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Abstract - Images of urban Japan taken verticallythrough a 180° fisheye lens
were analyzed to derive, as a function of elevation the fraction of sky that is clear,
shadowedby trees,or blockedby buildings.At 32°elevation,resultsmatchthose derived
fkomsatellitemeasurementsfit to a 3-state fade model. Using the same model, for the
fnt time the elevationangledependenceof mobilesatellitefadingis predicted.

INTRODUCTION
Fading for mobile satellite communicationscan be modeled by assuming that

distinctsignallevel statisticspertainto threemajorpropagationstates,i.e.,whenthe line-
of-sightis clear (C), shadowedby trees (S),or blockedby buildings(B).In [1], Karasawa
et al. derivedpercentagesof (C, S, B) by fitting L-Bandsatellite fade data obtained in
urban Japan at 32° elevation to a cumulativeprobabilitydistributionconsisting of a
weightedlinearcombinationof Rice(C),Loo(S) [2],andRayleigh(B)fading,as in

&(v)=C*ffia(v)+s*fb(v)+‘* flbyfeigh(v) J
(1)

whereflv) denotesthe densityfunctionfor the signalenvelope[3] and the individualfade
distributionsare the Riceandensityfinction,

[1f~a(v)=+exp ‘(v~’+,a’)Io(a-+),
a 6

(2)

Loo’sdensityfunction,

J[ 12 (V2+22) ~ ~vz)dz
fLuo(v)=8“686V‘~exP -(2010::? -m) - Zp o ~ ~ (3)

P~SJZ ()z s s

andthe Rayleighdensity

f [1Raykigh(v)=~exp $ ●

(4)
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parametersassumedfor the threefadedistributions,witha, the directsignal’svoltage
set to z for a directpowerof PF1, are givenin Table 1.

Table 1 Parametersfor fade densities

statedistribution parameter Karasawa opticalfit
c Rice

scatteredpowerPs relativeto 6 = lo%(m~o -8 dB -7.5dB
directpowerP.

s Loo

IdiffhsepowerPSrelativeto directpowerI &=10ps(a~ I -13dB 1 -13dB

meanPOwer of lognormalprocess m (dB) -lo m -lo dB
standarddeviationof Iognonnalprocess s= 10’(’%O 3dB 3dB

B Rayleigh ~(dll)/
diffusepowerrelativeto directpower a =10 m -20 m -17 m

. .

We employedan opticalmethod[4], appliedto 236 fisheyelens imagestaken in
urban Japan during the fall of 1993,to evaluatewhere the Earth-satellitepath is clear,
shadowed,or blocked as a function of the elevation angle. The photogrammetrically
derivedfade stateprobabilitiesarecomparedto [1]at 32° andthen used to predict,for the
first time,fadeprobabilitiesfor elevationanglesfrom 5° to 85°.

PHOTOGRAMMETRICRESULTS
The fisheyeimageswere takenat randomurban locationsin Tokyo,Kyoto,Nar~

Hiroshima,and Kamakura,Japan. As the fisheyelens givesa fill hemisphericview, the
35mmcamerawas alwayspointedvertically.The lens washeld l%m abovegroundnear
the street-sideedge of any sidewalkand its directionwas aligned with a compass.The
ffaction of potential satellite paths with clear, shadowed,or blocked line-of-sightwas
calculatedin 5° elevationangle incrementsfrom 0° to 89° and is plotted in Fig. 1. For
example;in the low-elevationinterval from 10° to 14°, 17%of the slq is clear, 8% is
shadowed,and 75% is blocked,compamdagainstthe higherelevationintervalof 60° to
64°,where(C, S, B) equals(80%,3%, 17Yo).Theenvironmentstatesfrom0° to 89° in 5°
incrementsfor urbanJapanare also listedin Table2.
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Fig. 1
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finction of elevationangle.

Table2 Environmentstatesin urbanJapan

Elevation Clear Shadowed Blocked
o-4 2V0 3~o 95%
5-9 I 7% I 6% I 86%
10-14 I 17% I 8% I 75%
15-19 28% 8% 64%
20-24 37% 8% 56%
25-29 I 44% I 7% I 48%
30-34 51% 7% 42%
35-39 58% 6% 36%
40-44 6% I 31%
45-49 67% 5% 27%
50-54 72% 5% 23%
55-59 4% I 20%
60-64 80% 3% 17%
65-69 83% 3% 14%
70-74 86% 3% 11%
75-79 89~o 2% 9%
80-84 92% 2% 6%
85-89 93% 2% 6%

0 5 10 15 2026 m 364046 50 55 60 66 7075 60 65 m
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COMPARISONTO SATELLITEMEASUREMENT
In Fig. 2, three cumulative fade distributionsam drawn for comparison. The

circlesrepresentthe satellitebeaconmeasurementat 32°elevationand the dashedline the
fit to the data in [1], with (C, S, B) estimatedat (55%, 10%,35%).The solid line is the
resultof applyingthe photogrammetricallyderivedstates(C, S, B) of (51%,7$Z0,4290) at
32° with the distribution parameters adjusted (see Table 1) to minimize the squared
deviationfkomthe measurementon the logarithmicscale.As a small fkactionof fading
was due to tree shadowing,only the parametersfor the C and B states were allowedto
vary.Althoughno attemptwasmadeto linkthe propagationmeasurementlocationsto the
imagelocationsother”thanthroughtheirgeneric“urbanJapan”description,the agreement
between distributionsis quite close and validates the optical method. The divergence
betweenthe fademeasurementandthe fittedand opticallypredicteddistributionsat fades
greaterthan 25 dB is most likely due to the limitedfade marginof the satellitesystem.
The oscillatingpredictionemormightcallfor fiwtherrefinementof the 3-statemodel.
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Fig. 2 Cumulativefadedistributionsresultingfi=omsatellitemeasurementand fit
[1]vs. the photogrammetricenvironmentsensingmethod.

ELEVATIONANGLEDEPENDENCEOF FADING
By inserting the environmentalstate probabilitiesof Table2 with the optically

deriveddistributionparametersof Table 1into (l), we obtaina familyof cumulativefade
distributions,as shownin Figure3. It shows,for instance,that in the urbanarea a system
with a 25 dB fade margin can give 9090 coverage at an elevation angle of 17°,
respectively.This procedureassumesthat the three-statemodelcan be extendedover the
entire elevation angle range with the parametersgive in Table 2. At elevationsbelow
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about20°, speculargroundreflectionscanbecomesignificant[5] and mightinfluencethe
overall distribution. That effect, however, is mainly significant in open, rural
environments. Similarly, high elevation angle distributions might be affected by
reflectionsfrom verticalbuildingsurfacesprevailingin urban areas: Sucheffects can be
includedin the modeloncedataareavailablefor verification.
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Fig. 3 Cumulativefade distributionsfor urban Japan as a fimctionof elevation
anglederivedusingphotogrammetrycombinedwith3-statemodeling.
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DISCUSSION
theThe dominanceof buildingblockagefading in urban areas is expressed in

terracing of the cumulative distribution.As a consequence,increasing the coverage
significantlybeyond what is availablewith a 5 dB fade margin requires a quantum-
increase to beyond 15 dB. Once in the Rayleighdomain,the minimumelevation with
90%coveragedecreasesby about5° perdB of additionalfademargin.
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