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Robot path planning research with improved artificial lemming algorithm

Jiao Huailiang Liu Liqun He Junqiang Zhang Zheng Wu Qingfeng

(School of Electronic Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: In order to solve the problems of slow convergence speed, low convergence accuracy and easy to fall into local
optimization of artificial lemmings algorithm (ALA). a multi strategy improved artificial lemmings algorithm (IALA)
is proposed. Firstly, Hammersley sequence is introduced to initialize the population of the algorithm. so that the initial
population has better search ability; then the reverse differential mutation mechanism is used to improve the diversity
of the population and enhance the ability of the algorithm to escape from the local optimum; finally, through the soft
frost ice search mechanism, the algorithm takes into account the local and global characteristics in the optimization
process, which improves the optimization ability and convergence speed of the algorithm. In order to verify the
effectiveness of the improved algorithm. nine benchmark functions are selected to compare the improved algorithm.
The comparison results show that IALA has faster convergence speed and higher convergence accuracy. Finally, the
improved algorithm is applied to the simulation experiment of robot path planning on three kinds of complex maps. The
results show that compared with the original algorithm ala, the improved algorithm IALA in the first kind of map, the
optimal value of path decreases by 0. 64 % , and the average value decreases by 2. 86 % ; in the second map. the optimal
value of path decreased by 10.24% , and the average value decreased by 6. 91% ; in the last map, the optimal value of
the path decreased by 2. 6%, and the average value decreased by 1.3%. It is proved that the improved algorithm has
better path optimization ability.

Keywords: artificial lemming algorithm; Hammersley sequence;reverse differential mutation mechanism; soft frost ice

search;path planning
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Fig. 1 Random number distribution
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Table 1 Test functions
i SR Eidi s A ¥ it e
F1 fl) = D2t 30 [—100,100] 0
F2 fl)=2,(>0z,)" 30 [—100,100] 0
F3 fG) = 2301000, — 2 4 (x, — D?] 30 [—30.30] 0
F4 f) = D) —asinC/Tx, D 30 [—500,500] —12 569. 5
F5 fx) = > [a% —10cos(2rz,) +10] 30 [—5.12,5.12] 0
) S T ees _
F6 fla) = 4000,;@ Ecos(ﬁ)Jrl 30 [—600,600] 0
2 x, (b} +b,1'z)} :
F7 ) = R 4 —5,5 0.000 307 5
J Z; |:a, b:+bas + x, [ ]
1 : 1 -
F8 fl) = %+Z s \ 2 [—65.536,65.536] 1
Jj+ Z(J', —a;)
3.2 IALA BEMST EZMIEH K, RA TALA B9 4550 b 330 ¥R 90 e AL (H .

T FEATIE WA SCER A B i BRUSRL VR A RO
FHIE LG 9 it BUSE 75 CALAD | 20 W i #8116 55351 (red-
Billed blue magpie optimization, RBMO) ,PID 8 2y
(PID-based search algorithm, PSA) . 4 %t ¢ 1k & 3=
(golden jackal optimization, GJO) K K AR 4k 5B 5 A ¢
P iR R AT T b, FR B A 8 A v 3 R K Y
MRS KT 0. FIRR S R A, TA RN S
BB B AR 30, B REAIKECH 500, 3 H& A~
BYLHEH AN B AT 50 WL AR B M ZE R AN 2 PR,

P 2 v B0 AR T A 7 X B i R ORI TALA
V149 25 TR A 25 0 T A 0 v L R Al B0 vk T 2 3 B o
A, Jo I F3 R, HAy JUAS G5 1% ) &5 SR 40 70 26 Jee A
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A EL ROk U TALA B 25 3R 97 3630 B0 S AR . i 22
JEf/ME L TE F5 I F6 s L TALA 1 GJO H R &R g 5
FIHSEALE, GWO £ 50 Wz 175 -3 B L B0
ARG, HA s ME LM AR T 8BS R MH, X
3R BUHE UL A 7E 2 0 iR A T TALA A5 45 AR 5 i ok
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BIRRE ¥ bR Rk LB AR ZR R 55 6
F2 MXEHITELER
Table 2 Comparison results of test functions
R 4 IALA ALA RBMO PSA GJO GWO
WACE 4.204X107"" 3.188 99X 10 7 3.749 11X 10 ° 0.035 147 814 1.068 92X10 * 5.146 44X 10 *
FRUEZE  3.206 64X 10 2.179 13X 10 ° 0.001 283 151  0.047 291 538 1.663 63X 10 ** 5.180 52X 10 ¥
F1 P 1.43405X10 " 1.237 34X10 °  0.000 730 429  0.079 628 235 7.782 74X 10 4.742 92X10 ¥
FE 3.664 1X10 7 2,796 37X10 °  0.000 195 751  0.066 898 975 3.428 14X 10 *° 3.001 23X10 ¥
B2 7.170 27X107°  5.110 86X10°° 0.003 020 214  0.144 647 034 3.754 07X107> 1.287 16X10 *
WAL 1.2111X10 ' 0.000 257 523 103.395 6395 1209.384 31 1.140 78X10 ' 1.926 82X 10 '
FRIEZE  8.1227X10 '™ 0. 000 586 482 173.700 355 2 285.471 536 5.406 84X10 " 1.951 62X 10 °
F2 I 5.959 4X10 '™ 0.000 893 167  257.920 295 3 2 749.897 875  2.473 8X10 " 2.049 12X 10 °
i 3.9137x10 % 0.000 726 8  193.774 677 8 1 919.708 744 9.544 02X10 7 2.005 64X 10 °
WM 1.6823X10 % 0.001 824 136 501.187 4623 6 797.004 985 1.214 54X10 " 5.171 83X10 °
WAL 8.00337X10 °  25.004 511 98  26.575 900 34  88.108 606 61  27.187 315 35  26.239 729 39
FrdEZE  0.003 995 446 0.819 389 999  0.929 957 821  260.112 517 6  0.634 937 081 0. 716 053 666
F3 F¥{H  0.003 480 734 26.108 370 22 28.089 568 01  249.751 863 8 27.475 077 27.261 102 96
iy 0.002 264 576 26.080 380 62 28.281 273 77  144.607 541  27.192 678 54 27.138 400 29
WM 0.010 367 077 27.317 681 96 29.058 002 25  706.417 753  28.610 878 67  27.965 211 47
WAL —12332.60929 —11130.2882 —9318.20036 —10751.8668 —4 859.79209 —6 933.972 39
FRAEZE 52.967 031 508 817 1 042.990 001  294.390 234 6  541.862 306 4  798.013 2125  628.371 545 2
F4 ¥ —12308.92115 —10065.4634 —9 055.060 41 —10 177.694 4 —3 469.070 41  —6 030.293
i —12332.60837 —10601.6989 —9 182.347 98 —10096.453 3 —3 222.883 88 —5 896.967 81
B2 —12214.170 84  —8 875.003 29 —8 622.893 45 —9517.287 62 —2 826.974 07 —5 345.504 99
wAE 0 7.297 13X10 °  37.913 494 24 40. 352 039 29 0 5.684 34X10 "
bR 22 0 0.545 148 843  21.563 020 05  16.469 339 88 0 0. 965 190 402
F5 “FigMH 0 0.398 134 607  51.280 528 72 60.270 705 42 0 0. 636 561 439
E 0 2.168 23X10 °  44.391 640 2 59.742 111 91 0 5.684 34 X107 "
mZEME 0 0.995 339 559  89.225 631 32 84.703 756 72 0 2.177 616 68
A 0 1.750 32X10°  0.000 263 902  0.035 929 423 0 0
P o 2% 0 4.671 6910 °  0.022 101 423  0.032 840 627 0 0.009 179 972
F6 “FH#{H 0 7.011 14X10°° 0.014 258 199 0. 073 624 962 0 0. 004 105 408
iE 0 7.667 1810 °  0.002 116 56 0. 062 843 974 0 0
e EH 0 1.166 8310 ° 0.052 361 861  0.112 422 782 0 0. 020 527 041
AR 0.000 307 697 0.000 307 486  0.000 307 486 0. 000 307 688  0.000 319 245 0. 000 307 5
FR#EZ  0.000 180 866 0.000 409 508 4.642 42X10 "> 0.000 413 722 0.000 113 74 0. 000 387 402
F7 4 0.000 500 136 0.001 040 036  0.000 307 486  0.000 801 608  0.000 481 396 0. 000 550 096
rE 0. 000 556 793 0.001 223 173 0.000 307 486  0.000 737 229  0.000 466 827 0. 000 379 146
W2ZM 0.000 665 919 0.001 223 173 0.000 307 486  0.001 223 173  0.000 613 405 0. 001 226 564
AL 0.998 003 838 0.998 003 838  0.998 003 838  0.998 003 838  2.982 105 157 0. 998 003 838
FrdEZE 1,086 737 049 1.110 22X 10 ' 1.110 22X 10 '* 2.220 45X 10 '* 3.479 802 756 4. 855 814 671
F8 F¥MH  1.791 644 365 0.998 003 838  0.998 003 838  0.998 003 838  4.538 320 259  5.499 700 248
e 0.998 003 838 0.998 003 838  0.998 003 838  0.998 003 838  2.982 105 157  2.982 105 157
WM 2.982 105 157 0.998 003 838  0.998 003 838  0.998 003 838  10.763 180 67  10.763 181 67
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Fig. 2 Convergence curve and box diagram of benchmark function
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Table 3 Experimental data of 20 X 20 map

RS RALE P o 22 P e 2 MH
IALA 28.605 0 0. 848 8 30. 550 2 30.977 7 31.411 7
ALA 28.834 5 2.329 6 31.778 2 31.331 3 37.863 9
RBMO 29.776 5 1.985 2 32.835 4 33.544 4 35.347 2
PSA 28.834 5 1.438 7 31.175 1 30.938 7 34.464 8
GJO 30.948 1 3.723 9 35.778 1 36.291 6 42.258 0
GWO 31.915 5 4.587 1 36.948 5 36.148 9 47.311 0
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Fig.4 Experimental results of 40X40 map
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Table 4 Experimental data of 40 X 40 map

RS RALE P o 22 P e 2 MH

IALA 61.621 9 3.489 5 68.596 6 68.623 0 74.371 6
ALA 68. 648 5 2.626 9 73.686 7 73.313 7 77.414 2
RBMO 84.772 9 16.879 1 111. 647 6 113.556 8 133.915 2
PSA 75.266 4 16.249 9 92.527 1 88.810 4 124.462 8
GJO 73.510 8 22.885 2 105.181 2 101.049 8 136. 246 6
GWO 101. 345 2 464.712 9 279.4915 134.293 6 1 600. 000 0
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Fig. 5 Experimental results of 60X 60 map
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Table 5 Experimental data of 60X 60 map
7S RILE P o 22 T {E T k2
IALA 109.110 5 1.534 2 112. 568 4 112. 965 2 115. 064 5
ALA 111. 255 8 2.384 6 115. 568 5 116. 065 4 117.094 5
RBMO 143.904 3 44.015 9 250. 373 3 264.627 3 288.713 1
PSA 189.962 8 34.584 4 250. 360 1 248.309 9 328.110 0
GJO 202.265 1 1634.992 7 2 584.578 4 3 600. 000 O 3 600. 000 O
GWO 224.762 6 3015.847 6 5422.476 3 5 400. 000 0 10 800. 000 0
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