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Abstract:Radiowavepropagationmodelisanempiricalmathematicalformulationfor
characterizationofradiowavepropagationasafunctionoffrequency,distanceandother
conditions.Thisstudyexplainsthevariousattenuatingfactorsprevalentinradiowave
propagation.Ithighlightsthevarioustypesofradiowavepropagation;itsclassification
basedontheirpropagationpaths;itslayersintheatmosphere,itsfrequencybandsand
propagation mechanism.The studyalso entails the various radiowave propagation
modelsandtheirapplicationinVHFandUHFband.
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1.Introduction

RadiowavePropagation isthetransferofenergybyelectromagneticradiation atradio

frequenciesfrom onepoint,atransmittertoanother,areceiver.RadiowavePropagation

comprises oftwo types:The Guided and Free (unguided).Free (unguided)Radiowave

Propagationoccursbetweencorrespondingantennasintheearth’satmosphere,underwater

orinfreespacewhiletheGuidedRadiowavePropagationtakesplaceinmanmadeguiding

systemssuchaswirelines,coaxialcables,waveguidesandopticalfibers[1].VHFandUHF

bandsbelongtothefree(unguided)asopposedtotheguided.VHFandUHFbandsareseen

asthe“lineofsighttransmission”onaccountoftheirapp.VHFisdefinedastheportionof

theradiospectrum from approximately30MHzto300MHzwhileUHFbandistheportionof

radiospectrum from 300MHzto3GHz[2].Theseradiowavessimplyaren’tstrongenoughto

heatyourbodyandweakenourimmunesystem.Worldwide,5G willusespectrum inthe

existing4GLTEfrequencyrange600MHzto3GHz(UltraHighFrequency,UHF)andevenup

to6GHz,aswellasmillimeterwavebands24to86GHz(SuperHighFrequencytoExtremely

HighFrequency).UHFspectrum isalsobeingusedbysomeCarriersfor5G.UltraHigh

Frequency(UHF)bandhasafrequencyrangeof300MHzto3GHz.T
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1.1ClassificationofRadiowaveBasedontheirPropagatingPaths

Thereexistsfourmajorpropagatingpathsofradiowavenamelysurfacewave,spacewave,

troposphericandionospheric[3].

Surfacewave.Propagatesindirectcontactwiththeearth’ssurfaceandasaresultsuffers

severe“frequency-dependentattenuation”occasionedbyabsorptionintotheground,“space

wavesonaccountoftheirbeingradiatedfrom anantennawithmanywavelengthsabovethe

surfacearefarfrom beingattenuatedasnopartofitisincontactwiththesurfaceofthe

earth.Itis,however,worthyofnotethatthepropagationmodesofboththeVHFandUHF

bandsareexclusivelytiedtospacewave.”

Spacewave.Spacewaveasshowninfigure1comprisestwocomponents“direct”and

“reflected”andalbeititisgroupedtogetherwith“surfacewave”as“groundwave”,theirvaried

propagationcharacteristicswarranttheirbeingconsideredexclusively.

Fig.1ShowingSpaceWavePropagation[3]

Ionospheric.Ionospheric propagation is dependenton the ionization of the earth’s

atmosphereasaresultofitsbeingimpacteduponbyinterveningfactorssuchasultra-violet

radiationfrom thesunandcosmicrays.Ionosphericpathisimportanttomedium waveand

HF Propagation butitis insignificantforVHF,UHF ormicrowave propagation.This

phenomenonpredisposesvariationinelectrondensitybetweendayandnightconditionswith

peaksinelectronclaritythatareintandem withtheheightatwhichtheevolvedgasessettle

withintheregionoftheupperatmosphere.

1.2 Classification ofLayers in the Atomsphere Layers in the upperatmosphere are

classifiedinto:

 Clayer

 Dlayer
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 Elayer

summarizedtheirlocalizedfrequenciesandheightsinorderofmagnitudecomparisonas

showninTable1:

Table1ShowingtheVirtualHeight,CriticalFrequencyandMaximum Single-HopRangeofthe

IonosphericLayers

IONOSPHERI

CLAYERS

VIRTUAL

HEIGHT

CRITICAL

FREQUENC

Y

MAXIMU

M SINGLE

-HOP

RANGE

C and D

layers

60-80km Reflects

low and

very low

frequencies

Elayer 110km 4MHz 2350km

1layer 180km 5MHz 3000km

2layer 300km(d

ay-time)

and

350km(ni

ghttime)

8MHz(day

time) and

6MHz(night

time)

3840km(d

ay time

and-

4130km(n

ighttime)

ThestudydescribespropagationofSURFACEWAVEasfollowingthecurvatureoftheearth

duetorefractionandcategorizesit(SurfaceWave)asbeingofimportanceatfrequencies

below about2MHzwiththeconductivityandpermittivityoftheearthsurfaceplayingan

importantroleinitspropagation.Thisisduelargelytothefactthatitcouldintroduceboth

displacementandconductioncurrentsinthesurface.

Thestudyfurtherstatesthatatthehighestfrequency,thesecurrentsmaypenetratedepths

rangingfrom about1m totenofmetersatthelowest.

Attenuation thusoccursastheradio wavepassesovertheearth surface,even in an

increaseddimensionasthefrequencyincreases.Hence,thelimitationoftheusefulnessof

theSURFACEWAVEtofrequenciesbelowabout2MHz.

ThestudyequallystatesthattheDIRECTWAVEandtheGROUNDREFLECTEDWAVE(bothof
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which comprisetheSPACE WAVE)areatlow enough frequencies(wheretransmitting

antennaheightaboveground,intermsofwavelength,issmall)capableofcancellingout

eachother;withthecorollaryofleavingonlytheSURFACEWAVE.

Nevertheless,athigherfrequencies,theheightoftheantennamaybesuchthatmakesthe

SPACEWAVEcomparableinmagnitudetotheSURFACEWAVE,whichresultsinthePHASOR

SUM.TheresultantwaveinthisinstanceisreferredtoastheGROUNDWAVE,whichshould

notinanywaybeconfusedasSURFACEWAVEalone.

1.3ClassificationofRadiowaveBasedonFrequencyBandsseesradiowavesasbeing

classifiedeitherbyfrequencybandsorbypropagationmechanismsncedResearchesand

EngineeringJournal05(02):000-000,2021

Fig.2ShowingSkyWavePropagation[1]

“groundwaves”asradiowavesthatpropagatefrom asourceinthevicinityofthesurfaceof

theearthasopposedtohavingitspropagatingpathintheionosphere.Thestudyalsosees

twogroundwavemodes:“surfacewaves”and“spacewaves”asexistingindependently.This

variesslightlyfrom thepositionof[2]whichsees“groundwaves”asconsistingof“surface

waves”,“directwaves”

and“ground-reflectedwaves”.Whilehighlighting“groundwaves”and“skywaves”asthose

basedonspatialarea,[1]outlinesfourradiowaveformsasfallingintothecategoryofTHOSE

EVOLVINGUNDERTHE

MECHANISM BETWEENTHETRANSMITTINGANDRECEIVINGANTENNAS.Theyare:

Directradiowaves(orsimplydirectwaves)
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Reflectedradiowaves(orreflectedwaves)

Scattered(orsecondary)radiowaves

Diffractedradiowaves(orsimplydiffractedwaves).

ReflectedRadioWaves.Reflectedradiowavesarethosewavesthattraveltothereceiving

pointviaareflectionfrom anobject,whichhaslargedimensionscomparedtothewavelength

[1,5].Occasionedbyimpedancesbetweentheairandtheencounteredobject,apartofthe

energyisreflectedwhilsttheremainingpartisrefractedintotheothermedium.Figure3

showsanidealrepresentationofthisoccurrence.

Fig.3showingareflectedradiowave[1]

AScattered(OrSecondary)Radiowave.Scattered(orsecondary)radiowavesisreferredas

scattering,whichitconstruesasrelatedtoreflectionandcouldbereferredtoasdiffuse

reflection[6].Itsoccurrencecausestheenergyoftheradiowavetobedistributedinall

directions.Accordingto[1],thephenomenonofscatterpropagationthroughtheirregularities

oftheionosphereispeculiartotheVHFfrequencybandasshowninFigure4.

Fig.4ShowingScatteredRadioWaves[1]
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Diffracted RadioWaves (Or Diffracted Waves).

Diffractedradiowavesisdefinedaselectromagneticwavethathasbeenmodifiedbyan

obstacleorspatialinhomogeneityin themedium bymeansotherthan areflection or

refraction[1].[5]concurswiththisassertionwhenitseesthephenomenonasoccurring

whentheobstructingobjectislargecomparedtothewavelengthoftheradiowave.

2.DynamicsofAttenuatingFactorsprevalentinRadiowavePropagation

Severalattenuating factors are prevalentin radiowave propagation namely:Shadowing

Effects,Multipathdistortion,PicketFencing,Pathloss,Diffraction,MultipathSpread,Noise

andInterference.

Shadowing Effect.“Shadowing”is the loss offield strength typicallycontributed to a

diffracted waveemanating from anobstaclebetweentransmitterantennaand receiver

antenna[7,8].VHFandUHFwavesexhibitatendencyofbeingattenuatedwitheveryruleof

distance

Thisisjustasridgesandhillscouldform shadowsofVHFandUHFwaves.Thestudy,

however,gaveanexceptionconcerningsharpridgesorotherkindsofabruptbarriersusually

causedbydiffraction.

MultipathDistortion.MultipathdistortionhastodowithasituationwhereVHFandUHF

wavesarereflectedoffofdensesurfaceslikerocksorconductiveearth,justlikeabeam of

lightcanbereflectedofawalloraceiling[2].Itsometimesoccurswithseveralpaths

betweenatransmittingandreceivingantennaasevincedinFigure6.

Inmuchthesamevein,[3]outlinesfourmajorpropagationpaths:“surfacewave”,“space

wave”,“tropospheric”and “ionospheric.”Whilethestudyseesthe ionosphericpath as

importanttomedium-wave(MW)andHFpropagation,itseesitasinsignificantforVHF,UHF

ormicrowavepropagation.

PicketFencing.Picketfencingisaform ofmultipathingthatiscommontovehicularmounted

radios[2].Itsoccurrenceisusuallyassociatedwithinterferenceorreflectionsofsignalsfrom

man-made objects such as buildings,houses,and otherstructures.Picketfencing is

prevalentwithVHFandUHF.

PathLoss.Pathlossisthelossinpowerdensityexperiencedbyawaveasittraversesthe

pathbetweenthetransmitterandthereceiver[9].Itisalsomajorcomponentintheanalysis

anddesignofthelinkbudgetofatelecommunicationsystem [10].

Diffraction.Diffractionisanexceptiontotherulewhereridgesandhillsform shadowsof
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VHFandUHFradiowaves[2].ItoccurswhenVHFandUHFwavesaresubjectedtohavinga

portionoftheirwavesbendaroundonreachingverysharpridgesandcontinuepropagation

asifaverylowpowerradiowasplacedatthetopoftheridge.Figure6showsVHFandUHF

Diffraction.

Fig.5:ShowingVHFandUHFDiffraction.[2]

MultipathSpread.Multipathspreadisdefinedastherangeoftimeddifferencesthatittakes

forradiosignalstoreachthereceivingantennawhentheyarrivefrom severalroutes,which

mayincludeoneormoreskywavepathsand/ora ground-wavepath [2].Thiseffect

accordingtothestudycouldbeminimizedbyselectingafrequencythatisascloseas

possibletothemaximum usablefrequency(MUF).

NoiseandInterference.Receivernoiseandinterferencecomesfrom bothexternaland

internalsources[2].Whiletheinternalnoiseoriginatedfrom withinthecircuitsofthereceiver,

othersourcesofnoisewithintheradiothatareofprominencearethepowersuppliesand

frequencysynthesizers.Externalnoise,however,comesfrom sourcesoutsidetheradioand

oftenexceedsinternalreceivernoise.Thestudywentontooutlinenaturalandman-made

sources ofnoise and wenton to highlightthe VHF and UHF bands as being above

atmosphericnoise.Unintentionalradiointerferenceandintentionalradiointerferencewere

alsohighlighted;with“collocationinterference”asbeingtypicaloftheformer,whileusing

“jamming”ordeliberateinterferenceasanexampleofthelatter.

3.RadiowavePropagationModels

Radiowavepropagationmodelisdefined asanempiricalmathematicalformulationfor

characterizationofradiowavepropagationasafunctionoffrequency,distanceandother

conditions[11,12,13and14].

Itplaysanimportantroleinplanninganalysisandoptimizationofradionetwork.Hence,the
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imperativeofdevelopingeffectivepropagationmodelsforwirelesscommunicationsystems.

RadioPropagationmodelsarenotonlyusedasmitigationmeasures,butusedtopredictthe

behaviorofradiopropagationindifferentenvironments.[15]categorizedradiopropagation

modelsasfallingintothreecategories,namely:

StatisticalModels

DeterministicModelsand

EmpiricalModels.

3.1StatisticalPropagationModels.

Theirstudy outlines statisticalpropagation models as originally devised to provide

estimationsofsignalfieldstrengths(orsignalpower)incaseswherethereisinsufficient

knowledgeoftheterrainprofile.Beingmodelsderivedfrom dataobtainedfrom extensive

measurementsindifferentenvironments,theyrequirealimitednumberofparameters(eg.

effectiveantennaheight,timeand/orlocationvariability,typeofground).

3.2Deterministic(Geometrical)PropagationModels.

Their study outlines Deterministic models as making use of the laws governing

electromagneticwavepropagationwithaview toestimatingthefieldstrength(orsignal

power)directlyfrom thepathprofile(whichhastodowithterrainandclutterbetweenthe

transmitterandreceiver).Theyareusuallysitespecificandcanbeassociatedwithindooror

outdoor propagation environments.Notable examples of it are the Fresnelmodel,

RecommendationITU-RP.525-2/526-4.

3.3EmpiricalPropagationModels

TheirstudyoutlinesEmpiricalpathlossmodelsasincorporatingthebenefitsofdeterministic

andstatisticalmodelsandiswidelyusedfortheplanningandoptimizationofcellular

networks.Thismodeltakesallenvironmentalinfluencesimplicitlyregardlessofwhetherthey

couldbeseparatelyrecognizedornot.

Theircreationishingedonfittingappropriatemathematicalfunctionstoextensivesetsof

measuredpathlossdatawithnodueregardtobasethesefunctionsonphysicalmodelsof

dominantpropagationmechanisms.Wireless,PropagationandNetworkEngineersseesthe

simplicityandcomputationalefficiencyofthismodelasitsmainadvantage.[16]and[17]

sees the possibilityofsplitting empiricalmodelsinto two subcategoriesnamely,time

dispersiveandnon-timedispersive;withthetimedispersivemodelsprovidinginformation
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abouttimedispersivecharacteristicsofthechannelsuchasdelayspreadofthechannel

during multipath.Examples ofitare:Free space,Okumura-Hata,Cost231,Ericsson

propagationmodels,RecommendationITU-RP.1546,Okumura,Egli,ECC-33,SUI,Lee,Macro,

COST-231-Walfisch-IkeagamiandDual-slope,etc.

4.Conclusion

Theradiowavesinvolvedin5Gandothermobilephonetechnologysitonthelowfrequency

endoftheelectromagneticspectrum.Lesspowerfulthanvisiblelight,theyarenotstrong

enoughtodamagecells-unlikeradiationatthehigherfrequencyendofthespectrum which

includesthesun'sraysandmedicalx-rays.
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