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of the extensivechartingcapabilitiesofferedby the MicrosoftExcelsoftwareto produce

chartsforthe modelunderuseandthe userscanusethesechartingcapabilitiesto change

any attributeof the producedchart.Wherefeasible,the actualchartingprocessis made

transparentto the userand involvesthe useronlywhena choicemustbe madebetween

thepossibleinputsoroutputs.

The databasealsoallowsthe userto makechanges,withinsomeguidelines,to the model

being run. The main restrictionis that the user may make changesin mathematical

functionsandoperationsusedinthe modelusingonlyalreadyexistinginputparametersof

the model;nonewdefinitionsof parameterswillbe permitted.Ingeneral,thisrestrictionisa

reasonablerestrictionandthe usercantestslightvariationsofthe existingmodelgenerated

byutilizingdifferentmathematicalfunctionsandoperationsthantheoriginalmodel.

Everymodelin the databasehasthe sameoperatingprocedureand instructions,thusthe

userneedsto learnthe procedurefor onlyone modelin orderto usethe entiredatabase

effectively.All the necessaryprecautionsto ensurethe correctuse of the databaseare

inm~orated in the program.When incorrectinputsare madeor whenan actionconflicts

withthe generaldirectivesof the modelat hand,the useris alertedwitha warning,and

wherepossible,suggestionsare madeto correcttheinput.

User friendlyproceduresare u to call the availablemathematicalfunctionsof Excel

software,suchas cuwefitting,statisticalanalysis,etc. Thisallowsthe userto applythese

functionstothedatawheneverneeded.

3.0 Software Selection to Host the Propagation Database

In the earlystagesof the softwaredevelopment,a studywas conductedto evaluatethe

advantagesand disadvantagesof currentlyavailablecompiler-basedprogramsversus
.

spreadsheetprogramsfor hostingthe propagationdatabasesoftware.The resultsof this

studyindicatedthat betweenthe spreadsheetldatabasesoftwareand the compilerbased

softwareavailablethen,becauseof itsverynatureof dealingwithdata in columnswithout

extraeffort,the spreadsheetsoftwarewilleasilycreatea productsuchas the Propagation

ModelsDatabase.

Ofthe manycommerciallyavailablespreadsheetprogramsat thattime,MicrosoftExcelwas

selectedto hostthe PropagationModelsDatabase. Excelprovidesan extensivelistof the

databaseand mathematicalfunctionsnecessaryto implementthe propagationmodels.

Excelalsohasexcellentchartingcapabilitiesthat includemanyversionsof two-andthree-
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dimensionalcharts,whichcan be easilyused or automatedusingthe macrolanguage.

Excelalsooffersthe dialogboxutility,whichcan be effectivelyusedfor inputand output

functionsofthePropagationModelsDatabase.Anothernotableadvantageof Excelisthatit “

can call any executableprogramswrittenin C, whichis a compiler-basedprogram.This
-.

arrangementis idealbecauseit combinesthe advantagesof a spreadsheetenvironment
---

withthespeedofthemmpiler-basedsoftwarefornumber-crunchingpurposes.

4.0 Sofhnrareand Hardware Requirements I
.-

To runthe PropagationModelsDatabase,MicrosoftWindows 3.1, and MicrosoftExcel4.0, - ‘

or later versionsare required.A personalcomputerequippedwith an 80386 cpu,

accompaniedby its 80387 math coprocessorchip,with at least 4 Mbytes of RAM, is

requiredto runthe software. The clockspeedshouldbe at least20 MHz. An 80486 or

Pentiumbasedsystemwithhigherclockspeedis preferable.Any othercomputer(e.g.,an

80286-basedPC)withsufficientRAMwillrunthesoftware,however, it will be very slow. .—

For the Macintoshversion of the database, a MacintoshII ci or better computer I
I,

accompaniedwithits coprocessorchipand havingat least4 Mbytesof RAM is neededto

runthe software.The clockspeed shouldbe at least20MHz.

It is recommended that a color monit~r be used so that the charting can be done more - “ ,,- ,
effectively.Aiso,needed is a hard disk with at leastseveral megabytes of storage space

availableforthesoftware.

5.0 The Propagation Database

The PropagationDatabaseis dividedinto six categories:the Ionosphericmodels,the
.
.A

Troposphericmodels,the Land MobileSystemsmodels,the Effectsof Small Particles

models,the Rain models,and the RadioNoisemodels.These six categoriesare further

dividedintosubcategoriesto includeallthemodelsto be housedinthe software.

Ionospheric Models:
1

.

Tropospheric Models:
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Index of RefractionProfileModel, GaseousAttenuationModel, Refractionand Fading

Model,andScintillationModel

—

MobileSatelliteSystemModels:

The mobilesatellitemodelsare subdividedinto‘LandMobileSystemModels’and ‘Maritime

MobileSystemModels’.

LandMobileSatelliteSystemModels:

AttenuationFrequencyScalingModeI,CumulativeDistributionof Fade DurationModel,

CumulativeDistributionof NonFade DurationModel,DifFuselyScatteringModel,Diversity

improvement(Tree Shadowing)Model,EmpiricalRegressionModels,EmpiricalRoadside

ShadowingModel, Faraday RotationModel, Fresnel Zones, FrequencyReuse Using

OrthogonalPolarizationModel,RaleighModel,andReflectionCoefficientModel.

MaritimeMobileSatelliteSystemModels:

FadingDueto Sea ReflectionModel,andInterferenceDueto ReflectionModel.

..
Effectof SmallParticlesModels:

CloudModel

RainModels:

CCIR Model,COMSAT Model, GlobalModel, DepolarizationModel, and Site Diversity

Model.

RadioNoiseModels:

NoiseModel

The accessto anymodeliscarriedoutusingExcel’sdialogboxuserinterface.Eachdialog

boxisdividedintosixdistinctareasto helpthe userto providethe inputseasily.
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The six areas of the dialogbox are describedbelow.The first area is usedto provide

generaI informationabout the model selectedby the user. This step describesany

particularrenditionsrequiredbythe model,the parameterrangesas wellas the numberof

stepsthe modelhas, and so on. The secondarea is usedto displayformulasdescribing

the modelselected.The formulacan be modifiedby the usersto a certainextentusing

legalexpressionsin Excel.Oncethe formulais created,the softwarewillusethisformula

forthe currentrunonly.Loadingthe softwareagainwillbringbackthe originalformula.The

thirdarea is the parameterdefinitionarea, where all the parametersof the modelare

--

definedappropriately.The fourtharea iscalledthe inputarea. Thisarea is usedto acquire

inputparameter(s)for the model.me fiftharea is used to displayintermediateor final

result(s)of the particularmodel.The sixtharea hasa few buttonsto helpthe userandto

producethe output(s)of the model(or step).Forsomemodels,thisarea alsohas buttons

to allowcreationof a tableof outputvaluesof the modelas a functionof the rangeof the

selectedinputparameter.The followingfiguresshowthe runof the CCIR rainattenuation

modelincludedinthedatabasesoftware.
—.

6.0 FutureofthePropagationModelsDatabase

Fromthe inceptionof the idea of PropagationDatabasetill present,MicrosoftExcelhas

beenthe underlyingsoftware.The reasonforadoptingExcelwasthat it trulyofferedunique

capabilitiesof chartingand scientificfunctionality.However,Excel has somedrawbacks

suchasthe slowexecution ofthe program,the largememoryrequirement,andtheneedto

ownthe Excelsoftwarebythe users.AnotherdisadvantageExcelentailsisthatwhenevera

newerversionof Excelisreleased,suchas Excel5.0, itmaynotbefullycompatiblewiththe

olderversionssuchas Excel4.0. Thismakesit d~lcult,if notimpossible,for programmers

to developa long-termprogram.Havingtakenall thesedisadvantagesintoconsideration,it

was decidedthat future versionsof the databaseshall be writtenin the ‘C’ language

becausethis languageofferssomeattractivequalitiessuchas faster execution,efficient

useof computermemory,andcompleteindependencefromthe compilersoftwareoncethe

programiscompiled.

.

.

7.0Conclusion
LA

A database of various propagationphenomena models that can be used by

telecommunicationssystemsengineersto obtainparametervaluesfor systemsdesignis

presented.Thisisan easy-to-usetoolandiscurrentlyavailableforeithera PC usingExcel
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softwareunderWindowsenvironmentor a MacintoshusingExcelsoftwarefor Macintosh.

All the steps necessaryto use the softwareare easy and manytimesself explanatory,

however,followingisa samplerunoftheCCIR rainattenuationmodel.

A Sample Run of the CCIRRain Attenuation Model ‘

Thefollowingpagesshowa samplerunoftheCCIRmodel,whichcontains6 steps:

Step1:Calculatesh~,theeffectiverainheightinkilometers.

The modelusedforthe effectiverainheight,hR, isasfollows:

hR= 3.()+0.028*Phi ()< phi < 36°

hR= 4.0-0.075 *(Phi- 36) Phiz 36°

where . .
. .

Phiisthestation’slatitudeindegrees.

● EnterW (thestation’slatitude)indegrees,e.g.,30 degrees.
● ClicktheOutputbuttonto seehR (theeffectiverainheight).
● Clickthe Step2 buttontogotothenextstep.
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Step2: CalculatesL~,theslant-pathlengthbelowrainheightinkm.

Themodelusedfortheslant-pathlength,L~,isasfollows:

~= (hR-h.$)
= sin(l%eta)

172eta25°

L =
2(h. -h)

Xheta< 5°

( )

2(hAs) “2
sin2(?%eta)+

IL
+ sin(Z’%eta)

\

where

h~ istheeffectiverainheightinkilometers.

hs isthe heightmeansealeveloftheearthstationinkilometers.

Thetaistheelevationangleindegrees.

Re isthe modifiedearthradius(defaultedto 8500 km).

● h~ wascomputedinStep1.
● EnterhS (’theheightmeansealeveloftheearthstation)e.g.,0.632 km.
● EnterTheta(theelevationangle)e.g., 14degrees.
● ChangeRe (’theearthradius)ifnecessary.
● Cli& theOutputbuttonto seeL~(theslant-pathlength).
● ClickStep3 togotothenextstep.

●

✎✍

..

%.A
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Step3: calculatesLg,thehorizontalprojectionoftheslant-pathIength”inkilometers.

The modelusedforthehorizontalprojectionoftheslant-pathlength,Lg,is

L,= L. cos(Z?zeta)

where

f~ istheslant-pathlengthbelowrainheightinkilometers.

Thetaistheelevationangleindegrees.

● Noinputisrequiredforthisstep.
● ClicktheOutputbuttontoseeLg (thehorizontalprojectionofthe

slant-pathlength).
● ClicktheStep4 buttontogotothe nextstep.
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calculatesro.ol, the reductionfactor.

The modelusedforthereductionfactor,

1
ro.ol =

1 -t Lti/Lo‘

where,

ro.ol, is

L.= 35exp(-O.015R~.~,)

RO~1 isthe rainintensityexceededfor0.01%ofan averageyearin.
mm/hr.

rO~1 isthe reductionfactor..

● Selectthe RainClimaticZone,suchas Kforthisexample.
● ClicktheOutputbuttonto see roof (thereductionfactor).
● Clickthe Step5 buttontogotothe nextstep.

.
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Step5: CalculatesGarnmal?,thespecificattenuationusingthefrequency-dependent

coefficientindB/km.Theformulausedto calculateGammaRisasfollows:

GammaR=H&?,

k =~kH+kv+(kH- kv)cos2(Theta)cos(2Tau)]/2

a =[kHaH+kvav+(k-m~– kvav)cos2(Z?zeta)cos(2Tau)]l2k

where

Thetaistheelevationangleindegrees.

Tauisthe polarizationtiltangleindegrees.

k andccare coefficientstakenfromReportsofthe CCIR, 1990.Table1. Regression

CoefficientsforEstimatingSpecificAttenuation.

● EnterFrequency,e.g., 12.5GHz.
● SelectTau,e.g.,45 degreesforcircularpolarization.
● ClicktheOutputbuttonto see GammaR.
● ClicktheStep6 buttontogoto the nextstep.

..

..

.

*

205



Step6: CalculatesA~o~7,theattenuationexceededfor0.01%ofan averageyearin

decibels.

Theformulausedforthe attenuationexceededforan averageyear,Ao.ol is:

= * L *

where

GammaRisthespecificattenuationusingthefrequencydependentcoefficientindB/km.

f-~isthe slant-pathlengthbelowrainheightinkilometers.

isthe reductionfactor.

Clickthe Outputbuttonto see Ao.07 (the attenuationexceededfor 0.01?40of an average

year).

Clickthe “Otherp (Yo)” buttonto find attenuationexceededfor other percentagesof an

averageyear(0.001to 1.0 Yo).

. .

.
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.
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T step also calculatesattenuationexceededfor an average year for other percentages

(0.001-1.0%).

The formulausedforp percentof the attenuationexceededforan averageyear is as follows:

Ap= 4!0.01*0.12*p-(0-0”0’3**))

where

p isthe percentageofthe attenuationexceeded.

Apisthe attenuationexceededforp percent.

AO.0~istheattenuationexceededfor0.01 percent. ...

● Enterthep (percentage)ofan averageyear.
● ClicktheOutputbuttonto seeAA attenuationofp percentageand

ratioofAp/Ao.o~

T

. .-
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Whentheclosebuttonisclickedthefollowingdialogboxappears

● ClickOKto seetheresponse.

Selectoneoftheoptions,e.g.,the Frequencyvs.Attenuation.

ClickOK.
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● Enterthe minimum,maximumandstepvalues
● ClickOK

A newworksheetwillthenbe invokedto storeallof the parametersused,thetable,as well

astheselectedchart.

The ‘Print’optionisavailableafterthisstep.

ThisendsthesamplerunoftheCCIRmodel.

.

.
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