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Abstract

This thesis presents an in general study of conjugate gradient algorithms
and their optimization for applications in unconstrained optimization and
image restoration. The first chapter establishes the fundamentals of
optimization, including the classification of optimization problems
(constrained and unconstrained), concepts of local and global minima,
gradient vectors, Hessian matrices, and discussions of fundamental
algorithms such as steepest descent, Newton’s method, and quasi-Newton
methods. In the second and third chapters, two novel algorithms (RH2
and RH1) are introduced, relying on innovative conjugate coefficients to
enhance numerical efficiency. These algorithms are compared with the
traditional TTFR method, demonstrating the superiority of the proposed
algorithms in reducing the number of iterations and function evaluations.
Additionally, the descent and convergence properties of the proposed
algorithms are rigorously proven under specific assumptions. The fourth
chapter focuses on applying these algorithms to restore images corrupted
by impulse noise (e.g., salt-and-pepper noise). Using metrics such as the
peak signal-to-noise ratio (PSNR), RH2 and RH1 achieve higher values
compared to TTFR, particularly under high noise levels of up to 90%.
This work underscores the importance of integrating theoretical insights
with computational techniques to develop practical solutions for complex

optimization challenges.



