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ABSTRACT 

In this paper we presented a novel method for inversion of geophysical data while the 

regularization term is implied in a meta-heuristic algorithm. Due to the integration of the 

regularization term in the body of the stochastic algorithm, some of the main challenges such as 

defining a weighting matrix and finding the suitable regularization factor are resolved. This paper 

elaborates some of the main ideas of indirect regularization of geophysical data for genetic 

algorithm and uses a noisy synthetic model to validate the stability and efficiency of these 

techniques. All computations have been done in the GNU octave 5.1.0 environment. 
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INTRODUCTION 

Due to the natural non-unity of potential problems, the Inversion of geophysical potential data is 

generally considered as an ill-posed problem. Meta-heuristic algorithms are a group of global-

search stochastic algorithms that are widely used in processing and inversion of geophysical data. 

These methods normally use a set of solutions for globally searching the feasible solution space 

through a large number of iterations to find the most possible solutions for the problem. 

Montesinos et al. (2005) used a genetic algorithm for 3D inversion of gravity data in the Canary 

Islands. Toushmalani (2013) applied a PSO algorithm for inversion of gravity data to determine 

the shape of a fault. Roshan and Singh (2017) modified a PSO algorithm for the inversion of 

residual gravity data. Recently some other applications of these methods were proposed by 

researchers in the field of geophysical data, mainly for joint inversion of geophysical data. Aka 

et al. (2014) tried a multi-objective genetic algorithm for Joint parameter estimation from 

magnetic resonance and vertical electric soundings. Miernik et al (2016) used a PSO based Pareto 

joint inversion method for two-dimensional modeling of magneto-telluric and gravity data. 

Researchers generally use the Tikhonov objective function as the main function in the inversion 

process. This function uses a regularization term to guarantee a stable inversion process when 

minimizing the fidelity term (data misfit between observed data and model’s output). Although a 

large number of techniques are proposed to determine the optimal values for parameters of this 

term including the ones suggested by Morosov (1966), Golub et al. (1979) and Hansen (1992), 

finding a suitable regularization weight and efficient estimation of the parameters are still a 

challenge. In this research, we suggest a novel regularization approach for solving the inverse 

problem of two-dimensional potential data via a meta-heuristic stochastic algorithm. The main 

idea is that in a situation where a stochastic global searching method is used instead of a local 

one, concepts of regularization term can be implied in the algorithm. It is shown that this 

implication can increase the efficiency and reliability of an algorithm. After discussing the theory 

and the concepts, two-dimensional inversion of gravity data is considered as a non-linear 

inversion problem to evaluate this concept. The results and outputs are presented. 
 

METHODOLOGY 

the Tikhonov Objective function usually comprises two terms; One is the data misfit term and the 

other is the regularization term. These two terms are associated with a weight factor that specifies 

the influence of each term in the Objective function. It is important to mention that in a 

geophysical modelling problem; the regularization term includes all the information related to the 
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constraints applied in the inversion process. This information mainly represents the geological 

attributes of the structures as well as the uncertainty thresholds of the parameters. different types 

of geological structures such as stratifications, anomalies, fault, etc. will change the size and 

variation range of the parameter values in the regularization term. the other role of the 

regularization term is to control the changes in parameter values to guarantee the stability of the 

inversion process.  

In some more convenient problems like two-dimensional Inversion problems, whether linear or 

non-linear, the regularization term can be simply considered as a smoothing function expressing 

the relations between parameters’ values. In meta-heuristic stochastic algorithms, it is possible to 

apply these constraints to the population creation strategies so that the searching procedure will 

be more effective and more supervised. On the other hand, Implying the concept of regularizing 

in the algorithm has some important effects since the cost function will be truncated to the misfit 

term. And the convergence rate of the algorithm is controlled by the researcher.  

In this paper, we suggest two different approaches that have more efficiency when applied the 

constraints in the algorithm:  

1. utilizing the constrains by converging some parameters in a solution to other related or 

adjacent parameters.  

2. Creating new solutions by Applying the constraints on already good solutions derived 

from adequate Iteration of the algorithm. 

In order to illustrate the details and nuances of these strategies, let’s consider the genetic algorithm 

which is utilized for modeling in this paper. This algorithm uses a population-based search system 

for finding the optimal value for an objective function. Some geophysical inverse problems like 

the one implemented in this research are solved by utilizing an iteratively forward model 

searching system and optimizing the models’ fitness. More precisely, after creating a set of 

random solutions (forward models) and calculating the geophysical output of these models, all 

the solutions will be sorted according to their fitness. Then, the new population will be created by 

means of a random choice of the most suitable solutions. This population will be evaluated in the 

next iteration of the algorithm and this process will be repeated until certain conditions are met. 

The final output will be a population in which all solutions have plausible fitness values. The first 

strategy aims to create semi regularized models by applying the concept of similarity among the 

parameters of an individual solution. This concept in the case of a Genetic algorithm - where the 

new models (solutions) are created by two different genetic operators (mutation and crossover) - 

means to apply mutation and/or crossover operation between two different elements in the 

parameter matrix of an individual solution. This strategy is really effective specifically in 

improving the exploitation ability of the algorithm while not limiting the exploration (the 

predefined searching techniques of these algorithms will be sufficient for the exploration of search 

space). The 2nd strategy is a fast but really applicable and cost-effective one. The main idea is to 

apply a smoothing function directly to some of the best solutions found after a certain number of 

iterations in the algorithm. The solutions influenced by this technique will be evaluated in the 

next population. This trick is strongly applicable, specifically when the algorithm is trapped into 

local minima. Furthermore, this technique generates and circulates some reliable smooth answers 

in the algorithm that makes the optimization process more effective. 

 

Synthetic model 

To evaluate the application and reliability of these techniques, we consider a 2D basement 

boundary modelling problem where synthetic gravity data is generated. In this problem, the 

density is constant and predefined; So the depth values are the variables. the geometry of the 

suggested basement is quite complex (figure 1). on the other hand, white Gaussian noise with an 

average gravity error of 0.71 mGal is added to the gravity output. These conditions are utilized to 

meet the characteristics of a real case problem. The Tikhonov Objective function for a suggested 

model m in such problems is: 
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but as we discussed before, here we consider the first term as the cost function while trying to 

imply the smoothing process in solution generation stages. So the objective function will reduce 

to: 
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Figure 1: synthetic model with gravity outputs 

 
Figure 2: one of the suggested solutions of the algorithm (not necessarily the best one) in presence of the 

regularization techniques  

We used the general form of genetic algorithm with arithmetic mutation and crossover. twenty 

percent of depth variables are considered for 1st strategy in each iteration. And for the 2nd strategy, 

top five percent of the population are smoothed and added to the population of the next iteration 

and we applied this method 5 times through the algorithm. For the smoothing function a three-
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point moving average is considered for smoothing the depth values. figure 2 shows the algorithm 

in presence of implied regularization techniques. figure 3 is presented to compare the output of 

the algorithm without the regularization factor with the results covered in figure 2. 

 

 
Figure 3: one of the suggested solutions of the algorithm without implementation of regularization 

techniques. 

 

CONCLUSION(S) 

In this paper, we presented a completely new approach for regularization of geophysical inverse 

problems that can be widely used in different kinds of meta-heuristic algorithms. The general 

procedures for implementation of these techniques for genetic algorithm is elaborated and a two 

dimensional inverse problem of gravity data is considered for further evaluation. The results and 

the figures testify to the fact that application of these techniques are practically feasible and the 

outputs are reasonable and valid. 
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