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1-Introduction

In recent decades, the use of geophysical methods based on the interpretation of magnetic anomalies
(Abdelrahman, et al, 2009; Nabighian et al., 2005) for exploratory explorations and identification of
subsurface resources for geological and mineral research has been widely used (Farquharson and Craven,
2009; Abedi et al., 2013). One of the magnet metric interpretation methods used in this field is the hybrid
PSO-GA algorithm, which is a combination of two algorithms known as particle swarm optimization (PSO)
and genetics (GA) (Garg, 2016). This research evaluates the hybrid PSO-GA algorithm's stability in
estimating the magnetic model's parameters. For this purpose, two PSO and GA algorithms have been used
to improve estimation efficiency and accuracy. This algorithm combines the exploratory capabilities of
PSO and GA exploitation and improves performance and accuracy by using genetic operators (Grandis and
Maulana, 2017; Boschetti et al., 1997). The experimental magnetic data of the Basiran region in South
Khorasan province have been used to evaluate the stability of the hybrid PSO-GA algorithm. These data
include the magnetic anomalies of the earth along a part of the studied area. Using the introduced model,
the parameters of the magnetic model, including shape, material, depth, and elongation angle, have been
estimated. In magnetometry, recognizing the earth's magnetic anomalies by interpreting collected data and
modeling is essential in geophysical research. By analyzing these anomalies and using hypothetical
geometric models to compare the results with regular shapes such as spheres, cylinders, standing prism,
and dikes, they estimate the desired parameters, including shape, material, depth, and elongation angle
(Abo-Ezz and Essa, 2016). The results indicate that the hybrid PSO-GA algorithm has been able to estimate
the parameters of the magnetic model with acceptable accuracy, and these estimates are consistent with the
geological results. Also, by adding Gaussian white noise to synthetic data, the performance of the algorithm
in the presence of noises has been checked, and it has been shown that the hybrid algorithm has an
acceptable performance compared to the particle swarm and genetics algorithm, even in the face of noises
up to 25%. Therefore, the hybrid PSO-GA algorithm can be used as an efficient and accurate method for
estimating magnetic parameters, leading to acceptable and realistic results.

2-Material and methods

Compared to two other algorithms, the stability analysis of the PSO-GA hybrid algorithm applied in
estimating magnetic model parameters provides valuable insights into its performance and efficiency. This
predictive analysis encompasses the following steps:
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2-1- Problem Definition:
With the help of Eq 1 and 2, the problem of magnetic model parameter estimation problem is clearly defined
and investigated using laboratory data (Abdelrahman and Essa, 2015).
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2-2- PSO Algorithm:
PSO stands for Particle Swarm Optimization. It is a computational algorithm inspired by the social behavior
of bird flocking or fish schooling.

PSO algorithm starts with a group of potential solutions, known as "particles,” randomly distributed
across the search space. Each particle represents a potential solution to the optimization problem. The
particles move through the search space to find the optimal solution. They update their positions and
velocities based on their previous best solution, "personal best,”" and the global best solution among all
particles in the swarm. Each particle adjusts its velocity and position in each iteration based on two guiding
factors: personal best and global best. The personal best is the best solution a particle has achieved so far
during its search. The global best is the best solution among all the particles in the swarm.

The movement of particles is influenced by both their personal and global best. They adjust their
velocities and positions towards these best solutions, aiming to converge on the optimal solution of the
problem. The algorithm continues to iterate over a predefined number of iterations or until a stopping
criterion is met. The particles gradually move and explore the search space during each iteration, improving
their solutions.

PSO is known for its simplicity and efficiency in solving optimization problems. It is beneficial for
continuous and multi-dimensional search spaces. It is also applicable to problems with non-linear and non-
differentiable objective functions. Overall, the PSO algorithm mimics the collective behavior of a swarm
of particles in searching for the optimal solution, making it an effective optimization technique. In this
phase, the PSO algorithm is scrutinized and evaluated for its performance in estimating magnetic model
parameters. Implementing the PSO algorithm on laboratory data allows for the recording of results.
Accuracy of estimation and convergence are used as evaluation criteria (Grandis and Maulana, 2017).

2-3- GA Algorithm:

A Genetic Algorithm (GA) is a computational algorithm inspired by natural genetic evolution. It is designed
to solve optimization and search problems. A population of potential solutions, known as the "initial
population," is generated in a GA. Each solution in the initial population is represented as a "chromosome,"
analogous to the genetic material in natural organisms.

Next, the population evolves using various operators such as reproduction, selection, and crossover.
This process resembles the natural reproduction and genetic variation present in biological evolution. Each
generation's chromosomes better suited for solving the problem are selected as "parents"” to produce the
next generation. Reproduction operators, mutation, and crossover are used to generate new offspring. These
offspring form a new population, becoming the next generation of the algorithm. This process is repeated,
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and with each generation, the population moves towards better and optimal solutions to the problem. The
algorithm continues until a stopping criterion is met, delivering an optimal solution for the problem.

The main advantage of a Genetic Algorithm is its ability to explore multiple solutions in parallel and
synchronized ways in the search space, making it highly effective and suitable for complex optimization
problems with an ample search space.

Subsequently, the genetic algorithm is examined for its performance in estimating magnetic model
parameters. The algorithm can be executed on laboratory data, and the results are documented. Evaluation
of performance is again based on estimation accuracy and convergence (Boschetti et al., 1997).

2-4- Hybrid PSO-GA Algorithm:

This step involves investigating the hybrid PSO-GA algorithm and its effectiveness in estimating magnetic
model parameters. The combination algorithm, a sequential combination algorithm model, is executed
under the same conditions as the previous two algorithms. The algorithm is executed using laboratory data,
and the resulting performance is evaluated using the criteria established in the previous two algorithms
(Garg, 2016).

2-5- Comparison of Results:

Comparative analysis of the PSO, GA, and hybrid PSO-GA algorithms is conducted using estimation
accuracy, convergence, and stability criteria. Based on these evaluations, the performance of the three
algorithms is compared to determine the best approach for estimating magnetic model parameters.

This analysis assesses the performance of the PSO-GA hybrid algorithm compared to the other two
algorithms, evaluating whether the algorithm significantly improves estimating magnetic model
parameters. According to Fig. 1, the best algorithm is used to estimate the actual data.

1- Results and discussions

Comparative analysis of the PSO, GA, and hybrid PSO-GA algorithms is conducted using estimation
accuracy, convergence, and stability criteria. Based on these evaluations, according to tabel to 3, the
performance of the three algorithms is compared to determine the best approach for estimating magnetic
model parameters.

This analysis assesses the performance of the PSO-GA hybrid algorithm compared to the other two
algorithms, evaluating whether the algorithm significantly improves estimating magnetic model
parameters.

Table 1. presents the estimation results for the dike model.

Dike
Using a Dike model (Sf=1.0)
Cost function (MES) (nT)

Noise level PS-GA PSO GA
Any 0 1.37 3.82

0 0.96 2.65 4,79

5 1.65 3.55 5.06

10 3.06 6.02 6.63

15 5.78 9.58 11.4

20 9.59 17.81 17.02

25 17.47 18.93 18.38
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Fig. 1 (a) magnetic field map RTP and (b) magnetic field map in three dimensions RTP
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Table 2. Presents the estimation results for the H. Cylinder model.

H. Cylinder
Using a Cylinder model (Sf = 2.0)
Cost function (MES) (nT)

Noise level PSO-GA PSO GA
Any 0 0.01 0.18
0 0.98 1.05 1.05
5 1.75 3.12 3.19
10 3.07 5.83 5.58
15 6.29 10.59 9.37
20 9.81 19.09 17.6
25 18.48 19.88 18.77

Table 3. Presents the estimation results for the Sphere model.

Sphere
Using a Sphere model ((Sf = 2.5))
Cost function (MES) (nT)

Noise level PSO-GA PSO GA
Any 0 0.94 1.02

0 0.93 1.92 2.05

5 1.88 3.24 3.09

10 3.3 5.49 5.02

15 6.07 10.38 9.59
20 8.48 17.61 16.57
25 17.33 19.03 18.84

2- Conclusion

This article presents a research study to analyze the stability of a hybrid algorithm (Particle Swarm
Optimization and Genetic Algorithm) for estimating model parameters. The study includes using both
artificial and actual samples to represent magnetic anomalies. The technique was tested on artificial
samples, with and without random noise, and ultimately used to validate parameter estimation for a field
sample from magnetic data in the Basiran region. The results indicate that the hybrid Particle Swarm
Optimization and Genetic algorithm produces the best results under low noise conditions. Additionally, a
comparison of the convergence speeds of the algorithms reveals that the PSO-GA algorithm exhibits the
lowest divergence.
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Table 1- Pseudocode of the general algorithm for creating a population (Tavakoli-Moghadam, 2013)

Consider Xi(t) as the initial member
Set the counter i to zero:i=0 .

For each member of the population Xi(t), perform the following steps to create nx initial members where i = 1,

Lo, DX

-Randomly assign values to each gene of memberi, j=1,...,nx .

-If Xi(t) is within the feasible solution space, then :

- Setitoi=i+1 .
-Endif .
End (iteration loop)
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Table 2- Pseudocode genetic algorithm (Garg, 2016)

: Objective function: f (x)
. Initialize population
: do

if pc >rand, Crossover; end if
if pm >rand, Mutate; end if

10:

: Define Fitness F (e.g., F o« f (x) for maximization)

Generate new solution by Crossover and mutation

Accept the new solution if its fitness increases.
Select the current best for the next generation.

. Initial probabilities of Crossover (pc) and mutation (pm)

11: While maximum iterations or minimum error criteria is not attained
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Table 3- Pseudocode particle swarm algorithm (Tavakoli-Moghadam, 2013)

1: Objective function: f (x), x = (x1, X2, . .., xD);

2: Initialize particle position and velocity for each particle and set k = 1.

3: Initialize the particle’s best known position to its initial position i.e. p=x%.

4: do

5: Update the best known position (pl,) of each particle and swarm’s best known position (p‘z .

6: Calculate particle velocity according to the velocity equation (3)

7: Update particle position according to the position equation (4).

8: While maximum iterations or minimum error criteria is not attained
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Fig 1. Hybrid PSO-GA algorithm
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A, B and C parameters

1- for a sphere (total field)

(3sin?0 - 1 2- for a sphere (vertical field)
1 - .
| 2sin6 ( :g’; ::)‘;g (3 Cgs:i 30— 1 3. for asphere (horizontal field)
A { ~ g‘;see B { —3zsin@ c{ 2cos@ 4 for ahorizontal cylinder, FHD O all)
| | 2zsin@ l  —cos6 of thin sheet, and SHD of geological
cos 6 \ k g
k ~ —sin® 0 contact dall fields)
5- for a thin sheet and FHD of
geological contact (all fields):
gﬁgag; Ztrizrsd?finBe’d Note**: Equation 11 is a simplified form of a quadratic Model
equation, which will be explained further
for each model
A=sin?0-1
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¢ - G + 217
l
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. (cos8)z* + (2zsin 0) (x;) + (— cos 0)(x;) .
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(o) G + 2217 Y ’
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__cosf
Tz cosf, , . . _ 2
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Table 4- Initial guess of the intervals as [-Vmax, Vmax]

K (nT) Z (M)

10000 8 30
5000 14 -42
2000 10 25

[-80:80] [0:15]

e (degrees)

[—80: 80]

Sf Model
25 Sphere
2 H.Cylinder
1 Dyke

[1:3] [-Vmax, Vmax]
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Table 5- presents the estimation results and calculated error percentages for the dike model.

GA algorithm

Using a Dike model (Sf = 1.0)

Cost
0, 0 0 0
. Kamy 00 zgy %O 0 pof o BOF g ction
Noise level Errorin Error  (degrees)  Error Error
; ) - (MES)
K inZ ine in Sf (nT)
2000.00 10.00 25.00 1.00
Any 9100.00  355.00 12.85 28.53 30.86 23.44 124 24.48 3.82
0.00 13000.00 550.00 13.48 34.83 32.27 29.09 1.30 29.98 4.79
5.00 10700.00 435.00 13.19 31.93 31.79 27.16 1.27 26.76 5.06
10.00 10800.00  440.00 12.96 29.58 31.98 27.92 1.27 27.40 6.63
15.00 12500.00 525.00 12.76 27.61 33.59 3435 1.30 30.18 11.40
20.00 10000.00  400.00 13.32 33.21 28.93 15.71 1.26 25.69 17.02
25.00 7886.70  294.34 13.50 34.99 32.44 29.78 1.20 20.48 18.38
Standard Deviation  8729.61 3.16 6.83 0.27
PSO algorithm
Cost
0 0 0 0
. K (nT) % Of. Z (M) % of o % of Sf % of function
Noise level Error in Error  (degrees)  Error Error
] ; - (MES)
K inZ ine in Sf )
2000.00 10.00 25.00 1.00
Any 3020.00 51.00 10.85 8.51 27.68 10.72 1.07 6.87 1.37
0.00 3900.00 95.00 11.46 14.58 28.49 13.95 1.11 10.77 2.65
5.00 4140.00 107.00 11.36 13.56 28.35 13.38 1.12 12.02 3.55
10.00 3670.00 83.50 11.22 12.22 28.61 14.45 1.10 10.02 6.02
15.00 5390.00 169.50 12.17 21.66 31.15 2459 1.16 16.25 9.58
20.00 2770.00 38.50 10.54 5.43 24.30 2.78 1.06 6.36 17.81
25.00 9915.30  395.77 13.32 33.16 32.29 29.16 1.26 25.83 18.93
Standard Deviation  3520.47 1.78 4.39 0.14
hybrid PSO-GA algorithm
Cost
% of % of o % of % of  function
K (nT Z(M Sf
Noise level () Error in M) Error  (degrees)  error Error (MES)
K inZ ine in Sf (nT)
2000.00 10.00 25.00 1.00
Any 2000.00 0.00 10.00 0.00 25.00 0.00 1.00 0.00 0.00
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Table 5, cintinued

0.00 1998.50 0.08 10.00 0.02 25.09 0.34 1.00 0.00 0.96

5.00 1990.80 0.46 9.96 0.40 24.87 0.53 1.00 0.00 1.65

10.00 1977.77 1.11 9.87 1.28 25.32 1.29 1.00 0.00 3.06

15.00 2013.40 0.67 10.02 0.21 24.60 1.60 1.00 0.00 5.78

20.00 2055.00 2.75 10.37 3.69 25.76 3.02 1.00 0.00 9.59

25.00 1956.20 2.19 9.58 4.19 24,75 1.01 100 0.01 17.47
Standard Deviation 28.55 0.22 0.36 0.00

28l dlginl Jaw (gl oo alxe (sl doyo g (pess =7 Jga
Table 6- presents the estimation results and calculated error percentages for the H. Cylinder model.
PSO algorithm

Using a horizontal cylinder model (Sf = 2.0)

Cost
K (nT) % of Z (M) % of © % of i % of X
Noise level Error in Error  (degrees)  opor Error function
: . ; (MES)
K inZ ine in Sf T)
5000.00 14.00 -42.00 2.00
Any 5000.00 0.00 14.00 0.00 -42.00 0.00 2.00 0.00 0.00
0.00 4882.70 2.35 14.05 0.33 -41.61 0.93 1.99 0.37 0.98
5.00 6313.60 26.27 14.10 0.74 -41.93 0.16 2.04 1.98 1.75
10.00 1063.80 78.72 13.98 0.14 -42.08 0.20 2.13 6.65 3.07
15.00 3855.80 22.88 13.27 5.20 -41.44 1.34 1.96 2.09 6.29

20.00 7228.40 44 57 15.54 11.03 -43.59 3.78 2.05 2.48 9.81
25.00 19000.00  280.00 16.37 16.91 -44.53 6.03 2.16 7.93 18.48
Standard

L 5599.85 1.10 1.16 0.08
Deviation
GA algorithm
Cost
K (nT) %of Z(M)  %of ° %of  Sf % of .
Noise level Error in Error (degrees) error Error function
K iz . in Sf (MES)
5000.00 1400 M -4200 Me 200 M (nT)
Any 7900.00 58.00 14.36 2.60 -42.79 1.89 2.07 3.69 0.18
0.00 9450.00 89.00 14.33 2.39 -41.61 0.94 2.11 5.25 1.05
5.00 12500.00  150.00 15.28 9.17 -44.66 6.34 2.14 7.10 3.19
10.00 15100.00 202.00 13.62 2.68 -44.69 6.40 2.21 10.33 5.58

15.00 12400.00  148.00 16.19 15.67 -54.89 30.70 2.14 7.04 9.37
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Table 6, continued

20.00 9230.00 84.60 13.21 5.65 -29.54 29.67 2.10 5.08 17.60
25.00 12139.00 142.78 17.96 28.29 -42.93 222 210 5.08 18.77
Standard 655,72 1.82 6.94 0.13
eviation
Hybrid PSO-GA algorithm
o Cost
K (nT) % of Z (M) % of % of Sf % of .
. . (degrees) function
Noise level Error in Error error Error (MES)
5000.00 K 14.00 inZ -42.00 ine 2.00 in Sf )
Any 4960.00 0.80 14.01 0.08 -41.96 0.10 2.00 0.07 0.01
0.00 7260.00 45.20 14.13 0.90 -43.40 3.34  2.06 3.12 1.05
5.00 2610.00 47.80 14.88 6.32 -43.15 274  1.89 5.75 3.12
10.00 7140.00 42.80 13.47 3.79 -44.47 5.88  2.07 3.28 5.83
15.00 19000.00  280.00 15.05 7.52 -54.23 29.11 220 9.76 10.59
20.00 989.80 80.20 12.37 11.62 -33.34 20.63 169 1559 19.09
25.00 2921.10 41.58 11.82 15.58 -39.87 5.07 1.92 4.18 19.88
[S)tar?d"}rd 5754.56 1.17 5.84 0.15
eviation
0,5 Jao sl (o5 5 pys5l gy 4 00l Al (sl a0 5 (e -V Jgor
Table 7- presents the estimation results and calculated error percentages for the Sphere model.
PSO algorithm
Using a sphere model (Sf = 2.5)
Noise K (nT) % of Z (M) % of Error ) % of Sf % of Cost
level Errorin inZ (degrees)  errorin Error  function
K ) inSf  (MES)
(nT)
10000.00 8.00 30.00 2.50
Any 10000.00 0.00 8.00 0.00 30.00 0.00 2.50 0.00 0.00
0.00 12026.00 20.26 7.74 3.30 29.55 1.52 2.55 2.07 0.93
5.00 15000.00 50.00 8.89 11.15 30.22 0.73 2.59 3.40 1.88
10.00 12040.00 20.40 6.92 13.47 29.84 0.54 2.13 14.88 3.30
15.00 7882.00 21.18 14.43 80.41 27.99 6.70 221 11.65 6.07
20.00 682.73 93.17 6.05 24.38 35.74 19.14 195 22.08 8.48
25.00 642.70 93.57 4.17 47.90 24.75 17.51 198 20.94 17.33
Standard 5504.84 2.97 3.04 0.34
Deviation
Genetic algorithm
0 e 0 0 Cost
Noise K(T) % Of. ZM) % of Error  (degrees) % OT Sf % of function
level Error in inz error in I_Error (MES)
10000.00 K 8.00 30.00 ) 250 inSf (nT)
Any 7990.00 20.10 8.00 0.02 29.86 0.48 2.45 2.14 1.02
YVY¥
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Table 7, continued

0.00 15000.00 50.00 11.13 39.18 29.65 1.17 2.43 2.96 2.05
5.00 4800.00 52.00 5.90 26.25 30.22 0.72 2.52 0.71 3.09
10.00 13500.00 35.00 9.14 14.28 26.16 12.81 2.24 10.45 5.02
15.00 16200.00 62.00 8.86 10.71 30.37 1.22 1.98 20.80 9.59
20.00 3960.00 60.40 14.10 76.25 14.54 51.53 1.94 22.40 16.57
25.00 18404.00 84.04 4.46 44.27 31.12 3.75 2.01 19.60 18.84
Standard 5557 5o 3.07 181.66 0.36
Deviation
hybrid PSO-GA algorithm
0 e 0 0 Cost
Noise K(nT) E % Of. Z (M) % of Error  (degrees) % of St E/O of function
level rror in 7 error in Error (MES)
10000.00 K 8.00 30.00 5] 2.50 in Sf T)
Any 13600.00 36.00 8.00 0.05 30.10 0.32 2.57 2.63 0.94
0.00 10500.00 5.00 8.66 8.21 31.08 3.60 2.48 0.86 1.92
5.00 4080.00 59.20 8.95 11.90 28.79 4.04 2.20 11.94 3.24
10.00 500.00 95.00 7.16 10.45 31.53 5.12 1.89 24.40 5.49
15.00 4150.00 58.50 5.38 32.76 27.29 9.04 2.06 17.59 10.38
20.00 19000.00 90.00 13.62 70.29 25.97 13.45 2.72 8.90 17.61
25.00 19000.00 90.00 12.69 58.65 10.84 63.86 2.83 13.36 19.03
Standard 5915 g 2.99 7.52 0.34
Deviation
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Fig 2- Geological map of the region (Tavassoli Torbati, 2022)
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Table 8- Initial guess of the intervals as [-Vmax, Vmax]

K (nT) Z (M) o(degrees) Sf
[100:10e + 8] [0:1000] [—180:180] [1:3] [-Vmax , Vmax]
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Fig 6- a) RTP magnetic field map, b) RTP magnetic field map in three dimensions
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Table 9. Estimated value of accurate data using hybrid algorithm

K (nT) Z (M)  e(degrees)

554.24 144.90 -50.79
1.1821e+6 441.03 32.77
1.000e+6 545.20 -109.43

Sf Cost (MES)
1.00 50.82 Porfile SP 1
1.60 69.85 Porfile SP 2
1.68 44.79 Porfile SP 3
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