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Abstract:

Unmanned Aerial Vehicles (UAVS), particularly quadrotor systems, have gained significant
attention due to their wide range of applications, including surveillance, environmental
monitoring, inspection, and autonomous navigation. Despite their advantages, quadrotor
UAVs exhibit inherently nonlinear, coupled, and underactuated dynamics, which make
control design a challenging task, especially in the presence of external disturbances and
system uncertainties. Classical control approaches such as proportional—integral-derivative
(PID) controllers are widely used due to their simplicity and ease of implementation.
However, their performance often degrades under uncertain and dynamic operating
conditions. Sliding Mode Control (SMC) offers strong robustness against disturbances and
model uncertainties, but it suffers from the chattering phenomenon, which can negatively
affect system performance. Fractional-order control has emerged as an advanced control
methodology that extends classical integer-order controllers by incorporating non-integer
derivatives and integrals. This approach provides additional degrees of freedom and memory
characteristics, enabling improved system performance and flexibility. Recent studies have
demonstrated the effectiveness of fractional-order PID controllers in enhancing system
performance and efficiency. Similarly, fractional-order sliding mode control approaches have
shown improved robustness in nonlinear systems. Motivated by these developments, this
research proposes a hybrid control framework that integrates Fractional-Order PID (FOPID)
and Sliding Mode Control (SMC) to achieve robust stabilization and improved performance
for quadrotor UAV systems.

The control of quadrotor UAVs faces several challenges:
- Nonlinear and strongly coupled system dynamics

- Sensitivity to external disturbances such as wind - Parametric uncertainties in system
modeling

- Chattering effects in robust control methods
- Limited flexibility in classical control approaches

Although fractional-order controllers enhance flexibility and sliding mode control improves
robustness, their integration into a unified framework remains insufficiently explored for
quadrotor UAV systems. Previous works have demonstrated the advantages of fractional-
order PID control, as well as the robustness of fractional-order sliding mode control.
Additionally, hybrid strategies combining these techniques have shown improved
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performance in other engineering systems. However, there is still a lack of comprehensive
studies focusing on hybrid FOPID-SMC control for quadrotor UAV stabilization, particularly
with optimization and stability guarantees. This research aims to address this gap.

General Research Objective: To develop a robust hybrid control framework based on
fractional-order PID and sliding mode control for stabilization and trajectory tracking of
quadrotor UAVS.

Specific Research Objectives:

- Develop a nonlinear dynamic model of a quadrotor UAV - Design a Fractional-Order PID
(FOPID) controller

- Develop a Sliding Mode Control (SMC) scheme with reduced chattering

- Integrate FOPID and SMC into a hybrid control structure

- Optimize controller parameters using intelligent optimization techniques

- Perform stability analysis using Lyapunov-based methods

- Validate the proposed approach through simulation and comparative analysis
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