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L L " " Radio Communication System perating in the VHF, UﬁF, and microwave

| L S \hBSTRAcT o :
; // ‘ . This repor presents a design procedure of Point-to-point
i‘\ B bands. Chapter 1 summarizes the accomplished work the form of

; Y . introduction. ;( hece ary material for introddcifg the re?der to

\ ) j ’ . the subject is includ é/in Chapter 2. In the nine segtions of this

| ! . Chapter, Point—to—pd/7£ Radio System, Radio Path and Inverse Position
L ' Azimuth, Curvature and Earth Radius Factor, Free Space Loss, Fresnel

Zone Radii Clearance ‘Criteria, Propagation Reliability and Diiersity

o ————

i ' Consideration, Necessary Bandwidth, and Weighted Circuits are discusseo}}
Chapter 3 describes the Power Utilities Communication Requirements.
"*. Chapter 4 presents the Design Procedures of Point—to—point Radio
- , . L)

; . Communication System using a developed set of programs. Finally Chapter

- 5 presents the Conclusion of this study, by summarizing the advantages

and disadvantages of using the proposed scheme, recommended leveis of

system performanbe, and the future of Point-to-point radio communication

« . - »
f s '

to the Power Utilities. ﬁ
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= ' Free space propagation aFtemiation. ) ) . ‘
® N : -

= 'Program AZIM for azimuth and distance talcuations. e
\ ’ i

1

= Bandwidth. = .-

\ = Recéived signal input to the receiver.|.

© = Program CLEAR for path clearapce calcplations, .
s . ! -

~

= - Distance s

)

= Decibel; one-tenth of a l;gl, the number of decib8ls

;ienoting the ratio of the two amounts of power' being

]

. ten times the ‘iogarithm of the base lf) of this ffatio}g‘ A
< ; - R \
= Decibels of adjusted noise—interferen'é\e powér' réferred to

0dBm at the re’ference-'-transmissionv le\%el' point. Used for '’

- ' e
-

. sets and with the reference noise power at - 85 dBm at

1060 cps (FlA-weighting) . f :
. & . (
/ = Decibel above one milliwatt.

1

’

- ". : | ) 0
Decibels of sinpisoidal signal, or noise, power referred K

= Basempx"o‘vement factor. : L & ’

* interference noise measurements with Bell F1A-HAI teié’phone' )
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b psophbmeter and giving the same reading as an 800-

e PR R RIS s o

tone of equal power level in dBmO. ;o )
! ~ « . . . o, A n " s '
= 'u_eci_bels above reference ndise, adjhsted for C-message i
b ' . . A : ' . P
H o, o - N F “ .
i circuits used for interferglce—-no’i'se measurements . with *
Bell 500 telephone sets and with reference noise power at
S . . ¢
| - 90 dBt} at 1000~cpl\. ' o " g T 2
. H ’ . . 5 L 4. , ’ f -
b U L : v o 'R
N > . dBw 4" = Decibel above one watt. ¥ ' Ae " 5
S T ) . i P ‘ ' S T - |
L ‘ ! ' .F i F ¢ ‘ ad \ ' . ’ .o : - $
R A ’e;‘e"qy‘ o A
S A k, s F1 .+ . = TFirst Fresnel zone radius. , __ PR - ?
i * . . . - . 7
| ‘ N o . 5 B N R \ N . N
b ‘ : > : - . N g
| F« T FDM = Frequency duration modulation. - » . 3
:, Eo N o . [ . " £ v | ' \
k A . . \ N S / c .’ LA L. w
- ’ " FM " = Frequency modulation. ’ ) . ! + ’ -
¥ M e ) 7
_ Tl FMFA "= Frequency modulation factor.' . . ) ‘ - Lo . ;‘?
n. y .. . \\ . A
- T I ) . s
v N 1 N . 4 ' 4
. K ¢ = Earth factor. . . o
a S : . b o .. v - . .
b . v ) Y ) .' o . 4" N . v :
- : @ P.E. = Pre-emphasis. / .
) "-‘ P - N -~ . * - : N 3
. ‘ '/ P.T.P.R.S. =- Program P.T.P.R.S. for Point-to-point radio system per-
- formance calculatioms. * - . ., . .
y . . ‘ _12 . . Lot
pWpO, = Picowatts (10 watt) interference noise level measured ° ,
’ ' -, T @ ' i
. psophometrically by relating the pSOphgeti'i,c enf to
VS . equivalent output powef in a 600-chm matched system. B
> ’ / " A . ' . o ‘ N
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v :- . ' . “. »
\t 4 registive cdircuit. Psoﬂmometric voltage: Iinterference
N . - Y ) ' . . ' . \ o . S
R noise voltage present at a measuring point in a telephone
-~ - - Py Lo - .~ '. ot 4 ’ /
T, . system, measured as recdmmeded by CCITT using a psophometer .
S ’ __’ - & ) . ) Y '
AR ) . (noise voltage meter). oa : A i . 4
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. . o T “ ’ ’ ) .o - 3
‘T = Diversity improvement factor. . : ,r; o
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N R.M.S. = Root mean square value. -/ .
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. S~ y 9-5
" * \ ~¥
h ] N i N B
S/N = Signal to noise ratio. . N 3 1
. ' . »?.,
N . - ] y v 53
T.N. ° = Total noise. , . ' %
L . - - : ' 1 %
< - . - P . « ! e ’ \"5
U : = Rayleigh Un-availability.
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’Ua © = Actual Un-availability. . . - ,
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CHAPTER 2
’ * ).
+%  BACKGROUND *~

.

Po'int—to!-point Radio~ Sy's\tem:
1 \ ) - ’ K

’ . v
nx

Radio transmission s defined as the transmission of signals

by means of \radiated elec::?ou?agnetic waves other than 1light or heat:
o } ' . .
waves. .-Point-to-point Radio System is defined as radio transmission

t

between two fixed points (sites). A basic characteristic of electro—

'magei:i'c energy is ‘that it travels in a direction perpendicular to the
plane of con_étant phase; 1i.e.’ i1f-the beam were instantaneously cut at
right angle to the direction of trayel,’ a.plane of uniform phase would

\ .
result. If, on the other hand, the beam: entered a medium of non-uniform

« ’ .

density and the lower portion of the beam traveled/th‘rough the more dense

- ( !
portion of the medium, its vgleocity would be lgss tH¥% that of the uppet
pbrt.ion of gﬂe beam. The plzine of unifornm phase would then change, and' .
the beam would bend downward. This is tef%action, just as a light beam

~is refracted vwhen it moves througt; a prism. As a matter of fa¥®, most .
3 . .

. n
of the characteristics of radio beams can be visual'ly_ demonstrated with

)
‘ .

light waves, and in a-very small space, The atmosphere surroundiﬁg the

Al

earth has the non-uniform characteriStics._ of temperature, pressure and .

‘relative humidity, which are the parameters that determineé the di-

e

‘electric constant, ‘a'n.d therefore the velocit’y of propagation.s The earth .
atmosphere 1is therefore the refracting medium that tends to make the
r . 4
C 6 -
radio horizon appear closer or farther away. It also effects the path
€

N

cleaz;ances in the manner dijcussed in Seﬁon 2.5:
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&

';he radio pa‘th is the ‘%raight line route that links'the two ©
_ "+ sgites of a i’oint—ﬂto—-point radio system tbgether; A path prafile study

'm' ‘ ”T'r" * is a ploL: ghowing- the ten"ait; criterdia over the path, Then the radio
. T - . bean clearance’ eyerywh‘e'ré at different "K" values could be examined '
- (;&‘bis is discussed in Sec:ion 2.3). - ’ ,

‘ . , I‘nv_;u:ii Position Azimx\;th is 'thebarréle b§ which each site's
-‘A ) . . an't:enna should be pointed towards the othe\r site. It is measux";d in

(\ \ | 'at'ngles East of true North. Program fAZIM" showﬁ‘ in Appendix ‘K%’cx/mputes .

\ e the<distance Petyeen :‘77160 ,si’fes, and the in\;erse-position azimuth. . '
N - 7 Figure 2.2 sketches the 1m.lerse position azimuth betweenQﬁw‘siCes.
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2.3 _Curvature and Earth Radius Factor K"

»

&

The relative curvature of the earth and the radio beam is an

important factor wher plotting a profile chart. Although the surface of

Q®

the earth is cﬁrvgd, a beam of microwave energy tends to travel in straight
- (]

line. However, the beam is normally bent downwards a slight amount by
- ! -

atmospheric refraction. The amount of bending varies with atmospheric

conditions. The degree and direction of bending can be conveniently

"

w ' [N
defined by an equivalent earth radius factor "K". This factor "K" multi-

“
P L.

plied by the actual earth radius "R", is the radius of a fictitious earth

\
\ .

curve. The curve is eqhivalenfﬁto the relative curvature of the radio

-

beam -with respect to fthe curvature of the earth; that is, it is equal to

-

the curvature of the'actual earth minus the curvature of the actual beam
bf radio energy. Any change in the amount of beam bending caused by,
atmospheriV conditions can\th;n be expresséd—as a change in "K". Exis¥ing
‘maps shqwing the variation of "K" value over a complete year peri d should
bé examined for the particular region under study. o
In all cases, it is of interest’ to study tgé path under normal
atmospheric conditions when "K" is equal to 4/3. Accurate reswlts can be
gﬁ;aiﬁed only when the value of>"K" is stable. This can be expected over

most terrain only during'fair weather and in the ﬂaytime hours at least

1 to 2 hours after sunrise and before sunset. The factor "K™ is presented

1
-

by the following formula [3]:
at, A\ N

D U T S



where a 1is the radius of the earth.
Ae is the change in the’ atmosphere dielectric constant in\\\
, ’ going from height h to h + Ah. L ' -

Program ,CLEAR outlined in Appendix B computes the radio beam clearance

» at K values of 2/3, 1, 4/3, and infinity. & \

2.4 Free Space Loss , . /

¢

4 o o . - ¢ -

Free space loss is defined as th; loss that would be obtained

between two isotrbpic‘antennae in free space, where there are no ground

\\: influences or obstructions; in other words, where blocking, refractiom, :
. diffrdction and absorption do not exist. An isotropic antenna is

-
h

defined as one which radiates or receives energy uniformly in all . ;
directipnsf Although such an antena is physically unrealisable, it prd; :
vides a convenient reference point for calculations. The Free space loss

r increases with both distance and frequency and the formula used is [1]: -

; . ! R X !
A =96.6 + 20 1og10 F+ 20 10?10 D .
: " where A = Free space attenuation between isotropic antenna, in dB.

. F = Prequency in GHz. - &

D =.Path distance,‘in miles.

BT, T

The developed program P.T.P.R.S. outlined in Appendix (C)
includes this formula. The actual nature of:losses in Free space are
basically due to the fact that radio energy is lost in space primarily

because of the sp}eading of, energy in the wavefront as it travels through .

e

TTRPLT RN o

o ~ . 1

space, Iin accordance with fthe inve:se—sduare law. . Only a small amount of

the energy which is_radidted from the transmitting antenna actually reaches .

I

the receiving antenna. The remainder is spread over areas of the wavefront o

:--\’ —

outside the capture area of the receiving antenna (éee Rig. 2.4 for a

ical' Radio System Gains and Losses). o
Typ .

PR A L e
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2.5 Fresne; Zone Radii: ;

Radio beams travel in straight lines as they are radiated from

the transmitting antenna and are received at the far end by a receiving

‘

antenna. There is a straighé beam that connects the centres of both

antennae, while, other beams radiate towards the earth and then are

- - -
- B

reflected towards the receiving antenna. If the direct signal from the

transmitting to thé<receiving antenna, and.the groundreflected energy

are in phase addition at the receiving antenna, a peak above free space -
loss occurs. The amount of phase difference between the direct beam \\\\‘\§\~\~_'
and the reflected beam' is represented by the amount of clearance at any" ‘

2
.-," - ¢

-possible reflecting boint. The first Fresnel zone radius is a kind of
[P

.

"rubber" unit, which is used to measure certain distances (path clearance

in particular) in terms of their effect at the frequency in question,

" from the beam center-line by at least 0.6 Fl, where F1l is the radius of

o

" calculated from the folldwing formula [1]:

rather than in terms of feet. 1In order to ensure free space propagation

it is essential that all potential obstructions along a path are removed

v ~
the first Fresnel zone at the point of the obstruction on possible:
, .

reflection. The developed program "CLEAR" shown in Appendix B, computes
the value of Fl, and compares it to thé computed clearance at 0.5 miles

c
intervals-of the radio path. This is repeated for "K" values of 2/3, 1

b i

4/3, and”infinity and the calculations are made for any frequency band .

in question.. The first Fresnel zone at any point in the path may be




¢
¥
k&
i
i

The Frgsnel zone number Fn = F1 /n (See Fig. 2,5).

Gt TR RV JIPIETIT ey iy

Mo i A oD T e o

~ where Fl = first Fresnel zone radius, in feet ' ﬁp'
dl = distance from one end of path to reflection point
in miles. ) ) -
D = total length of path in. miles.’ ’
d2.=D - dl - o
‘/ A
’ f = Frequency in GHz.

P

2,6 Clearance Criteria:

-

= The following are the recommended minimum required clearances

for radio paths: ) T _— .

(a) For gystemé with high reliability requirements; at least 0.3

-~

o Fl at K = 2/3 énd, 1.0F1 at K = 4/3, whichever is greater. -

"

L3N ’

to ensure a clearance'at %east gfazing at K =1/2 [1].
° (b) For systems with slightly less stringent reliaﬁility require- ‘
ments; at least 0.6{1\+ 10 Feet at K i 1.0. ,AE points quite
, near the ends of the path,'the Fresnel zones -and earth bulge .
become vanishing;y small, but ip i; still necess;ry to ‘main-
tain some minimum of perhaps 15 cto'ZK‘feet a‘l,)ove all.m

\ ¢
' obstacles (1].°

As shown earlier radio propagation 1s a function of atmoépheric

3

conditions which at any rate cannot be totally prédictéd. Reliability,

the measure of consistent character or quality, is'represented in Point-

"¢°‘P5i£5\ifdio_propagation by the continuous presence of effective received

2 ’/\_/
i

’

In areas of very difficult propagation, it may be necessary &lso

-

A

2.7 Propagation Reliability and’ﬁfzérsity ngéiﬂefEEIBﬁT“*-;\L‘_§\;*;\\\\;\\;\\;;

i
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"

~ signal. The most famous measurements made by W.T. Barnett [8] introduced

2 -
fmportant factors in considering- diversity systems. The amount ‘of fade

- - - .
margin available in the system is not the only factor used to represent

unavailability of the gircuit. The well-known Rayleigh (fading) pro-
* ~

bability density function is given bi

;
-
-

i i i

g
v = 108/10+ M "

“

‘where F = Fade margin (dB) has toibe corrected ;é foll§¥s:

‘ - FRA

() Non—diversity System: " . h}a

N,

R ! (:, /-‘

U o=axbx60xfx @ x1070 10 (see 1], (21)

. . ' ¢
= roughness factor = 4 fOr very smooth (srrain

i

: - M ~ .
‘ = 1 for average Eerrgih with some

DR R

_ X

‘ roughness

e ea

1/4 mountaingous or very dry terrain

factor tJ convert work month,probability to annual

-
—~ .
~

probi:};inyS , : :
1/2 Yor great lakes or similar humid areas

.o

1/4 for average inland

1/8 for mountaineOQS"or very 8ry terrain
B A 4

\ ' ;frequenéy/y&”GHz. ‘ ’
\\ - path length in . '

~ N ..

(ii) Diversity Improvement Factor \

Method of calculating the propagatioﬁkreliability with

diversity is to calculate separately the nbn:diversity outage a

“ of"each one-way path‘éﬁd then a divérsity improvement fJEi?t" ,;\

for each one-way path, as follows:




Ua
?IV =3

-

, where DIV - DfVersity P .
> ‘ B
‘Ua = Probability of annual fadfng outages (non-diversity)

® i N “\\
I = Diversity improvement factor. ) ’/;/f—’ix
\ - ¢

1

m! Frequency Diversitf\ImprovementtFactor (2], 2 - , -

I3

ot s , ‘ A N
A 890-960 Mz Band Ly = 3 x & x 10710
', Af _ .o F/10

2 GHz Band Ifd F X 10

4 GHz Band .= X %ﬁfk 101‘.‘/lo

~
6 GHz Band ' X %£ x 1

7 & % GHz Band = x,%£ x 10F/10
t

%ﬁ x lOF/10

0F/10

11 & 12 GHz Band ‘ =1/12 x

where Ifd = Frequency diversity improvement factor -

u

o Frequency diversity in GHz

|
?
!
!
§
i

‘Af Diversity spacing

. F Fade margin in dB.

b) Space Diversity Improvement Factor [2].
» . | gg

1.2 x 10"'3 x £ x 82 x,,lOF/10
' D

©

I

sd

Isd = space diversity improvement factor

vertical antenna spacing in meters

= path length in km '

= fade margin associated with the second antenna. The f'wi;i
L ) B | .
cover the situation whete the fade marging are different on

o

the upper and 1dwpr paths. In‘such a caseiﬁ will be fakén

as the larger of thie two fade margins and will be used in

calculating Ua'for the path. T will be used in the— /

/

"4 caleulation of I ,
sd §
-




RSP
s e e ST
.

,
*
5
a2
o
+
L4
3
H
A
%
-4

1
L
\

, & 10 o .
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. ~ et i
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f . £ = Frequency in GHz ~ , " ?‘
, . %
, \‘ :/ " e Qg ‘ . *\?\\}
© | €) Hybrid Diversity mprovement: Factor [2]. ~ ‘e
" . LT ‘. N by
. ’ { . HybrN = Isd ; Hybrid diversity is space and frequency diversity :
. L & . . » . :
( together. \
i
! The improvement factor is calculated as if ‘the path were . T
I ‘ - t 7 A

straight space diversity. " e l

o : o .
/ L 2.8 I:Jecessarz Bandwidth v

| ) !

. The Necessary Bandwidth 1s the Radio frequency spectrum required
¢ 6

Yarean s

' " for .the R.F. carrier to deviate within., 1In FM/FDrI systems this band is
ht = i

limited by the following factots:. - : ,
: . .
4 ! ' . '_ ‘ /

— ' - Peak Deviation; D";I- » . /
, / \/3 '

R L NI A

. // l '
- Top baseband frequency; M

’ i
b4 / .
" ; . ° /
N ‘ . - o, . R ]

RECR SR T Y, e St |

. . 1 .
! _ / The *Department of Communication Radio Standard Procedure ) v
. .

t"\

o $P-113 provide formul* for the és@utatlon of the Necessary Bandwidth [2].

*

E TR LU PR

ST s

/ g “B.W. 2M+2KD'; o

3

S

S IR
.

P where[&( is a constant batween 0.9 and 1.0.

Tt

D = R.M.S per changel d‘e@om X "Factor" ) .

S T

1 ( - N -
The above actor" to calcualte D is a function that e@es,
wer of

the noise loading ratio; it is the dB ratio between the r.m.s a
. 7 ]
i; ) . white noise load whose peaks are equal to the peak values fof the complex t

N MR T
<

baseband signal during the busy hour, and the r.m.s power of a test tone

" of "0" dBmO [7]. The peak valu& of white noise power is a statistical

parameter with no specific value, byt is commonly taken as 13 dB above

\ h the r.m.s power. Howevar, this value varies and is s(;txewhat higher for

systems with fewer channels:. .
7

e
e EEERR. 24 A




o 1

where C = RF input power in dBm

| ' » .
Since deviation in &n FM system has the dimension of voltage,

)

the effect of changes in deviation,can be calculated as 20 1oglo function
"W »

of“changes in load power. Program P.T.P.R.S includes all different

formulae according to the number of voice channels in the system and as

-

defined in RSP-113 [2]. ‘ !

2.9 VWeighted Circuits: . . . -

-

It is the practice in telecommunication fields that voice circuits
7 i

. B
would be evalpated in their quality by special units. The weighted circuit

Laa. Ey *
is the quality of the wwige channel circuit in relative noise values com-

pared to the human ear‘haatrings 'at 1000 Hz tone. Different standard
e - < .

values exist, the most common are the following '[1]: '

Y N
’ . '
!

. dBrncO = - C - 48.1 + F - 20 log,. A¥/ g
’ - ] 10 fch N\ '
¥ dBa0 = - C - 54.1 +F - 20 log,, Af/fch .
: Y w '
pWpo = log 1071 [ =C = 48-6 + F - 20 log), ?Eh]

- 10

kd

¢
.

F = Receiver.noise figure in dB . 1

v -

f = Peak deviation of the channel *for a signal of test tome level.

fch = Center frequency occupied by the channel i?/lhe baseband.

The relation between these, values is as follows . [1]: :
J “ |
+dB#ncO = 10 log.,. pWpo :
;~ 10 » ,’ . -
‘ = dBa0 + 6 '
= dBmOp + 90
4 = 88 - S/N / :
whed S/N is the signal to noise ratio (flat in dB). <
w , : S L \
! &

S

R 1
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12

and then derives the other values accor&ing to the above; sde Appendix C.

And, S/N = RS - TN + BBL + FMFA + PE
-

4 s

&nére, - 5
RS = Received ‘signal in dBm ’
TN = Total noise Ty b
- FBI =’Bae;'band improvement “factor )‘L

FMFA = F.M. Factor

'
Pl

PE = Pre—enphasis.factor =.3.7 (11. ¢

. .
". Total Noise (TN) = Receiver Noise figure + Noise in I.F. bandwidth
+ Antenna ‘Noise + 10 dB (F.M. 1mprovement factor)
. ~—~ .
Receiver Noise figure ='Published by manufacturer (dB)

Noise in I.F. bandwidth =10 log10 kI.F. Bandwidth in MHz)

Antenna Noise at 290° K or, ' ' ' s

-] N 'y
the Receiver fronc end = - 114 dBm per Mz of bandwidth [1].

-

(The M improvement’thresbold or the FM breaking point, occurs when
the power of the signal is approximately lO dB higher than the noise.

At this poi&t the peaks of the signal begin to exceed the,peaks of the

-

.“noise and FM quieting begins. For input signals higher than this '+

. . , ;
level, the thermal.noise in a derived channel will decrease 1 dB for '

1 dB increase in RF input level. If the input signal drops below the
FM threshold, the noise' in the derived chdnnel rises quickly to an

intolerable level. Consequently, most receivers are arranged to squelch

-~ r

when nhe level drops below this point. The maximum available fade margin

J ¢ \
in such receivers is, therefore, the S}fference in dB between the normal
N ]

2 - - . , ,
. !

unfaded signal and the FM improvement threshold). . 1
t - co
. " N :

-
x

T

N .. w. P o> ETE . oy
A gredipiaat SRS

-
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T
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Hence, -« : - . . .

'
» - N .

¢

.

Peak Deviation (= il.M.S dev. j *“Q)
Baseband in MHz I
4

V% | FMFA = 20 log -

N

i

I1.F. bandwidth in kHz .
2 x (vbice Ch. = 3.1, kHz)

" BBI = 10 log,

r

“TN, in dB = 104 + 10 log), (I.F. B.W.in Miz) + Receiver Yoise’figure in dB -

g
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v - "  POWER UTILI\[IES COMMUNICATION REQUIREMENTS
- ) !}4 » ® ' ’
A Poweﬁtilities provide-an essential service to customers at ‘
g b v . ) v
N - locations dispersed over-wtde atreas. Many miles of transmis;%n lines

LY . . \ R -

T . . are used to intetcohnect the customer loads and the generating stationms,
. < \
some of which may be quite remote from their loads. Reliable communi-

J . . : ’

., -cations are.a basic necessity for the operation and administration of such

Al ‘ o

o

*' ’ are as follows [1l1}: . = K L
o o ¥ ‘ . /
N " 1. The protection Relaying Communi.%\tioﬁ Facilities. / . e
S ° . . - o

Vs Q " \ ,2. The superv‘isory control systems. . L. C e

' ; . . . * ) ,.

.o A * 3. The Data Aquisition and Cénttol system. "

- s T [ 4._ e Power""system operating voice circuits. \

< . 5. e Administration voice Network. . g

', . - : / ! .
o @ oo 6. The Mobile radio system. .. . . L

o [ ¢ . - P ’
~ ¢ ‘ . , h . R . N 5 . .o

b , s -+ 7. The Data Processing communication.system. :
| , - : <
o ‘ ’ A -, . / ;

All of the above connﬂuéuulcation systems are being used to provide

-
-

" and administer a.relieble and economical suppiy of power throughout the

Y area served. The ilmportance of these facilities becomes apparent wben a

- ! ¢ of
power disfﬁrbance occurs. Under such a condition, the troubled area could

ST TR T

be quickly monitored and dealt with to prevent successive Wble build-up

/ in the system. - . ’

-1

< systems. The main independent communication system used by power utilfties



ro- . - X
The above systems could be served by different types of com- .

[ 4

) . .
munication circuits. Power Line Carrier communication system is one of

the most popular systems for Power Utilities. However, sthe limited .
capacity of voice circuits, and the; ible loss of signal under fault

d ‘w N
conditions on the same lines limits its capability. Renting circuits S

from common carrier faces the problem of bringing telephone cables normally

to high voltage compounds. This requires expensive protecéive devices -
N R . .

(d.e. nehtralizing trans%ormer)costing aboﬁt $30,000 each, and isolatiné
. . ,,>

transformers) to protect the lines from graund potential rise (could go

up to 13,000 volt) under power syﬁtem fault. -

;’ ] - Coaxial cable systems are not ﬁsed normally by Power Utilities.
Their high costs are justified for very large capacity users only (e.g.
.

Te}ephone_compénies). Fikfe—optics is a new potential in communication

A N N .circuits for power Utilities, where complete isolation (ground potential
1 Qo TN -

y , s

! » ’ - LS
¢ oL f’~ rise problems) could be achieved. “Attenuation per distance length has
‘been’ reduced to an attractive figure without the-need to use new connections.

e ot goyeveg,'trédble free terminal equipment service is still doubtful.

- :~ ° v. . . M ) B = e' h -
' The Radio-~Frequency Communications remain highly attractive.

.

o ‘ Tetminglg are privately-owned and lpcated at the site directly. Complete

2o B . 0

[y

isolatibn is oyt:a;l.n'ed where ‘:sepa;ate power supplies are ‘ormally used. -

. -
5

Howéver, the problem of "Spectrum Manhgement" and restricted licensing" . ..

. K - ) . > .
K . regulétions which makes their use difficqlﬁ, still persists. k .

L4 v
-

»
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CHAPTER 4

POINT-TO-POINT RADIO SYSTEM DESIGN PROCEDURE

ol

Preliminary facility planning (#ncluding operatibnai require~

Vo

ments as described in Section 2.0,

-
\

affic studies, expansion potential,

reliability requirements, and cost studies) has to be completed to such a

degree that the points to be served have been fixed, and the required

systém capacity has been determined. Once sites have been chosen as

LI 3

accessible and could be provided with power supply, the developed

\

programs shown in Appgndices; could be used. The flow chart outlined

in Fig. 4.1 illustrates the use of these programs.

’
’ ?

It should be noted that the designer has to select several

frequency bands to examine the path clearance (see Appendix B - Program
« ‘ - NS
CLEAR). Also, once a band has been choséﬁ, equipment/da&Q_ghould be
'y .

investigated according to the informatioh published by Yiiffactuiers o
- .

ey

in this ‘ﬁld.

B ol
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The.dgsign of Ppint-to-point Radio system must incl&ﬂe; besidg

(S ) o ) .- g ) -
the engineering study, a cost .study to justify its use as the most con-
¢ s - &

-~

venient alternative. Other altetnatives as‘Powér Line Carrier, Coaxial

’ [

Cables, Telephone Cablés, Fibre Optiés,

.etcw. are considered competitive
v ’ ‘

- * s . -

.but normally do have ceftain‘limitations. ) 1

a
p)

e
[} - T -
- . waw

»  Microwave bands have, now become the most usable bands for

\
\ ~

“Point-to~point radio systems. This is'due to the congestion in other

bands and restricted spectrum management .
st

S - g
N7 . .
] B ¥

-
.

Engineering considerations for the design of radio systeﬁ,'as

b .

covered in this, report, depends mostly on the,geogr;phical criteria-of ~

-

I4 h

‘s, the radio’ path. o
op i ‘)

“
2 -
-

High Reliability Peffogmace of Point-t&?boint radio systems,~:;

F 4 Ve

» , ! \
' with diversity options, mgkes their choice as one of the best communication

} . » -
, ‘ media. \ '

-

~ - -

e > : b . N L g -
‘ A 30 to 40 dB fade margin objective figume should be considered .
. . w

»

r ’ '

for high Jéiyé?ility systens.

P - ’ B 1

A 30 dB signal to noise flat (unweighted) in the top voice

channel is considered the I¥vel at which receivers are squdlched; . N
. i "

(Threshold level). - .
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) . L Val . ' ; o
..~ Sometimes it is more practical and less expensive to use larger

antenna' than poﬁer amplifiers to increase the effective radiated power.

-

’

Using higher towers could, in special cases, replace the need

3

s of repeaters.

’ . ) ~

\” . i ! , 1 " i ‘
The. increase of antenna heighE‘Fbove ground 'is not always the

5 ) .
right solution for improving the performance. It could be more harmful

Nf' clearances reach values equal to even fresnelyhhmber at the possible
. - :

reflecting points. ‘Special considerations should be taken if the radio .

3
e

. beam is_croési#é large water surfaces (1]. p

t .

ry

’
'

Modern techniques in manufacturing microwave equipment (i.e.
circulators, anténnae, wave guides, pa}ametric amplifiers, crystﬁ;s, ete.)

~ have, made these bands usable for satellite communications. The future ‘is
. ' b N
quite promising for more development. The developed programs enclosed in,

fhis report does not replace the designer in making decisions, they only

+ . provide him with a complete anal}éid of the system performance according

‘W\ - .

N . ’ ’
to the collected information. The designer has to select the sites,
. . ) .
equipment and possible frequency bands.

A Y -

s

One of the disadvantages of studying the clearance by using

14
i;\—l’~/)) program CLEAR, is that the input datd\fgg/zhé terrains are collected for

.

0.5 miifs #otervals. This could overlook a_peak of a mountain that exists

in between. Reducing the interval is not considered practical where the

paths examined could be as much as 40 miles long. However, this program

‘provides the ‘designer with highly valuabie information about the clearances

”

feverywhere at different earth factor and at different frequency bands.

Program P:T.P.R.S considers all possible combinations of antenna gains'and

the corresponding achievement in the system performance.

- — P




L e

1 - X
(1] Lenl}’curt,' "Electric Engineering Considerations for Microwave Co'm'
ications System", June 1970.- ‘

) [2] The D ;;artment of Communications Radio System Standard Procedures

RSRR:113, September 1975. _° . N

" [3] K. Bullington, "Radio Propagation at, Frequencies above 30 MC",

Proceedings of I.R.E., Oct. 1947,

»

(41 Frank J. Sites &‘Char'les J. Sherburne, "Plaﬂning VHF /UHF Coveragé
with Path Profile Methods', Communications 'News, Aug. 1975.

[57 &.C. Walro, nd "Reliabilit:y of Microwave Systems', Journal. of
Science & Technology vol. - 36, #3,\;>p 133 to 138, 1968.
l
(6] The Lenkurt Demodulator '"Some ASpects of Microwave System Reliability
e Vol. 15, #5, PP 821 to 827, May 1966.

[7] The Lenkurt Demodulator "Overloaded Microwave Systems", Vol. 18 {5,
pp 878-883, May 1969. v '

[8] W.T. Barnett, "Microwave Line of Sight Propagation With & "Without
Frequency Diversity", the Bel’ System Technical Journal, Vol. 49
#8, Oct. 197Q.

v

19} Military Handbook fo“s Reliability Cdlculations MIL-HDBK-217 B.
S : , .

' [10] J.D. Shannon, "VHF/UHF Transmission 'Systems in the Public Tele-

communication Network", Telecommunications Journal, .
Vol. 42-VIII, pp 462-470, .1975. : '

: . :
[11] F.J. Heath, "Requirements of Power Utilities for Communication
Facilities" Canadian Klectrical Aﬁsociation anvention in

y
REFERENCES T \

o Montreg_l arch 23, 1977. .
N N . o I r‘
- o
) L 2
) _—
. i N
. §
. . | X
. c N
.3 * o - % u '
. ! . |
a . . - . ]
v e : OR/GINALS /AR A &
. 1 N

R

PR




&

~—
-
s
o
25
.
®

2 B
; . . - - N
. .
1 - - - ™ . : - N Lot
H - . EEN - hd
- e ~ . - N
i . .
~ A v . ! At 4 N - . s
. ~ . . B Y
. " B . . s . - o..m... .
“ . LT < T
. 0 A - . - ? . . ‘ «
.o " . - . e’ ‘
- - * N 4 . i "y « . . r . -
- . . Iy . . . »
- . - \ - K . .
. - R . . -
, ' . . . .
- . . ”~ \ * .
R - . - .
‘ i ¢ B
. . . < . . ' B . E
- - ’ - . ‘ i B . N .
~ . ~ Vot . - .
- - ~ Eh -
. - ¥ . .
- . N N . *

-

»
0y
-«
’
>
»

i Lt S A b
a
an
-

-
w s B - i , . B 5 .
Wp. . f - . ) - . -J ’ r: A\ - - . - N
4 - k3 N Rl - . \l\.\l\\.\l.\il‘il\\.\.\.\ -
: , 4 e
W . N ~ - K . ak - B
. N . i S
] e . R e - . e F«u“y o . ; .
‘s . . . ! p PR e LA T
- - ~ N . , i i , - .
w N ) B ” . - { - - N - ‘
. . Y * PR i ) » . R K . . . . .

B . ch e \ . e
, . . . . N v : X . . .
,. - f . . . - . - . . » - ., *
] ) Co- _ - T .

. . . - -
- .. = . o LM -
m\. - .
- . L] i
] . . A} ~ :
- - * ~ - ~ 4
. . . I r E - .
- . .
; : *
: - : . H 1 ! "
. . - ’ - . C . . A
. . . B PR ' » -
. b - b4 . . N .
4 M '
. .
. R 5

) . '
B T T To N T o T S e TWIPIE ¢ TWOR S g L IR, T g

B T ~



¥

T TR, E WY, s

. - . PAGE
AL.0  INTRODUCTION : a a1
' . -
‘ A2.0  COMPUTER LANGUAGE . ’ a-1-
© " A3.0  INPUT AND OUTPUT DATA L Lo  a-l
A3.1  FORMAT FOR INPUT DATA CARDS . - ‘ a-1
.A3.2 ' EXAMPLE . a-3
FIGURES ANGeSAMPLES C e .
s . , . N N
Flow Chart for Program AZIM, ¢
- Complete Program Print-out. ] .
- Fig. 1 Fortran Coding and Data Form
’ ‘ ¢ » . .
.Fig. 2 Sample of Data Form for the’ Enclosed Example
Fig. 3 Input Data Cards Logation for the Enclosed Example.
’ n )
. . »‘
> ot
[ t,
- 7 - .
/~ ~ )
. . 7—&
*
¢ &
[ ! /

~e




o

Al.0

A2.0

A3.0

—1

AY

A3.1

INTRODUCTION

Program AZIM was developed to compute the DISTANCE and inverse
positon AiIMUTH between any two sites in the Northern Hemisphere.
It is also usable for sites in the Southern Hamisphere, with slight

*

changes. - .

Flow Chart for the program and 3 complete sample}%s shown at the

end of the Appendix. : > o

COMPUTER LANGUAGE : ’e

4

The language used is Fo;tran v punched\on cards using BCD Format
(026). It should be notedEhat there are references to trigono—.
metric and logarithmic functions in this program. Some computers
'have/a special arrangement for using these fhnczions, i.e. they

store them in LIBRARY. When used;/a reference is then to be made

/

in the compilation cards. ot

INPUT AND OUTPUT DATA

~ The required INPUéﬁiata for this‘program are the sites LATITUDE

n

& LONGITUDE. As described below each data card will represent a

gite. The progrém compdtégkand prints out the following:-

o
v

/ -
1. W and C angles used in computations. '

2. Azimuth at Station (1). i
3. Azimuth at Stétion (2).

4. Distance between Station (1) and Station (2) in MILES, and
. “

) ™~
in K.M. . '
FORMAT FOR INPUT DATA CARDS .

.The input data cards (the clards preceding ‘the last 6/7/8/9-blue?

g>~_‘4card) starts after th%'7/8/9,card terminating the main program.




0 - :
“ . ’ ’ 1
, a-2 ‘ '
< hl \ ' , .
. They sequently hold.the co-ordinates of each inhividu;l site,
LATITUDE in DEGREES - MINUTES - ‘SECONDS and LONGITUDE in DEGREES -« - - ~ °

-

MINUTES - SECONDS.

e el e o 0 D S b St e

Al
The format és: .
( 3%, F5.1, 2 (3X, F4.1), 15X, F5.1, 2 (3%, F4.1) ). ]
A ' A .
When_more than one link is required to be examined, more pairé of 1
o . ) L :
. ' 3
;“'@ data cards could be added. The outputs will correspondingly be A
printed out in the same order.
8, A
& . ' ' 4
The last input-data card MUST contain in columns 70, 71 and 72
E Figure '"9", this in turnmwill indicate that no more data should
;i: k\ 14 ' . [4
b be read and/the computer will accordingly STOP. * )
H N — :
i . ‘ ’
Il » 1
| 'S NOTES: ' ~
i
{ . I
' 1. In case of using sites on the Southern Hemisphere use the following
2 ¢ -
¢ formula for AZIMUTH calculations: -
1 e
g . Case Station (2) north of Station (1)
Y Az. at Station (1) = 90° -W+C :
~ g [ . ’ “ H
Az. at Station (2) = 270° -W~C i
~ z
Gase Station (2) south of Station (1) .
n -
- Az, at Station-@i) = 90°+W+C
g Az. at Station (2) = 270° +W - C. :
» ‘ ‘ ‘
2. Compilation cards are obtained according to the used computer.

| -
The first, third, fifth, etc. (ODD) cards éhogldtalways represent i

. sites that are more the WEST than their corresponding site,
. i ..
’1atter are the second, fourth, sixth, etc. (EVEN)'cardgl
. ,
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A3.2  EXAMPLE: - o ‘
‘ < The distance apart ‘and the inverse position azimuth between
) fw. .
stations (A) and (B), and stations (B} and (C) are to be determined. 3
- . . had - . ) 4
, - . Station (A) Name: Charlottetown, P.E.I. k
/ \ Latitude 46° 14 18" N. Y I 3
. > , f :
' Longitude ‘ y 63° a7' o7 W §
Station (B) Name: Green' Road, P£.I.* . - - o’ '
: Latitude 46° . 12' 06" N ' .
Longitude , 63° . 22' 26" v ‘
Station (C)  Name:  Borden, P.E.I. T -1
Latifude 46° is*  o0". ‘N
, . . \ . 1 '
Longitude | 63° 41" 30" S W L :
INPUT DATA CARDS N . ‘ . ’ s
First pair for the (A) to (B) Link . - o '
N ’
.~ First pard will contain Station (B) co-ordinates. * ’ '
' - Second card will contain Station (A) cb-—ordina’i/tes.
5 . 1
- LY -
Second pair fqor the (B) to (C) Link .z
N A
- Pirst card (third in position in the data cards) will contain
N ! - -
' . the co-ordinates for Station (C). * ‘ -
) . = Second card (fourth in position in the data cards) will contain
the co-ordinates for Station (B), Also, this card is the jast
one. # ’ . ‘e fl '
' Hence, Figure "9" appears in columns 70, 71 and 72. ‘
- . ) - l_'
: See Figures 1, 2 and 3 for details of data cardé'.',
. *
- 6/7/8/9 and 7/879 cards are standard cards. Each has the above . N
a' figures punched on the first columnm. ’
» / . | " ' hd < -
¢ ’ el . / \'.
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' See complete program print-out. '

-t . I N i v .
- % ' First-clard of'a‘n\y pair should contain the site co-ordinates that
o ’ . ,‘ ' ' . \ : ’ .
..are more to the WEST, (Longitude value is larger). .
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: (7 montreal engineering comg
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, ' ' AT Lo
' . . = . . ,Y - '\Jy(
R 1 : : ' 4 .
N .- _ . . '.l W . 1 “ Y v » o * )
E 7 STORE VALUES - . e - - . i
. . FOR LOG ' M) _ — .
: aos () [V P N
.’9 . QU . [ l “, . A .
’ *% , . *
. \ . ' - ' *
. L e DR y .
- ' , S
- : 3 ’ :
NN, o , ' ‘ - —~
\ AND LONG. {s) . o - , . \
FOR ST. {1V . \ v .
REIN _ . ‘ l
N ey Do . . -
i N v - N - . X .
N PRINT LAT. is)' \ ‘ L e #
{7 anp toe,( ) ~ ~s .
N, FOR ST. (|) , . ]
b & ST. (24') ‘ '\ v
« ) & ) )
hcomnne HE 0 1FF. __— . t , ot
<(s) BET.LAT.(s) « o . ,
& LBNG. (s) o l '
M | 4
. ’ 2 e \ll
“~
S_NTAETAJn'uO(Fl) Y i \
> LAT.OF ) . | A COMPUTE ,
'STATION (2) m ¥,C )
/ o — _ y
: ‘ 9 » PRINT
' L S : . v,C
. A ]
: . LAT.OF : - .
. STATION (1) & . ¢
< LAT.OF ¢, = —>—
\ STATION (2)) o .
: 108 3 / )}
V . e ~-
e T #‘D i‘ M : “ _
[} N ¢ /
™M : ; v i |
[ , " L . —,i,’, .
| I . “ . FRLOW CHART FOR PROGRAM "A
) Coes - N ) .
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BL.O  INTRODUCTION- .

B Program "CLEAR" was developed 'to compute the clearance of the radip'

— beam,’ relative to the first fresnel zone wadius, everywhere, for

. ‘ _ different K (earth curvature factor) values, and at different L,
: L. ) N

carrier fteduem:y for the same point-~to-point path.

T - i

N .
i

This program should give the system designer & guide to answer”the %
B . v . i
. : ' - §
following:~ 3 . . ) % .
] ‘ ' ’ . Toa 5
. ‘ ~ ! J
., 8a) Which frequency band should be used to provide ‘adequate path I
[} - A ¥
\ clearance with a reasonable tower height? i
X, ' . 3
AN : : : : .
N » © i
‘b) What is the exact tower height required to fulfill the i H
! o B @ ‘ . ' - , ) » :
required clearance? S ' j
¢) » 1Is a repeater site required? EE . 3
~ ) - f ![ ' ’ ' {
) " Flow chart for this program and a completAet_._samRIe of the program ;
y ~ " , . -,
is shown at the end of this Appendix. Lo, e , !
B 1
B2.0  COMPUTER LANGUAGE . ‘ - BER RN
—~t ¥
1} « \‘"
. The language used 1is Fortran IV punched on cards using BCD Format E
- (026). 1t should be noted that there éré -references to square root a 3’ .
' ;
. function in this program. Some computers store this function, {i.e. : 3
. IS o 4
" ' 4in the LIBRARY. When used as a reference, it n%hould be made in the
compilation cards to provide an access to the LIBRARY. ‘
k- c. o ) . ’ - j
T " B3.0  INPUT DATA CARDS . .

The reqiired input data for this program are as follows:

.




a) Fi.t input data card:

'~ Format (4X, F 9.4) contains the distance in miles. °

¥ .
Ay

b) Second input data card:

- Fotmat (1X, 2 (3X, F 9.4) contains:

.
el u i NPT . e -
A e b R R i

1- Ground élevation in ft. above sea level at station (1)

?\. ’ 2~ Ground elevatidh in ft. above sea level at-station (2).
W a ‘
. v

c) Third input data card:'

. v é\&)rmat (1x, 2(3X F 9. 41) contains: i
;,%7 1- Tower height in ft above ground level at station 1). %‘
E ’f .Tower height in ft. :h:ove ground level at statiop (2). N “i.
; d) Fourth to the (N+3) input data cards. " , / o § ‘
f; - ) - Format (lox, F 9.4) contains: . ;}
ix — ‘ Ground elevation in ft. above sea level, (at 0.5 mile interval) B
B ,where,N=.2xD+land, ‘

i e : D = Distance in milers.

? e) From the (N+3) card to the last data «?—!ﬂ: :

, -~ Format (4X,F9.‘4,T70,I3) contains on each}ard a carrier ~— o !
; ‘ frequency in GHz.. The last input data card MUST contain in T ‘
- ‘ i ', Columms 70, 71, and 72 Figure "9" to stop the computer. ‘4

(See Figure(s) 1 - 3 for detafls). - v
. o N R
RN B3.1 OUTPUT ‘ ‘

The program prints.out the following:

N a) For a given frequer;cy and for

v
A

\ , " K = 0.6666, 1.0000, 1.3333, and INFINITY

i- The fresnel zone radius in (ft.) at 0.5 uﬁle intervals.




b-3

2- The earth curvature height in (ft) at 0.5 mile intervals

3- The clearance of the radio beam iﬁ (ft) at b.Srmile intefvﬁls.

B

4~ The ratio of the clearaﬁgs\i?) abvoe to the first fresnel

P

zone radius (1) above.

b) The prograﬁgthen repeats (a) above for a new frequency. .

. : \ : 4

B3.2 EXAMPLE

Study the path connecting station (1) to station (2):’%3¥§? the .

Y

L »

following: : ' .

- a) 1- Distance .apart 16.9 miles

E
»

2- Ground elevation at station (1)

Il

10 ft above sea level
L4
15 ft above sea level

Ground elevation at station (2)

[y

Iy o N U A T Ny s P

o

. at distance 4.5 mile elevation = 0 ft

4 3~ Tower height at station (1) = 100 ft above ground
. -'Tower height at station (2) = 100 ft above ground
A b) The ground elevation taken off topographical maps at 0.5 milg
B intervals are as follows: TN
. on
at distance 0.0 mile elévation_¥ 10 ft above sea level
. at distance 0.5 mile elevation = 5 fg above sea level
»
at distance 1.0 mile elevation = O ft above sea level
* ‘ ’at distance 1.5 mile elevation = O ft above sea level )
aq\distance 2.0 miiq elevation = O ft above sea level
at-distance 2.5 mile e1e§at{op - 0 ft above sea level o
- S ‘at distance ‘3.0 mile elevation = 0 ft‘;bove sea level )
’ at distance 3.5 m;le elevation = 0 ft above sea level
at distance 4.0 mile elevation - O ft abowe sea level :
‘ ’ above sea level




P

3

at

at

T at

at

at

‘at

at

at

at

"at

at

at

at

at

at

at

M
Qistance
distance
distance
distance
distance
Qistance
distance
distance
distance

distance

distance

distance

distance
distance
distance

distance

at distance

at
at
at
at
at

at

at

distance
distance
distance
distance’
distﬁn%e
disténcé

distance

5.0 mile

5.5 mile
6.0 mile
6.5 mile
7.0 mile
7.5 mile
8.0 mile
8.5 mile

9.0 mile

elevation
elevation
elevation
élevatiPn
elevation

elevation

elevation

elevation

elevation

9.5 mile elevation

10.0 mile
mile

mike

mile

10.5
11.0
11.5
12.0 mile
12.5 mile
13.0 mile
i3.5 mile
14.0 mile

14.5

mile
15.0 mile
15.5 wmile
16.0'mile

16.5 mile

I

elevation
elevation
elevation
%;evation
elevation
elevation
elevation
elevation
elevation
elevation
elevation
elevation
elev%}jon

elevation

ft above gea level

£t above sea level-

ft level

v

ft

above sea

L]

above sea level

ft above sea level

ft above sea level

-ft abvoe sea level

ft above sea level

ft .above sea level

ft above sea level

ft abqve sea level

ft_above sea level

ft above sea level

ft above sea level

ft above sea level

ft above sea level

ft above sea level

0 ft aQove seé'level

0 ft above sea level
50 ft above'sea,levely
75 ft above &ea level
125 ft abpve sea level

90 ft abQVe sea level

75 ft above sea level




¢ v
c) At F = 7.125 GHz
and, F= 1.9 - GHz

" . and, F=0.925 GHz -

g§ee details of input data cards in Fig. 3).

,

- o Outgut

4 -
See complete program print-out. ° ‘
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R :
: @ montreal engineering company, limited

%

i . i ) \‘ - :‘g).?'

- START i
% ;
. . - ¥
| %ﬁ READ D, GRI, ) CINPUTE ' ¢

X GR2,T1, T2 < ClRTTTT ‘
] £ TV . :
\ : > PRINT
‘ PRINT D, GRI, 01, F1,BE,CLI,
~ GR2,T1, T2 CLRY ;

% . " 3 VA
Lo ) |
é ™
' \ ’

: /ns {
| “FREQUENCY
] NO CARD LAST
; CARD
. . ‘ ?
b READ F . ~
‘ - Y N
COMPUTE : '
AT.ECOHS N\ , ‘ . .
> '
N - PR - -
. ]
CONPUTE - . : : CT
D1,Fi,HE,CL,CLR _ M -
PRINT . b
: { D1,F1,HE,CL, o o
; CLR .
& . ) «
! i
4
PROGRAM CLEAR FLOW CHART
‘
£ a : ‘
2
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INTRODUCTION \‘

" -

Program "P.T.P.R.S." (Point-to-Point Radio Systfem) was devéloped to
provide v detailed analysis for the performance of any pqint'—t:o'—,
point Radio system. The main purpose of having this program is

to provide all the required data requested.by the Department of
» ' o
Communication (D.0.Cl) in Canada when writing an Engineering Brief.

This program was developed Ecc&ding_ to'the D.0.C. regulations at

v the}time of writing this manual. C'ailtipn should be taken, whenéver
. ' =
0 N . ’
used, to make sure that all conditions are still-applicable.
e 3 |
. . — v
This program can examine the same site performance for indefinite

number of cases. Each case will represent the usage of a diffgre;nt

Pl \

combination of antennae gains. Flow Chart for Program P.T.P.R.S, and '

a complete Program print-out is shown at the end of t/his Appendﬁc.

L ) » e

- VY

v

c2.0 COMPUTER LANGUAGE

’ The language used in_Fortran IV punched on ‘cards usfng BCD forxmat
, \ (

»

~ ¢

t

AR ey O T Y 1

“()026). It should be noted that there are references to logarithmic

2, " *"7 functions in this program. Some computers store these function}s,,
A c B .

Lot

i.e. in the' LIBRARY. When used aa a referen’ce to the LIwI—iRARY,\ it

>

INPUT AND OUTPUT DATA
/

Y

»

By

e

¢
IS

4

>

!

7

—

fad

-

éé.ﬂy;_ 5;—,1& o

AR “'»::“:P:**é;«“‘é%?;ﬁé 1

«

'
AR - T THPROIRL IR
..

wem

L SNUCASPR N LR

. :‘ " . ’ R “
- ' The required INPUT data for ‘this program is listed below

| \ e , . . ‘ .
b ’ ' should be made in the compilation cardé\ | 8
3 : ‘

74\ orgier, .G
! T 3

o [ ' !
R j'L T - - '1

as read by the computer:

- . I

1. Distance (Miles) and Cérrier Frequency (GHz).

bl "

2. Reliability Computation Factors A-and B.

4
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Transmitter Power Output at Station (1), and at Station (2)

3.
(dBm) . )
- «
4. Transmission Line Loss at Station (1), and at Station (2) M
(dB/100 ft at the, carrier frequency). s
o 5. Transmissi;n ﬁiﬂe Léngtﬁwat Station "(1), and at Station
, L@ . o
o 6. ‘ Duplexer -Losses at Station (1), and at St;;ion (2) (dB).
7. :Fitting Losses at Station (1), and at St;;{on (2) (dB) .
; . 8. ‘ﬁeceiver-Squelch Levg}_ngm), and Receiver Noiée F&;ure (ds).
A\ﬁ\ | 9, . ) Transmitter I.F. Bandwidéh‘(Ksz, Baseband (KHz); r.m.s., -
. . )
R per channel deviation (KHz), number of (3.1 KHzZ) voice
,/ chandals, and maximum.allowable Eff;otive Isotropical
: l ; Radiated Power (dBW). - \ .
\' " 10. P pxtra Attenuatfon due to: Atmospher%g, absorbation,
- g obstruction.‘etc. (dﬁ). ’ : ’, . .b§; . o
g\\_ . 11. Aﬁtennaé gainsvat Station (1), and at. Statfon (2) (dBI).
\) c3.1 FgliMA"I' FOR THE INPUT DATA - ' ©
© T - The used format fori(l) to (8) in ééction C3.0 is as follows:
»

(1§bg (3%, F9.4) ) s ., 9

. See Fig. 1. o,

The used format for (9) in Section C3.0 is as follows: .

L

(X, 5 (2%, F 10.4) ) : : .

4
See Fig. 2 . i
The. used format forﬁglof'in Section-C3.0 is as follows:
(4X,-F 9.4, 1)[ ‘ ; \-, L . .
- : —
— - .
See Fig. 3. . t o : T
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ﬁ' " A blank data card is inserted between .the antennae gains data
¢ - : .

_cards and the previous €1) to (10) cards. This to help identi~-

fying the fiyst antennae data card. L @ ’

N—_—

. . = Therused format for (11) in Section C3.0 is as follows:

. (1X, 2 (3%, F9.4), T70, 13) ¢ ) ‘

?} ‘ See Fig. 4. )

i ,;,/ .o The computed OUTPUT(s) are as 'fomows: " ‘ '
- ' .

The necessary Bandwidth for transmission (kHz). .

{: 2. - For‘ each combination of \antennae: \ | .
g o la‘) Path loss (dB) . . ' -
gé - b) ‘Fade rmargin (dB).
g U A j ¢) Median received signal and receiveid signal at each b '
% : : end (dBm and microvolts). ‘ “\} -
Qj ‘ \ d) Effec?:ive isoﬁropic radiatéd power at each end (dBW).
: Coe : . e) Ray’l’eivgh una%ailability,‘%é’d availability %). o
: , . f).‘Actu.al unavailability, and’ availability (%). .
}‘ ‘ . g)" Signal to noise ratio (dB), an;l the' equivalent weighted
: . " values in dBrncO, dBAO, dBmOp, PwpO. .
| '1: Programs "AZIM" and J'CLEAR" should be used to ol{i:aj;n *
< ' ' L . the following data: ' | \ R
‘ s, _a) Exact distance between station (1) and station (2;.
9 ‘ i b) Adequacy of the clearance of the red;.o beam forl
- "' this path. ? ,
' \ _ - e) 'i‘he necessary towgr height at gach send to satisfy’
‘ \’ . ' N " ", . (b) above. ‘
A . ’ . VoL
\ c . ' ’d) . The carrier frequency that will ‘be used.
Lt . O 4
y v
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g C3.2 EXAMPLE:

»

The performance of a Point-to-Point Radio System is té be

, examined using the following data:

o

v
" gy

‘ . ¢
! ) 1. Distafce | = 16,9 miles -

,{ S ‘ i %

, ‘ ‘ Frequency ' = 0.95 GHz s . . S

- . v

2. Overwater Path — Roughness Factor - A = 4 «ﬁ

Factor to Convert worst month probability to annual - ;3

- * -

non probability - B = 1/2, , ,

\
3

-
.
>

38.8 dBm.

R © 3. Transmitter output TKPl =:TXP2

Transmission line loss Cl = €2 = 1.9 'dB/IOO ft.

o~
.

5. , Transmission Yine length TLl = TL2 = 200 ft.

- VA g

}
1
i .
1 * 6. Duplexer loss' DULL = DUL2 = 2.0 dB . )
7.. Fittings Losses FiT1 ='FIT2 = 1.0 dB. s
.K - ; i \-\_/\ 2 G i
< - 8. Receiver Squelch level = 89.0 dBm ) o C ,
: ‘ Receiver noise figure : = 9.0 dB ' -
¥ . 9. - Transmitter: ‘ \i -
a) I.f bahdwidth = 2700 kiiz | EE i
< . - ~b)" Baseband ©£124.0 Kz ) ’ ‘ . . L g
T ¢) r.m.s. pe‘r channel deviation = # 35.0 kHz '
= »o o
. . - —d) Nur‘nber\of (3.1 kHz) ‘Cﬁpnners = 24 channel
B . ’ N o ) . j
T .~ &) Max. allowable EIRP =-35.0-kBW~ ~ ./ ' ;
' " B * - + ‘
10. Extra attention due to not having full clearance = 4.;/dB 3
.- 4 v "
:‘ - 11, Antenna gains: ' g !
§ ) - ' ;
. ‘Case (a) Station (1): 22.0 dBI, Station (2): 22.0 dBI b i
_ (b) Station (1): 28.0 dBI, Station (2): 28.0 dBI° -
C e o e (e) Station (1}: 33.0 dBI, Station (2): 33.0 dBI
T I3 _/q _ . ’ . -
»
- '~ . ~ - .
* ' - . 2
4 g

E: t o
: \ s . .
& . . N v .
oy » - —— '
g - . [ ; . . ~ < R
b - . . N
N M . v (4
. \
- e s L
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~

" (d) station (1): 36.5 dBI, Station (2): 36.5 dBI

“.(e) Station (1): 40.0 dBI, Station -(2): 40.0 dBT C
: ~ B )
‘ (f) station (1): 42.5 dBI, Station (2): 42.5 dBI
\ )

(See fig. 5 foragletails).

Qutput records: -

See-complete print-out.
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@ montreal engineering comp:
‘ [ |
.
. . COMPUTE" J, ]
‘ BN, PRINT
"BANDKIDTH

START : T '
L CONPUTE
( . , , ‘ ATTI, ATT,

CA AL2
READ IN-PUT - L. ¢

DATA | A ' ‘
e - l
) mi/
' ' o

e . ' READ
. ACl, AG2

PRINT IN-PUT
DATA

PRINT

. ‘ AG1, AG2 >
- A - 4

© - CONPUTE
RS, FM, UR, AVR,

: U AV, RSITRS2, | -
. El, E2, ETR}&
‘ / EIRP2, TN,
b r—HL ' BRI, PU, FMFA,-
PO = D : PE: SH, DBRNCO,

0BAG, DBMUP, PWPO

\/!




BANDWIDTH

N

COMPUTE

| aN\ATTI, ATT,
)\Au, CAL2

PRINT RS, RSI, RS2,
£, E1, E2, EIRPI,
EIRP2, UR, AVR,
U, AV, SN,

EIRP1D
-EIRP

i(
3

READ
AGl, AG2

COMPUTE
RS, FW. UR, AVR,
U, AV, RSI, RS2,
El, €2, EIRPY, -

PRINT ’
AGl. AG2

EIRPZ, TN,
BBI, PL. FMFA,
PE, SN, DBRNCD,

DBAD, DBMUP, PWPO |

o

PRINT
1504

PRINT
1513

DATA CARD
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