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Numerical Analysis of Back Scattering from a Target over a Random
Rough Surface Using DRTM
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Abstract

This paper is concerned with an analysis of the back scattering of electromagnetic waves from a target moving along
random rough surfaces such as the desert, and sea. First, the discrete ray tracing method(DRTM) is introduced, and
then, this method is applied to the back scattering problem in order to investigate the effect of the back scattering
from random rough surfaces on the electric field intensities. Finally, numerical examples of various height deviations
of the Gaussian type of rough surfaces are shown. It is numerically demonstrated that the back scattering is dominated
by the diffractions related to the reflections from the random rough surfaces.
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[ . Introduction

Electromagnetic wave scattering by rough surfaces
has attracted attention from the technical viewpoint of
radar cross section associated with remote sensing tech-
nology!" . 1t is well known that flying objects just
above a terrestrial surface are hardly detectable by radar
installed on the surface. The objective of this paper is
to numerically simulate a related problem where radar
detects a target moving along a random rough surface.
Back scattering of the electromagnetic waves emitted
from the radar is caused mainly by the reflected waves
from the target and the rough surface as well as the
interacting reflections between them.

So far, the author has investigated two types of
electromagnetic problems related to rough surfaces; the
electromagnetic wave scattering from random rough
surfaces, especially when the incident wave impinges
upon them at a low grazing anglem, and the electroma-
gnetic wave propagation along them®. In these investiga-
tions, the finite volume time domain(FVTD) method was
used”l. However, the method requires too much compu-
ter memory to deal with the larger area of rough surfaces
than the wave length incident waves. Recently, different
types of analytical and numerical methods have been
proposed to deal with large size of random roughness
compared with the wave length®™ "\ In this paper, the
author first reviews the discrete rtay tracing method
(DRTM) to deal with electromagnetic wave propagation
along rough surfaces. Next, the DRTM is applied to the
electromagnetic wave back scattering from a target over
a 1D rough surface. Finally, the back scattering charac-
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teristics of a target flying just above the rough surface
are investigated numerically.

Il . Discrete Ray Tracing Method

The geometry of the problem is shown in Fig. 1, where
its structure is assumed to be one dimensional(1D). The
height of the radar is the same as that of the target mo-
ving along the rough surface. It is assumed that the ran-
dom rough surface is made of a lossy dielectric of
which the electric property is specified by the dielectric
constant €, and conductivity ¢ and the target is com-
posed of a perfect conductor. Random rough surfaces
are numerically generated by the DFT method or the
convolution method™. In the present simulation, only the
Gaussian type of spectrum is considered for the rough
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Fig. 1. Problem geometry.
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surfaces’”). The spectrum density function is defined by

W(K,)= dvel e—K,zc12/4 )
PN , where K is the angular frequency
in space, dv is the root mean square surface height, and

cl is the correlation length of the rough surface.

2-1 Discretization of the Rough Surface

The first step of the DRTM is to discretize a 1D rough
surface in terms of straight lines so that it can be appro-
ximated by a piece wise linear line. It is important for
the approximation that the computer memory require-
ment is as small as possible and the following discre-
tization method is proposed. First, the x-axis is divided
into nx straight lines with length D,. Then any types of
rough surfaces can be discretized in terms of represen-
tative points as follows:

pi =(xiaH1(-x,')) (i:071929"'5nx) , (1)
where
xi=Dx(i) (1'=O,1,2,---,nx)’ (2)

H\(x) is the height function of the 1D rough surface,
and D is the length of each straight line in the x-direc-
tion. The height function of the rough surface is given
numerically by the DFT method or convolution method™'.
Next the normal vectors of the discretized straight lines
are derived by the following relations:

n =(u xa,)/

uxa| (i=0,1,2,, n,~1) 3)

where #, is the unit vector in the z-direction, and
@ =(pr; =P, 4)

It should be noted that only the position vectors #; and
the normal vectors #; are enough to be used to search
rays numerically for the 1D discretized rough surface.
This fact results in a considerable simplification of the
ray searching algorithm and it also saves computer
memory.

2-2 Discrete Ray Tracing

The essence of the algorithm for searching rays by the
proposed DRTM is summarized. It is assumed that the
arbitrary two lines of the discretized rough surface are
in line of sight(LOS), if a representative point of one
straight line is in LOS with that of another line. Other-
wise, they are not in line of sight(NLOS). In the present
simulations, the representative point of a straight line
has been chosen to be the starting point of the straight
line, that is, at p;in Eq. (1). This algorithm enables the
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simplification of ray searching, resulting in great com-
putation time savings. It is worth noting that the sear-
ched rays are approximate, but they can easily be modi-
fied to more accurate rays.

In the conventional ray tracing method(RTM), rays
are classified into incident, reflection, and diffraction rays.
In the present DRTM, however, they are divided into
incident(source), source diffraction and image diffraction
raysm. The source diffraction is the diffraction of the inci-
dent wave or source wave, and it is classified into two
types a source diffraction in the illuminated region if the
representative point of the straight line is in LOS, and a
source diffraction in the shadow region if it is in NLOS.
The present DRTM considers only the source diffraction
rays with the shortest path from the source to the re-
ceiver. Thus, the source diffraction rays are constructed
so that the representative points in LOS or NLOS may
form the shortest path from the source to the receiver.

The image diffraction rays are closely related to the
reflection rays which can be described in terms of geo-
metrical optics as emitted waves from the images of a
source or their diffraction at the edges of their own
straight lines. Image diffraction rays can be successively
constructed by connecting two different lines using re-
presentative points, if they are in LOS. It should be
noted that the conventional reflection rays are included
in the present image diffraction rays as a special type of
rays that satisfy the Snell’s law or the condition of the
incident and reflection angles being equal. Fig. 2 shows
a numerical example of traced rays. The radar is placed
at x=0 m and y=40 m and the head of the target is at
x=7 km and y=40 m. The length of the rough surface
is 10 km and its parameters are chosen as ¢/=50 m and
dv=10 m. The target model was supposed as a missile
and the length of the target from head to tail was 100
m.
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Fig. 2. Ray examples.
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2-3 Field Computations

Fig. 3 shows the incident and reflected waves at a
plane. The incident wave is described as a source field
since it emits from a source, and the reflected wave is
expressed as an image field since it behaves as though
it emits from the image of the source. The received
fields are expressed for E-wave and H-wave as follows:

E =E +R'(O)E,, H, = H +R'(O)H, (5)
where
efjlcrﬂ ) ) —jxr
ELH =“— E.H =°—
}"0 v (6)

where ¥=%+%n  x=wJsu, , E] and H are source or
incident waves, and E.and H. are image or reflection
waves. Reflection coefficients for horizontal and vertical
polarizations are given by

Rh(a)zcosﬁ—\/m
cos¢9+m

R (0) = £, cos@—\/zc—sTZH’
£, cos0+m

., O
E. =& —J—
“% (7)

where @ is the incident angle, ¢, is the dielectric cons-
tant, and o is the conductivity of the rough surface me-
dium.

Now the source diffraction shown in the Fig. 4 is
considered. It is assumed here that the electromagnetic
fields due to the source diffraction can be approximated
by the Wiener-Hopf solutions to the plane wave diffrac-
tion by a perfectly conducting semi-infinite half plane.
The field expressions for H-wave are omitted for bre-
vity, and the results are summarized as follows:

e _{Ej—D(rz,H)Ef (Region I)

d . s
D(r,,0)E; (Region 1I) (8)

Fig. 3. Incident and reflected waves.

where the diffraction field is given by

—jKkr
e
E! =

z

, P =1+

r &)

and the diffraction coefficient is given by

D(r,,0) = " F(X), X = Jkr,(1-cos0,) (10)

The complex type of Fresnel function is defined by

T,

F(X)= % J: e du (X >0)

(11)

This function has the following analytical properties:
F(X)=1-F(-X) (X <0)
F(X)= ieﬂ’fi (X>1)

Wrx (12)

Finally the image diffraction shown in Fig. 5, where
the space is divided into three parts Region I, I and
Il is considered. In this case, the image diffraction
coefficients can be summarized as follows:

R"O)D(1,,0)E — RNO)D(r,,,6,)E:
E,={E - R"(O)D(5,,0)E" - R"(O)D(r,,,0,)E" 1)
RYO)D(r,,,0,)E" — R"(0)D(r,,0)ES

(13)
where
Edl _ e—j’fﬁ Edz 3 e*/"(’z
: ’i rZ >
R=h Tl Hh=h+h, 4
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Fig. 4. Source diffraction.
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Fig. 5. Image diffraction by a plate.
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It should be noted that the conventional reflection ray
is included in the image diffraction ray in Region I,
resulting in simplification of the proposed DRTM.

The principle of the DRTM algorithm has been discu-
ssed for the approximate evaluation of the electric field.
The electric field E at the receiver is formally expressed
in the following dyadic and vector form:

k=M, - jkr,

N | m=M,
E=Y| ] @) [] @) E, £
n=1 m=1 k=1

T (15)

where Ej is the electric field of the n-th ray at the first
reflection or diffraction point, and « is the wave number
in the free space. N is the total number of rays consi-
dered, M, is the number of source diffractions times,

and M, is the number of image diffractions times.
Based on the ray data, the distance of the n-th ray from
the source to the receiver is given by

r,= > r, (n=12--N),
k=0 (16)
where 7z is the k-th distance from one reflection or di-
ffraction point to the next.

. Numerical Results

Figs. 6~9 show numerical examples of back scattered
electric field intensities versus distance between the radar
and the target for rough surfaces with different target
heights at /=40 m, 100 m, 500 m, and 1,000 m, respec-
tively. These curves are the ensemble average of electric
field intensities computed by using 50 generated sam-
ples of rough surfaces. The dielectric constant of the flat
ground is ¢€,=5.0, conductivity is ¢=0.0023, and the
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Fig. 6. Back scattering for the rough surface(dv=1 m, c/=
50 m and 4#=40 m).
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Fig. 7. Back scattering for the rough surface(dv=1 m, c/=
50 m and A=100 m).
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Fig. 8. Back scattering for the rough surface(dv=1 m, cl=
50 m and #=500 m).
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Fig. 9. Back scattering for the rough surface(dv=1 m, c/=
50 m and 4=1,000 m).
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target is made of a perfect conductor. The length of the
rough surface is 10 km and its parameters are chosen as
¢/=50 m and dv=1 m. The operating frequency is chosen
as f=1 GHz. In these figures, three curves are plotted:
1) the electric field of back scattering in case of free
space (Free_Space), 2) the back scattering of the total
field (Rough50), that is, the back scattering from the
rough surface plus the back scattering from the target,
and 3) the electric field from the target (Diff50), that is,
the total field minus the back scattered field due to the
rough surface. It is demonstrated that the back scattering
from the rough surface is very strong compared with
that from the target.

Figs. 10 and 11 show numerical examples of back sca-
ttered electric field intensities versus distance between the
radar and the target, with a target height of 100 m for
different height deviations of the rough surface. These
curves depict the ensemble average of the electric field
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9. 10. Back scattering for the rough surface(dv=5 m, ¢/
=50 m and A=100 m).
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Fig. 11. Back scattering for the rough surface(dv=10 m, c/
=50 m and #=100 m).
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Fig. 12. Back scattering for the rough surface(dv=5 m, ¢/
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Fig. 13. Back scattering for the rough surface(dv=10 m, c/
=50 m and 4=500 m).

intensities computed by using 50 generated samples of
rough surfaces. Material constants and the operating fre-
quency are the same as in the former examples. The
three curves also denote the same physical meaning as
the former examples and it is demonstrated that the back
scattering from the rough surface is very strong com-
pared with that from the target.

Figs. 12 and 13 show numerical examples of back sca-
ttered electric field intensities versus distance between
the radar and the target, with the target height at #=500
m for different height deviations of the rough surfaces
dv=5 m and 10 m. It is also demonstrated that the back
scattering from the rough surface is very strong com-
pared with that from the target.

IV. Conclusion
This paper has introduced DRTM for numerical analyses
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of the back scattering of electromagnetic waves from a
target moving along random rough surfaces. The inten-
sion of the present method is to discretize not only a
rough surface, but also the ray tracing procedure.

Numerical calculations were carried out for a 1D
rough surface with different height deviations. It was
shown that the back scattering from rough surfaces do-
minates the total back scattering and the difference field
of the back scattering is lowered in comparison with the
back scattering from a target in the free space. Modifi-
cation of the present DRTM to 2D random rough sur-
faces deserves future investigation.
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