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Multi—agricultural Machinery Collaborative Task Allocation and
Complete Path Coverage

DU Haohao, LAI Huicheng, WANG Haidong, ZHANG Guo
(College of Computer Science and Technology , Xinjiang University , Urumqi 830000, China)

Abstract: The task planning of multi-agricultural machinery (agricultural machinery) is a crucial link in improving the efficiency of fleet op-
erations. In response to problems such as slow convergence speed of path planning algorithms, unreasonable allocation of multiple agricultural
machinery tasks, and omission of task areas, this paper proposes a method for multi—agricultural machinery task allocation and complete path
coverage. Firstly, aiming at the problems of genetic algorithm (GA) easily falling into local optimum, slow convergence speed, and unreason-
able allocation of agricultural machinery tasks, an improved genetic optimization algorithm (IGOA) is proposed, effectively solving the prob-
lems existing in genetic algorithms. Secondly, using the Ovi interactive map to construct the electronic topology of the experiment, an im-
proved rotating caliper (RCPP) algorithm is adopted to determine the optimal coverage area for each task , in order to achieve complete cover-
age of field paths. By considering the entrance and exit strategies of each task unit, the search range of the optimal path is expanded, and the
entrance and exit nodes and traversal order are flexibly adjusted to find the optimal coverage scheme for tasks, significantly reducing the trans-
fer distance of agricultural machinery in the field. Finally, simulation results show that compared with the improved artificial bee colony algo-
rithm (ABC), improved ant colony algorithm (ACO) , improved whale optimization algorithm (WOA), and improved multi-mutation genetic
algorithm (MGGA ), the average path cost is reduced by 25% to 42%, and the average convergence speed is improved by 65.5% to 88.5%. Ex-
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perimental results show that the algorithm proposed in this paper can effectively solve the problems of multi—agricultural machinery task alloca-

tion and complete path coverage. Compared with other swarm intelligence algorithms and genetic algorithms, the algorithm proposed in this pa-

per has better optimization and convergence speed.
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Fig.1 Topological map model of farmland
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Fig.2 Two-stage coding
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Fig.3 Schematic diagram of the cross operator
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Fig. 6 Flow of the whole process based on improved genetic algorithm
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Table 1 Plane coordinates of experimental farmland tasks

R1 ZEREESHFEELIR

5
Fr5

{145 A5/ (X—axis, Y—axis)

5%
FF5

{145 A5/ (X—axis, Y—axis)

1

(6137 453.188 571 80,

4393 078.213 426 60)

(6137 438.691 112 16,

4393920.717 341 74)

(6 137 416.908 686 46,

4394 785.336 095 31)

(6 137 397.540 985 74,

4395 638.002 136 04)

(6137 432.053 594 11,

4396 477.458 487 29)

(6 137 484.366 406 67,

4397 286.505 200 43)

(6137 321.574 695 66,

4398 066.686 659 97)

(6 137 257.007 019 06,

4398 831.440 686 35)

(6 138 943.035 102 88,

4398 714.472 955 79)

(6 138 895.039 358 85,

4397 954.846 323 67)

(6 138 844.424 12509,

4397 190.719 355 03)

(6 138 707.977 223 91,

4396 384.967 742 32)

(6 138 735.567 210 66,

4395 535.564 796 02)

(6138 676.325 457 73,

4394 686.706 034 41)

20

21

22

23

24

25

26

27

(6 138 629.443 087 93,
4393 903.346 302 35)
(6 138 541.427 859 34,
4393 478.281 711 72)
(6 138 371.355 527 03,
4393 001.548 786 75)
(6139 751.128 510 42,
4392 873.336 315 07)
(6 140 756.683 067 94,
4392 806.958 200 04, )
(6140 815.361 84591,
4393 727.903 580 65)
(6139 806.430 319 73,
4393 747.151 527 81)
(6 139 842.527 761 94,
4394 340.544 849 70)
(6139 984.815 280 25,
4394 756.757 031 02)
(6139917926 228 89,
4395452.978 568 51)
(6139 976.434 230 29,
4396 301.062 095 75)
(6140 029.175 925 17,
4397 106.806 981 71)
(6 140 086.409 300 25,
4397 874.328 338 95)

1 122 num_solutions . iterations 431 10,200 ; Whale &3
M ZH whale .max_iter 23515 50,200 ; A S B0 4 FH 6], 12
ARUREIR 200 U, SEHEE R K 7— - 9 P .

T T T T T T
[ 20 40 60 80 100 120 140 160 180 200
Iteration

Fig.7 Comparison results of five algorithms under 3 agricultural ma-
chines
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Fig. 8 Comparison results of five algorithms under 4 agricultural ma-
chines
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Fig. 9 Comparison results of five algorithms under 5 agricultural ma-
chines
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Table 2 Comparison of experimental results of task allocation by im-

proved genetic algorithm

2 HHAERAEAESHELRERLE
R B i RKTAE I T | T
U e

1 3 62218.28741 51974.05441 108.45 30.19
2 4 ACO 72304.84239 59422.72296  87.90 26.68
3 5 81605.64471 67207.15656 112.80 2991
4 3 71732.52460 61833.76091  90.00 41.32
5 4 ABC 75905.13528 65378.48030  80.50 33.36
6 5 81610.27919 70086.27844  89.50 32.79
7 3 50287.65084  44511.99474  66.70 18.48
8 4 Whale 60896.26980  52469.61214 101.60 16.97
9 5 68258.39118 61082.31339  81.85 22.88
10 3 69359.84211 46534.57895 176.89 22.02
11 4 MGGA 71782.31579 52265.47368 177.47 16.64
12 5 76758.10526 56604.31579 157.16 16.18
13 3 37713.52632 36285.70146  30.55 -
14 4 Ours 47216.41493 43568.04982  20.40 -
15 5 50820.79959  47107.80884  27.75 -
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Table 3 Performance comparison of RCPP algorithms for multiple agricultural machines
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1307 789.672 8 1304 370.826 3

4—32>1-14215-16—17-2021918212223 2413122526275
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Table 4 Results of five algorithms for full process path planning with
different numbers of agricultural machines for the same task

x4 AERUNHMNE—ESLTERENYSHEZER

5 REL A BRREREm BERER/Mm FEEE/m
Bkt B
1 4 27 1343960.009  1334870.926  1339060.853
2 5 27 ACO  1358877.170  1338308.965  1349928.380
3 6 27 1365235269  1351621.137  1357700.490
4 4 27 1372881.924  1355523.368  1362790.326
5 5 27 ABC  1377859.061  1358781.742 1368614.716
6 6 27 1384768.658  1362264.894  1373808.496
7 4 27 1351932.170  1330156.096  1341980.146
8 5 27 Whale 1371152725  1341289.389  1356567.574
9 6 27 1389039.011  1352219.090  1366485.057
10 4 27 1338885.244  1326790.753  1332212.422
11 5 27 MGGA 1346582963 1331612246  1337840.342
12 6 27 1347818.121  1331292.237  1342922.400
13 4 27 1320744159 1309238.088  1319057.429
14 5 27  Ours 1326154.555 1319402207  1322221.761
15 6 27 1331193.124  1322404.287  1328043.994
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A AURIEAT 2 B A AR LI . SR 45 SRR 2Rk
TEF R MURERCR 7 T HA 35 o3 o daod itk i 35t 1% 10
M AT 0 S AT 55 20 S, 19 B — > Bhoa 5 B AL 55 )7
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Table 5 Simulation results of five algorithms for full-process path
planning with different numbers and tasks

R5 TRYEARESEETRBEEMANSHEETEER

e O RKEEm ROLE R THIR
W R
1 4 10 600276.0917 592946.6260 596439.4550
2 4 20 1047286.3630 1035990.1870 1041364.4010
3 4 27 ) 1343960.0090 1334870.9260 1339060.8530
4 6 10 ACO 620553.6241 609689.5740 615901.8470
5 6 20 1071119.5460 1052159.7350 1060156.9150
6 6 27 1365235.2690 1351621.1370 1357700.4900
7 4 10 605323.7851 593797.3060 598537.9280
8 4 20 1058359.4700 1039719.2450 1049989.5490
9 4 27 1372881.9240 1355523.3680 1362790.3260
10 6 10 ABC 621836.5357 612758.1340 616837.4750
11 6 20 1077041.7630 1058278.5390 1066289.6470
12 6 27 1384768.6580 1362264.8940 1373808.4960
13 4 10 605066.3843 593797.0670 599182.9370
14 4 20 1056081.0900 1040644.8630 1045879.6230
15 4 27 Whale 1351932.1700 1330156.0960 1341980.1460
16 6 10 622383.1231 609865.9473 615978.0260
17 6 20 1075391.8740 1056231.3580 1064932.7120
18 6 27 1373319.0550 1350383.3580 1362350.4250
19 4 10 596333.5058 591747.0270 593537.3173
20 4 20 1034669.1700 1027587.2590 1031712.5980
21 4 27 . 1338885.2440 1326790.7530 1332212.4220
22 6 10 MEGA 612823.0742 611106.8183 611413.7909
23 6 20 1050231.6670 1040576.9680 1045783.4930
24 6 27 1347818.1210 1331292.2370 1342922.4000
25 4 10 591717.5919 591717.5919 591717.5920
26 4 20 1025321.0690 1019850.4000 1021582.4050
27 4 27 1320744.1590 1309238.0880 1319057.4290
28 6 10 Ours 613476.3684 610281.3716 611311.4170
29 6 20 1042631.6270 1034728.0380 1037640.3820
30 6 27 1331193.1240 1322404.2870 1328043.9940
AT 27 MEAMAT 55 F1 6 5 AR HLIAT 27 DE AR S5 34T T

Py Bt
41 3BRNETLREENL

3 B ARHUE S5 o3 B A EE AR FLA 95 f 27 SR AT 55
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Fig. 10 Distribution of tasks and road map for full coverage of field

paths for 3 agricultural machine
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Table 6 Results of field transfer of 3 agricultural machines

F6 3IARAVIMAEEBER

S SR R RPLUFS

HII 5 A2 A%

1 1
27 3 2
3 3

20(1,2)—19(3,4)—18(5,6)—17(7,8)—1(9,10)—2(11,12)—16(13,14)—15(15,16)—21(17,18)—22(19,20)
23(1,2)—14(3,4)—3(5,6)—4(7,8)—5(9,10)—12(11,12)—13(13,14)—24(15,16)—25(17,18)
26(1,2)—11(3,4)—6(5,6)—7(7,8)—8(9,10)—9(11,12)—10(13,14)—27(15,16)

42 6BRNETEEEMK

55 3 C 0 FH [ 5 A2 4 B0 o B R A 11 s, H )
AR R G AN T TR . FTLAE H, No. TAHUEL 4R
MALFEAR M 15.16.2. 1. 17, ML B B AR T 5 KR 1
2.3.4.-++.9.10; No. 2 RHLAE ML 1y A FH AL 45 4 H 22,21,
18.18.19.20, fEMV RS & A2 )T 315K 1.2.3.4.9..10;
No. 3 RHLAE ML 1y A AL HG A HH 23 .14 .13 .13 .24, 1EL %
AR 7 H SR R 1.2.3 .4 -+ . 7.8;5 No. 4 RHLIE L 1)
A LA T 3 4.5 12 11 ARV 6 B B 42 e 51 5 MR
1.2.3.4.+--.9.10; No. 5 R HLAE L A H A 45 4% 1 25,26,
27 AR 3 B B AR T A S5 AR 1.2.3.4.5.6; K HL No. 6

e AR AL G AR 6.7.8.9. 10, /R R K2 1.2.3,
4.-+-.9.10,

Fig. 11 Distribution of tasks and road map for full coverage of field

paths for 6 agricultural machine
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Table 7 Results of field transfer of 6 agricultural machines

RT CERAVMEBEEBER

e 55 Bkt RHECR RHUF S M) 7% i A%
1 1 15(1,2)—16(3,4)—2(5,6)—1(7,8)—17(9,10)
2 2 22(1,2)—21(3,4)—18(5,6)—19(7,8)—20(9,10)
3 ” p 3 23(1,2)—14(3,4)—13(5,6)—24(7,8)
4 4 3(1,2)—4(3,4)—5(5,6)—12(7,8)—11(9,10)
5 5 25(1,2)—26(3,4)—27(5,6)
6 6 6(1,2)—7(3,4)—8(5,6)—9(7,8)—10(9,10)
al machinery [J]. Transactions of the Chinese Society for Agricultural Ma-
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