
Ｃ＿3－５ExPERIMENTALTEsTREsuLTsoF800MHｚＢＡＮＤ

ＭＯＢＩＬＥＲＡＤＩＯＰＲＯＰＡＧＡＴＩＯＮＩＮＨＩＧＨ－ＷＡＹＴＵＮＮＥＬＳ

ＳｈｉｇｅｒｕＫｏｚｏｎｏ

ＹokosukaE1ectricalCommunicationLaboratoryN.Ｔ、Ｔ･

Yokosuka-shiKanagawa-kenqJapａｎ

ｌｌＮＴＲＯＤＵＣＴＩＯＮＴａｂｌｅｌｓｈｏｗｓｔｈｅｓetunnelcon-
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mobileradiopropagationintunnels9Drp
carrierfrequencyDpolarization，tunnelMeasurement

sectionalfigure，tunnelbendmgdegreea）PolarizationCharacteristics
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ｍｅｎｔａｌｔｅｓｔｒｅｓｕｌｔｓｏｆ８００ＭＨｚｂａｎｄｌｎｃａｂｌｅｔｕｎｎｅｌ９ｒａｄｉａｔｉｎｇａｎdre-
mobUeradiopropagationinhigh-wayceivingantennaswereX/2dipoles・
ｔｕＪｍｅｌｓ．Ｒａｄｉａｔｉｎｇａｎｔｅｌｍａｗａｓｌｏｃａｔｅｄａｌｍostcen-

Experimentaltestswerecarriedteroftunnelcrosssectionaｎｄａｌｍｏｓｔ５０
ｏｕｔｏｎｖｅｒｔｉｃａｌａｎｄｈｏｒizontalpolariza-ｍｆｒｏｍｔｕｎｎｅｌｍｏｕｔｈ･ReceWingantenna
tioncharacterisｔｉｃｓａｎｄｉｎｎｕｅｎｃｅｏ「wasmovedtopropagationdirectionkeep-
mDtor-cartralTiconmobilｅｒａｄｉｏｐｒｏ－ｉｎｇｔｏａｌｍｏｓｔｃｅｎｔｅｒｐｏｓｉｔｉｏｎｏｆｔｕｎｎｅｌ
ｐａｇａｔｉｏｎ．ｃｒｏｓｓｓｅｃｔｉｏｎ･Measurementswerecar-

riedoutfｏｒ▼erticalpolarization(V)and
llEXPEmMENTALARRANGEMENTSh･riZontalpolarization(H)．

ＩｎＳａｓａｇｃＴｕｎｎｅｌｐｒａｄｉａｔｉｎｇａｎ－
Tunnelstennaswerea1/2dipole(V)ａｎｄａ１/２

Thetunnelsundertestwerecablecrossdipole(VH)．Thosewerelocated
tunnel(under摩｡undpassageinYokosukaa1mostcenteroftunnelcrosssectiomand
ElectricalCommunicationLaboratory)，about500mfromtunnelmouth・Receiv-
SasagoTunnel(Ch雨High-Way)and
ch……,(M…pol…igh-way)．魏響:::蝋:糊/ilh裟蹴鵬。

ｒｏｏ「ofmobnestationvehicle(antenna
TqbIelTUnneIConflgurolionh②ｍＰｈｎＱ１月ｍｇｎｈｎＴ－ｆｈ己や､ﾛ乱セロ,帝r＠へ。）

roo「ofmobnestationvehicle(antenna
height：１５mabovetheroadsurface)．

ｂ）エnfluenceofMotor-carTraffic
Measｕｒｅｍｅｎｔｓｗｅｒｅｃａｒｒｉｅｄｏｕｔｏｎ

８００MHzbandforverticalpolarizationin
ChiyodaTunnel・Radiatingantennawas
aYagiantemnａｗｉｔｈａｇａｉｎｏｆａｂｏｕｔｌＯｄＢ
ｃｏｍｐａｒｅｄｔｏａ１/2dipole・Radiatingan-
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ｓｉｄｅｗａｌｌａｎｄａｂｏｕｔｌ･Ｏｍｂｅｌｏｗｔｈｅｒｏｏｆ
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Ｆｉｇ．２ｓｈｏｗｓｔｈｅａｖｅｒａｇｅａｔｔｅｎｕａ－
ｔｉｏｎｂｅｔｗｅｅｎａｎｔｅｎｎａｓｉｎｃａｂｌｅｔｕｎｎｅｌ･

ＥａｃｈｍｅａｓｕｒｅｄｖａｌｕｅｉｎＦｉｇ、２ｉｓａｎａｖｅ－
ｒａｇｅｖａｌｕｅｏｆｏｏ１０ｍｓｍａｌｌ－ｓｅｃｔｉｏｎｍｅ－

ｄｉａｎ几、Ｆｉｇ．２Ptheattenuationgra-
dientrorＶ－ＶｉｓｌａｒｇｅｒｔｈａｎｔｈａｔｆｏｒＨ－Ｈ．

ＤａｔａＰｒｏｃｅｓｓｍｇ

Ｔｈｅｍｅａｓｕｒｅｄｄａｔａｗｅｒｅｓｅｇｍｅｎｔ－
ｅｄｅｖｅｒｙｌＯｍｒｕｎｎｉｎｇｄｉｓｔａｎｃｅ･The
medianof10mrunningdistancｅｗａｓ
ｃａｌｌｅｄＩｏ１０ｍｓｍａｌｌ－ｓｅｃｔｉｏｎｍedianI1･

Ｔｈｉｓｗａｓａｂａｓｉｃｆａｃｔｏｒｏｒｄａｔａｐｒｏｃｅｓ－
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ａ）Po1arizationCharaoteristics
Fi９．１ｓｈｏｗｓａｎｅｘａｍｐｌｅｏｆｒｅｃｅｉｖ－

ｅｄｆｉｅｌｄｓｔｒｅｎｇｔｈforradiatingalnteJma-
receivingantennaverticalpolarization
(V-V)andhorizontalpolarization(H-H)，
ｉｎｃａｂｌｅｔｕｎｎｅＬＡｓｓｈｏｗｎｉｎＦｉ９．１，
ｔｈｅ「ieldstrengthbehaviorisdWided
intolargenuctuationregionandsmall
nuctuationregion．

ｉ）Largenuctuationregion：Receiv-
edfieldstrengthmcludeｓｄｅｅｐ
ｆａｄｉｎｇａｎｄｄｅｃｒｅａｓｅｓｗｉｔｈｄｉｓ－
ｔａｎｃｅ･Ｔｈｉｓｒｅｇｉｏｎｗａｓｏｂｓｅｒｖｅｄ
ｗｉｔｈｉｎｎeａｒｄｉｓｔａｎｃｅｆｒｏｍｔｈｅ

ｒａｄｉａｔｉｎｇantenna･

ｉｉ）Smallnuctuationregion：Receiv-
edrieldstrengthincluｄｅｓｓｈａｌｌｏｗ

ｆａｄｉｎｇａｎｄｉｓｉｎｖｅｒｓｅｌｙｐｒｏｐｏｒ＝
ｔｉｏｎａｌｔｏｄｉｓｔａｎｃｅｂｅｔｗｅｅｎａｍｅｎｎａＳ･

Ｔｈｉｓｒｅｇｉｏｎｗａｓｏｂｓｅｒｖｅｄｆａｒｔher
di室ｍｎｃｅ．

Ｐｒｏｐａｇａｔｉｏｎｉｎａｔｕｎｎｅｌｈａｖｅｂｅｅｎ

ｄｅａｌｔｗｉｔｈｍｕｃｈｔｈｅｓａｍｅａｓｐｒｏｐａｇａｔion
mawaveguidewithlossymodes(wave
guidetheory)。raresultofthereflec-
tionwa▼ｅｓｆｒｏｍｔｈｅｓｉｄｅｗａｌｌｓ，ｎｏｏｒａｎｄ

ｒｏｏｆ(raymethod)．Bywaveguidetheory
［２］，withinsmallnuctuationregion，ｔｈｅ
ａｖｅｒａｇｅｂａｓｉｃａｔｔｅｎｕａＵｏｎｉｓｇｉ▼ｅｎｂｙｔｈｅ
ｆｏｌｌｏｗｉｎｇｅｑｕａｔｉｏｎ「orarectangular
crosssectiono「tunneL
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Where，Ｊ１：wavelengthOT1，z8

distancemU，ｄｌａｎｄｄ２：tun-
nelcrosssectionwidthand

heiｇｈｔｍＵ，k8dielectriccon-

stanto「thesidewans9noor

amroofintunnel(k＞1)，ェ：
ｄｌ/d2．
Ｔｈｅａｔｔｅｎｕａｔｉｏｎｄｉｆｆｅｒｅｎｃｅ「ｏｒ

ｐｏ１ａｒｉｚａｔｉｏｎｄｅｐｅｎｄｓｏｎ▼a1ues
inparenthesisofEq．（１）ａｎｄ
(2)．Therefore，ＬＶａｎｄＶｈ
ａｒｅｄｕｅｔｏ工ａｓｉｎｔｈｅｆｏｎｏｗ－
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Ｔｈｅｓｅｒｅｓｕｌｔａｇｒｅｅｓｗｉｔｈｔｈｅｅｘ－
ｐｅrimentalresultsincabletunnel(Fig.
2)．

Ｎａｍｅｌｙ，ｔｈｅａｔｔｅｎｕａ８ｉｏｎｒｏｒＶ－Ｖ
ｉｓｌａｒｇｅｒｔｈａｎｔｈａｔｆｏｒＨ－Ｈ，ｂｅｃａｕｓｅ
ｘ＞１．

Ｔａｂｌｅ２ｓｈｏｗｓｍｅａｓｕｒｅｍｅｎｔｖａｌｕｅｓ

ａndcalculatedvaluesbyEq．（１）ａｎｄ(2)
(ｋ＝５)．Valuesaretheattenuationper
lOOmdistancewithinsmallnuctuation

region・ThesevaluesagTeemirlywell･
Ａｓａｂｗｅｄｅｓｃｒｉｂｅｄ９ａｔｔｅｎｕａｔｉｏｎ

ｓｅｅｍｓｔｏｂｅｓｍａｌｌｉｎｅｘｃｉｔｍｇｉｎｔｈｅ
ｄｉｒｅctionofthemajoraxisinrectangｕ－
ｌａｒｃｒｏｓｓｓｅｃｔｉｏｎｔｕＪｍｅｌ･

Ｏｎａｃｔｕａｌｈｉｇｈ－ｗａｙｔｕｎｎｅｌ，ｍｅａ－
ｓｕｒｅｍｅｎｔｓｗｅｒｅｃａｒｒｉｅｄｏｕｔ．

Ｆｉｇ．３ｓｈｏｗｓａｎｅｘａｍｐｌｅｏｆｒｅｃｅｉ▼－
edfieldstrengthmSasagoTunnel･
PolarizationV-Vwasmeasuredbya』/２
dipoleradiatingantennaanda』/４ｗｈｉｐ
ｒｅｃｅｉｖｉｎｇａｎｔｅｎｎａ・ＶＨ－Ｖｗａｓｍｅａ－
ｓｕｒｅｄｂｙａＸ/２crossdipoleradiating

1．０００２０００３０．ＯｑＯＯＯ

ＤｉｓＩｑｎｃｅｌｍ）
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antennaanda1/４whiprecei▼ingan-
tenna、VH-VHwasmeasuredbyA/２
ｃｒｏｓｓｄｉｐｏｌｅｒａｄｉａｔｉｎｇａｎｄｒｅｃｅｉｖing
antennas・ＡｓｓｈｏｗｎｉｎＦｉｇ･３ＤＶ－Ｖａｎｄ
ＶＨ－ＶＨａｌｓｏｈａｄｌａｒｇｅｎｕｃｔｕａｔｉｏｎａｎｄ
ｓｍａ１１ｎｕｃｔｕａｔｉｏｎｒｅｇｉｏｎｓ･ＶＨ－Ｖｐｈｏｗ－
ｅｖｅｒ，hada1ongperiodicnuctuation

beｙｏｎｄａｂｏｕｔ３０００ｍＤａｓｔｈｅｌｉｎｅｏｆ
ｓiｇｈｔｐａｔｈｗａｓｉｎｔｅｒｒｕｐｔｅｄｂｙａｃｕｒｖａ－
ｔｕｒｅｉｎｔｈｅｒｏadsurfacep1ane･

Ｆｉｇ．４ｓｈｏｗＳｔｈｅａｖｅｒａｇｅａｔｔｅｎｕａ－
ｔｉｏｎｂｅｔｗｅｅｎａｎｔｅｎｎａｓｉｎＳａｓａｇｏＴｕｎｎｅＬ

Ｉ、Ｆｉｇ．４，ｔｈｅａｔｔｅｎｕａｔｉｏｎｇＴａｄｉｅｎｔｓａｒｅ
ｌａｒｇｅｂｅｙｏＪＤｄａｂｏｕｔ３０００ｍ・Ｉｔｓｅｅｍｓｔｏ
ｂｅｃａｕｓｅａｎｏｕｔｏｆｓｉｇｈｔｒａdiatingantenna

TobIe2Me0suremenlqndCpIcuIｏＩｅｄＶｏＩｕｅ

ａｓａｃｕｒｖａｔｕｒｅｉｎｔｈｅｒｏａｄｓｕｒ｢ａｃｅｐｌａｎｅ･
Ｔａｂｌｅ２ａｌｓｏｓｈｏｗｓｍｅａｓｕｒｅｍｅｎｔ

ｖａｌｕｅｓａｎｄｃａｌｃｕｌａｔｅｄｖａｌｕｅｓ･Ｔｈｅｃａｌ－

ｃｕ１ｎｔＣｄｖａｌｕｅｆｏｒＶＨ－ＶＨｗａｓｃａｌｃｕｌａｔと

ｅｄｂｙＥｑ．(2)．Thatisreason
ｗｈｙＶａｎｄＨｒａｄｉａｔｉｎｇｐｏｗｅｒｓｐ
ａｔｔｈｅｓametimeDdecrease

acoordingtoEq．（１）ａｎｄ(2)，
respectively・

ConsequentlyDbeyonda
certaindisｔａｎｃｅＤｔｈｅｐｏｗｅｒ
ｏｆＨｓｅｅｍｓｔｏｂｅｃｏｍｅａｄｏｍｉ－

ｎａｎｔｉｎｔｈｅｔｕｎｎｅｌ，Ｔｈｅｒｅ－

ｃｅｉｖｅｄｎｅｌｄｓｔｒｅｎｇｔｈｓｅｅｍｓ
ｔｏｄｅｐｅｎｄｏｎｉｔｓｔｒｏｎｇｌｙ・

fonlovR::脱.iPAF洲hl:ｏ
ｖｅｒｔｉｃａｌｒｅｃｅｉｖｉｎｇａｎｔｅｎｎａ
ｓｅｅｍｓｔｏｒｅｃｅｉｖｅｎｏｔｓｏｍｕｃｈ

ｔｈｅｐｏｗｅｒｏｒＶａｓｔｈｅｐｏｗｅｒ
ｏ『Ｈｂｅｙｏｎｄａｃｅｒｔａｉｎｄｉｓｔａｎｃｅ、
ＴｈｅｐｈｅｎｏｍｅｎｏｎａｐＰｅａｒｓｉｎ
Ｆｉｇ．〕(b)．Namely，there-
ceivingrieldstrengthｉｎｃｌｕｄｅＳ
ａｄｅｅｐ「ａｄｉｎｇｂｅｙｏｎｄａｂｏｕｔ
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(numberorpassingmotor-carsperlOO
mtunnellength)．

ＡｓｓｈｏｗｎｍＦｉｇ、５，attenuation
becomeslargerasmotor-cartraffic
densityincrease･Motor-cartraffic

den=ｉｔｙｉｎｆｌｕｅｎｃｅｓｔｈｅａｔｔｅｎｕａｔｉｏｎｇra-
dienLOfcourse，theattenuationgra-
dientislargerthancalculatedTalue
byEq．(1)，inordertoincludetheloss
bymotor-Cartraffic．
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Ｐｒｏpagationtestswerecarried
outon800IVZIzbandinseveraltpnnels・

Resultsshowthat

a）attenuationissmaninexcitingin
thedirectionofmajoraxisinrec-
ｔａｎｇｕｌａｒｃｒｏｓｓｓｅｃｔｉｏｎｔｕｎｎｅｌ，

ｂ）motor-cartrafficdensityhaSan
innuenceonattenuationgradient･
Ｆｕｒｔｈｅｒｅｘａｍｉｎａｔｉｏｎｗｍｂｅｒｅ－

ｑｕｉｒｅ。onfrequencydependence，tunnel
sectiouualfigureDtImnelｂｅｎｄingdegree
ofpropagationdirectio、．
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