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Autonomous non—exposed space exploration based on unmanned system

YANG Bisheng,SUN Shangzhe, CHEN Chi

1. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China,
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Abstract: Non-exposed spaces, such as indoor environments, underground utility tunnels, and natural caves, are partially enclosed areas
that have gained increasing attention as urbanization progresses. This growing demand for exploration has significant implications.
Investigating these spaces and acquiring spatial information within them can support the development of new infrastructure and facilitate
digital transformation. However, exploring non-exposed spaces presents several challenges due to their complex structures, signal isolation
from external sources, and degraded conditions. In such spaces, external positioning signals, such as GNSS, are often unavailable,
complicating the reliance on these signals for localization. Additionally, many non-exposed spaces suffer from degraded environmental
conditions, which further hinder self-localization. The intricate internal structures of these spaces also pose safety risks for human entry. The
advancement of unmanned systems technology presents a promising solution to these challenges. To address these issues, we designed an
autonomous aerial unmanned system equipped with panoramic LiDAR, providing a wide field of view, and integrated with modules for
localization, mapping, planning, and control, enabling autonomous flight in uncharted spaces. The system consists of five main components:
sensor input, localization and mapping, planning, control, and the unmanned system itself. Sensor data from LiDAR and IMU are utilized
for state estimation and real-time mapping. The system generates an occupancy grid map for trajectory planning, followed by optimization.
Commands are then sent to the flight controller, which integrates manual and planned inputs to maintain stable flight. The system’s pose is
monitored through Mavros, ensuring autonomous flight by controlling the motors via ESCs. Additionally, we propose a method for
autonomous exploration of non-exposed spaces that involves point cloud mapping based on manually or autonomously assigned target
points on a pre-established map. To validate the proposed autonomous aerial unmanned system and exploration method, we conducted
experimental verifications in both simulated and real-world scenarios. We first selected a typical indoor scenario, “Indoorl,” within the
XTDrone simulation environment under GNSS-denied conditions. The simulation utilized the Iris drone, supported by PX4 firmware with
PX4 software-in-the-loop communication, and an Intel RealSense D455 simulation module for capturing visible and depth images. The
simulation results demonstrated a detection efficiency of 23.94 m?®s using the proposed exploration method. Subsequently, real-world
experiments were conducted in a section of an underground parking lot at Wuhan University’ s Xinghu Experimental Building. The
autonomous aerial unmanned system demonstrated stable flight, achieving a detection efficiency of 53.94 m®/s in complex environments,
such as corridors, pipelines, and rooms. The experimental results confirm the feasibility of the proposed method. Real-world experiments
achieved a exploration efficiency exceeding 50% m?/s, validating the system's capability to efficiently explore non-exposed spaces. This
demonstrates the significant potential of the system for future applications. Further research will focus on viewpoint generation based on
specific targets to enhance the system's intelligence, enabling intelligent exploration of non-exposed spaces. This will improve the system’s
autonomy and adaptability in complex environments.

Key words: non-exposed space, unmanned autonomous mapping, aerial unmanned system, path planning, SLAM
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