e -~
.Ilfoe\ll, o ,
S8 v .5 588 3E HE's B ®
=B i R - L& °.EE
o teeuol,. ] ) +« R ©
SpE o EeEA 826 9 g
o= [« L] .o— m — 5] [ ] = =
< ddwmm”.h* P.Q.Mw @ L
- £ .ER 43 03
WOtnat (= mw; ‘ﬂ“ w mw MW mm
-mwd Lw S.w m Dr i < WTnu | ¥ "“
.StnX%X.V ¢ o - b BB
£ §9EYwgE o= 8., -
- =)
_hW .9 %, L 3 8 .H. rmw T o &=
=22 gET X $.2 32 g L .8
" mmWO = < « @ m.._u
2 rsothe.eo Woxo, oen R
8 & o5 85 2L 8 o RS-
g
— & tzgoc @ & 0. 85
e 9 (8} pey £ L
o =] () )
..n.wwm.wro..b.m_ ) ) Qg3
v g S & u e 1o a8
pEE EE523% E¥ive
.w.onom,Aem“mqu uqu_vuon
S E8 84 ESEL E £ 88
Q - @ v = o I~
.m %h mu.m.‘mlﬂ_ Q ILM.W Wm +2 n.U. ]
= ~ < T =
~ vc52gS P8 8033
85 E=25-23°% g 2.2 - "0
.mimem s 8 8 a s EE
D...W..I > M Q ﬂ.cf. -3 © g ¥ “w Q
. = die o I} ‘o q .
E*Peed580 8g 28w
¥ 5 w5 o 8y HS8T e
a2 oS 8T S B85 5w .25
.mo/uae Ahor I I B0 ., = = O
m Bz a¥ 28§ € 8.832%
QO 'S80 H o O £ .2 > 8
=~ elem.l . = O+ B33
Q o - a2 O 8 5 o g
(5] elnmt [= I~ B\ ] a) S » Q
ohf.xoaﬁ" g B 888 9B
wk O ¢ g B wp $ S ag=ss
g L= g BE g - 888
£ L, 89285 4.8 8 LACPER
3 £ oS 8 E &0 PR
o § 28 EET& 8T = 2
go) LS o T.0 8 @ o2 0 R
sso.ln‘m_:... ERCRE A S
o 5 2.22= 28 HESWT 2
L.a7 « g < 2 dr s IR
5 EELIEScEse EEESE
B @ ¢ 2 ~0 8 e 85 0 -3
o nt,...lmtmmt".mwh > B+ B8
L g 83 < ] £ W + + 4 2 O
B S oo o 0 B w®3 E
o0 TS o geE 3 o8 H 2w d®
= A ST = ey s @ =3 -
3] =, 0SS B2E 2 BoOopre2
nl.mSUbt" o o8 B - b L o
(v} Fod L NI SR~ I e Q «© P}
b 506 85 &8 2 0 gy
B w Imen "t lm N - O "
2832858 0k SN gy
wgmn.ndhnfu n.onm nAu R=l
X5 T oW EH 0 8 o5 2
35 8w P O & =8 29 _m‘_mm
Lo V..lrslmt.l. Q) 2OV ap g H
Q 2 e O (] ¢ 0 |
a 2B E, SR E =R
< S oS g § @8 W o ¢
Bl B e 8 ; =
o w3 B

L
s 10 i 1 S N N N SN S B AmanEmsem el



F————__-:.

2.1 Background 6
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Figure 2.1: LMSS propagation path shadowed by the canopies of one or two trees in which
the attenuation path length is relatively well defined.
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been system atically performea by only few investigators in the
Butterworth [1984b], Vogel and Goldhirsh [1986], and Goldhirsh and Vogel [1987]. Ula
et al. [1990] measured the attenuation properties at 1.6 GHz associated with attenuation
through a canopy of foliage comprised of closely spaced trees. Yoshikawa and Kagohara

[1989] report briefly on ETS satellite transmissions at 1.5 GHz through a “shade” of trees.
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2.2 Attenuation and Attenuation Coefficient

Figure 2.2: Low elevation propagation through a grove of trees giving rise to ambiguity in
attenuation path length.

2.2 Attenuation and Attenuation Coefficient

For those cases in which shadowing dominates, the attenuation primarily depends on the
path length through the canopy, and the density of foliage and branches in the Fresnel
region along the line-of-sight path. The receiver antenna pattern may also influence the
extent of fading or signal enhancements via the mechanism of multipath scattering from
surrounding trees or nearby illuminated terrain. An azimuthally omni-directional antenna
(such as that used for the measurements described here) is more susceptible to such multipath
scattering than a directive antenna. Nevertheless, the authors found through measurements
and modeling considerations for LMSS geometries, the major fading effect is a result of the

extent of shadowing along the line-of-sight direction.

In Table 2.1 is given a summary of the single tree attenuation results at 870 MHz (cir-
cularly polarized transmissions) based on the measurements by the authors [Vogel and
Goldhirsh, 1986; Goldhirsh and Vogel, 1987] who employed transmitter platforms such as
remotely piloted aircraft and helicopters. In Table 2.2 are given the transmitter and receiver
characteristics for both the static and mobile measurements. (The static measurements were
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2.2 Attenuation and Attenuation Coefficient
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samples measured over one second periods. The attenuation assigned to

was the highest median fade level observed at the measured elevation angle. It may t
duced that the motion of the transmitter aperture and the receiver sampling rate of 1024/s
resulted in more than 200 independent samples averaged each second. This sample size is
normally adequate to provide a well defined average of a noisy signal The individual samples
from which the median was derived over the one second period were observed to fluctuate
on the average + 2 dB about the median due to the influence of variable shadowing and
multipath.

']
)

The first column in Table 2.1 lists the trees examined where the presence of an asterisk
corresponds to measurement results at Wallops Island, VA in June 1985 (remotely piloted
aircraft), and the absence of the asterisk represents measurements in Central MD in October
1985 (helicopter). During both measurement periods, the trees examined were approximately
in full foliage conditions. The second and third columns labeled “Largest” and “Average”

or that particular tree. The fourth and fifth columns denote the

measured in Central Maryland (without asterisk) because the former tree
greater density of foliage over approximately the same path length interval. This result
demonstrates that a description of the attenuation from trees for LMSS scenarios may only

- be handled employing statistical processes.

Butterworth [1984b] performed single tree fade measurements at 800 MHz (circularly
polarized transmissions) at seven sites in Ottawa, Canada over the path elevation interval
15° to 20°. The transmitter was located on a tower and receiver measurements were taken
at a height of 0.6 m above the ground. Measurements were performed from April 28 to
November 4, 1981 covering the period when leaf buds started to open until after the leaves
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2.2 Attenuation and Attenuation Coefficient

Table 2.1: Summary of Single Tree Attenuations at f = 870 MHz
Tree Type Attenuation (dB) | Attenuation Coef. dB/m
"Largest | Average | Largest Average

Burr Oak* 13.9 11.1 1.0 0.8
Callery Pear 18.4 10.6 1.7 1.0
Holly* 19.9 12.1 2.3 1.2
Norway Maple 10.8 10.0 3.5 3.2

Pin Oak 84 6.3 0.85 0.6

Pin Oak* 18.4 13.1 1.85 1.3

Pine Grove 17.2 15.4 1.3 1.1
Sassafras 16.1 9.8 3.2 1.9
Scotch Pine 7.7 6.6 0.9 0.7
White Pine* 12.1 10.6 1.5 i.2
Overall Average | 14.3 10.6 1.8 1.3

had fallen from the trees. A cumulative distribution of folia g attenuatlon readings covering
a 19 day period in June 1981 was noted to be lognormal, where the fades exceeded 3 and
17 dB for 80% and 1% of the measured samples, respecti.vlyi The median attenuation was

approxnmately 7 dB with an approximate median attenuation coefficient of 0.3dB/m (24 m
mean foliage depth).

measured by the authors in Centrs

v
results is believed to be due to differences in the methods of averagi
receiver, and the interpretation of the shadowing path length as previous
results in Table 2.1 may be used by the designer interested in worst case attenuations for
individual trees.

The average attenuation coefficient of Butterworth is noted to be smaller than those
=1
1

u
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2.2 Attenuation and Attenuation Coefficient

Table 2.2: Summary of Experimental Parameters Associated with Source and Receiver Sys-
tem Platforms

L-Band UHF
Source Platform:
Antenna Types Spiral/Conical Microstrip
Polarization RHC RHC
Antenna Beamwidths 60° 60°
Platform Type Bell Jet Ranger Helo Remotely Piloted Aircraft
Receiver Platform:
Antenna Type Crossed Drooping Dipoles
Polarization Right Hand Circular
Beamwidths 60°(15°t075°)
Bandwidth (KHz) 0.5
Sampling Rate (KHz) 1
Frequencies (MHz) 1502 870
Data Recorded Quadrature Detected Qutputs Power

Elapsed Time, Vehicle Speed




2.3 L-Band Versus UHF Attenuation Scaling Factor: Static Case 11

2.3 L-Band Versus UHF Attenuation Scaling Factor:
Static Case |

To the authors’ knowledge, systematic tree measurements at L-Band for different tree types
and elevation angles have not been executed, although fade measurements due to roadside
trees were noted by Yoshikawa and Kagohara [1989] who received left hand circularly polar-
ized transmissions from the Japanese satellite ETS-V at an elevation of 47°. They reported
that attenuations in the “shade” of trees at L-Band ranged between 10 and 20 dB.

Ulaby et al. [1990] measured the attenuation properties at 50° elevation associated with
transmission at 1.6 GHz through a canopy of red pine foliage in Michigan at both horizontal
and vertical polarizations. The path length through the canopy was approximately 5.2 m and
the average attenuations measured at horizontal and vertical polarizations were 9.3 dB and
9.2 dB. Their measurements gave rise to an average attenuation coefficient of approximately
1.8 dB/m. Combining this result at L-band with the average value of 1.3 dB/m at UHF
given in Table 2.1 suggests the following

AR) = Alfone) [ (aB). (2.1)
For the frequencies considered
{ fome = 870 MiHz (22)
the scaling factor relation is
A(fL) =~ 1.36A(funr) (dB). (2.3)

A comparison of the actual attenuation measurements at 1.6 GHz and 870 MHz resulted
in 1.38 as the scaling factor. It is interesting to note that an identical expression as given by
(2.1) was derived by the authors for the dynamic case employing simultaneous measurements

at 1.5 GHz and 870 MHz (described in Section 3.5).
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2.4 Effects on Attenuation Caused by Season and Path Elevation Angle 12

The attenuation effects caused by trees, with and without foliage, versus path elevation angle
have also been explored for individual tree measurements by Goldhirsh and Vogel [1987]. The
path elevation angle dictates the path length through the canopy. For the case in which the
foham_a and/or density of branches comprising the canopy decrease with increasing height,

it should be expected that the smaller the elevation angle (relative to the horizontal), the

ugh the canopy, and the greater the corresponding attenuation.

o+
::-‘
)
(]

~ 77
Figure 2.3 shows linear least square resr_Ls of attenuation versus path elevation angle derived

Gyvvvas aLll C1C viVll 4llgl

from measurements on the Callery Pear tree in October 1985 ( full foliage) and March 1986
(bare branches).
The best linear fit results in Figure 2.3 may be expressed as follows:

Faor 8 Retween 15° to 40°

Full Foliage : A(8) = —0.480 + 26.2 (dB) (2.4)
and

Bare Tree : A(0) = —0.350 + 19.2 (dB) (2.5)
where 8 is the elevation angle in degrees. The above results were obtained for a configuration
in which the receiving antenna was 2.4 m from the ground {on top of a van) and at a horizontal
distance of 8 m from the trunk of the tree whose height was 14 m. The diameters of the base
and top of the canopy were approximately 11 d 7 m, respectively. The percentage rms
fit 2.

deviations of the data points relative to the best fit expressions (2.4) and (2.5) were 15.3%
and 11.1% (1.7 dB and 1.2 dB), respectively.

We derive from (2.4) and (2.5) the average condition

AL 1 0.1\ 1T QBAS/L i)

A(full foliage) = 1.35A(bare tree) (dB) (2.6)
which states that for the static case, the maximum attenuation contribution from the Callery
L » JISRVUIGRSRLYS I PR Y 2) ie namin A 1 1
Pear tree with leaves (at 870 MHz) is nominally 35% greater than the attenuation (in dB)

a1 1 . ITr__ | IR . adbacccodlon amicas frann a e
without leaves. Hence, the predominant attenuation arises from the tree branches via the
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2.4 Effects on Attenuation Caused by Season and Path Elevation Angle

Figure 2.3: Least square linear fits of attenuation versus elevation angle for propagation

through the canopy of a Callery Pear Tree at 870 MHz for a LMSS Configuration.
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