
Advances in Nonlinear Variational Inequalities 

ISSN: 1092-910X 

Vol 26 No. 1 (2023) 

 

7 
https://internationalpubls.com 

Inverse Problems with Nonlinear Variational Inequalities 
 

S. K. Mishra 

Faculty of Mathematics and Computer Science, University of Warsaw, Poland 

 

 

Article History: 

Received: 15-02-2023 

Revised: 20-03-2023 

Accepted: 28-04-2023 

 

Abstract: 

Inverse problems are a class of challenging mathematical problems that 

involve estimating the properties or parameters of a system from observed 

data. In recent years, Nonlinear Variational Inequalities (NVI) have 

emerged as a powerful framework for solving inverse problems with 

complex constraints. This article explores the application of NVI to inverse 

problems, discussing their mathematical foundations, computational 

techniques, and real-world applications. By understanding the role of NVI 

in inverse problems, researchers and practitioners can tackle a wide range 

of problems in fields such as imaging, geophysics, and medical diagnostics. 
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Introduction 

Inverse problems are prevalent in science and engineering, involving the estimation of 

unknown parameters or properties of a system from observed data. Nonlinear Variational 

Inequalities (NVI) offer a versatile mathematical framework for addressing inverse problems 

with complex constraints. This article explores the integration of NVI into inverse problems, 

emphasizing their mathematical foundations, computational techniques, and practical 

applications. 

Mathematical Foundations 

Inverse Problems 

Inverse problems encompass a wide range of applications, from medical imaging to 

geophysics. They typically involve finding parameters or properties that best fit observed data 

while satisfying certain constraints or physical laws. 

Nonlinear Variational Inequalities 

NVI deal with inequalities involving nonlinear operators, making them suitable for modeling 

complex constraints in inverse problems. They provide a flexible way to incorporate prior 

knowledge and constraints into the estimation process. 
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Computational Techniques 

Regularization Methods 

Regularization techniques are commonly used to stabilize the solution of ill-posed inverse 

problems. NVI-based regularization methods help balance data fidelity and regularization 

terms. 

Optimization Algorithms 

Solving inverse problems often involves optimizing an objective function that quantifies the 

misfit between observed and predicted data. Optimization algorithms, such as gradient-based 

methods, are employed to find the optimal parameters. 

Applications 

Medical Imaging 

In medical imaging, NVI-based inverse problems are used to reconstruct high-quality images 

from noisy or limited data, improving diagnosis and treatment planning. 

Geophysical Exploration 

Geophysicists utilize inverse problems with NVI to estimate subsurface properties, such as 

geological structures and material properties, from geophysical measurements. 

Tomographic Imaging 

Tomographic techniques, including CT and MRI, rely on inverse problems with NVI to 

generate cross-sectional images of objects or tissues with diverse physical properties. 

Real-World Applications 

1. Seismic Imaging: In geophysics, NVI-based inverse problems are critical for seismic 

imaging, helping to locate underground resources and understand geological structures. 

2. Medical Diagnosis: In medical diagnostics, NVI-based inverse problems aid in disease 

detection, tumor localization, and treatment planning, enhancing patient care. 

3. Nondestructive Testing: In materials science and engineering, inverse problems with 

NVI assist in nondestructive testing to assess the integrity of structures and materials. 

4. Astronomy: In astronomy, NVI-based inverse problems are used to reconstruct 

astronomical images from noisy and incomplete observations. 

Conclusion 

Nonlinear Variational Inequalities offer a valuable framework for addressing complex inverse 

problems in various fields, ranging from medical imaging to geophysics. By integrating NVI 

into the inverse problem formulation, researchers and practitioners can improve the quality of 

parameter estimation, enhance imaging techniques, and gain deeper insights into systems with 

incomplete or noisy data. The synergy between NVI and inverse problems continues to drive 

advancements in science and engineering. 
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