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A multi-objective optimization method for cantilever
roadheader section forming trajectory

Wang Suyu, Ma Dengcheng, Ren Ze, Wu Miao
( China University of Mining and Technology-Beijing , Beijing 100083, China)

Abstract ; Section forming is an important process in the tunneling process. Traditional section trajectory only aims at the shortest
trajectory and it will not change once determined, which restricts the development of tunneling robots. For this reason, this paper
proposes a multi-objective optimization method for the cutting trajectory of the cantilever roadheader for common and complex structural
sections. Firstly, taking efficiency and safety as the goal, a multi-objective optimization model of the cutting trajectory is established.
Considering the actual cutting conditions, the decision variables, objective functions and constraints in the model are determined.
Secondly, in order to further improve the convergence and distribution of the optimized solution, a multi-objective particle swarm
optimization based on fitness distance to simplify knowledge base (FDMOPSO) is proposed. Finally, the multi-objective optimization
model of the cutting trajectory is solved based on the FDMOPSO algorithm. Simulation results show that the convergence and distribution
of the algorithm are improved by about 90% and 40% , respectively. It also verified that the cutting trajectory solution set can be planned
for complex structure roadway sections of different shapes and sizes. Based on efficiency, safety and cutting smoothness, the optimal
trajectory can be finally determined. The optimized cutting trajectory not only improves the cutting efficiency, but also avoids dirt band
trapping and increases the safety of cutting.
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Table 1 Comparison of target value data of Pareto optimal solution set
S Hix ¥ brifE 22 LREIVE S Bk 1 ik 2 Bl 3 Lk 4
B 1 345.4 41.5 337.4 300. 8 308.6 311.6 318.4
2 5.9x107° 1.5x107° 2.5%1077 3.72x1077 3.21x1078 1.25%1077 1. 14x107%
-~ 1 314.4 6.7 314.8 299. 1 310.7 311.4 313.3
- 2 6.7x107° 5.6x107° 6.7x107° 1. 40x107° 1.34x107° 8.67x1077 5.51x1077
_ 1 305.9 7.3 304.6 297.7 298.0 298.5 301.6
’ 2 4.2x107° 6.2x107° 1.4x107° 1.84x107° 3.23x107° 9.47x1077 7.40%x1077
m 1 309.0 5.5 310.9 298.6 302. 8 305.3 306.2
2 3.7x107° 6.6x107° 9.3x107° 2.10x107* 8.81x107° 1.81x107° 4.01x107°
- 1 312.2 8.7 311.7 301.6 303.5 305.8 308. 4
2 1.5x107° 2.3x107° 6.3x1077 2.9x107° 6.4x1077 7.3x107% 7.5%107°
N 1 313.7 7.6 314.7 299.9 305.6 307.2 311.8
a 2 3.8x107° 6.0x107° 3.9x1077 4.8x107" 1.2x107° 1.6x1077 1.5%107°
L 1 309. 1 7.1 308. 8 297.7 298.7 306.9 307.7
2 6.0x107° 1.0x107° 1.2x107¢ 3.3x107° 1.2x107° 9.4x1077 1.4x107°
A 1 313.5 8.6 315.1 298.3 304.2 307.6 308.0
2 3.2x107° 3.3x107° 1.9x107¢ 7.9x107° 7.7%107" 1.3x107¢ 2.6x1077
i 1 304.6 4.2 304.5 297.6 301.3 302. 4 302.8
2 3.1x107° 2.8x107° 2.5x107° 4.9x107° 8.5x107° 1.8x107° 1.2x107°
T 1 308. 3 5.4 309.2 299.0 301.5 304. 6 307.2
2 1.7x107° 1.3x107° 1.2x107° 4.2x107° 1.9x107° 1.8x107° 1.3x107°
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Table 2 Non-inferior optimal solution set data of four experiments

S Hir BB AR (SRS SR HE AT 10 47, 7% HAn—HET)

1 300.8 308. 6 311.6 318.4 324.5 350. 2 354.5 374.6 375.5 434.9

2 3.72x107 3.21x107%  1.25%1077  1.14x107%  2.52x107° 5.03x10™%  4.92x107°  3.62x10™%  4.07x107® 2.34x107¢
B 1 299.1 310.7 311. 4 313.3 314.0 315.5 317.3 319.5 320.9 322.2
a 2 1.40x107° 1.34x107° 8.67x1077 5.51x1077 1.86x107® 8.02x107° 5.35x107° 8.77x107° 6.69x1077 1.32x107°
B 1 297.7 298.0 298.5 301.6 302.2 307.1 310. 1 312.1 315.7 316.5
a 2 1.84x107° 3.23x107° 9.47x1077 7.40x1077 1.96x107° 8.74x1077 1.77x107® 1.24x107% 1.04x10™® 1.27x107°

1 298. 6 302.8 305.3 306. 2 310.8 311.1 311. 4 313.5 314.5 315.5

2 2.10x107* 8.81x107° 1.81x107° 4.01x10™° 1.20x107° 5.38x10™® 6.60x10™° 2.37x10™® 2.19x107 2.10x107¢
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