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Modeling and Control of an Over-actuated Quadrotor Manipulator with Four Tiltable Rotors
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The maturity of the development of unmanned aerial vehicles (UAVs) facilitated the emergence of unmanned aerial
vehicle manipulators (UAVMs) in the past decade. UAVMs are new type of aerial robots, which combine a UAV and a
manipulator or several manipulators together. The UAVMs can be applied in various tasks, such as grasping,
transporting, positioning, inspection and maintenance in high altitude workspaces, hazardous environments and places
that are difficult to access.

However, most of the research groups develop the UAVMs based on the regular multirotor UAVs, such as quadrotors,
hexarotors, and octorotors. The propellers or rotors of these UAVs are oriented to the same direction, which results in
the property of underactuation. The position and orientation of these UAVs are coupled and cannot be controlled
independently. In order to circumvent the drawback of underactuation, a quadrotor manipulator with four tiltable rotors
is proposed in this research, i.e., the quadrotor is designed to be over-actuated. Thus, the position and orientation of the
quadrotor can be controlled independently. Ultimately, the position and orientation of the end-effector of the manipulator
can also be controlled independently.

The dynamical model of the quadrotor manipulator is derived by applying the Euler-Lagrange method. Then, the
dynamical mode is transformed into a state-space expression, which benefits the controller design. In order to validate
the flight performance of the proposed quadrotor manipulator, both a stabilization problem and a trajectory tracking
problem in 3D space are investigated. A computed torque controller (CTC) and a backstepping controller (BC) are
proposed to be applied to the quadrotor manipulator. It is found that the quadrotor manipulator is capable of converging
to the desired 6-DOF references under the control of both the CTC and the BC. Therefore, it can be concluded that the
proposed quadrotor manipulator can achieve its goal of controlling the position and the orientation independently.
External wind disturbances are inevitable in real applications. Therefore, robust control of the quadrotor manipulator in
the presence of external wind disturbances is also investigated. A sliding mode control method has been recognized as
one of the efficient approaches to design robust controllers. Two kinds of sliding mode controller are proposed to be
applied to the quadrotor manipulator. One is called the integral backstepping sliding mode controller (IBSMC) and the
other one is called the backstepping-based super-twisting sliding mode controller (BSTSMC). It is found that the

BSTSMC is more robust than the IBSMC with respect to the external wind disturbances, through some simulations.
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