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1. Introduction

The characteristics of electromagnetic scattering and absorption have been studied for long time
and are still paid much attention to improve the accuracy of estimated specific attenuation by rain.
Recently, strong demand for intelligent transport systems, satellite broadcasting system and weather
measurement system, which use frequency higher than 20GHz, are raised. Rain measurement system
using microwave and millimeter wave is very significantly important for disaster prevention system to
foresee and prevent the occurrence of disasters and for the sensor of ITS to support safe and automatic
driving. Therefore, the study for the prediction of rain attenuation has become more significant to
design these application systems properly. In this study, rain region is modeled as random medium and
propagation of electromagnetic wave is analyzed by FDTD method. FDTD analysis demonstrates
the dynamic characteristics of wave scattering and absorption phenomena. As a result, specific
attenuation on various rainfall rates are presented and discussed.

2. FDTD analysis of electromagnetic scattering and absorption in rain region

Electromagnetic scattering and absorption characteristics due to random rainfall are very
important information for ITS and weather measurement systems. These characteristics can be
numerically analyzed by computer simulation. In this paper, electromagnetic propagation
characteristics are calculated by FDTD method. The analysis model of rain attenuation (z\” <z <z{")
is shown in Fig.1. The volume of total analysis region is defined as ¢ ,=/,=0.3m, ¢ . =1.16m.
Total analysis region is divided into small regions whose length of z-direction ¢, = 0.36m. Fig. 2
shows the analysis region for successive segmented FDTD method. Raindrops are distributed
randomly in the volume V=/ ¢, ¢ where {=1.1m which is the propagation distance in rain region.
The incident wave is Gaussian beam of frequency 20GHz radiated from the aperture S, located at z=0,
whose dimension is axb, a=b=104=0.15m. The intensity of electric field is observed on the
observation plane S, located at z=I, to obtain the propagation loss per distance | in rain region.

The incident wave is given by the following equation,
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where =20GHz, g =27/ ,x,=y,=0.15m, w_ =w =21=0.03m, 7,=0.15ns, w,=0.06ns, Ex=1V/m,
Zy is the intrinsic impedance of free space. Fig. 3 shows the spatial distribution of incident field and
the time waveform is shown Fig. 4. In the first analysis region (z\” <z<z\"), z\¥=0,z{"=0.1,
2 =02, z» =03m. When the incident wave packet has entered in the region
(2" <z<z{,i=0,,2-.-), the electromagnetic field of wave packet is copied into the next analysis
region (z{"" <z < 2"} as the initial condition. So relations of z coordinate between i-th analysis
region and (i+1)-th analysis region are z{’ =z and z{" =" . In FDTD, x-component of
electric field is calculated by

EM'(i, j,k) = CE" (i, j, k) + C, {H"" (i, j, k)
—H™" (6, k=1 - H™" (@0, j, k) + H™ (i -1, j,k)} 3)

H™ (x, ,0, 7) =-
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The size of raindrop is considered to be small compared with the wave-length and the dimension
of raindrops is modeled as cubic whose length of one side is a(mm) since a cubic cell is used to divide
the FDTD analysis region. In rain region, each raindrop has cubic dimension and the length of one
side is denoted by a;, one apex coordinate is represented by (x;,y;,z). The refractive index of raindrops
is n,=6.463-j2.81.

FDTD analysis demonstrates dynamic characteristics of scattering and absorption with
distribution of raindrops in time domain. In FDTD analysis, As=A4/15=0.001lm and Ar= T/33.3=
1/(33.3f) =1.5ps are used as space increment and time increment respectively, where Ais the
wavelength in free space, T=1/f is the time period of incident wave. These parameters satisfy the
stability condition of FDTD calculation.
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Fig. 2 Successive segmented FDTD
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Fig. 3 Spatial distribution of incident Fig. 4 Incident waveform

electric field on the aperture S,

3. Scattering and absorption characteristics by FDTD analysis
To evaluate the rain attenuation characteristics, the analysis of free space is necessary to obtain criteria
received signal Eoe”. The result of free space is shown in Fig. 5. In Fig. 5 (a), (b) and (c), the wave
front of wave packet reaches at z=ct=0.3, 0.6 and 1.08m, respectively. Fig. 5(d) shows the received
signal on Sy at z= /£ =1.1m. A result of random medium is shown in Fig. 6. A random medium in Fig.
6 (a) is generated by giving raindrop size from one to two millimeters. The number of raindrops in rain
region is given by N = 114, The rain rate R (mm/h) can be obtained by R=vtN’ g 7107, where @
(mm) is the average size of raindrops, v (m/s) is the terminal velocity of raindrops and assumed to be
4.fz , 118 3600 (sec), N’=N/V is the number of raindrops per unit volume, where V=/ ¢,/ =0.099m’
is the total volume of analysis region. From the above-mentioned argument, the medium of Fig. 4
corresponds to R=20mnvh. Fig. 7 shows the result of random medium at R=40mm/h. Random
parameters of distributed raindrops for these random media are shown in Table 1 and 2. Fig. 7(d)
shows that transmitted wave packet is attenuated strongly by heavy rain. The specific attenuation is
obtained by

A=c-10° /¢ (dB/km) @) o =2010g,, ©)
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where « is the loss per propagated distance /. From our analysis, A=0.64 and 9.62 are obtained at
R=20 and 40, respectively. By comparing with the result of other experimental study, attenuation at R
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Fig. 5 Wave propagation in free space by FDTD analysis
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(a) Cross sectional view of raindrop (b) Difference of electric field AFy after
distribution (zo¥=0.8, z;¥=1.1) 3.6 ns

Fig. 6 Wave scattering and absorption in rain (R=20mm/h, N=114, a;=1-2mm)
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(a) Cross sectional view of raindrop (b) Difference of electric field ALy after
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Fig. 7 Wave scattering and absorption in rain (R=40mm/h, N=143, a;=1-3mm)
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=40 is considered to be high. Based on these FDTD analyses, statistical characteristics of
electromagnetic propagation, such as average field intensities and field correlation are derived by
statistical data of rainfalls, such as average and correlation of raindrop’s size and position.

Table 1 Distribution of raindrops (R=20mm/h) Table 2 Distribution of raindrops (R=40mm/h)

i [a(mm)| x(m) yim) | z(m) i |a(mm)| x(m) yi(m) | z(m)
1] 20 |0.154 | 0.157 | 0.899 1 1.0 | 0.154 | 0.160 | 1.084
2 1 1.0 10.204 | 0.229 | 0.134 2| 1.0 |0.013 | 0.059 | 0423
3120 |0.250 | 0.193 | 0.321 3 1.0 |0.203 | 0.226 | 0.366
113 1.0 | 0.234 | 0.284 | 0.921 142 | 1.0 | 0.199 | 0.043 | 0.906
114 | 1.0 | 0.155 | 0.149 | 0.256 143 1.0 |0.208 | 0.131 | 0.219
Max | 2.0 |0.295 | 0.297 | 1.096 Max | 3.0 [0.295 | 0.294 | 1.085
Min | 1.0 | 0.003 | 0.001 | 0.100 Min | 1.0 | 0.002 | 0.000 | 0.111
Efa] | 1.03 E[a] | 1.18
Va[a]| 0 Va[a]| O
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Fig. 8 Received signal at the observing

plane S, in rain Fig. 9 Specific rain attenuation by FDTD

4. Conclusions

In this paper, FDTD method is applied to obtain the characteristics of wave scattering and

attenuation those are important for designing the communication and measurement system which
utilize electromagnetic wave. Rain region is treated as random media. Scattering and absorption
phenomenon is evaluated numerically. To investigate the accuracy of estimation, it is necessary to
perform the simulation under various rain rate conditions.
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