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Agricultural Machinery Cross-region Scheduling Optimization Based on
Genetic Algorithm Variable Neighborhood Search
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(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract. In recent years, the rapid advancement of smart agriculture has spurred the pursuit of higher
real-time scheduling for inter-connected agricultural machinery across multiple regions. This approach
aims to achieve more reasonable allocation of agricultural machinery resources. Cross-regional agricultural
machinery operations have emerged as the principal service mode for completing the tasks of the “three
summer” harvest. Drawing from real-world scenarios of cross-regional wheat harvesting machinery
operations, the cross-regional scheduling problem involving multiple depots and machinery types was
investigated, incorporating time windows. Economic and environmental costs were simultaneously
considered, leading to the establishment of a cross-regional scheduling model with the objective of
minimizing scheduling costs. Tailored to the characteristics of the problem, a genetic algorithm variable
neighborhood search ( GAVNS) was designed. This algorithm enhanced efficiency and flexibility in
solution search through operations like crossover, random perturbations, and adaptive neighborhood
selection. The operational demands of 72 wheat-producing counties in the Huang — Huai — Hai Plain in
China were computed and analyzed. Comparative analysis revealed that the proposed algorithm
outperformed alternative algorithms in terms of reduced iteration count to reach the optimal solution and
faster convergence speed, with 16.41% decrease compared with the genetic algorithm and 11.15%
decrease compared with the variable neighborhood search algorithm in terms of the objective function
value. Furthermore, different scheduling modes were compared, highlighting the open path mode as more
conducive to enhancing cross-regional scheduling service efficiency, leading to 17.76% reduction in
scheduling costs compared with the closed path mode.
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Tab.1 Demand information of wheat production

counties
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2 Wi E 172. 84 [40,100] (33°13'N,111°49'E)
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Tab.2 Locations of agricultural machinery cooperatives

and number of harvesters of each model owned

2feat AR MRAL ARSI R RS R RS

Wk BRSO RPLEE JPLERE LR
GUERE T BT 200 80 40 80
AAERL 2 WS 200 120 40 40
AR AR 160 40 40 80
GYEfL 4 BEE 120 40 40 40
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i7 — 12700, ¥ f1 F & 8 FH Matlab 2017a, & &
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700 R (NP) 2 100 S MR (Pe) 29 0.9
RARIAL R IH(MS) Sy 1000, 45 A7 5 K8 A1 AL
WA B 3 T[] — Se B, B as AT 10 UK,
10 A F B R P 249 60 77 O ot 552 91 A 45 2R . A =
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Tab.3 Agricultural machinery performance

parameters and associated operating costs

2 ik NN
< BB BB AR/ (G km ) 2
Ty kBB LT AE RS/ (hm? b7 0. 48
G,k HBERHL T AR/ (hm? -h ") 0.52
Gy by TSR TAEALR/ (hm® b ™) 0.45
v BB HLEEZH T/ (km-h ") 60
o B AR S/ RA/ (J6-h ™) 60
B B A WML B BT A/ (J6-h ™) 70
w,  ARERENH/ (TR 50

Y RETERBG, j) BB RE S AR ILE 0.7

AR T 1] I % Bk 38 55 M A IRV Tk 38 5 M A
P} 0.052 8 Ji/kg, [AlH, 2% SCiHk[29 - 30 ], 61T
FHER A AR P S HREN T 0, =110,
w, =0 ., =0 ., =0.000 375 . w, =8 702 . w, =0,
@ =0y, =1.27 x, =0.0614 y, =0 .y, = —0.001 1,
o= —0.00235 y, =0y, =0y, = —1.33,
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3.3.1 AR E L S 25 3 5 B
R g IE 5 T 1Y 35t 1 AR AR B R 57k (GAVNS)

A P, kT [R) 30 85 55 Ah 9 5 SR i AR B 1Y)
AL B 1 ( Genetic algorithm, GA) (A% 4F 1 {8 X &
¥ ( Variable neighborhood search, VNS) ,f GAVNS
VA GA Bk VNS B kA7 X L SE 56, 45 3 f
KEERMNER 4 Fros , O ek AAHh e an 181 7 Fros o
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Tab.4 Comparison of results obtained by three

algorithms under closed-path mode

SARAL R WoRHLEE B iR SRR AR

BkAR . _

K/h o HBUHE AT A/J8  WfE/h
GA 4.69x10° 411 2.32x10° 3.76 x10° 281.84
VNS 4.72 x10° 406  2.04 x10° 3.59 x10° 204.52
GAVNS  4.50x10° 387 1.84x10° 3.23 x10° 132.99
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Fig.7 Iteration curves for three algorithms under

closed-path mode
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Fig. 8 Optimal scheduling path under closed-path mode
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Tab.5 Optimal scheduling solution for closed-path scheduling mode

KHLAMER HL S IR ZAS PR AR — &Iy Avs Iil‘?’ﬁf@ FE S I ]/
/G 5 hm? P B/ km h
k, 15 1 12-5-3-1-2-12 320. 63 303. 18 0
e Ky 30 2 12-4-22-10-14-13-12 1265.99 441. 05 9.99
o R AL ky 23 3 12-6-8-9—11-18 171512 1027. 69 674. 81 10. 15
ky 21 4 12-7-12 1081. 10 210.03 0
k, 17 5 28-27-32-31-28 958. 09 226. 84 0
k, 21 6 28 - 24 —43-30-28 1 062. 38 543.19 26. 25
Y ET k, 21 7 282028 712. 89 108. 13 0
k 18 8 28 -26-25-19—16 - 28 960. 44 365. 49 18. 06
ky 2 9 28 -23 -21-29 33 - 28 1157.75 595.70 0
k, 27 10 50 —40 — 37 — 34 —44 —49 50 1309.52 445,91 11,57
k, 31 1 50-38-53-54-55-48-45-42-50  1721.38 750. 40 0
ky 16 12 50— 52— 56 —47 — 50 1323.31 342,38 25.17
e 3 ! 11 13 50 — 46— 50 365.75 249.93 0
3
ky 18 14 50 —41-50 653.25 97. 51 0
ky 25 15 50-39-36-35-51-57-50 1 144. 24 378.15 8.26
k, 29 16 67—-72-58-59—65—64—67 1488.39 503. 32 0
AP 4 k, 25 17 67716061 -69—70 — 63 — 67 1279. 56 654.51 8.06
ky 17 18 67— 68 — 66— 62 — 67 1047.28 286. 35 15. 48
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Fig.9 Tteration curves of GAVNS algorithm under %Eiﬁﬁ*ﬁﬁg ,iﬁﬂ*iﬁ'fgﬁ/@ﬁ;@éfgg /’d{:%:{f( GAVNS)

open-path mode

WAL AL 2L 14 % A L ) B AR SR 1 /0N A2 T Wi DX ) el

SR, 38 5 5 R IR S 72 A DXL A S4B Y AR
LA N

x6 FHERAEEANRLBAELR

Tab.6 Optimal scheduling solution for open-path scheduling mode
RZRS R WOERER, Kz G e/
RULEAEH BRHLELS A g AR
i % ¥ S hn? BBk h
k, 23 1 12-23-22-7-4-5-8 1102.98 393.48 0
. k, 30 2 12-21-10-9-6-3-2 1460. 32 319. 61 0
GR(Z
ky 20 3 12-1-13-14-15 1223. 66 296. 17 1.03
ks 26 4 12-11-17-18-16 1114.01 168. 63 0
k, 34 5 28 —24 -37-38-39-36-25 1 346.21 534.77 2.86
. ky 19 6 28 —26 —35-34-33-32 1255.18 388. 64 0
X (R
ky 14 7 28 -27-20-19 1115.59 213.19 0
ky 32 8 28 -29-31-43-30 1207. 82 215.85 3.51
k, 11 9 50 -54-53-52-55 667. 48 542.13 0
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HEH3
k, 33 11 50 -49—-47-45-46 1711.85 267. 81 2.18
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ky 19 15 67 —-72—-71-69 —70 —68 1204. 86 418. 41 0
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