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Abstract

This paper is concerned with reducing computation time of discrete ray tracing method (DRTM)
by using an approximate Fresnel function. By applying approximate Fresnel function to DRTM, we
consider the accuracy and the computation time of the numerical examples for electromagnetic field
along random rough surfaces.
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1. Introduction

Recently, the discrete ray tracing method (DRTM) has been proposed in order to analyze electro-
magnetic wave propagation along random rough surfaces (RRSs) in relation to sensor networks [1]. Two
types of discretizations are carried out in the DRTM. One is discretization of RRS, and the other is dis-
cretization of searching ray. By these discretizations, the DRTM enables us to reduce much computation
time in comparison with the conventional ray tracing method (RTM). In the DRTM computation, we
assume that we nedéd rays withM diffraction points to evaluate an electromagnetic field at one obser-
vation point and the number of observation pointk.isSThen the total number of computation times of
diffraction function composed of the Fresnel function is givetbyN x L. Thus itis concluded that the
computation time of dfraction function dominates the total computation time of a field analysis based
on the DRTM. In this context, it is significant to propose an approximation for tfi@diion function to
reduce the computation time of the numerical analyses based on the DRTM.

An approximate expression for Fresnel function has been proposed by authors, and we checked its
accuracy and computation time. Comparing with accurate expression, the error of proposed approxima-
tions was within ®%, and the reduction rate of computation time was about 13%[2]. In this paper, we
introduce an approximation for theffiaction function which is simple buttective to DRTM analyses.

It is shown that the approximate function is in good agreement with the accurate Fresnel function. We
apply the approximation for Fresnel function to DRTM analyses, and we numerically compute field dis-

tribution along RRSs. It is shown that the computation time is faster than the conventional DRTM with

the accurate Fresnel function, and the accuracy is almost the same between the two methods.

2. Approximation for Di ffraction function
2.1 Approximate Function

The difraction function plays an important role in the analytical investigation of electromagnetic
wave difraction by edges. Consequently our knowledge about the analytical properties fdafrdnetidin
function is very useful when we tackle a more complicatetalition problem such as propagation in
an urban area or along RRS [1].

The complex type of Fresnel function is expressed in terms of the real type of Fresnel functions as
follows:
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F(X) = 2V [C(X) = iS(X)] (1)



where the real type of Fresnel functions are defined by

C(X) = fo " cos(?)du

X (2)
S(X) = f sin®)du.
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These real type of Fresnel functions are expanded in terms of Taylor series [3] as follows:
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On the other hand, the asymptotic forms of the above functions are expressed in the following form:
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For numerical computations, Eq.(3) ifextive for relatively smalK, while Eq.(4) is &ective for rela-
tively largeX. Thus the numerical recipes for the real type of Fresnel functions are devised by combining
these two relations [4]. Although numerical results of these recipes are accurate, we cannot ignore com-
putation time when we use these functions many times. This is the case when we apply DRTM to an
electromagnetic diraction or propagation problem in a complicated natural environment. So we need
an dficient algorithm to provide numerical data for the complex type of Fresnel function faster than the
accurate recipes [4] do.

Mathematics for dtraction is not the Fresnel functidf(X) itself but the dffraction functionD(X)
whose relationship has been givenbgX) = eszF(X). The difraction functionD(X) exhibits a mono-
tonic property as shown in Figure 1 which plots its real parkdzxis and its imaginary part ig-axis
with a parameteK ranging from 0 to infinity. The curve is very similar to a parabola given by a square
polynomial. Thus we can approximate the imaginary fai(X) by the real parReD(X) by using a
polynomial function as follows:

ImD(X) =~ H(ReD(X)) (5)

where the polynomial function is given by
H(X) = 2x(x — 0.5)[1 — 38x(x — 0.125)(x — 0.5)7] . (6)

Figure 1 shows an approximated curve compared with an accurate one obtained by the numerical recipes
[4]. It is demonstrated that two curves are in good agreement with rms errd5%o0 WhenX is small

(X < 0.55), combining Egs.(1) and (3) leads to an approximate perturbed expression as follows:
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Figure 1: Real and imaginary parts of thédiction codficient D(X).

When the argumenX is large K > 1.55), combining Egs.(1) and (4) leads to an approximate asymptotic

expression as follows:
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Based on the above polynomial expressions, we can introduce an approxiffraetidin function in a
simplified form as follows:

F(X) ~
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where we have used the following relations:
X1 =X-055 X,=X-105 Xz=X=155. (10)

Eq.(9) shows that approximation has been made for the real part offffeection function in a perturbed
form for X < 0.55, in an asymptotic form foX > 1.55 and in a square polynomial form in other region.
Needless to say, the imaginary part of thérdiction function can be computed by the polynomial
given by Eq.(6). Thus the proposed approximation enables us to save computation time, since it is enough
to use only the lower order of polynomials. We have checked the computation time for the accurate and
approximate dtraction functionsD(X) with step size 0.001 of X in the range from 0 to 1000. The
computation time using the proposed approximation was aboR¥d 8f the computation time using the
accurate Fresnel function.

2.2 DRTM Computation

DRTM has been proposed by authors recently. In the DRTM, two types of discretizations are carried
out: one is discretization of RRSs, and the other is discretization of searching rays between source and
receiver. These discretizations enable us to rapidly compute electromagnetic fields above RRSs [1]. We
omit here detailed discussions of the DRTM algorithm. The electric felt the receiver is formally
expressed in the following diadic and vector form [1]:
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wherekEj is the electric field of the incident wave at the first reflection dirdction point, and is the
wavenumber in the free spadd.is the total number of rays consideréd; is the number of times of its
source difractions, andV}, is the number of times of its imageffiactions. Reflection cdgcients are
included into a diadic fornD' which means an imageftfiaction, and the proposed approximate function
discussed in previous section is also included idto DS is a diadic of source éfraction. Based on the
ray dataf, is the distance of n-th ray from source to receiver.



3. Numerical examples

Figure 2 shows geometry of the problem. RRSs are strongly related to three parameters. First
parameter is spectrum function, second parameter is deviation of rough surfaces digimd(third
parameter is correlation lengthl). We select RRS’s parametersés = 10.0[m] and cl = 50.0[m].
Spectrum type of the RRS is assumed to be Gaussian. Source point is placed.afm] and its height
is H = 30.0[m] from the average height of RRSs. Operating frequency is selectéd=a4.0[GHZ,
and material constants are chosergas 5.0 ando = 0.0023[S/m]. Figure 3 shows two curves: these
curves are the ensemble average of electric field intensities computed by using 30 generated samples of
rough surfaces. Red line is a field distribution computed by the accuf@taction function, and green
line is a field distribution computed by the proposed approximate function. Comparing two curves, we
can see that two curves are in good agreement with each other, and the error is WihinAlso, we
consider computation time between two results. Computation time using approximate function is reduced
about 50% in comparison with that of rigorous one. As a result, it is concluded that the approximation
proposed in this paper is accurate and we can reduce the computation time for field intensity a little.
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Figure 3: Comparison between accurate and ap-

Figure 2: Geometry of the problem. proximate fields on a random rough surface.

4. Conclusion

In this paper, we have introduced an approximate function for the Fresnel function to reduce compu-
tation time. An approximate function enables us to reduc2%f the computation time in comparison
with accurate one in the rang £ D(X) < 1000 with step size 0.001 &f. In case of the numerical
analyses based on DRTM above RRSs, we have compared the computation time of the accurate Fresnel
function with that of approximate function. It is found that computation time using approximation has
been reduced about®%6 in comparison with that of accurate Fresnel function. We have also found that
the error of approximation is within.Q%.

We need another better approximate function than the proposed one to reduce computation time.
This is a future problem.
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