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Background

Reliable UAV navigation requires multiple sensors such as Li-
DAR, IMUs, RGB-D, thermal, and event cameras. Each has
specific strengths and weaknesses: LiDAR gives precise depth
but is sensitive to environment; RGB-D fails in poor lighting;
thermal works in darkness but lacks detail; IMUs drift over
time; and event cameras capture fast motion but need complex
processing. Robust navigation can only be achieved by com-
bining these complementary sensors through systematic fusion.

Project Goal

The main goal of this project is to design and implement a
handheld data collection device equipped with multiple sen-
sors, including a thermal camera, an RGB-D camera, an event
camera, an IMU, and a LiDAR. The device will be powered by
an NVIDIA Jetson module running on a Linux-based system,
enabling real-time sensor data acquisition. Additionally, ex-
ternal tracking systems such as Vicon or a dedicated tracking
camera will be used to obtain ground-truth pose information.
The collected multimodal data will be used for sensor calibra-
tion, image alignment, and depth estimation tasks, providing a
foundation for developing and testing robust UAV navigation
algorithms.

Requirements

* Core Skills: Proficiency in C++/Python and experience with
Linux-based embedded systems (preferably NVIDIA Jetson).

* Perception & Vision: Understanding of camera models,
calibration, image alignment, and basic sensor fusion with
LiDAR and IMU.

* Nice to Have: Knowledge of large-scale data handling, 3D
geometry and transformations, and familiarity with advanced
multimodal sensor fusion.

Intermediate Goals

* Hardware Integration: Assemble sensors and Jetson plat-
form.

» Synchronization: Time-align all sensors.

* Data Collection: Record datasets in diverse environments.
* Calibration: Build boards for intrinsic/extrinsic calibration.
* Processing: Align images and fuse LIDAR/RGB-D.

* Validation: Verify poses with Vicon or tracking cam.

Learning Outcomes

Through this project, students will gain practical skills in multi-
modal sensor integration and embedded platforms, while learn-
ing to address the challenges of synchronizing heterogeneous
sensors. They will acquire knowledge of intrinsic and extrinsic
calibration, data preprocessing, and sensor fusion, as well as
experience in systematic data collection for UAV navigation.
These outcomes provide a strong basis for advanced research
and can serve as a solid starting point for a master’s thesis in
autonomous systems.
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Geometric Camera Calibration

Undistorted Image

Figure 1: A complete overview of the geometric camera cali-
bration process.

Contact: Hiirkan Sahin, (hursah@mail.uni-paderborn.de), Room: P1.7.09.4
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