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Application Research on Whole Process Path Planning of Muti—agricultural
Machinery

ZHANG Guo, LAI Huicheng, DU Haohao
(College of Computer Science and Technology , Xinjiang University , Urumqi 830046, China)

Abstract: In smart agriculture, the scheduling and path planning of agricultural machinery are key technologies. However, currently, multi-
ple autonomous agricultural machines face issues such as uneven task scheduling, low operational efficiency, and lack of whole—process path
planning during operation. Especially in Xinjiang, where individual farmland plots are large, and uneven scheduling of multiple agricultural
machines can lead to overload. To address these issues, a whole—process planning algorithm for multi—-machine operations is proposed. First,
A load balancing allocation method based on K-means is designed, which uses a preheating mechanism to improve efficiency and a check—
and-balance factor to ensure that the tasks of each agricultural machine are balanced. Secondly, a scheduling strategy based on hybrid taboo
search algorithm is proposed, which incorporates inter—group transfer variation operator and unlocking strategies to avoid local optimums, and
efficiently achieves fast scheduling of multiple tasks. Finally, the comprehensive coverage path planning algorithm is introduced to ensure full
coverage of field operations. The simulation tests are performed on the constructed electronic map, and the results show that compared with the
improved artificial bee colony algorithm, ant colony optimization algorithm and whale optimization algorithm, the proposed algorithm has im-
proved performance by 9.15%, 9.88% and 8.40% respectively when there are 3, 4 and 5 agricultural machines in operation. Meanwhile, the
balance of task allocation has been increased by 40.65%, 81.12% and 79.47% respectively. Additionally, the effectiveness of the load balanc-
ing allocation method and scheduling policy is verified. This algorithm has good application value in achieving balanced scheduling of multi—
machine operations while completing field operation paths in smart farms.

Key Words: multi-agricultural machinery; balanced allocation; scheduling strategy; path planning
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Fig. 1 Electronic map of Changji farm in Xinjiang
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Fig.2 Schematic diagram of agricultural machinery operation plan-
ning
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Fig.3 Overall framework of multi—agricultural machinery whole—process planning
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Table 1 Planar coordinates of each field in the Changji farm topographic map

R1 EFRFMHEREREFELIR

RMHFS A TS 1 AL B/ (X —axis, Y—axis) RHT5 A H S 1 AL B/ (X —axis, Y—axis)
1 (6137 453.188 571 80,4 393 078.213 426 60) 15 (6 138 629.443 087 93,4 393 903.346 302 35)
2 (6137 438.691 112 16,4 393 920.717 341 74) 16 (6138 541.427 859 34,4 393 478.281 711 72)
3 (6137 416.908 686 46,4 394 785.336 095 31) 17 (6 138 371.355 527 03,4 393 001.548 786 75)
4 (6 137 397.540 985 74,4 395 638.002 136 04) 18 (6139 751.128 510 42,4 392 873.336 315 07)
5 (6137 432.053 594 11,4 396 477.458 487 29) 19 (6 140 756.683 067 94,4 392 806.958 200 04)
6 (6 137 484.366 406 67,4 397 286.505 200 43 ) 20 (6 140 815.361 845 91,4 393 727.903 580 65)
7 (6137 321.574 695 66,4 398 066.686 659 97) 21 (6139 806.430 319 73,4 393 747.151 527 81)
8 (6 137 257.007 019 06,4 398 831.440 686 35) 22 (6 139 842.527 761 94,4 394 340.544 849 70)
9 (6138 943.035 102 88,4 398 714.472 955 79) 23 (6139 984.815 280 25,4 394 756.757 031 02)
10 (6 138 895.039 358 85,4 397 954.846 323 67) 24 (6139 917.926 228 89,4 395 452.978 568 51)
11 (6 138 844.424 125 09,4 397 190.719 355 03) 25 (6 139 976.434 230 29,4 396 301.062 095 75)
12 (6138 707.977 223 91,4 396 384.967 742 32) 26 (6140 029.175 925 17,4 397 106.806 981 71)
13 (6 138 735.567 210 66,4 395 535.564 796 02) 27 (6 140 086.409 300 25,4 397 874.328 338 95)

14 (6138 676.325 457 73,4 394 686.706 034 41)
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Table 2 Execution time of KLBA
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s 1] /ms s} 5] /ms B4 %

KMA 3 8.4629 2.8170 20
KLBA 3 7.8532 2.686 0 '
KMA 4 7.439 4 2.508 0
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KLBA 4 5.459 1 3.1490
KMA 5 4.404 9 24330

2391
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Table 3 Average path length of HTSS
£3 HTSS EHERZ

Bk OREUEC RRUTIT B R BRI 5 L9
TSA 3 50417.88
21.31
HTSS 3 39 673.47
TSA 4 50 534.16
14.67
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6.68
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i 471 {1k 3592 (Whale Optimization Algorithm, WOA )™ 4f
L7 A LRI T 8.49%~9.88% .
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Table 4 Comparison of algorithm performance with different numbers of agricultural machines

F4 RERMMTEAMEELS

15551 ARHLEL ABC ACO WOA WPP D/%
3 66 232.948 47 49 430.494 34 43 668.949 78 39 673.470 00 9.15
27 4 68 933.121 09 56 394.853 65 47 847.913 26 43 121.380 00 9.88
5 70 921.080 27 61 461.640 00 51 615.090 00 47 280.889 88 8.40
Table 5 Comparison of algorithm performance under balanced allocation
x5 HERHEBERTE XSGR
15551 RHLEL K_ACO K_GA K_WOA WPP D/%
3 40 181.41 44 746.25 40 940.04 39 673.47 1.26
27 4 43 385.26 44 298.24 43 777.36 43 121.38 0.60
5 47 249.59 47 024.92 47 160.84 47 280.89 -0.54
Table 6 Load balance ratio for 3 farm machinery operations
Fz6 3BNRHIELM A FELL
Bk AHEL A% /m 551 BAHLHE 55 HFY/m? 552 BAHLE 55 HA/m? 55 3 BAHLE 55 HAY/m? 81%
ABC 3 55 862.00 7616 066.80 1827 153.50 2061 571.70 76.01
ACO 3 38 634.05 10 488 590.60 496 178.90 520 022.50 95.27
WOA 3 43 080.08 4559 600.00 4 664 380.10 2280 811.90 51.10
wPpp 3 36 998.87 3941 192.40 3990 247.70 3573 351.90 10.45
Table 7 Load balance ratio for 4 farm machinery operations
R7 ABRYELH A E FELL
Bk RAE REHAEm EIERIERIE/M  F2ERIERIE/M  H3ARIEGHN B45RIEFR IR/ 8%
ABC 4 57 347.00 10 568 048.00 74 617.10 422 692.20 439 434.70 99.29
ACO 4 47 803.04 9136 009.60 520 022.50 1155 585.60 693 174.30 94.31
WOA 4 50979.43 5783 323.10 4 574 692.50 650 597.50 496 178.90 91.42
WPP 4 39 181.38 2840 192.90 2988 773.70 2991 966.80 2 683 858.60 10.30
Table 8 Load balance ratio for 5 farm machinery operations
F8 5ARHIELMRH T
ERREV IR E $2 BAHIE ERREV IRk $ 4 BARHIE 5 ERYES
T Sk S ) . " " " " PR s
T A/m* T FY/m? TAY/m? T FY/m? A /m?
ABC 5 58 923.00 9995 959.20 408 712.30 317 950.10 439 434.70 342 735.70 96.82
ACO 5 47 954.70 10012 140.30 497 309.30 189 182.20 317 950.10 488 210.10 98.11
WOA 5 52 057.03 5 669 534.40 3887 072.40 497 763.80 520 022.50 930 398.90 91.22
WPP 5 45 846.38 2275 146.30 2 161 147.50 2397 490.30 2 448 774.20 2222 233.70 11.75
0 A LA Ny 4 ya /Xﬂ‘| S T . e
B X B R A IR T AT 55 0 Tl AN AR ALK, B R H T FREEHRIASTEL
FRAECKR , — i — e FH AR AE 30~60 7 m® AN 35, i 2 LA 120
100
R B R P S G LR AN G 3 . R 6—K 8 7] 80
N NI N 60
DAE AR LA RBUE M, A SCRR A B A, F 10
BEEHETE T 40.65%~79.47%. TE 3 & AHLALILI Y ACO 20
0 —
R A B ARPLLL LS B ARALAL IR ABCLACO . WOA ABC ACO WOA wep
BAKYL WAARYL m5ERH

Bk A AR AR AE 90% LA I o L B R AEAT 554
Rt AR, A — G ARALGE L T RAR 55, TR AR AL
PAT—ARAAT 55, AT G A BRI G B KR Y
TR R BAR SO Y B A 55 23 Bl A T B
Pyt b BAT RAFPERE , AR A AR R A A [
LT B AT LG, A0 18T 6 BT o VREAR 1R, SR HTA
SCRERS , B ARHUGA RIS SN P Ak S

Fig. 6 Load balance ratio of agricultural machinery using different al-
gorithms
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Table 9 Task allocation results of 5 agricultural machines
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Fig.7 Route planning for 5 agricultural machines
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