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Abstract

Persons in distress or missing in the wilderness, lacking the necessary awareness of self-protection and
the ability to save themselves, usually have to wait for the relevant management authorities to carry out rescue.
Search and rescue techniques for people in distress in the wilderness mainly rely on "carpet-type" human
searches, but human searches are susceptible to subjective judgments, emotions and personal experience,
leading to incomplete searches, duplicate coverage and other problems. For large-scale search and rescue
missions, it is necessary for multiple organizations to work together. However, the coverage path planning of
multi-group coordination is a complex combinatorial optimization problem, and the search space will
increase geometrically when the mission scale is large. Therefore, reasonable task allocation and path
planning is the key to improve the efficiency and comprehensiveness of SAR. In this thesis, based on the
terrain feature data, the field environment map model is constructed as the data base. Combined with the a
priori environmental information, the full-coverage path planning method is studied to provide auxiliary
support for emergency SAR missions. The specific research contents are as follows:

(1) Aiming at the problems of incomplete search and repeated coverage in traditional "carpet-style"
human search, a single-group full coverage path planning method based on History-aware Adaptive
Simulated Annealing (HASA) combined with historical improvement information is proposed. The coverage
problem is transformed into the Traveling Salesman Problem (TSP) by using the Boustrophedon Cellular
Decomposition (BCD) method. The temperature parameter is dynamically adjusted in combination with
historical improvement information to improve the global search ability and convergence speed of the
algorithm, and the path connection between sub-areas is optimized through the path smoothing strategy. The
coverage repetition rate of this method is less than 3.3% in three terrain maps, and the running time is
shortened by 55.5% to 77.1% compared with the Genetic Algorithm (GA) and the Adaptive simulated
annealing algorithm with greedy search (ASA-GS). This method can effectively reduce the path repetition
rate and running time, and improve the overall planning efficiency while ensuring the coverage accuracy.

(2) Aiming at the problem that the efficiency of single-group coverage path planning is limited when
the task scale is expanded and the environment complexity is increased, a multi-group collaborative coverage
path planning method based on the Divide Areas based on Robots Initial Positions (DARP) is proposed. This
method divides the task area according to the initial position of the group, and introduces a reward and
punishment mechanism to enhance the connectivity of the sub-area and improve the rationality of the area
division. In the path generation stage, the spanning tree (Spanning Tree Coverage, STC) algorithm is
combined to construct a spanning tree, and the path points are generated by circling the spanning tree to

construct a continuous coverage path. The performance of this method is analyzed for different terrain



conditions, group numbers, obstacle density and environment scale. The results show that the number of
groups within a reasonable range is helpful to improve the efficiency of path planning, but too many groups
will lead to an increase in the computational burden and the optimization effect tends to saturation; at the
same time, the environment scale and obstacle density show a linear correlation trend with the algorithm
running time. It provides an important reference for the configuration of the number of groups and task
organization schemes in practical applications.

(3) Construct emergency search and rescue system based on cooperative scheduling. The system adopts
C/S architecture to realize efficient guidance and dynamic interaction through the combination of application
interface and data background. The application interface is based on Android Studio and ArcGIS Runtime
SDK, and four modules are constructed: base map loading, multifunctional mapping, full-coverage path
planning and navigation guidance. The backend is based on Python and Django framework, utilizing view
functions and WebSocket to realize path planning calculation and data interaction, and integrating full-
coverage path planning algorithms to take into account the needs of different tasks, so as to provide efficient
solutions for emergency search and rescue missions.

Key words: Coverage path planning; multicomponent coordination; Regional division; Traveler’s problem
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