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The candidate, holding (or currently enrolled in the final year of) a Master’s degree or equivalent, must have strong skills in 
control theory and power/energy systems. A solid background in electrical engineering is essential, and a good level of 
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Description of the research work proposed for a PhD Topic # (see list) : I-17

Robust Sliding Mode Observer Design via Singular Perturbation Approach for Control of Wind Energy Systems with 
Doubly-Fed Induction Machines

Subject :
In wind energy conversion systems, the doubly fed induction generator (DFIG) is widely used due to several key 
advantages, including: (1) variable-speed operation; (2) independent control of active and reactive power; (3) efficient 
power injection into the electrical grid; and (4) support for grid voltage and frequency stability. However, reliability and 
service continuity remain significant challenges, particularly under variable wind conditions. Ensuring robust operation and 
compliance with safety requirements is therefore essential. In this context, measurement errors, response delays, and the 
cost and fragility of speed sensors can degrade control system performance. Furthermore, sensor failures may lead to 
instability and reduced efficiency.
The PhD addresses these issues through the following objectives: (1) developing a mathematical model of the DFIG using 
singular perturbation theory; (2)  applying system decomposition and order reduction based on singular perturbation 
theory for robust observer design; (3) designing a singularly perturbed sliding mode observer for sensorless operation; 
and (4) validating the proposed approach using a hardware-in-the-loop (HIL) platform.

Professor Abdellatif MIRAOUI is mainly recognized for his scientific work in electrical engineering. It's scientific expertise 
includes electrical energy systems, renewable energy integration, smart grids, fuel cells, hydrogen technologies, electric 
and hybrid vehicle drives, and the modeling and control of energy conversion systems.
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This work will continue the existing collaborations of the SHARPAC team with academic and private partners.
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