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BACHELOR THESIS

Neural-Augmented Outer-Loop Control for Multirotor UAVs

Figure 1: Control architecture of the multirotor flight stack highlighting the outer-loop and inner-loop design.

Background
Outer-loop position and velocity control defines how a mul-
tirotor tracks waypoints and trajectories, while PX4’s inner-
loop stabilizes attitude and angular rates. Fixed-gain PID con-
trollers are easy to implement but cannot adapt to different
flight regimes: aggressive maneuvers require high respon-
siveness, while smooth inspection flight benefits from conser-
vative gains and overshoot reduction. This motivates the design
of a real-time outer-loop controller with adaptive parameter
selection. A hybrid approach will be taken: a reliable PID
backbone combined with both rule-based gain scheduling and
a lightweight neural network that refines the gain selection for
improved adaptability.

Project Goal
The goal is to design and implement a real-time outer-loop
controller with adaptive tuning. The controller will rely on
a PID backbone for stability, apply rule-based scheduling to
adjust gains between aggressive and smooth regimes, and use a
small neural network for refinement. It will run at ≥100 Hz on
a companion computer, interface with PX4 through attitude or
acceleration setpoints, and be validated first in simulation and
then on a real drone.

Intermediate Goals
• Baseline Controller — Implement a PID(+feedforward)

outer-loop with anti-windup, saturation handling, and
rate/jerk limiting. Verify stable tracking in simulation.

• Rule-Based Gain Scheduling — Define aggressive vs.
smooth gain regimes and enable continuous interpola-
tion based on flight context (speed, curvature, mode).
Ensure bumpless transfer between regimes.

• Neural Network Refinement — Train a lightweight NN
to adjust the scheduled PID gains. Inputs may include
velocity, curvature, and recent tracking errors; outputs
are small gain corrections. Start with offline training
from simulation data, then test online deployment.

• Real-Time Implementation — Deploy the hybrid con-
troller on a companion computer with fixed-rate execu-
tion (≥100 Hz). Validate deterministic timing, latency,
and jitter while communicating with PX4.

Requirements
• Control Knowledge: PID control, discrete-time sys-

tems, stability basics.

• Software Skills: Python/C++ programming, Linux work-
flow, PyTorch or similar for NN training.

• Additional Skills (Optional): ROS/ROS 2 integration,
profiling for real-time performance, system identifica-
tion.

Contact: Sebnem Sariozkan, (sebnem.sariozkan@mail.uni-paderborn.de), Room: P1.7.09.4
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