (4.39)

hte,hre: effective antenna height in meters

f: radio frequency in MHZ

Pafameter dS1 can also be obtained frém Fig; 4,11,

Wheh a diversity system is appliediin a link, the diversity
improvemenﬁ.is considered in accordance with the order of the diversity
configuration., This is true for the noise distribution and also the |
receiving_lével distribution. - |

By ﬁroperly éetting the antenna and frequegcy spacing,'the cor-
relation coéfficient of the short;term Rayleigh fa&ing can be made
' fsatisfactorily small;} But that-of the log-normal Aiétribution may be
regarded as.nearly one.

Iﬁ;this-case;.the resuifant short-ferm'dist;ibution,bf n sigﬁals
with eqﬁal median Vélue in sevéfal'divefsity'systémé.wiil bé aé fol—i

loﬁs:[ll],
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a. Selector Coﬁbining Systems:
| 2 |

F(L) = <1- exp(—Csz)f (4.40)

b. Linear adder combining system:
: 2n

F(L) = {Zn/(Zn)! }(CL) (4.41)
¢. Ratio squarer combining type:

F(L) = %g(CL)Zn/n!} + %(CL) (n+l)/(n+l)!§% (4.42)

 where, L: S/N
C: l/Lo

- Lt mean value of L.

Accordingly,.by‘use of this short—tefm distribution; the comﬁo—
site distribution of the Rayleigh and the logFﬁormal~distribﬁtion far
each order of a diversity system can be calcﬁlated.

The'calculated‘cohposiﬁe dist?ibution curves fof dual diversity,
quadruple diversity, and octuple diversity sysﬁéms are illustrated in

Figs. 4.12, 4,13, and 4.14.



-9 F90D9

0G #3

(14(% '"

# +-

( &

%'

$

f(



94

DG

0G

DG

94

-9 F90C9

(

14(% """ %'
(t4(

J& # &48%"

0G

&'

X

(+

% 1

9

& 5" (

\ #

7(+-""

#

+#



B + B B B mB B mBB' 4

94
DG

0G

0G

DG

94

© 080 08880 00

g F9OF9 (14(% '™ %' &' (+ & 5" ( T(+- """V # +- +# ("
# +- ( )'&4%" 5" % ' 9



CHAPTER 5

SIGNAL-TO-NOISE RATIO e e

5.1 Diversity Improvement (U)
The diversity improvements against fading were explained in
‘paragraph 4.7, The median improvement (U) by a diversity system which

[11]

is provided by the ratio square combiner is as follows:

« Dual diversify system = 3 db

s Quadruple diversity system 6 db

s Octuple diver;ity system 9 db

» When angular diversity is épplied in each of the above,
improvement is decreased by 3 db because antenna deflection

loss (3 db) is added té-the transmission loss.

5.2 Signal-to-thermal Noise Ratio (S/NT)A

The unweighted signal to FM thermal noise ratio without emphasis
[11]

is given by:
P_ 5.2
S/NT = 10 Log 7w F X

=) (5.1)

* where, Pr: Recgiver input power
K: Boltzman's constant -
T Absolﬁté femperéture in Kelvin
. F: Noise figure

82
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SO{ r.m.s. frequency deviation for test tone
fm: the highest frequency of the baseband

f: Bandwidth of a voice channel (3.1 x lO3 Hz) ' ‘

Hoﬁever, the frequency deviatién of troposcatter syétems is
déually'determined in terms of the optimum frequency deviation by
.studying the relation between thermal noise and iﬁtermodulation noise.
The signal to fhéfmal noise ratio at the input of the receiver is
proportional to the square of the freqﬁency deyiation-while the signél—
to-intermodulation noise ratio due to propagation is inversely propor-
tional to the<square.of the frequency deviation.

Accordingly, NEC generally uses the folléwing formula for cal-
culating the S/NT‘keeping in mind that an improvément of about 4 db due

to preemphasis is included.

P ,
= = N S 2 ' - _
S/NT. = 10 Log KA E S - (5.2)

where, m: modulation index per channel in radians

- & . 2 SO b:4 anti;lo 3 ' (5.3)
fm - fm ~ \ 20 ' :

where, AF: Peak frequency deviation of the highest baseband
frequency per channel. " »

Considering the diversity improvement and fading depth, the

signal-to-noise ratio is calculated as follows:



It

S/NT(P)

N .
: r 1 2 1
Wleemggy "2 ™ " " U &®

-10 Log 2KT - 10 log Af - F + 20 Log m -

+ W+ U+ P~ Fd(P)

where, S/NT(P):
F:

Af:

5.3

Signal-to-noise ratio of PZ

Noise figure of the receiver

Bandwidth of voice channel (3.1 i 103 Hz)
Modulation. index per chaﬁnel |
Weighting factor

Diversity improvement

Signal-to-path Intermodulation

Noise Ratio (S/NI)

© 84

(5.4)

Tropo-=scatter propagation is strongly influenced by multipath

propagation. For this reason, the relative delay of arrival time at

each propagation path is different. A sort of delay distortion occurs

causing a distortion noise. A number of theories in the field are

advocated but no definite theory has been established yet.

All the-theories so far established agree on the following

"relation:

S/Np = % M2

where, T:

M:

Relative delay time

Deviation (modulation index)
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The difference among the above mentioned theories is found in
the calculation formula of T. -

Concerning the distortion noise, NEC found through experimenta-
tion that the formula stated above, which was formulated om the basis of

' [13] . .
Y. Okumura's theory, - agrees best with practical measured values.
~ Thus, the median signal-to-path intermodulation noise fatio‘

is given by:[ll]

S/NI(P)v = K - 40 Log fm v -20 Log M

+ Zn + W+ U, - FdI(P) (db) - »(5,5)

I

where, Zn+= 6 Log N + 1 = 13.5.db for 120 ch

K = constant '(110; 3 db) . N
Ui?; divéisity'improvement (d.7U)
fW‘%,Weighting;Eactor’
FdI(P5"=fPZ fadihg depth-ofiintermodulation noise
fm = Baseband top’frequency iﬁdex
T = delay timé’(us)

The delay time (r) and modulation .index (M) are defined as

follows:
T = g%(as-f_em)(ew%--em) (us) - (5.6)

where, d: - Link distance in Km
C: Light velocity 3 x 10° (Km/sec)

o Halfkof the ‘antenna beamwidth
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B: Diffusion factor of the antenna beamwidth o
(Refer to Fig. 5.1)

fm: Optimum elevation angle (mrad)

om = —;— P = 4 == - - | (5.7)

(8m is obtained by using the result of the antenna-to-medium
coupling loss calculations. See para. 4.4).

The total modulation index is given by:
M = 0.4mLf rad (5.8)

where, M: Modulation index

'Lf: Loading factor = 2.3 db for 120 ch

The radio path intermodulation noise varies with time. ‘Its
distribution differs slightly from thatrof the thermal noise.A Assuming
that the standard deviation of the thermal noise long~term distribution
is 61, and that of the intermodulation noise to bé oo, then thelfollow—

ing relation exists between gy and ogp:
gy = 0.7 01 (db) , » : (5«_.9)

This relationship has been verified by many experiments and by
’NEC's own research department as well. Accordingly, by th? use Of 025
fading depthsrof-iﬁtérmo&aiééibn‘ﬁoiéé.(FdIﬁ'cén;Bé'obtéinéd‘from Figs.

4:12, 4.13, 4.14. | o s

,'5,4:‘Signal—to—intérmodulatién Noise
‘Due to Feeder Echo (S/NF)

-~ The feeder .echo &istorfion'is generated when any mismatching

" exists at each end of the feeder, that is, between antenna and output/
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output of the transmitter/receivef,"In practice, the feeder\gého dis—
tortion is determined by;furthen”tékingtintomcpnsidératidnmthe number éf'
channels, the delay time of the transmission loss between two reflecting

. points, etc. The signal—to—eého distortion noise per channel is given

oys (111
s/ = -(2V< 20 t0gva s +2 [
F 5. g Y +2

+L_+W () ‘ " , (5.10)

‘where, YA, yBﬁ ‘Reflection coefficient at two reflecting points

. _ (A, B -1
YA YR = <A,B+l>

Ln: channel conversion value'(13.5-db for 120 ch)
W: Weighted value (2.5 db)
'r-: Feeder loss between two reflecting points
él: Noise value im@roved by the delay time (refer
r to Fig. 5.2)
A: 0.4 m L.
¢

2rfmt: 27w fm - %L

‘ g
L: feeder length

_ Vg: wave velocity (2.7 x 108 m/sec)

5.5 Overall Sigpal—fo4noise‘Ratio (/%)

- Overall signal-to-noise ratio is obtained by summing up the
noise powers of thermal noise, intermodulation noise, and equipment

noise.
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N = N_+N +Ng + N

T I F

where, NT: Thermal noise power in pwp
NI: Intermodulation noise power in pwp

NF: Feed. echo noise power in pwp

NE: Basic noise power of equipment in pwp

Basic*noiée of equipment meaﬁs.that the residual noise oflthe
equipment includes intermodulation noise. . In case of 120 ch using NEC
equipment resi&ual noise is 100'pwp (S/N = 70 db) £or:120‘ehanﬁeis.
Figure 5.3 gives an examplé of.the summation of the noise powers of the

thermal noise, dintermodulation noise and equipment noise.
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CHAPTER 6

DESIGN. OF A LINK BETWEEN JALO
AND KUFRAH IN LIBYA

This tropospheric radio system is a cdmmunicétion link of
120 telephone chénnelé and one~way monochrome television transmission.
It connects Jalo with Kufrah acrbss the Libyan Desert.

The system comprises three radio liﬁks; two‘troposcatter radio
systems using the frequency band of 1.8 GHZ and one approach line-of-
sight radio‘system using the frequenéy band of 7 GHZ. ' The éyétem ié

 composed of four stations, Jalo, Zighan, Kﬁfrah mountain and Kﬁffah
city as shown in Fig. 6.1.

- In addition. to the normal traffié'operation (120 ch TP + one-
way ménochrbme T.V. transmission), thé.system can trénsmit a monochrome -
T.V. signal in the opposite direction from Kufrah to .Jalo occasionally.
This operation ‘is pérformgd'uéing one of the power amélifiers of the |
telephbny‘éystem°

The overall system block diagram is. shown in Fig. 6.2.

6.1 Path and Equipment Parameters

1b’ath,9 eduipmént paraméters and system dimensions used in thisv
systeﬁ design are shown in’thé following tables and figures:
"Tablé 6.1, Path parémeters for the tropo links.
Table 6.2, Path paraméte;s for L.O;S, link.
Tablé 6.3,,SyStem dimensions.
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Table 6.4, System parameters.

‘Table 6.5, Noise performance objectives.

Figure 6.1, Route map and site locations and directions.
Figure 6.2, Overall system block diagram.

‘Figure 6.3, Profile map of Jalo—Zighaﬁ (J—Z) link

Figure 6.4, Profile map of Zighan—Kufraﬁ moun£ain link

Figure 6.5, Profile map of Kufrah mountain-Kufrah link.

6.2 Radio Frequency Arrangements

The radio frequency arrangements used for the system are illus-
trated in the following figures:

Figufe 6.6, Frequency arrangement fof'the tropo link.

Figure 6.7, Frequency arrangement for the approach L.0.S link,
These frequency arrangements were.détermined according tQ‘CCIR Recom— 

mendations 382 and 385.

6.3 ' Performance Objectives

- Refer to Table 6.5.

6.4 Noise Performance Calculation

The noise performance estimations Were'éarried<oﬁf-in'accor;
dance with the overéll désign'method for‘troposéatter iiﬁké as dis—- -
cuséed in Chapter 5. This approach as previously stated is based on

- CCIR Recommendations ahd'NBS Reportsﬁ[lz] The>calculatioﬁs;of the
‘overall noise of the radio link has been made with the following

-assumptions:
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i. Surface Refractivity, Ng = 301
ii. Climate Region, Desert (CCIR Rep. 244-2, type A)

Refer to Table 6.6 and Figs. 6.8 to 6.11.
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CHAPTER 7

PROPAGATION TEST BETWEEN
JALO AND KUFRAH

The propagation test for the.JaloeKufrah troposcatter radio
system was carried out during the 11 months following the completion
of the system in April 19780 The purpose of the test was to confirm
the actual statistics of the radio.propagation,‘

The radio.propagation path of the Jalo-Kufrah system is aéross
desert. Propagation conditions in the desert are comparatively more
unstablé than otﬁer areas. |

Howéver, With the resﬁlts of t%e propagation test it could be
confirmed that satisfactory system quality for'practical‘use Woﬁld be

accomplished.

7.1 Test Schedule

The propagation test was carried out for nearly a whole year,
from April 1978 to March 1979, with a few imterruptions-in between due

. to adjustments and maintenance.

7.2 Test Links
Two hbps were involved in the. testing, and those were Jalo—‘
Zigﬁén’(J-Z), and Zighan—Kufrah (RK-2). |
o A route mép ;f the prépagation path was already illuStrated

- in Fig; 6.1, Thé'propagation path parameters were also summarized in
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Table 6.1. Figure 7.1 shows the block .diagram of the measurement

test.

7.3.. Testing Facilities

The main characteristics of the testing facilities are tabu-

lated in Table 7.1.

7.4 Test Results and Considerations

- 7.4.1 Basic Transmission Loss
Figure 7.2 shows samples of thevstrip recording of the received
signal level. Figures 7,3'and 7.4 éhow the cumulative distributiohs of
the'basic median transmission_loss for the month of August 1978 and for
the whole period of 11 months. It was e¢omputed. from the strip record-
iﬁgsrof the received signal level;
Cumulative distributions for each month specifically during the
ﬁhole period are illustrated in Appendix B.
7.4.2 Daily Variations of Basic
Transmission Loss :
* Figures 7.5 and'736 show the variations of the basic transmis-
sion loss, in both hops. >The variations of the basic transmission ioss
are éxactly corresponding to .the variatioﬁ of the hourly median value -

of the recorded received signal level.

7.4,3 Signal-to-noise Ratio
Figure 7.7 shows samples of the strip recording of the éignal

to noise ratio. TFigures 7.8 and 7.9 show the cumulative distributions



Table 7.1. Measurement of Propagation Characteristi
Jalo-Kufrah Troposcatter Radio Link.
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1. Block diagram for the measurement .
Refer to Fig, 7.1

2. Measurement condition
2.1 Receiving Signal Level (RSL) -~ TP

Signal-to-noise Ratio (S/N) ——————

-1

2,2 Calibration Period ————-—-Monthly‘

2.3 Measurement Period

3. System Parameter

3.1 Trensmitter End ~ Jalo-Zighan
output power (P ' 73.0 dbm -
" BPF loss (prt) 0.3 db .
feeder loss (Lft) ' 0.7 db.
circuit loss . (Lct) 0.3 db
_ gain of antenna (Gt) 51.0 db

3.2 Receiving Eng

gaiﬁ of antenne (Gr) 51.0 db
antenna couplipg loss (LC), . 16.3 db
feeder loss (Lfr) 0.7 db
PPF‘loss (prr) 0.5 db
circuit loss (Lcr) o 1.5 db
gain of diversity (Gd) . 3.0 db

TP-1/TP-2 Comb

. =——=—=— From April 78

to March 1979

Kufrah—Zighan‘
dbm

60.0
0.3
0.7
0.3

42.5

42.5
3.4
0.7
0.3
1.5
3.0

db
db

db

db

Relation between Receiving Signal Level (RSL) and Baslc

Transmission Loss (Lb ) is as follows:

RSL= P = Lyne ~ Lgp = Lop + G =~ Typg ~ Le

+Gr—Lfr—

Lbpr
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of the SNR for the month of August 1978 and for the whole period of

11 months.

7.4.4. Daily Variations of the SNR
Figures 7.10 and 7.11 show the variations of the SNR in both
' hops. The variations of the SNR correépond to the variations of the

hourly median value of the recorded signal to noise.

7.5 Test Results and Propagation Characteristics

7.5.1 Variation of the Receiving Input Level

| In this area, the general treﬁ& in thé variation of the re-
- . ceived input level (basic transmission loss) is that it is'high af
night, beginning t0'decrease“some£ime at dawm.. It decreases gradually»A
in the daytime9 becomes very low in the afternoon and increésés rapidly
in the evening.

" The variations in one day seem not to be affected by the season
‘and- is somewhat Simiiar throughout most of the vear. Typical examples
are shbwn in Figs. 7.12 and 7.13 respect.ively° A:

- The amplitude of the daily variétions féf each month are illus-
trated in Appendix B, for'Bofh (3-2) énd (Z-K) links. The.difference
v betwéen the maximum and tthminimum.le§ei of‘the déil& vériations is
55 db maximum for (J-Z) link, and 60 db ﬁakimum for (Z-K) link.

| There ére two types of fading, low level and fast fading and
high level and sloﬁ-fadiﬁg,._ihe latfer‘may be caused by réfractive:'
layers at the tropo region, that is, a duct type_mode,“Iﬁ appears that

: the‘duct mode in the Northern Sahara desert area 6ccurs more frequentl?
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at night. Also,. in the daytime, when the ground receives the direct
rays of the sun,‘strong.aif'disturbances occur. At night, the air dis-
_furbanCes.become weak, since there is no heat caused by the sunshine.
The temperature dropS'considerably,rénd an elevated layér can be formed.

This causes duct propagation to be increased. 'Occurrence of the ducts

then increases the possibility of higher-receiving inputs.

7.5.2 Transmission Loss (Lbﬁs)
Cumulative distribution of the basic transmission loss obtained
from the hourly median received level for the‘wholevperiod_are illus=- .
trated in'AppendixrBa
Féding range of the transmission loss (mes) of each link igv
16 to.29 db for 50% to 99.9%. Its average value is 21 db, a normal
distribution with a standard deviation of 5 to 9 db.
7.5.3 >Comparison between Calculatéd and
Measured Values of the Propagation Loss
The transmission loss of the tréposcatter propagatioﬁ Wgre cal-
culated by the design.methbd stated in Chapter 4, This deéign method
as previously stated is'ih accordénce with CCIR Report 244;2 and NBS'
Reporté° The results are éhbwn in Table 7.2. Comparison with the test
data Shdw that:~>: o ,}: |
1. ’Calculéted value of the transmission loss is larger than that
.‘of the measﬁred value b? 15 db‘for the (J-Z) link and by 3 db
Vrfor (K-Z)°iink. VThé differenée.is.presumably caused'by the

following:



Table 7.2. Comparison between Calculated Value and Measured

Value of the Propagation Loss.

measured

217 db

Hop J-Z K-Z
Distance KM 358.5 KM 198.9 KM
'An;enna'diameter 27 m¢ lOVm¢
Scatter angle 38.801 23.554
Propagation loss 231.9 db 217.1 db .

calculated
' Propagation loss 214 db
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a. The value of the correction term fo the median for the Northern
.Sahara aﬁ:ea9 V(de, 0.5), is not that éccurate for the~élimatic._
region of this district.
b. The propagation characteristics markedly affected duct type mode
propagation, i.e., the probébilitoncCurrence'of duct type mode

.propagation in these two ;inks'was high during the wholé period,

7.6 System Performance

7.6.1 General Description

Performance of the system is intended to satisfy CCIR Rec.
397-2. Noise ioading tests were carried out at each hop for ome day
or fwo and S/N was recorded conﬁinudusiy.,.From thoSertests and as a
'design’factor for the system, thevoptimum S/N was obtainea at 0.5
radians. of thebmodulation index>for (J-2) 1link and at l radian for (K—Z)

link.

7.6.2 ‘S/N Throughout the Link
S/N was recorded for eleven monthé between the two hops (J-Z)
and (X-Z). The résult is arranged in accuﬁﬁlative distribﬁtion cuives'
as éhown in Figs; 7:7 and‘7,8 and the figufes‘present in Appendix B. 
These figures. indicate that: |
llab fhe noisevperformancé objectives were met‘thrbﬁghout the
Wh&le périod. |
2. Variationéiof the houfly median value of the‘S/N‘Within a day
'f‘lwas,aboutxlo to ZOTdB;'iAﬁplitudeZQf ﬁhe daily;variations for
Amqst of“the'months is preéent in‘Appendii B and-Fig;} 7.12 and

’

7.13.
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7.6.3 Seasonal Variation of the S/N
Distribution

An obvious difference caused by the néture of fading phenomena
can be observed.Bétween'the’S/N distributionsvin the‘summer (April-
October) and in winter (November-March) seasons.

In the summer season the 50% value is -less than. that in the
winter (refer to Tables 7.3 and 7.4). The shape'of fhe lower pefcen—
tage of the distributions tends to show that the S/N is»greater.in'the
summer thag it is in winter. This leads to. the conclusidn that severe

fading occurs more freduently in the summer.

7.6.4 TV Transmission

,No*special,test‘fSr TV tranémissionvwas ;arried out. Asvfaf as
S/ﬁ»conéidefations are'éoncerﬁéd,;theVSystem'appéarsﬁtS»sétisff the noise
pérformance»objéctivésfieQOmmeﬁdéd by the CCIR, which is 37 db”fdt_?§Z "

’

of the time.
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CHAPTER .8
SUMMARY AND CONCLUSIONS

-Tﬁe~main purpose of this thesis was to describe the basicr
- information, te_ch.niques9 and practices uéed in planning and engineefing
,over—the-horizbn communication éystems.

The design method_diséussed and presented in Chaptefs'B,ré and 5
was provided gy Nippon Electric Compan?,vwhich is . based on CCIR Repoft.
244~2 and NBS Report 101. |

Literature on tropdspheric_propagation was outlined with emphasis
on propagatioh.mechanisﬁs, diversity techniques andbmodulation syétems
such as the-exténsion‘demodulator which helps to exteﬁd the threshoid
point of the réceiving éystem to a low point, thus enabling it to receive
incoming weak signals. ,; |

| A troposcatter radio link between Jalo.and Kufra across the

Northern Sahafa desert was presented in Chapter 6. It was designed by
"NEC using the design procedure discussed'iﬁ_the preceeding chapters.
The link perform;nce was calculated aﬁd‘éstimates for‘path loss and S/N
were laid out. | |

A pfopggation test for the menf%éned link wasicarriéd out for
7 neérly a whole year, from April 1979 to Méréh 1979.'>The;propagatigp
éonditions were investigated-thropgh patﬁ ioss variafions and S/N per-
' f9rmaﬁce. .$hepretical célculations‘were compared with experimental
-~ data and tﬂetfoilpwing conclugions Wéfevdrawn out:
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The measured propagation loss is smaller by 15 db and 3 db for

~ (J~Z) and (K-Z) links than the estimated values.

Noise performance was met .throughout the months of testing,

-indicating the suitability for the design choice of having a

0.5 radian as a quulation index for (J=Z) 1link and 1 :adian'
for (K-Z) link. |
Severe fading was existent and evident throught most of ;he
year especiélly during the summer months, indicating the need

for further studies of the meteorological effects in the area.

- The diversity techniques employed in the system did not seem to

be completely effective against the severe fading existing in

' the link. This indicates the need for more propagation testing

for longer periods of time,

With the nature of fading existing in the area, future data
transmission on this link would be out of the question without
a very effective form of error control coding. This would

greatly reduce the effective data transmission rate.



APPENDIX A

DESIGN GRAPHS FOR DIFFERENT
VALUES OF N AND DIFFERENT CLIMATES

(From N.E.C., Ltd. Tokyo, Japan, System design of tropospheric -

gscatter radio links, SB534R-006 (issue-3) 1969.[1115
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APPENDIX B

PROPAGATION LOSS AND S/N CURVES FOR:THE JALO-KUFRAH LINK

" The following is an explanation of the groups of figures

represented in this Appendix:

a.

Propagation loss and S/N cumulative distribution curves for

the period between April 78 and March 79; Figs. B-1 through

- B-=22,

Amplitude of daily wvariations of hourly median values of
R.S5.L. for different moﬁﬁhs of the period between April 78 7
to March 79; Figs. B-23 through B-42,

Variations of signal-to-noise ratio for different months of
thepef bdbetween April 78 to March 79; Figs. B-43 throﬁgh
B-46.

Daily variations of receiving input level‘fpr different months
during the period between April 78 and March 79; Figs. B-47

through B=51.

The following figures (B-1 through B-22 show the propagation

loss and S/N cumulative distribution- curves for the perdod between

April 78 and March 79.
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