international Journal of Fuzzy Logic and Intelligent Systems, vol. 7, no. 3, September 2007 pp. 171-175

Determination of Multilayer Earth Model Using Genetic Algorithm

Min-Jae Kang, Chang-Jin Boo, Ho-Chan Kim,

School of Electrical & Electronic Engineering, Research Institute of Advanced Technology, Cheju National
University
minjk@cheju.ac.kr, boo1004@cheju.ac.kr, hckim@cheju.ac.kr

Abstract

In this paper a methodology has been proposed to compute the parameters of the multilayer earth model using a genetic algorithm(GA). The

results provided by the GA constitute the indispensable data that can be used in circuital or field simulations of grounding systems. This

methodology allows to proceed toward a very efficient simulation of the grounding system and an accurate calculation of potential on the

ground's surface. The sets of soil resistivity used for GA are measured in Jeju area.
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1. Introduction

When a grounding system is to be installed, knowledge of the
earth model in the given location is compulsory. The parameters
of the earth model are the necessary data for the circuital or field
simulations of grounding systems. The measurements of the soil
resistivity, which have been carried out, have shown that the soil
has to be simulated as two layer structure at least.

It is also clear that the value of soil resistivity is changing
during the year, reaching its maximum value in summer months
[1,2]. The determination of the parameters of the multilayer
earth model is transformed to a problem of minimization; a
methodology proposed in this paper, based on a genetic
algorithm(GA), of the
multilayer earth model, using the measurements of soil

which calculates the parameters
resistivity.

The effectiveness of this GA is proved by comparing the
results of the GA to the results of other researchers. The
conclusion of this comparison is that the application of the GA
on the computation of the parameters of the earth model gives
more accurate results than other published methods.

Hence using the suggested methodology, it is possible to
calculate accurately the multilayer earth parameters, which will
be the essential input data for the simulation of the behavior of
the grounding system that will be installed in this ground. A
further advantage of the proposed methodology is that it is very
suitable to calculate the parameters of practically any soil
structure, independent of the number of layers, with a relatively
fast convergence.

In this paper the computer simulation has been carried out for
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testing, if the proposed method can be used for analyzing the
two and three layer earth model. The soil resistivities measured
in Jeju area have been used for this computer simulation.

2. The Soil Resistivity of the Multilayer Earth
Model

The potential at any point in the earth due to a current,
flowing through a point electrode situated on the surface is
given by the following equation [1].
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where J (Ar) is the Bessel function of the first kind of order
zero and p, is assumed a homogeneous and isotropic soil
resistivity and \z| s depth. Using the Tagg model [1] of a
horizontally stratified two-layer earth model (with soil resistivity
p, and p,), the potential ¥, due to a current /, flowing
through a point electrode situated on the surface is given by the
following equation [1]:
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and A is the thickness of the first layer and % is the
coefficient of reflection from the upper to the lower layer, which
is given by (4)
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A method for the calculation of the surface potential in case
of a multilayer earth model of the has been developed by
Takahashi and Kawase [3,4]. The structure of N -layer earth
model is shown in Fig. 1. The first layer has thickness /4, and
soil resistivity o, the second layer has thickness %, and soil
resistivity p,, the thickness of the last ( NV th) layer is infinity,
and its soil resistivity is o, . The potential at any point on the
earth surface for a current / entering to the earth through a
point electrode is described by the following equations (5)—(9)
[3.4].
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for 1<i<N-1, the coefficient of reflection & for two

sequential layers is given by the formula
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In addition, for ¥ >2 and 1<S<N-2,
is given by the formula

the factor K,
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Fig. 1. Multilayer earth model

Through processing many groups of measurements [5-8], we
are directed to the conclusion that the earth usually has a
multilayer structure. Consequently, a methodology for the
calculation of earth model parameters (resistivity and depth of
each earth layer) is essential. In the bibliography, there are
available methodologies for the calculation of these parameters
for two-layer [5,6] and three-layer earth models [7,8] using soil
resistivity measurements. The calculation of parameters of a
two-layer earth is a three-parameter optimization problem (soil
resistivity of both layers and depth of the upper layer, while the
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depth of the lower layer is considered to be infinite). Therefore
the calculation of parameters of a three-layer earth is an
optimization problem of five parameters (soil resistivity of all
three layers and depth of the upper two, while the last layer’s
depth is considered to be infinite). Hence, with the same logic,
the calculation of parameters of N -layer earth is an
optimization problem of 2N —1 parameters.

3. Parameters of Multilayer Earth model

The four-point method has been known the most accurate one
among the methods for measuring the average resistivity of the
earth model [2]. Four small point electrodes are buried in a
straight line with same distance( a ) and the voltage (AV') is
measured between the inside two electrodes after injecting
through the outer two electrodes. Then the resistance( R ) can be
obtained by using AV/I .
depth( a ) can be calculated approximately as follows.

The average soil resistivity in

p=2raR (10)

The calculation of parameters of a two-layer earth is a three-
parameter optimization problem. The objective function £, of
three parameters (soil resistivity of both layers and depth of the
upper layer) can be expressed as follows

1 &|pn - o
TP

-~ (11
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where o7 is the ith measurement of the soil resistivity when
the distance between two sequential probes is a, while p;, is
the computed value of the soil resistivity for the same distance.
The soil resistivity is calculated using [5,6].
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As shown in equation (13), the infinite term is required for the
so the
approximate soil resistivity can be calculated by selecting »,

accurate calculation, however k, is smaller than 1,

as the last term for »n as follows

o pl[1+42k (f &%n
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a

The calculation of the parameters for a N -layer earth model

(14)

is an optimization problem with 2N —1 variables. N -layer

soil resistivity can be calculated by using equation (6) as follows
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p5 = p,(1+2F, (2a)) (15)

Generally, the calculation of soil resistivity becomes
complicated as the earth model becomes complex. As same in

the two-layer earth model, the approximated soil resistivity for

three-layer model can be calculated using the following equation.
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4. Determination of Multilayer Earth Model
Using Genetic Algorithm

GA is a computerized model to solve the complicated real
problem by using a nature evolution phenomenon. In the early
1970's, J. Holland introduced GA which can find a global
solution by using the law of survival of the fittest [9]. For
solving a problem by using GA, each individual has information
in a chromosome, where information can be presented by bits,
constant number or real number string. Each individual is
decided to exist or not depending on the individual fitness to a
problem.

GA relies on the processes of reproduction, crossover and
mutation for searching an optimal solution. GA is a population
search method which is different from other methods which use
points. Therefore GA does not require a continuity or
differentiate problem space.

Each

reproduction, where the more fit string has more next

individual is duplicated through the process of
generations. In the process of crossover, two individuals use a
one-point crossover for exchanging parts of their string, where
crossover point is selected randomly. Also crossover is restricted
by crossover rate. The mutation process selects an individual
randomly and changes one bit in the string resulting in making a
totally different character. The mutation process can help the
system escaping from a local minimum, however this process
has to be carried out with limitation. Because too many mutation
processes cause GA to perform a random search resulting in
long calculation time [10].

This paper proposes a methodology, which uses the
developed GA for the calculation of the parameters of a
multilayer earth model. This GA has been developed using the
software package Matlab. This GA produces excellent results in

several optimization problems [11]. It has been applied for
minimization in multidimensional systems, calculation of arc
parameters for polluted insulators, and the computation of the
parameters of the earth model.

The relation between earth apparent resistivity and earth
parameters can be expressed as follows.

p:=p(aap[5h11pzah2’”'5plv) (18)

Number of earth layers is to be determined for calculating
earth apparent resistivity, With Gauss-Newton like methods, the
soil resistivity, which is archived by Wenner method, is used for
determining number of earth layers and p—a curve [12].

Fitness function is specificaily determined depending on
problem being solved. Generally the reciprocal of objective
function or exponential function is used for defining a fitness
(the earth
resistivities of N layers and the depths of N -1 layers), the

function. For calculating 2N -1 parameters

fitness function in this paper is the reciprocal of relative
restoration error as follows [11].

-1
&Py~ P,
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(19)
=l P,

where M s the total number of the soil resistivities measured
by Wenner method. The operation of GA, which has been
developed, is described in the flowchart of Fig. 2

LSelect Initial Populationj

B Evall!ation ]
[ Sele!tion ]
B Crostover ]
L

Mutation ‘

Increase Iteration

Fig. 2. Flowchart of GA
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5. Computer Simulation

Computer simulation has been carried out for testing the
proposed method and the measured data in Jeju area are used for
analyzing two - layer and three - layer earth models.

The fitness function used for GA is equation (19) and a
chromosome is presented by binary system and a gene is
composed of 12 bits. Each chromosome has variables m=3 for
two-layer and m=5 for three-layer model so 36 bits and 60 bits
are required for the chromosome. The performance of GA
depends on the crossover, mutation rate of parameter and size of
group. In this paper, the group size is 40, the crossover happens
with 0.95 probability and the mutation does with 0.01
probability. The roulette wheel is used as selecting method and
the procedure is terminated after 10,000 generations.

5.1 The DATA for soil resistivity

The data used for computer simulation are collected from two
different places in Jeju and YOKOGAWA 3244 measurement
instrument and Wenner four-point method are used for
collecting data.

For measuring soil resistivity, the four electrodes
(C1,P1,P2,C2) are buried with same distance in the straight line
[13]. C1 and C2 are current electrodes and P1 and P2 are voltage
clectrodes. The distances between electrodes are 0.5, 1, 2, 3, 4, 5,
7, 10, 15, 20, 25, 30[m] and the soil resistances [QQ] are
measured by using YOKOGAWA 3244 as shown in Table 1.

Table 1. Experimental Results

o] PR m]

Case 1 Case 2

0.5 483.9 1256.0
1 653.7 1695.6
2 867.9 2650.1
3 1281.1 3918.7
5 1413.0 5024.0
7 1771.6 5275.2
10 1789.8 5149.6
15 1893.4 4710.0
20 2196.7 4019.2
25 2231.0 32185
30 2242.0 2486.8

5.2 Determination of the soil resistivity using GA

The analysis results of the earth resistivity by using GA are
shown in Table 2. The earth resistivity, the depth and the error
are presented when the two-layer and three-layer models are
applied for analysis.

As shown in Table 2, the error of three -layer analysis is
smaller than that of two-layer analysis in both cases. Therefore,
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both cases could be assumed as three-layer model. However, the
depth (A, ) is too small for regarding one layer's depth, so two-
layer model is a resonable conclusion for case 1.

Table 2. Results of the application of the GA

am) Case 1 Case 2
2-layer 3-layer 2-layer 3-layer
7 [Qm] 679.5 669.1 11792 1552.6
p,[Qm] 2454.8 1641.6 5255.6 5436.9
p5[Qm] - 24915 - 776.3
hy[m] 1.58 1.55 0.67 1.03
hy[m] - 0.32 - 20.08
Error F, 0.127 0.096 0.207 0.166

Fig. 3 and Fig. 4 show the measured soil resistivities (small
circles) and p—a curves (continuous line) by using parameters
in Table 1. and Table 2 respectively. As shown in these figures, it
is proved that the soil resistivities are well presented over all. Case
1 can be analyzed as a two-layer model because the p—~a curve
in Fig. 3 is calculated using two-layer model and follows the
measured data closely. Case 2, however, should be more than
three-layer model because the calculated resistivities by two -layer
model are too much different from the measured data. Fig. 4
shows that the p—a curve, calculated by three-layer structure,
follows approximately the measured data..
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6. Conclusions

In this paper the analysis algorithm of multilayer soil
parameters by using GA is proposed. GA algorithm is able to
find a global minimum by using only objective function.
Therefore, GA is expected to be applied efficiently to the
problem that finds the optimum soil resistivities in multilayer
earth model.

The data used for computer simulation is measured in two
different Jeju area. The approximated value to the real soil
resistivity can be found by using GA. A multilayer( more than
four) analysis algorithm and a weighted objective function are
left for the future research.
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