
Department of Electrical Engineering and
Information Technology

Automatic Control Group
https://en.ei.uni-paderborn.de/de/rat/

MASTER THESIS
Optimization Control for a Aerial Manipulator.

Background

Aerial manipulation, the use of unmanned aerial vehicles
(UAVs) equipped with robotic arms, is a rapidly advancing field
with the potential to revolutionize industries such as logistics,
inspection, and maintenance. These systems combine the
mobility of a UAV with the dexterity of a manipulator, enabling
them to perform complex tasks in otherwise inaccessible or
hazardous environments. However, the control of such sys-
tems presents significant challenges due to their highly cou-
pled, nonlinear dynamics and the need to operate safely and
efficiently in real-time.

This thesis will explore the application of convex optimiza-
tion to address the complex control problems inherent in aerial
manipulation. Convex optimization is a powerful mathematical
tool for finding the most efficient solution among a set of pos-
sibilities, subject to various constraints. Its strength lies in the
fact that for convex problems, any locally optimal solution is

also a global optimum, and efficient algorithms exist to find
these solutions. As shown in Figure 1, this allows an algo-
rithm to reliably find the best solution. In robotics, this enables
the real-time calculation of control commands that respect the
physical limits of the robot—such as joint velocity and torque
constraints—while optimizing for performance metrics like en-
ergy consumption and trajectory smoothness [1].
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Figure 2: Model architecture overview for aerial manipulator.

Project Goals

The goal of this thesis is to develop a comprehensive con-
trol framework for an aerial manipulator. As illustrated in the
model architecture (Figure 2), the system will take a high-level
path, formulate it as a convex optimization problem, and use
a solver to calculate the optimal joint velocities that the robotic
agent must execute.

• Design a novel aerial manipulator within the NVIDIA Isaac
Sim simulation environment. The student will determine the
necessary degrees of freedom (DOF) based on a review of
potential application scenarios.

• Derive the full kinematic and dynamic equations of the de-
signed manipulator, capturing the complex coupling effects
between the UAV and the arm.

• Formulate the trajectory tracking problem as a convex op-

timization problem, specifically a Quadratic Program (QP).
This formulation will incorporate physical constraints such as
joint position and velocity limits.

• Implement a controller that solves this optimization problem
in real-time to determine the required joint velocities for track-
ing pre-planned trajectories.

• Integrate a path-planning algorithm (e.g., RRT*, A*) to gen-
erate collision-free trajectories for the aerial manipulator in
environments with obstacles.

• Combine the path planner with the optimization-based con-
troller to enable autonomous task execution in cluttered
spaces.

• Develop and test a strategy for transferring the control poli-
cies developed in simulation to a real-world hardware plat-
form.
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