
Chapter 3

Attenuation Due to Roadside !Ikees:
Mobile Case

3.1 Background

As of this writing,a limitednumberof LMSSrelatedpropagationinvestigationshavebeen
executedat UHFand L-Bandwherethe transmitterplatformswerelocated on satellites.A
summaryof other investigationsis given in Chapter 7. LMSSpropagationmeasurements
with satellitetransmitterplatformswereconductedby the authorsin centralMarylandwith
MARECS-B2, ~ogel and Goldhirsh,1990],and in Australiawith the JapaneseETS-V and
INMARSAT-Pacificsatellites[Vogelet al., 1991;Haseet al., 1991]. Other types of trans-
mitter platformsused for mobile measurementswere also employedto derive propagation
informationfor LMSSconfigurations.Vogeland Hong [1988]reportedon stratosphericbal-
loons carryingtransmittersat 870 MHzand 1502MHz wheremeasurementsweremadein
westernTexasand NewMexico . Goldhirshand Vogel [1989;1987]and Vogel and Goldhirsh
[1988]also describehelicopterexperimentsat both 870 MHz and 1.5 GHz in the central
Marylandand north-centralColoradoregionsof the UnitedStates.
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3.2 Time-Series Fade Measurements

In the analysisof times-seriesroadsidefadesfor LMSSscenarios,the attenuationlevelswere
representedby the dB ratio of the shadowedpowerreceivedrelative to the unshadowed
levelsunderconditionsof negligiblemultipath. Figures3.1 and 3.2 are examplesof mea-
surementsdepicting nominalcharacteristicsof time-seriesof fades (a) and phases(b) for
non-shadowedand shadowedline-of-sightcases,respectively.Thesemeasurementswereper-
formedby Vogelet al. [1991]in AustraliawhereL-Bandtransmissions(1.5 GHz) emanating
fromthe JapaneseETS-V werereceivedat an elevationangleof 50°. For the casesindicated
in Figures3.1 and 3.2, the vehiclespeedswereapproximately17.4 m/s and 11 m/s for the
unshadowedand shadowedcases, respectively. The receivernoise had fluctuationswhich
werewithin1 dB (rms). The unshadowedenvironment(Figure3.1) may be characterizedas
a “flatruralregion”andtheshadowedcase(Figure3.2), a suburbanlocationhavingroadside
trees.

Fluctuationsoutsidethe one dB noiselevelin Figure3.1 (a) are due to multipath.Nom-
inally,pea.k-tc)-pdvariations of less than 5 dB of power and 25° of phase were observed
for non-shadowed cases. We note the shadowed case (Figure 3.2) has fades which are highly
variable with fluctuations exceeding 15 dB. Some of these deep fades are also accompanied
by rapid phase shifts.

Time-series of fade and phase of the above types wereobtained
tries and environments and corresponding cumulative distributions
in the following paragraphs.

for various LMSS geome-
were derived as described

3.3 Empirical Roadside ShadowingModel

CumulativeL-Band fade distributionssystematicallyderived from helicopter-mobileand
satellite-mobilemeasurementsin centralMarylandenabledthe formulationof an Empirical
RoadsideShadowing(ERS) model. The measurementswere obtained over approximately
600km of drivingdistancecomprisingpath elevationanglesof 21°, 30°, 45°, and 60°. The
21° case was executed employingMARECS-B2 ~ogel and Goldhirsh, 1990],whereasthe
measurementsfor the otherangleswereobtainedemployingthe helicopterasthe transmitter
platform. The configurationscorrespondto maximumshadowingconditions; namely,the
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3.1:Time-seriesof fades (a) and phases(b) overa one secondperiod
1 KHz in a flat ruralregionwherethe line-of-sightwasunshadowed.

at a sampling
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Figure3.2: Time-seriesof fades (a) and phases(b) over a one secondperiod at a sampling
rate of 1 KHzin a suburbanregionwithroadsidetreeswheretheline-of-sightwasshadowed.
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helicopterflew parallelto the moving vehicleand the propagationpath was approximately
normalto thelineof roadsidetreeswhichrangedinheightfromapproximately5 to 30m. The
satellitepath directionswere such that they werealso predominantlyalong the maximum
shadowingorientationalthoughsome of the roadssampledhavea numberof bends in them
and deviationsfrom this aspect did arise. The measurementswereperformedon two lane
highways(one laneeachdirection),and a fourlanehighway(two laneseachdirection),where
the roadsidetreeswereprimarilyof the deciduousvariety. In orderto assessthe extent by
whichtreespopulatethe roadside,a quantitycalledpercentageof optical shadowing(POS)
was defined. This representsthe percentageof optical shadowingcausedby roadsidetrees
at a path angleof 45° for rightside of the road driving,wherethe path is to the right of the
driverand the vehicleis in the right lane. The POS for the roadsdrivenwerepredominantly
between55% and 75%.

The empiricalexpression,obtained by applying“best fit formulations”to the measured
fade distributionsat 1.5GHz, is given by

P= 170 to 20Y0
A(P, 0) = –M(0)lnP + N(O) (31)●

where A is the fade in dB, P is the percentage of the distance traveled over which the fade is
exceeded, and 0 is the path elevation angle to the satellite. Since the speed was maintained
nominallyconstantfor each run, P may also be interpretedas the
the fade exceedsthe abscissavalue.

Leastsquarefitsof secondandfirstorderpolynomialsin elevationI
for M and N, respectively,resultin

M(e) = a+ bO+ c@2

N(0) = dO+ e

where
a = 3.44

b = .0975
= –0.002

:= –0.443
e = 34.76

percentage of the time

angle 0 (deg) generated

(32).

(33).

(34).
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Table 3.1: CoefficientsM and N As a functionof Ofor Equation(3.1)

Path Angle 8 (degrees)
20
25
30
35
40
45
50
55
60

M
4.590
4.628
4.565
4.403
4.140
3.778
3.315
2.753
2.090

T
mm
23.69
21.47
19.26
17.04
14.83
12.61
10.40
8.18

The ERS model corresponds to an overall average driving condition encompassing right
and left lane driving and opposite directions of travel along highways and rural roads where,
as mentioned, the overall aspect of the propagation path was for the most part orthogonal
to the lines of roadside trees and utility poles . The dominant causes of LMSS signal at-
tenuation are due to canopy shadowing, where multipath fading plays only a minimal role.
The resultant fit as given by (3.1) was found to agree with the data points comprising the
individual distributions at the four path elevation angles to within 1 dB.

In Table 3.1 is given a listingof M and N valuesfor elevationanglesrangingfrom 20°
to 60° at 5° intervalswhichmay be applied to (3.1). In Figure 3.3 are showna family of
cumulativedistributionsfor the indicatedpath elevationangles.

In Figure 3.4 are plotted the fade exceeded versus the path elevation angle for a family of
isopleths of constant percentages; namely, 1, 2, 5, 10, and 20Y0. These curves were derived
from (3.1) and may be expressed by the alternate form of the ERS formulation given by

A(O,P) = a(P) + P(P)8 + y(P)02 (35)●

whereA is the fade exceed (in dB), Ois the path elevationangle (in degrees),and where
~(P), P(P), and 7(P) are tabulatedin Table 3.2 for the indicatedpercentagelevels,P. The
aboveformulationwasfoundto be in agreementwiththeoriginalsetof mediandistributions
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Figure3.3: Cumulativefade distributionsat 1.5 GHz for family of path elevationangles
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Table 3.2: Listingof parametervaluesCY(P),fl(P), and 7(P) in equation(3.5)

Percentage(P) (Y(P)
20 24.45
10 26.84
5 29.22
2 32.38
1 34.76

/3(P) 7(P)
–0.7351 5.991x 10-3
–0.6775 4.605X 10-3
-0.6000 3.219X 10-3
–0.5106 1.386X 10-3
–0.4430 o

at 21°, 30°, 45°, and 60° to within0.3 dB.

As previouslymentioned,a descriptionof fade statisticsat smallerelevationanglesbe-
comes increasinglycomplex as it may involve absorption and scatteringdue to multiple
canopiesand tree trunksand approachthe scenariodepicted in Figure2.2. Applicationof
the ERS model at smallerelevationanglesis thereforenot suggested.

3.4 Validation of the Empirical Roadside Shadowing
Model

It is interestingto comparethe ERS model with distributionsobtainedfrom measurements
made in Australiaby the authors [Vogelet al., 1989]. Two major vegetationzones were
traversedin Australia;forats alongthe coastalroadsand woodlandsfurtherinland. Forests
rangedfrom dry sclerophyll,in whichthe crownsof contiguoustreesdo not toucheachother
to tropical rain-forests,in which the leafy crownsof the treesintermingle.The dominating
tree genusin the forestwas Eucalyptus.Otherthan tree types, generalsimilaritiesexisted
betweenthe roads traveledin Australiaand those in CentralMaryland(e.g., tree heights,
percentageof optical shadowing,setbacks).

In Table 3.3 aregiventhe transmitterandreceiversystemparametersfor the Australian
campaign. In Figure3.5 are plotted the fade distributionfor 403km of road measurements
comprising15 individualruns using ETS-V. The common characteristicof each run was
that at 1% of the distancetraveled,10dB wasexceeded.Also plottedfor comparisonis the
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Table 3.3: Summaryof Pertinent~ansmitter-ReceiverSystem Parametersfor Australian
Campaign~ogel et al., 1991].

I

TransmitterPlatform#1 ETS-V
Azimuthat Sydney –2°
Elevationat Sydney 51°
Frecauency(MHz) 1545.15
EIti (dBW) -
Polarization

25*9
LHCP

TransmitterPlatform#2
Azimuthat Sydney
Elevationat Sydney

Frequency(MHz)
EIRP (dBW)
Polarization

ReceiverAntennas(Low Gain)
Gain (dB)
ElevationBeamwidth
AzimuthBeamwidth
Polarizations:
ETS-V

RHCP
CrossedDroopingDipole
4
15° to 75°
Omnidirectional

LHCP

ReceiverAntennas(HighGain) HellX I
Gain (dB)
Beamwidths(PrincipalPlanes)
Polarizations:
ETS-V
INMA~AT Pacific

ReceiverBandwidths:
QuadratureDetectors(Hz)
Filter (Hz)

Signalto NoiseRatios (dB):
ETS-V (Low Gain)
ETS-V (HighGain)
INMAWAT Pacific (Low Gain)

SamplingRate (KHz)
Data Recorded

LHCP
RHCP

1000
200

22.4
32.4 I
16.5
1
QuadratureDetector Outputs
200 Hz Filter Output
VehicleSpeed
Time I
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I

I

fade distribution as predicted by the ERS model (at 510). We note the maximum difference
betwcxmthe two distributions is less than 2 dB at the 14% probability level, and thereafter
this difference monotonically reduces.

In Figure 3.6 are distributions applied to separate runs along a tree lined road (= 55
km) in which different satellites were accessed sequentially; INMARSAT-Pacific (elevation
angle = 40°) and ETS-V (elevation angle= 510). For both distributions, the fade differences
(relative to the modeI) are less than 1 dB over the percentage range of validity.

3.5 L-Band Versus
Dynamic Case

UHF Attenuation Scaling Factor:

Simultaneous mobile fade measurements by the authors IGoldhirsh and Vogel, 1989; Vogel
and Hong, 1988] at L-Band (1.5 GHz) and UHF (870 MHz) have demonstrated that the
ratio of fades (fades are in dB) are approximately consistent with the ratio of the square
root of frequencies. Hence,

For P = 1??0to 3070

rfL
A(f~) = A(fu~~) ~ (dB) (36).

For fL = 1.5 GHz, fuHF= 870 MHz

A(fL)= L31A(fUH~) (dB) (37)●

The above resultrepresentsan overallaverageconditionderivedfrom 24 measurement
runs along tree-linedroads in CentralMarylandIGoldhirshand Vogel, 1989]. The runs
comprisepath elevationanglesof 30°, 45°, and 60° and a driving distanceof 480 km. The
multiplyingcoefficient1.31in (3.7) wasshownto havean rmsdeviationof +0.1 over a fade
exceedancerange from l~o to 3070. As mentionedin Section 2.3, the result (3.6) for the
dynamiccase is consistentwith (2.1) for the staticcase.

The multifrequency measurements of Bundrock and Harvey [1988] represent an indepen-
dent validation of (3.6). In Table 3.4 are the 1% and 10% fade levels derived from simultane-

1
,
I

I
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Table3.4: Fadesat the 1% and 10%levelsderivedfromthe multifrequencymeasurementsof
Bundrockand Harvey[1988].Also shownin parenthesesare the predictedlevelsemploying
frequencyscalingand the UHF values.

Percentage 893MHz 1550MHz 2660MHz

1 8.8 11.4 (11.6) 16.1 (15.2)
10 4.6 5.5 (6.1) 8.3 (7.9)

ous measurementsmadeby themin Australiaat 893MHz, 1550MHz,and 2660MHz. Also
shownin parenthesesare the fade levelsderivedemployingthe UHFfades and expression
(3.6). We note that overallagreementis quitegood with an overallaveragepercenterrorof
less than 6% and a peak error smallerthan 1 dB. Predictabilityevenexists at the S-Band
frequency,givingsmallerthan a 6%

3.6 SeasonalEffects

peak error.

on Attenuation – Dynamic Case

Itmaybe recalledfromSection2.4, thata 35%increasein the attenuationwasexperiencedat
870MHz whencomparingattenuationfromtreeshavingno foliageandthosehavingfoliage
(winterversussummer).This case correspondedto a configurationin whichthe vehiclewas
stationaryand the propagationpath intersectedthe canopy. Seasonalmeasurementswere
alsoperformedby the authorsfor the dynamiccasein whichthe vehiclewastravelingalong
a tree-linedhighwayin CentralMaryland(Route 295) alongwhichthepropagationpath was
shadowedover approximately75% of the road distanceIGoldhirshand Vogel, 1987; 1989].
Cumulativefade distributionswere performedin March 1986 duringwhich the deciduous
treesweretotally withoutfoliage. Thesewerecomparedwith similardistributionsacquired
on October 1985and June1987,duringwhichthe treeswereapproximatelyin 80~oand full
blossomstages,respectively.The resultsmay be expressedby

f = 870 MHz. P = 1% to 30%

A(fullfoliage)= 1.24A(no foliage) (dB) (38).
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Equation(3.8) statesthatovertheexceedancerange1%to 30%of theseasonalcumulative
distributions,thereis an averageincreasein the dB fadeof 24% + 2% rmsrelativeto fades
fromtreeswith no leaves.

The percentagefadeincrease(seasonal)for the dynamiccase (24%) is lessthan that for
the static case (35%) becausethe dynamiccasehas associatedwith it measurementswhich
includeevergreens(minimalseasonalchange)and some stretchesof road overwhich their
wereno trees. The static case also representsa maximumattenuationcondition,whereas
the dynamic case is expressedin terms of cumulativedistributions. Althoughthe above
measurementshavebeenmade at 870 MHz, the resultshouldnot be significantlydifferent
at 1.5 GHz.

3.7 Fade Reduction Due to Lane Diversity

Weexamine the extent by which the fade reduces (or increases) by switching lanes for LMSS
configurateions. Figures 3.7 (a) and (b) show vehicles driving on the right and left lanes,
respectively, where the satellite is to the right and the propagation path passesthrough the
tree canopy on the right side of the road. We note that the path length through the canopy
is greater when the vehicle is closest to the tree line (right side of road for examples given).
A fade reduction should therefore be experienced by switching lanes from the right to the
left side. The authors measured this effect at UHF (870 MHz) IGoldhirsh and Vogel, 1987],
and L-Band (1.5 GHz) IGoldhirsh and Vogel, 1989]. Repeated distributions from helicopter
measurements were derived for left and right lane driving at fixed path elevation angles of
30°, 45°, and 60°. A quantity defined as the ‘fade reduction, FR” is used to characterize the
increase in signal power gained by switching lanes. This quantity is obtained by differencing
equi-probability fade values from distributions pertaining to right and left side driving. The
fade reductions at L-Band and UHF are plotted in Figures 3.8 and 3.9 as a function of the
equal probability maximum fades. The maximum fades were derived from the distribution
for the right lane driving case as shownin Figure 3.7 (a).

At each of the elevationangles, the individualdata points have been replacedby the
‘best third orderpolynomialfit” whichmay be expressedby

f = 1.5 GHz and 870 MHz

FR = ~ + alA + ~As + aBA3 (39)●
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(a)

/
/

,
/

.
(b)

Figure3.7: Mobilesatelliteconfigurationsdepicting(a) largerintersectingpath lengthwith
treecanopywhenvehicleis drivenin the right lane,and (b) smallerintersectingpath length
whenvehicleis drivenin the left lane.
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w ( d r t f r o s l f t g
s hc o(Figure 3.7 (a)) to the l o (Figure 3.7 (b)). Alsoyao,al,a2y
a are tabulatedin Tables3.5 and3.6 for L-bandand UHF, respectively.The parameter
A (in dB) representsthe maximumfadelevelvalue (derivedfor the configurationin Figure
3.7 (a)). The ‘best fit polynomials”wereobservedto agree with FR as derivedfrom the
measureddistributionsto within0.1 dB rms.I

i nn t l f r o the greater the elevationangle.
This arises because at the larger anglesa change of lanes may radically alter the earth-
s ap f a s a n c ( 3 t l
e la t c c b l l

T 3 C of r f ( f l d f = 1 G

E A O( R
30 0.2818 0.2840 –1.876X 10-2 4 X 1 3

– 0 – X 1 7 X 1 3
– X 1 0 6 X 1 – X 1 3

T 3 C of r f ( f l d f = 8 M

E A O( % % R
5 X 1 . – X 1 7 X 1 2

45
60

–0.8193 II0 – X 1 1.222x 10-3 2-12
–0.2004 0.2112 7.076X 1 – X 1 2
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