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요 약

본 논문에서는 무선 망 설계에 필요한 전자파 전파 특성 예측을 위한 방법 중 하나인 광선 추적법을 이용

하여 2차원 불규칙 조면에서의 전파 특성 조사하기 위한 이산 광선 추적법을 제안 하였다.  이 방법은 불규

칙 조면과 광선 추적에도 이산화 방법을 적용한다. 제안한 방법은 불규칙 조면 생성에 컴퓨터 메모리를 절약 

할 수 있으며, 광선 추적에 소요되는 계산 시간을 단축 할 수가 있다. 2차원 불규칙 조면에 대해 이산 광선 

추적법을 적용하여 전계 분포에 대한 수치 계산을 행하였으며, 이산 광선 추적법의 유효성에 대해서도 조사하

였다. 

ABSTRACT

In this paper, we have proposed discrete ray tracing method (DRTM) for numerical analysis of characteristics of electromagnetic 

propagation along 2D random rough surfaces. The point of the present method is to discretize not only rough surface but also ray 

tracing. The former helps saving computer memories and the latter does simplifying ray searching algorithm resulting in saving 

computation time. Numerical calculations are carried out for 2D random rough surfaces, and electric field distributions are shown 

to check the effectiveness of the proposed DRTM. 
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Ⅰ. Itroduction

The electromagnetic wave scattering by rough 

surfaces has attracted researchers' attention from 

technical view point of radar cross section in 

relation to remote sensing technology [1], [2]. 

Recently, a rapid progress has been made in the 

area of sensor networks to gather physical data and 

to control natural environments. Sensors are usually 

distributed on terrestrial surfaces such as deserts, 

vegetable fields, hills and forests and so on.  These 

surfaces are considered to be random rough 

surfaces, and thus it is important to investigate 

propagation characteristics along random rough 
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surfaces to promote sensor networks [3], [4].

As far as 1D rough surfaces are concerned, 

analyses based on ray tracing method (RTM) [3] 

and FVTD method [4] have been reported so far. 

However, the former method requires much com-

putation time to search many reflection and 

diffraction rays, and the latter needs much computer 

memory to deal with relatively large area of rough 

surfaces compared with the wave length.

In this paper, we propose discrete ray tracing 

method (DRTM) to numerically analyze electr-

omagnetic wave propagation along 2D rough 

surface as shown in figure 1. In the present DRTM 

analyses, we have made some assumptions in order 

to simplify ray searching algorithm to save 

computation time. Numerical calculations are carried 

out for 2D random rough surfaces, and electric field 

distributions are shown to check the effectiveness 

of the proposed DRTM.

 Height (m)

Fig. 1 Geometry of 2D rough surface and source.

Ⅱ. Rough Surface Discretization 
and DRTM

The generation of random rough surfaces are 

numerically performed by the direct DFT(discrete 

Fourier transform) method or convolution method 

[4]. Parameters used for rough surface generation 

are correlation length cl, root mean square or 

deviation of height dv together with the type of 

rough surface spectrum. In this paper we consider 

only the Gaussian type of spectrum.

The first stage of DRTM is to discretize a 

rough surface in terms of rectangular plates for 2D 

so that it could be approximated by piece wise 

planar plates. This approximation procedure should 

be performed so that computer memory could be as 

small as possible. We propose the following 

discretization method for rough surfaces. First we 

divide (x, y)-plane into   rectangular plates 

with area   for 2D. Then we can discretize 

any types of rough surfaces in terms of 

representative points as follows;

  
  ···   ···

(1)

where 

    
  ···   ···

(2)

and    are the height functions of 2D 

rough surfaces. Next we derive the normal vectors 

of the discretized lines or plates by the following 

relations:

 × × 
  ···    ··· 

(3)

    (4)

It should be noted that only the position vectors  

 or and normal vectors   is enough to search 

rays numerically for 2D discretized rough surfaces. 

This fact results in simplifying the ray searching 

algorithm and also saving computer memories 

considerably.

The essence of the algorithm of the proposed 

DRTM could be summarized in the following. We 

assume that plates of 2D discretized rough surfaces 

are in line of sight or in short LOS, if a 

representative point of one line or plate is in LOS 
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with that of another line or plate. Otherwise, they 

are not in line of sight or in short NLOS. This 

assumption enables to simplify greatly the ray 

searching algorithm, and as a result, it helps saving 

much computation time.  It is worth noting that 

this algorithm can be readily modified to achieve 

more accurate rays.

In conventional ray tracing method (RTM), rays 

are classified into incident, reflection and diffraction 

rays; in DRTM, however, we divide them into 

incident, source diffraction and image diffraction 

rays [5]. The source diffraction is closely related to 

the incident wave with two types; one is source 

diffraction in the illuminated region when the two 

representative points are in LOS, and the other is 

source diffraction in the shadow region when the 

two representative points are in NLOS. In this 

DRTM, we employ only the source diffraction rays 

with the shortest path, and thus these diffraction 

rays are constructed so that the two representative 

points in LOS or NLOS may form the shortest 

path between them.

The image diffraction is closely associated with 

reflection which can be described in the geometrical 

optics as the emission from the image of source. 

We can construct image diffraction rays by 

connecting different two lines or plates using 

representative points successively when they are in 

LOS. It should be noted that the conventional 

reflection ray is also included in the present image 

diffraction rays as a special type of ray satisfying 

the Snell's law or the relationship that the 

reflection angle equals the incident angle.

Ⅲ. Field Computations

We have discussed the principle of DRTM ray 

searching algorithm in the preceding section, and 

based on the far field approximation, we can 

evaluate electromagnetic fields in terms of the ray 

parameters such as reflection and diffraction points 

together with the rough surface parameters such as 

the position and normal vectors of the lines or 

plates of discretized rough surfaces. Although 

detailed discussions are omitted here, the electric 

field E at the receiver is formally expressed in the 

following diadic and vector form:




 


 





· 





·









(5)

where   is the electric field of the n-th ray at 

the first reflection or diffraction point, and κ is the 

wave number in the free space. N is the total 

number of rays considered, 
  is the number of 

times of its source diffractions and 
  is the 

number of times of its image diffractions. Based on 

the ray data, the distance of the n-th ray from 

source to receiver id given by

  



 



   ··· (6)

where   is the k-th distance from one 

reflection or diffraction point to the next one.

The diadic function for the image diffraction is 

given by the ray data and the Fresnel's reflection 

coefficients for horizontal (h) and vertical (v) 

polarizations given by equation (7), (8) and the 

complex type of Fresnel function defined by 

equation (9). 

 cossin
cossin

(7)

  
cossin
cossin

(8)

 

 


∞






 (9)
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Ⅳ. Numerical Results

Figure 1 shows 2D rough surface of length(sl) 1 

[Km] example of area (1 Km, 1 Km) with height 

deviation dv=5 [m] and correlation length cl=50 [m]. 

The dielectric constant and conductivity of the 

medium constituting rough surface are chosen as 

=5 and σ=0,0023 [S/m], and the operating frequency 

is selected as f=1.0 GHz. The spectrum type of the 

random rough surface is assumed to be Gaussian. 

The source is located at the center of the 2D rough 

surface with h =1 [m] above it, and the receiver is 

moved along the surface at h =0.5 [m] above it.

First, figure 2 and 3 show ensemble averaged 

electric and magnetic fields computed by using 100 

samples of generated rough surfaces for E-wave 

and H-wave, respectively. The height deviation is 

chosen as dv=20 [m], 10 [m] and 5 [m], and the 

field distributions in the free space are also 

depicted. It is demonstrated that the larger the 

height deviation dv becomes, the larger the wave 

attenuation is increased; characteristics of the 

propagation loss are similar to those in the urban 

areas [6].

Fig. 2 E-wave distributions with dv as a parameter.

Fig. 3 H-wave distributions with dv as a parameter.

Now, we show some numerical examples for 2D 

rough surfaces where height deviation and 

correlation length are chosen as dv = 10 [m] and cl 

= 50 [m], respectively.  Figure 4 and 5 show 

electric fields computed by incident zero order ray 

in the illuminated region for vertical and horizontal 

small dipole antennas, respectively. It shows electric 

fields in the illuminated region without any 

reflections or diffractions.  Figure 6 and 7 show 

electric fields computed by first order of image and 

source diffraction rays for vertical and horizontal 

small dipole antennas, respectively. These results 

show image diffraction ray with once reflection, 

source diffraction ray in the illuminated region, and 

that in the shadow region.

 E-field (dB)

Fig. 4 Field computed by zero order ray for vertical 
polarization (cl=50 m, dv=5m, sl=1Km).



불규칙 조면의 전파 특성 해석을 위한 이산 광선 추적법

 237

 E-field (dB)
Fig. 5 Field computed by zero order ray for horizontal 

polarization (cl=50 m, dv=5m, sl=1Km).

E-field (dB)

Fig. 6 Field computed by first order rays for vertical 
polarization (cl=50 m, dv=5m, sl=1Km).

 E-field (dB)
Fig. 7 Field computed by first order rays for horizontal 

polarization (cl=50 m, dv=5m, sl=1Km).

Figure 8 and 9 show electric fields computed by 

second order image and source diffraction rays for 

vertical and horizontal small dipole antennas, 

respectively. These results are image diffraction 

rays with twice reflections, image diffraction ray 

experienced once source diffraction, and source 

diffraction ray experienced once image diffraction. It 

is shown that almost the same characteristics are 

obtained both for the vertical and horizontal 

polarizations except for the directivity of the source. 

It can be concluded that the present DRTM is 

effective to the analyses of propagation chara-

cteristics along 2D rough surfaces.

 E-field (dB)
Fig. 8  Field computed by second order rays for 
vertical polarization (cl=50 m, dv=5m, sl=1Km).

 E-field (dB)
Fig. 9  Field computed by second order rays for 
horizontal polarization (cl=50 m, dv=5m, sl=1Km).

Ⅵ. Conclusion

This paper is concerned with an numerical 

analysis of electromagnetic wave propagation from 

randomly rough surfaces as a desert, sea surface 

and so on. We have proposed DRTM for numerical 

analysis of characteristics of electromagnetic propa-

gation along 2D random rough surfaces.

First, the electric and magnetic fields are 
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computed for different height deviations of rough 

surfaces. It is demonstrated that the larger the 

height deviation dv becomes, the larger the wave 

attenuation is increased. The characteristics of the 

propagation loss are similar to those in the urban 

areas. Next, the electric fields are computed by 

n-th order image and source diffraction rays for 

vertical and horizontal small dipole antennas. These 

results show image diffraction ray with once 

reflection, source diffraction ray in the illuminated 

region, and that in the shadow region. It can be 

concluded that the present DRTM is effective to 

the analyses of propagation characteristics along 2D 

rough surfaces.
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