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O ABSTRACT 0O

Laser medical treatment is a modern technique widely used in medical and dermatological
applications such as hair removal, treatment of skin pigmentation, and removal of
superficial tumors. The effectiveness of this type of treatment depends on precise control
of the amount of thermal energy transferred to the tissue, as excessive energy exposure can
lead to unwanted thermal damage to healthy tissue.

This study aims to develop a closed-loop control system for regulating laser intensity
during treatment to maintain a safe therapeutic temperature and minimize the potential for
tissue damage. The proposed model utilizes the Pennes Bioheat equation to describe heat
transfer within the skin layers, along with the Arrhenius model to estimate the degree of
thermal damage in the tissue. A PID control algorithm ((Proportional — integral-differential
controller)) was employed to adjust the laser intensity in real-time based on the measured
temperature at a specific tissue depth.

Numerical simulations were performed to study the thermal response of the system and
compare treatment outcomes in two states, open and close loop. The results showed that
using the proposed control algorithm significantly reduces the maximum intracellular
temperature, thereby minimizing thermal damage. This study provides a computational
framework that can be used to develop safer and more precise laser treatment systems for
future medical applications.

Keywords: Laser, Bioheat-Bennes equation, Arrhenius model of thermal damage,
Biophysical modeling.
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