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Abstract: To address the challenges of insufficient safety and poor tracking accuracy faced by coal mine inspection
robots when conducting path planning in complex and dynamic underground tunnel environments, this paper proposes a
path planning method that integrates an improved A" global planning algorithm with a fuzzy PID motion control. By
introducing an obstacle cost term and dynamic weighting strategy into the cost function of the traditional A™ algorithm,
the efficiency and safety of global path planning are enhanced. The initial path is smoothed using B-spline curves to
make it more compliant with the kinematic constraints of the robot, thereby improving its executability and trajectory
smoothness. A fuzzy PID controller based on the robot's kinematic model is designed to replace the traditional PID
controller. Through fuzzy control, the PID parameters are adaptively adjusted to achieve high-precision and high-
stability tracking control of the smoothed global path, effectively coupling the linear and angular velocity control. The
simulation results of MATLAB and ROS Gazebo show that the improved A" algorithm reduces the number of search
nodes by approximately 65% , and the B-spline processing significantly improves the path smoothness. Compared with
the traditional PID. the fuzzy model PID controller performs better in terms of path tracking accuracy and stability.
The maximum lateral error range is within £0. 05 meters, and the maximum heading error is controlled within £0. 2
radians. This method significantly improves the path planning and tracking performance of coal mine inspection robots.
Keywords: coal mine inspection robots; improved A" algorithm; B-spline-based path smoothing; fuzzy PID;
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5 R E Max_v 1.0 m/s
B KN Max_v_inc 0.5 m/s’
T KA HEE Max_w 1.57 rad/s
KA Max_w_inc 1. 57 rad/s’
K, (0.5,2.0)
K, (0.0,0.5)
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Fig. 11  Three types of PID controller output trajectories
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Fig. 12 Comparison of lateral and heading errors for three

types of PID controllers
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Table 4 Comparison of performance indicators of

three PID controllers

175 R SOl SR I S PN

MEMR2E/m 1R 2E/rad W7 /m

54 PID 0.058 5 0.280 3 0.096 2
FEO A PID 0.0215 0.050 4 0.056 4
KR PID 0.030 1 0.083 7 0.053 5
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Fig. 13 Construction of a simulated tunnel environment
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Table 5 Parameter settings for simulated roadways
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(a) Obstacle avoidance in long straight tunnel
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(b) Obstacle avoidance in narrow tunnel
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(c) Obstacle avoidance in Z-shaped tunnel
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(d) Obstacle avoidance in T-shaped tunnel
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Fig. 14  Obstacle avoidance in different tunnel environments
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Fig. 15 The heading and lateral errors of long straight paths and high curvature obstacle avoidance path
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