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RADIO RELAY LINK PROPACATION PATH DESIGN (M-LINK)

Note from the CCIR

This scftware and accompanying documentation have been genercusly made
avajlable to the CCIR by Telecommunication Bureau, Ministry of Posts APAK

and Telecormunications, Japan.

The software and all its subsequent copies {but not the physical media 4010 RELAY LINK PHOPAGATION PATH DESICH (-4 XK}

on which it is recorded) remain the property of Telecommnication Bureau

Ministry of Posts and Telecommunications, Japan. ' 1. Introduciion
. Introdu

It has been written in BASIC language for IBM-AT/IBM-XT/IBM-PS/2

by the ITU Association of Japan, Inc. Recent moves toward tbe inforsstion socialy have inmcreased the world
Permissi desand for radio relay linka. The radio spectrus is limiled, so these
ssion to copy and use the software without fee is granted under links must use it efficientiy.

CCIR Reso .
lution B8 provided that: One way to do this, and at the same time reduce interference, is to

(1) the coples are not offered for sale or distribution; locats wach radio station is the best place, *Finding such a place
! javolves complicated calculations. Our new software package, * Radio

(2) this note and liability limitation note appear Relay Link Propagation Path Design™, enables anyone to find the Desi
without modification. location fer & radia sistion,
Eng ¥e bave used this softwsre to eake officient use of the radio
miﬁﬁi;.uwgéﬁiﬂfﬁiﬁﬁ. re should be addressad to the submitting apectrus and to provide good links, and we bave dons this work much
) faster than was possible before.

"Frequency Planning Division, Radlo Departmant This easy-to-operate progras will rua on IBN PCs and the NEC 8800

Telecommnication Bureau, series anywhere in the werld.

Ministry Ogmi‘oSts and Telecommnications,

1-3-2, Ka aseki, _

100-90, Japan® Chiyodaiu, Tokyo Features
or to: e Writien in iBN BASIC .

“The Director, CCIR, 2, rue de Varembe, CH1211 Geneve 20 ¢ Comprises 29 task modules

Switzerland". ' ve < ¢ This J00 K byte program fiis on one [loppy disk .
Copies of thi s Esch task can be selected from the task menu, sterted
chla]n;: ?exr;e : :gﬁt"t;? and documentation can be obtained from CCIR free of . indepsndently, and accessed directly.

a cost of material, processing, and postage). Requests « Conversational imterface. The program asks you to inpul

should be addressed to th
e Director, CCIR. paranstiers one-by-one .

e Full color display sakes the operstion sasy to wnderstand .
Limjtation of liability

2. Outline
Making the software avallable does not fmply
any form of endorsement or
ﬁas is"mﬁi::ybio?;ﬁﬁogea:gﬁ:a::ym dm‘?ﬁmtis mag:favaiiable the radio relay liok propsgaiion path desiga progrem comprises 29
" requ ifica

can be utilized with a specific type of computer hardware. ons betore ¢ h:‘:g-:d::::a.:gu':;of::;}ll::'::T:il to ssch other
z:ither the Author(s), nor the submitter, nor the CCIR make any warranty There are inforsation sodulas containing design isforsation, and
me‘scg“‘nt:‘n'c"t as to its performance, and no liabilities are accepted for calculetion modules. There §s also » data file containing
of using them, :gp:omiw of the software and documentation, results propegation paremeters and typical antenns constants fros the CCIR
use must be assumed by mrﬁﬁ‘x’“’“‘““-"“m- The entire risk for their Green Book. This data Is used in the :alcuhtl:na. ben th

) Fig.2 shoves the task menu, the firsl screen to appsat when the

¥} goprce; progras is started. Any task say be selected and run.

DOCUMENTS DO
C. IWP 1/2-
CCIR STUDY. GROUES MAY 18, 19;8 e

DODBYTAM Trar -



Task |

Task

Task

Task

Task
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Nicrowsve !requency bands and their spplication

e Attusl sicrovavre Prequency bands
Long distance circuit : 4, 5.8, 8 Chz bands .
Branch circuit :+ 11,15 Ghz bands .
Short distance clircuit 1 2, 7.11.15 Ghz bands.
e Indication of inpui parameter : frsquency band, bandwidth,
center frequancy, system capacity , and CCIR racoamendation
susber correspond to the description.

Free space propagation .
N P
« Input of input patemsters : frequency ., section distance,
transmitter output pover, transsittips/receiving asatenna gain,
feeder loss.
« Catculotion and {adication of free space loss and received
input power.

Line-of-sight propagalion

e Description end illustration shov hov e height pattsrn occurs
st the receiving point becouse of the ground reflected wave,

Tropospheric propagation

o Description of bow radio propagation in the troposphete is
alfected by weather .

e Description of three propagation types charactarized by the -
effective radivs of earth (K).

¢ Description of applicable value by elasaificetion of K value
accordinate the regional westher .

Frasnel zone theotes

e |1lustration of the tedius of the first fresnel zone.
e Description says that the path must be designed to have
two-thirds of the radius of the first fresnel zone.

Task &
Task 7
Task 8

Diffraction

e Description and i)lustration show bov the beight of the
obstacls affects the raceived input pover.

Planning of ralay toute

e Description and indication of the basic dats of route
plenning : relay distance, path clearance, ground reflection,
repestisg angle, and sistion frequency .

Profile draving

e Input of inputl parapeters : frequency.-section distance,
transmitting/receiving antenna-Neight, distance to the
reflection point, altitude of reflacion point, altitude of
ridge, distance to ridge, snd K value.

e Jllugtration of profile. We have prepared 24 acales of
profile, which are sdopted automaticelly to suit the given
input parameters.

e Calculation and illustration of & profile showing the
clearance by direct vave and reflected waves.

These touta are judged by the propagation standard.

A comment §s shown to help the designer choose whether to
continue the calcuiation of the input parameters of this
section or te change the reute plan.

PECFILE  ¥e 1.27

L FREOUENCY  d.00H: —— o Fv—— - —
2ok e 1,83 g R . -
3 k (min} .67

4 A=2 DIET 8. 0km 404

% A MEIGHT S0 4a

& R HEDGHT 190.%n .

T FAnm t.0n S84

2 A-F DIST  40.%im :

L ALTITD  STH.n

1 a-L CIEY 1%.0tm 400

COTFECT WAVED

CLEAFANCE 8. f21)
FATH s Intercepted.
Antenna helght should
be elerated. 200 3~

CFEFLECTED WAVED
CLEAFANE  =%T.Ta 194
FATH 1 [ntercested.




-4~

Tesk @ Path clearance at zidge poinat

¢« Calculation and illustration of the clearance.
e Calculntion of procedurs and illustration of the clearance of
reflocied vave.

Task 10 Ridge diffraction loss

o Input of ipput paraseters : K value (average, sinisus),
section distance, tramamitting/ rsceiviag antenna beight,
distsnce tc the obstacle, altitude at the reflection point.

o Calculation and illustretion of the ridge diffraction loss by
dirsct wave and teflocted vave.. - =

Task 11 Direct wave and refliectiad wave losses

o Description of the effective rides Joss by direct wave and
reflected wave.
o Dascription of the path of the rellected wave.

i}

Task |2 Ground reflection loas

¢ J1lustiration of the reflected wvave loss (experimental value
for Japansse territory) by Lthe classification of frequency and
geographical snd geological festures at the veflect point.

Tesk 13

Task I

Task 15

Teask 18

Task 17

Task 19

Locating the reflection point

s Input of input pavaseters : hop distence, transnitting/
receiving antenna beight, X valus (average) and altitude of
rellect point.

eCalculation and i1luatration of the location of veflection
point.

¢ The Jrd equation uses Kewton's approxisate quantity value
caleulation method.

Intluded angle between direct and reflected waves

e Input of fnput parameiers : hop distance, transaitting/
receiving sntenns beight, X valds {average) end altitude of
reltection point.

e Calculation and illustration of the iscluded angle between
direct snd refiscted wave,

e The third squetion in Newton's approzimate quentity value
celculation sethed is used.

Aatenna dirsctivity

« Description of the general pattecrn of antanna directivity.
Uses the saperimentsl values of the four mster dismeter
parabolic antenns that generally in Japan.

Fading in line-of-sight transmission

e Description of iscrease of thermal noise by fading, and’
fading wargin.

Transsiasion quality standard on hypothetical referspce
cireyit

o Jliustration and description of Lhe copstitution of
Hypothetical Refersnce Ciscuit.

« Description of standstd of the allowable noise.

o Description of stemdard of tbe circuit dropout rate.

Regulation regarding max. EIRP

T Description of standard of antenns radiated power limitation

to limit sutual interfearsnce betveen terrestrial and salellite
systens.



19

20

2

22

23

Distribution of received power during short ters fading

e Description of standard of Rayleigh Fading Occurrence
Probability and circuit dropout rate.

« Input of input parameters : frequency, hop distance,
geographical featyres, effective teflective attenvation,
transpitting/receiving antenna height.

e Caiculation of Ragleigh Fading Occurrence Probability and
circuit dropout rate, and comparison with CCIR Recommendatior

e Indication of whether the space diversity systes is needed.

Space diversity systen "~

o Description and Illustration of epplicable conditicn of spact
diversity and uptenna spacing pitca.

Antenna elevation angle

e« Calculation and ililustration of transmitting/receiving antem
elevation and depression angle from the horizontal.

Azisuth and distance to each station

e Input of latitude and longitude of each station.

e Calculation end fliustration of azimuth fros true morth snd
distance toward station,

» Spherical trigonometry is edopted and the distance calculate
is the great circle distance.

Estimation of propagation path performances

¢ Caiculation together from ites 2 until item 21 for propagatis
performances.

e Input parameter and cutput data are registered by data file
and indicate together in item 29.

Orer-reach interference

e Input of imput parameters : frequency, antenna height, each
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section distance, azisuth toward respective station, altitude
of ridge, distance to ridge point.
e Calculation and illustraticn of interference noise

(D/V value),.

OVEF-FEACH (1ELF FIUTE INTERFEFEMIE)

------ L1

-----------

1 A HEIGHT 8. 9m

2 @& HEIGHT 94, 0

% € HEIGNT 89.0n o

d 0 METGHT obd. tm [ ]

S A-B DiSTANCE (TR T™ _,ef’

¢ B-o QISTAME TR M Ty

T -0 DISTANGE 19.0km P 5

2 A-D DISTAMCE 5 kbm e e

o ANGLE BAD dt 01 8 Fg
18 ANGLE ALY ELISN FI

11 FRIDSE ALTITD TN 0w ground plane

12 RICGE DISTANCE 1d.0km

e A plde e —— 0 gl =

A side span Yoas diflterance 8.548 D side span loss Jifteren:s L0 4E
horizontal detlaction d.4deg 22,048 horizontal deflecticn 34,0387 d7.04F
verbical dattection 1.34e3 E£.048 wyrtical dattacztion 4. Taf
A=D rld9e lous EPRE A=D ridge lous TLLRE
A side D/ .4 D side DIV Td .8




Task 25 Interference vith other routes Task 26 Interference to geostationsry satellite orbit
as nterfe
s Calculation of directicn angle diflference between a station

* Input of input parameters : frequency, each letitude and in Lthe radio relay links and a geostationary satellite orbi

longitude,transsitter outpul power, Lranspitting feeder loss, « Judgement of whetber the direction angle difference is gres
antsnna polarization.

. ot less than two degress. The mutua] interference is obsery
e Calculation and illustration of interference noise to help sake this judgesent.
{(D/U value).

e Can calculats mutual D/U for up te four routexs. Task 27
» This program can be used by the relative location of station
method, working selection is meeded but in this case.

Interference between terrestirial station and earth station :
¢ Judgement of sutual interference between tervestirial statio
and sarth station by tote} trnnsnisllqn loss.

AN P !

PR y

o e,
DL
nt Relative location of transaitting and l"-:'l'-rinﬂ—lhllou L e4ch Piiste wn wet [nterfergnce botween terrestrial station and earth staticn vd. @ SHIv <o
(i) Deslonate & retorente route and & relerence polat freoa } E ANT HEIGHT () 190,09 — J._-,-; J—
ancng the routes 0 be exssined: S E ANT SAIN () 52.9 | i
route 2 F 2 § ANGLE AErd.m. w0 I JI) . e BE
e ‘ . -
(23 The relerence point Is meant Por the transmitiing point|T2 o 4 E ANT DIFECTIVITY (44 ¢6.4 :
ia the relerance route & % T ANT HEJGHT ' S840 o] Lé vidoe
. - : ‘
f."aai',,,,r,h,, 6 T ANT SAIN (1 4.5 , 2
[ - . . N
12) By using mass. obialn azimsths and distances towards [T L1 E ? AHALE ATid.m.9) 9—:'5.' ]
- . It P - q by R
the transmitting and receiving points in other routes i/ ] route € T aNT (.JIFEl:IIVl'I’Vtﬂ t. :
seavared trom the relerence point, ra % E-T DISTANCE U =0,
T, ™ 18 RICSE ALTITD e
(4) Azimath should be expressed as m!;-?:-".’;-,.l‘.‘! 11 E~L DISTAMCE (km) _u.:.
plusie} wslen flor clockwing dlrestion, 12 ktprerage value) 1%

nimmi=) sign ftor anbi=ciockwins ¢irection,

t (BT SFAN PROFAGATION  LOS3 130,548
' ARI10E DIFFFACTION LOST  3¢.748

EFFECTIVE TRANTMITTING LOEE  13533.048
' ' [
This path sests the standards, the route plen i sizeptatle.
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eld survey - Determination of systes meeting required perfﬁrlances
. Description of various calculation necessary for judgesent,
vscription of necessary items for desk work, primary survey and indication of actual disensions.

id secondary survey. . Indicate refer to the conclusion of works after read out data
from datafile.

[ - - - . [
=

TEM CONTENT ' CESL  FFIM.  ZECD, = S
——— EXECUTIVE SUMHARY EOINT A FOINT B

-

ate map hop distance, altitude (g
a=imath [ Antenta Hejohtim) . ‘ . 10%. 8 »

‘Antenha gle ation atgle s D S By P A M-t MY

(00 T TF et l'\‘3-’:’&'311:'753:'533""""""‘“ """"" [ Sch P N W LN Y D

£ Yoprgrap b BEETAgU TR AR TR YA RAG VTV
latitude, longitude - o 02 VTTREYUSE Rhe Ve Tl

A

altitude Wt - - ' '”"Ki-'E;ﬁﬁ'&'"ﬁi}";-’ffi"'.:'l'l'i:"i;fFfo'-':'f +ans "'"l"."'"39-"""""""""':"'.'5"HE"'
land area ( land r..dju.t“ht \ - v .....U-I--'..t.-‘-i;::-.'-i-."'.j x5 T'er;::.i.lt:-h i.:::i.i‘.t nern .ar...x..'.;..-.;..-.-.--.....:;...'.::..l..':...
sewulsition of water for installation < 3 4.0 PRI "3 NIV Tae T
i.'r-‘"."""""”‘“u.";;t};.:'“dl.:.l-::';;i.‘.:" repsnssnenne () ..-u_..........i;.-............... """;"::::"".‘;"‘};i'::"-‘ “‘"r‘.“.‘E.‘j‘.".’"'.'t".‘.j"‘r""'_‘:'t"".‘::};“"‘_‘::"';."t H ""t’;.‘.’r‘.‘l':",’""""""“‘““

necessery length for new constroction, repsir 2 » R RvER TR g e

et antenna ReToht st e gy annd s RTEVUR TRy S FeFT et ion

radome w < EFFEEVRE YRR AR T et e

;;;‘u-.‘.;J'aST-‘.:--..----..'.-';.-.!;l:;--T-‘.;;-‘."T;.r;-'o-t-r‘-:--;:;T-in..t;.iT-i-t.“:u.----...unn----...--.--n...-..------u-‘u--.--.....:;:- 'Ea.n dl "'E'.‘i;.:.' P'l'.'

Tean 108

CeRGRETER BVEFITE e s

th wisibilitytaireo: test) w TYFaraht e im)

topopraphy around the reflisction point w y S TROTA I X Lo 1T .
topography in the provimity of the site w TSR H R TIL SC LERCT AU (D S SN M LI LR '
shetoh S T T T TRz

e L e ——————— e i e e cemmm———— -
intenanis BIEass reate, Time Tsiommer, wintar i :

Termination



3. Conclusion

This progras can be used anywhere in the worid. The only adjusteent
reeded is to modify the data file sccarding ta the propagation constent
of the country you are in. We sre susre that this program will belp you
to design radio relay links that use the spectrum sfficiently.

-
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Fig.t STRACTURE CHART OF NW-LINK SOFTNARL
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