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I. Introduction

When a random medium is discrete we can use the data of wave re-
flectande, transmittance, or attenuation to obtain parameters repre-
senting particle sizes or number densities by means of inversion. In
addition to other methods, we have used the modified random trial-
and-error (MRT) method based on the inversion by the least squares
estimator toidetermine the size distribution of rain drops with the
attenuation data measured in a radio link of 2km with 8mm wave. The
result has been compared with that of Phillip and Towmey (PT)[1]. It
has been found that the MRT method is better than the PT method.
I1. The modified random trial-and-error method

Let y=f(X,B), where X= e obp ) are sets of known
independent experlmental variables and unde%ermlned parameters res-
pectlvely. The aim is to find an estimate of B for which the sum of
squares

Q-Z [vi-£(x;.8)]° (1)

is minlmum. where y; is the ith observation of y. MRT method has the
following procedureiE
1. For an unknown by a solution interval is given as follows,
Ek-bk&bk sEk‘f bk (k—l,....m)
where E, and & , are the interval and the half interval respective-
ly. For each time, in the above interval of bk(k-l.....m). a set of

Qaeudorandom number of m members B(i)= (bi.b%.....bg) can be gener-
ated independently for each B(J) according to a uniform or a trian-
gular distribution. After t times a sequence of sets of B is obtain-
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The correspondlng sequence Q
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E J) can be arranged decreasingly as
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2. A weighted sequence defined by W
accordingly,
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Now, we can compute the next new searched solution interval Ek andﬁ.k
with the follow1ng formulas

ZW (3) (3) /Z w! (K=1,.00,m) 12)

calculated by (1) with the sequence

(3)2 1:)/Q(j) can be obtained

A _C/Zw(-]) (b(t) )2 /i: W) (k=1,...,m) (3)

where ¢ is a 9051t1ve number selected by trials. .
3. Preceed repeatedly with new E, and A Generally, Ek will ap=
proach the expected true value of B andA]cwlll become smaller and

smaller, till the condition Q( % € is met, €is the given allowable
error bounds
III. Size distribution of rain drops

When multiple scattering and depolarization effect are neglect-
ed, the plane electromagnetic wave attenuation induced by rain and
the drfp size distribution N(D) are related by the following equa-
tion (3],
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G(Ry)=)  K(D)N(D,R;)aD (4)

min

where G(R;) is the attenuation rate in dB/km, Rj; is the rain rate in
mm/hr, K(D) is the extinction cross section of a single drop, D de-
notes the diameter of a2 drop. For the moderate and low rain rate the
size distribution density function per unit volume per length N(D)
can be assumed as -N

N(D)=Ngyexp(-AD) ,and A=N.R™'2 (5)
where NO.Nl.and N, are parameters t0 be determined. According to the

MRT  method described above, sets of random numbers B=(N0.N .Nz} can

be taken by the computer so that the following function Q becomes the
minimum: n

Q=2 (a-a, )= (6)
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where G, ; 1is the ith measured attenuation rate when rain rate is R;.
Values of the attenuation rate G can be calculated by the MRT metho
with (4). Experimental data of G, j can be obtained from the measured
values of the ground radio kink in the local area. The computed res
sults by the MRT method show that in case of moderate and low rain
rates (dotted line in Fig.l), the calculated size distribution fol-
lows the MP distribution (dashed line in Fig.l) (4] . When PT method

is used, equation (4) must be discretized to be a matix (11, and one
of the best result is shown in Fig.l with the solid line.

The result of PT method has more discrepancy between calculated
and the MP distribution. Thus, the validity of the MRT methed has
been confirmed.

IV. Discussions
MRT method is a technique of experience and skill. We give some dis-
cussions for its efficiency and effect%v ness.

. In therandomly selected sequence B'J/(j=1,2,...,t), the value of

t must be appropreiate. If t is too large the effect of contraction

interval will be small. When t is too small no end and low efficien-
cy will occur in calculation. In above example we have selected t to
be 5.

2, The positive number ¢ is selected by trials. When it is larger
than unity, there is a possibility leading the true solution to be
located outside the initial trial interval. This is permissible in
the MRT method and also iz its advantage. By trial, in above example
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a suitable choice of ¢ is 2-2.5.

3. For the given trial interval (E-A,E+4), the true value located in
the middle of this interval is most probable. Therefore, we may use
uniformly and triangularly distributed rondom numbers alternatively.

4L, Values of error depend on the actual problem. Generally they
are chosen to have the same order as the accuracy required. If they
are too small the computation efficiency is definitely low even no
ending. In the above example we have chosen €=10"%,

5. We have not found a theoretical proof of the convergence of the
MRT method. But random trial can use the best as a new initial trial.
The..algarithm of the MRT method is simple and flexible. In inver-
sion, the MRT method can give the result in a shorter CPU time, while
other numerical methods are inefficient. In problems requiring high

accuracy, the MRT method can provide a better first step rough solu-
tion, Of course, when more than one set of solutions are wanted or
the unknown function f(B,X) of (1) varies seriously with respect to
B, it may fail.
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