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Abstract

The computer model and computation accuracy
Sfor propagation over irregular terrain are presented.
Special attention is paid to- computation for low
altitude propagation and the finite distance between
the antenna and the observation point (diffraction
field zone). The solution for the transient zone is
modified to obtain continuous connection of different
methods of calculations.
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1. Introduction

Irregular terrain reflection computations can be found
in [1]. Due to the small storage capacity of the Elliott 503
computer, it was necessary to simplify solution to a great
extent. A method, similar to [1], is given in [2] but it is
derived from more general assumptions and therefore it
offers the other possibilities. Two different programs are
described in [3]. The first program is intended for radar
coverage pattern calculations, when the observation point
P in the infinite distance is considered. The second
program calculates a propagation factor over the irregular
terrain for the finite distance between the antenna and the
observation point P. These programs differ from {1]
because they allow to compute propagation over irregular
terrain for both horizontal and vertical polarization
considering the Fresnel reflection coefficient for terrain
with random deviations and refraction (it is possible to
enter the effective earth radius). To compute reflections,
the contributions from the irregular terrain are integrated.
That cannot be used, if the difference between the incident
and reflected rays is too small. For the difference less than
one third of the wavelength, the electric field is computed
using very simplified assumptions (see [3}, Eq. (7)).

The computer model and computation accuracy for
propagation over irregular terrain are presented. Special
attention is paid to computation for low altitude
propagation and the finite distance between the antenna

and the observation point (diffraction field zone).
Comparing ~ with [3] the more accurate solution is
described for this case. Various cases of electromagnetic
wave propagation have been solved. Computation results
and published solutions for individual special cases agree
quite well. That demonstrates the usefulness of a given
method.

2. Calculation of propagation over
irregular terrain

Let us consider the antenna A over the earth surface
as shown in Fig. 1. If the difference between the incident
and reflected rays is greater than one third of the
wavelength, the method described in [3] is used. The
vector of electric field E at the point P is givenby

E(P)=Ei(P)+ ELP) ()

where E (P) is the resultant electric vector, E; (P) is the
incident electric vector, and E.(P) is the scattering electric
vector.

Fig. 1. Propagation geometry

According to [2], the following relationship can be derived

e'f"(Rl*Rz”Ro) dx
X
JRR:(R, +R,) cose

@

where Ry, R;, Rz, 6;, 6; and ¢ are shown in Fig, 1,
A6)) is the normalized antenna radiation pattern with
phase center in the point A at the height 4, over the earth
terrain, I is the Fresnel reflection coefficient, & = 22/4
and A is the wavelength. Reflection coefficient for surface
with the random deviations is given by

=TI, exp [-2(2 70 sin y/A)%) 3)
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where o is the surface standard deviation, I

¥ is the reflection angle - the angle between the tangent
and the incident (reflected) ray.

For calculation, the surface points are read - the length of
arc rg and height Az according to Fig.2. The coordinates
(xs,ys) are given by the following expressions

x5 = (R.+ hg) sin @
yB = (R¢+ hB) cos a; - Rc

a; = Xp /Re

where R, is the effective earth radius (usually R, = 8500
km).

y

Fig. 2. Curvature correction

The shadow (non-illuminated earth) is considered
according to Fig. 3. For the first type of shadow (point x;),
the following expression is obviously valid

6.<6, for Xp > X, (5)

For the second type of shadow (point x), the following
expression is held

Ym >yn + (xm - xn) tan 0,,, -‘ (6)

The accuracy for this case is considered in [1] and [3].

is the -
Fresnel reflection coefficient for the -smooth surface and -

Fig. 3. Shadow areas

3. Low altitudes propagation

For the smaller difference, a very simplified
relationship, given in [3], can be used to calculate the
coverage pattern but its application for more accurate
computations (such as electromagnetic compatibility) is
questionable. -

If the surface change is stepped (such as obstacle with
the sharp edge on the plane surface), the attenuation of
electric field is computed using the relationship for
electric field calculation over infinite half-plane when the
function F(x) is computed using the complex Fresnel
integral as described in [2], paragraph 17.1

oL v

j e 0

—c0

F(v) =

n

where v is the square root of phase difference of rays R,
R;and Ry That can approximately be given by

oo g |FRARS)
ARR,

h, Ryand R, are shown in Fig. 4, A is a wavelength.

A Rg P

Fig. 4. Propagation over irregular terrain (knife-edge)

Usually, we can consider propagation over the
spherical earth or approximate the round obstacle with the
spherical surface.. Calculation of propagation over the
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spherical surface was performed by Fok as. described in
[4], [5]. This accurate solution, given by series, converges
very slowly for slightly greater altitudes. If the program
J5] is used, the computation for some cases (for various
combinations of heights and distances) is very slow and
sometimes it fails completely. Therefore, it is better to
approximate the attenuation according to [2] or [6] by

An=20l0g Fv) + T(x) + Q(v,x), [dB] ®

where F(v) is given by (7).

Fig. 5. Propagation over sphere

Functions 7(x) and Q(v,x) can be evaluated using the
expressions [2] or [6]. As stated in [2], the derivative of
expressions {6] is not continuous at v = 0. On the other
hand, the expressions [6] usually approximate the
accurate solution better and therefore the program uses
expressions [6]

T(x) = -7.2x + 2 - 3.6x° + 0.8x"

,d +d
x=(R‘)|/3(l /”)1/6 ;d 2 ,
12

R, is the effective earth radius (usually R, = 8500 km), d,,
dare shown in Fig, 5,

[dB]

where

QW,x) = 17vx + 6 + 20 log(~vx)  [dB]

forvx < 4,
OWv,x)=125vx

for-4<vx<0,
Ow,x) = -T(x) v
forO<v<l.

For small heights and therefore for small distances d,
and d,, it is not possible to use (8) as x is large. In this
case, the infinite series can be approximated [4], [7] by

A= W(dL) + UhyH) + UhyH). [dB] (9)

According to [7], the following approximation can be
used

~height h; = h; is

W(d/L) = 10 log (4ml/L) - 17.5455d/L,

where d is shown in Fig. 5,

13
L= (_AR_)
8x2/

The following approximation can be derived using
the graph [7] ‘

Uthy/H) = ZOu, +0.5
foru; <0,

Uhy/H)=20 uy(l + u)) +0.5
for0< u;< 1.3,

u;=log (h/H),

( 2R NE
H=L 87r;J ]

- Uthy/H) can be computed analogously.

Approximation (9) assumes that 4; /H is very small.
If this condition is not fulfilled and the expression (8)
cannot be used, the following approximation is used

Arn1=4.8 + UthyH) - UthyH)  [dB] (10)
for Uth,/H) > 60 or Uthy/H) + W(d/L) > -20, where h; is
such a height of point P when the difference between the
reflected and incident rays is one third of the wavelength
i.e. the phase difference is 2n/3. ' ‘

The first condition follows from u, < 1.3. The second
condition follows from the requirement that the remainder
of the infinite series could be neglected. This
approximation assumes that the electric field for the
the same as the electric field for
reflection from the plane surface when 2 sin (n/3) is
obtained that corresponds 4.8dB.

If ho/H is not very small and (8) cannot be used, the
following approximation is used

Auz= A+ bz~ ho/fhs-hy an

for UthyH) > 60 or UthyH) + W(d/L) > -20, where b =
4.8 - Uthy/H) - Uths/H) - W(d/L) and h,is such a height of
the point P when the condition given above is just not
fulfilled.

Described methods are used for various antenna and
observation point heights. If the surface change is stepped,
the expression (8) can be evaluated using x = 0 and
therefore it is not necessary to treat this case specially.
The local roughness is not considered for expressions (6)
to (10) as they are replaced by the mean value,

[dB]
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4. Transient zone

The solution for the transient zone is modified to
obtain continuous connection of different methods of
calculations (the similar approach is used in [8]).

If the difference between the incident and reflected
rays R;+R; - Ryis greater than one third of the wavelength

ie v> ,/(27:/ 3), the reflections from the irregular terrain

are integrated using (2). For the transient zone, the
resulting attenuation is computed using

a=(a -9+ 4,(J@mr3) -v) /(Jor 1) -1)
for 1<vsm (12)

=A‘.’

for v< 1, where 4, =4,(v-1)/(J27/3) -1, 4, is

obtained by integration for point P wherev = \/(27/3) ,
A=A

forx<1,

= (4(1.5-x)+ A p(x-1))/0.5
forl <x<1.5,

=Aiy

forx>15.

5. Conclusions

The computer model and computation accuracy for
propagation over irregular terrain are presented. The
program differs from [1] because it allows to compute
propagation over irregular terrain for both horizontal and
vertical polarization considering the Fresnel reflection
coefficient for terrain with random deviations and
refraction (it is possible to enter the effective earth
radius). To compute reflections, the contributions from
the irregular terrain are integrated. That cannot be used, if
the difference between the incident and reflected rays is
too small. Special attention is paid to computation for low
altitude propagation and the finite distance between an
antenna and an observation point. The program uses
various relations for this special case. The solution for the
transient zone is modified to obtain continuous connecuon
of different methods of calculations.

Computation results obtained by described program
agree quite well with the calculations of special cases such
as two obstacles with the sharp edges or the spherical
earth when the computations have been compared with
calculations [5] or with calculations using reflections from
the infinity plane earth. The relevant paper is under
preparation. That demonstrates the usefulness of a given
method.

-Some .problems arise for the transient zone. The
transition between the integration over irregular terrain
and ~low altitude propagation is - continuous due to
expression (12) but it is not smooth. This is caused by
various calculation ~methods. Of ° cause, it would be
possible to smooth the transition but this problem cannot
be solved generally.

The modification of the expression (9) by the
relationship (10) is not optimum but that is. rather
exception. This modification is only used for great heights
h;and small 4, as for greater h;, the expression (8) is used.
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