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Tab.1 D-H parameters of the UR10 robotic arm
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Fig. 2 Collision detection schematic diagram
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Fig.3 Principle diagram of the traditional RRT algorithm
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Fig. 4 Partition of different sampling probability regions
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Fig. 5 Probability distribution of the partitioned Gaussian sampling
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Fig. 9 Flow chart of the improved RRT algorithm
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Fig. 16 Comparison of algorithm parameters in the real refractory

brick masonry environment
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An improved RRT path planning method for plastering robotic arm
manipulation in refractory bricklaying

DUAN Mengcheng?  ZHENG Zhengding? GAO Quanjie"”> WANG Hongxia’
(1. Key Laboratory of Metallurgical Equipment and Control Technology, Ministry of Education, Wuhan University of Science
and Technology, Wuhan 430081, China)
(2. Hubei Key Laboratory of Mechanical Transmission and Manufacturing Engineering, Wuhan University of Science and
Technology, Wuhan 430081, China)
3. School of Automotive Intelligent Manufacturing, Hubei University of Automotive Technology, Shiyan 442002, China
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Abstract: [Objective] In response to special working conditions such as complex shapes of specific bricks and limited
operating space in refractory bricklaying, traditional methods exhibit shortcomings in plastering irregularly shaped brick
surfaces, including low planning efficiency, poor trajectory smoothness, and high path cost. To address these issues, an improved
rapidly-exploring random tree (RRT) algorithm was proposed to study the path planning problem for plastering robotic arms.
[Methods] Partitioned Gaussian sampling was employed to enhance search focus on critical areas. Gravity-based dynamic step
size adjustment was adopted to enable adaptive exploration in confined spaces. Triangular inequality pruning and cubic B-spline
optimization were introduced to eliminate redundant nodes and improve trajectory smoothness. [Results] Simulation results
demonstrate that the improved RRT algorithm outperforms comparison algorithms in planning time, path length, path node
count, and iteration count. Physical tests validate the improved RRT algorithm’ s capability for stable obstacle avoidance and
plastering operations in masonry environments. Compared to traditional RRT, RRT*, Bias-RRT, and RRT-Connect, its planning
time decreases by 70.80%, 80.54%, 29.12%, and 22.24%, respectively, while reducing path length by 31.26%, 3.52%, 22.62%,
and 30.10%, respectively, demonstrating excellent engineering applicability.

Key words: Plastering robotic arm; Path planning; Improved RRT algorithm; Partitioned Gaussian sampling; Gravity-based

dynamic step size adjustment (4. 57 AR



