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Path planning algorithm for tracked directional drilling rigs in coal mines

MAO Qinghua'?, YAO Lijie'?, XUE Xusheng'?
(1. College of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710054, China; 2. Shaanxi
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Abstract: In the process of path planning for tracked directional drilling rigs in coal mines, there are
constraints on the body volume and the demand for driving efficiency in actual scenarios. However, the
commonly used A" algorithm has slow search speed, multiple redundant nodes, and the planned path is close to
obstacles and has poor smoothness. This study proposes a path planning algorithm for coal mine tracked
directional drilling rigs, which uses the improved A* algorithm to plan global paths and integrates the dynamic
window approach (DWA) to plan local paths. Considering the influence of directional drilling rig size, a safety
extension strategy is introduced in the traditional A" algorithm. The safety distance constraints are added between
the directional drilling rig, roadway walls, and obstacles to improve the safety of the planned path. Adaptive
weighting is applied to the heuristic function of the traditional A* algorithm, while incorporating the influence of
the parent node into the heuristic function to improve the efficiency of global path search. The principle of

obstacle detection is used to eliminate redundant nodes in the path planning of the improved A" algorithm. The
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segmented cubic Hermite interpolation is used for quadratic smoothing to obtain the global optimal path. The
improved A" algorithm is integrated with DWA for path planning of directional drilling rigs in coal mines. Matlab
is used to simulate and do comparative analysis of directional drilling rig path planning algorithms under different
working conditions.The results show that compared with Dijkstra algorithm and traditional A* algorithm, the
improved A™ algorithm accelerates the search speed while ensuring a safe distance. It reduces search time by
88.5% and 63.2% respectively, and to some extent shortens the length of the planned path, making the path
smoother. The improved A" algorithm and DWA fusion algorithm can effectively avoid unknown obstacles on the

path planned by the improved A* algorithm. The path length is reduced by 5.5% and 2.9% compared to the paths

planned by the PRM algorithm and RRT * algorithm, respectively.

Key words: coal mine roadways; tracked directional drilling rig; autonomous walking; path planning; A

algorithm; usion dynamic window approach; obstacle avoidance
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dynamic window approach (DWA)
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Fig. 12 Path planning result of different algorithms in
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Table 1

and other path planning algorithms

50 x 50 grid map
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Performance comparison between improved A* algorithm

T Ak A AR K /m
Dijkstra 0.422 46.0
HAT fE5EA" 0.088 46.0
YA 0.071 45.3
Dijkstra 0.508 49.0
L) A 0.276 49.0
BEA" 0.049 38.4
Dijkstra 1.214 78.0
etk A 0.819 78.0
HGHAT 0.097 69.5
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Fig. 13 Path planning results of fusion algorithm of the improved
A" algorithm and DWA in 50 x 50 grid map

B 13 F13E 2 0] F H, AEAH R T3R5 T,
PRM Fl RRT"Ay A& T Mk 258 SR A 1Y) (8 42 10 R0 550 02,
R BRI A /D, PRM Bk 48 B J AT RE 2K K,
RRT VL B AR A0 35 R A 25 il v BT B A I
JE R AMRLVR R A B, AF VM R A K B AR
F PRM 5745 il RRTR VL HL R0 B A28, o8l - 2 1) 48l

Fr50s Al G BE SR MERY IR FE TR, v
TE 4 R B AR B U 1 J il L, 52 Il B ML 2 e e ad R
BRSO 25K B AR



26 5 B3k % 50 %
2 AR AR ERE RS
Table 2 Performance comparison between the fusion algorithm and other path planning algorithms
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