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Simultaneous Localization and Mapping (SLAM) is a fundamental technique in
mobile robotics, enabling a robot to estimate its position while understanding the
surrounding environment. Vision-based and RGB-D camera-based SLAM systems are
widely used due to their ability to provide rich environmental information. However,
their performance strongly depends on lighting conditions. Under low-light, high-glare,
or visually degraded environments, camera-based SLAM often fails to extract reliable
features, leading to localization drift or complete localization failure. This limitation
restricts the long-term operation of robots in real-world environments. The objective
of this thesis is to investigate the use of LiDAR-based SLAM as a robust localization
backbone under poor lighting conditions, while still utilizing an RGB-D camera for point
cloud generation. The study aims to demonstrate that reliable localization can be
maintained using LIDAR when camera-based SLAM becomes unreliable, allowing
consistent spatial data generation despite degraded visual conditions. The proposed
approach is implemented on an FITENTH autonomous ground vehicle platform, A 2D
LIDAR sensor is used to perform LiDAR-based SLAM for continuous and robust
localization. An RGB-D camera is mounted on the robot to capture depth and color
data. Instead of relying on the camera for localization, the depth data is transformed
into a global reference frame using the pose estimated from LiDAR-based SLAM. The
system is developed using ROS 2, where sensor synchronization, coordinate
transformations, and data processing are managed within a unified framework.
Experiments are conducted in environments with degraded lighting to evaluate system
behavior. The experimental findings demonstrate that LiDAR-based SLAM maintains
consistent localization performance in environments where visual sensing is degraded.
During conditions of insufficient or unstable lighting, the camera-based SLAM approach

exhibited increased trajectory drift and, in some cases, failed to continue localization
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due to the inability to extract reliable visual features. In contrast, the proposed system
sustained accurate pose estimation by relying on LIDAR data, enabling uninterrupted
localization throughout the experiment. By using the LiDAR-derived pose to project
RGB-D measurements into the global coordinate frame, spatial data generation
remained continuous even when visual information was compromised. Once normal
lighting conditions were restored, dense point cloud acquisition resumed without
system reinitialization. These results confirm that separating localization from vision-
based perception improves robustness and supports long-term autonomous operation

in challenging indoor environments.
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