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Figure 1 (Color online) Definition diagram of coordinate system in
3D model.
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Figure 2 3D diagram of the on-board robotic arm.
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Figure 3 (Color online) D-H modeling of vehicle-mounted robotic
arm.
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Table 1 D-H parameter table of the on-board robotic arm
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Figure 4 (Color online) Schematic diagram of joint planning for
vehicle and arm.
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Algorithm 1: MinimalCostPath
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open__list.remove(current__position);
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10 return;
11 | end
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15 end

16 end
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Figure 7 Basic flow of A* algorithm.
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planning system.
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A unified mobility and manipulation planning method under complex
multidimensional constraints on the lunar surface

LIU ChuanKai"*>’, CHEN Liang', HUANG KaiQi', ZHANG JiTao™", WANG XiaoXue™”,

ZHANG ZuoYu>® & ZHANG Kuan™”

' School of Mechanical and Electrical Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China
2 Beijing Aerospace Control Center, Beijing 100094, China
} Key Laboratory of Science and Technology on Aerospace Flight Dynamics, Beijing 100094, China

Long-distance mobility operations of lunar rovers equipped with robotic arms represent an essential exploration mode for future lunar
resource exploitation and scientific station construction. However, the joint operation planning of rover-manipulator systems faces
significant challenges due to the complex lunar terrain, time-varying illumination constraints, and harsh environmental conditions. To
address these challenges, this paper proposes a unified mobility and manipulation planning method for robotic operations on complex
lunar surfaces. First, a high-dimensional state-space model of the rover-manipulator ensemble is established to achieve an integrated
task-level representation. Then, by comprehensively considering constraints such as obstacle avoidance, illumination occlusion, and
task logic, a partitioned multi-path transfer optimization model is constructed. An improved dual-layer A* algorithm is designed for
both large-scale navigation and fine manipulation, enabling decoupled search in high-dimensional continuous state spaces and joint
optimization of mobility and manipulation trajectories. Compared with traditional methods, the proposed approach effectively reduces
the computational complexity of high-dimensional spaces and achieves rapid, cost-optimal joint path planning for the rover and
manipulator. Experimental results verify the effectiveness of the proposed method, providing a feasible approach for future lunar
exploration missions involving integrated rover-manipulator systems.

coordinated vehicle-arm planning, kinematic modeling, multi-constraint conditions, dual-layer A* algorithm,
path planning, state management mechanism
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