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Optimal allocation of agricultural machinery service
resources under multi-regional coordinated
scheduling architecture

MA Junyan', YUAN Yiping'* , REN Nianlu', GUO Yu?, LIU Xiang'
(1. College of Mechanical Engineering, Xinjiang University, Urumgi 830049, China;
2. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China)

Abstract Aiming at the problem of low overall regional economic benefit caused by unreasonable allocation of
agricultural machinery service resources in multi-region interconnection, a simulation method combining mathematical
modeling and intelligent optimization algorithm were used to study the allocation of agricultural machinery service
resources in multi-region interconnection. According to the development status of intelligent agriculture and the
characteristics of multi-regional interconnected agricultural machinery service scheduling, a multi-regional coordination
scheduling architecture was constructed to obtain the overall situation of agricultural machinery service resources. A
multi-knapsack agricultural machinery service scheduling model with variable value was established, and a hybrid
intelligent algorithm based on simulated annealing and particle swarm optimization was designed to solve the scheduling
model. An example was given to analyze the difference between the coordinated dispatching method and the traditional
decentralized dispatching method in terms of regional total benefit, order response rate and agricultural machinery utility
ratio, and the influence of farmland area on the dispatching method. The simulation results showed that when the

number of orders was less than 375, the effect of the two scheduling methods was the same; When the number of
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orders was more than 375, the utility ratio of agricultural machinery obtained by the coordinated scheduling method was

2.74% higher than that of the traditional decentralized scheduling method; When the number of orders was more than

625, the total regional benefit and order response rate of the coordinated scheduling method were respectively 10.65 %

and 14.88% higher than those of the traditional decentralized scheduling method.

Keywords intelligent agriculture; coordinated scheduling; hybrid algorithm of simulated annealing and particle swarm

optimization; optimal allocation of resources

UTAF R L Bl RS Wy B ) L B8 2 LI A
THREEHOR B IR B ER Sy — R iy
A R S B B, T R RO R R R
PN AR T R 2 R E R RAEZ
AR SRR B R SR E R R RO B AR
O fige B Al AR 7 A B AR TR S A A AR
W BEIREC IR S5 = AR BE T RS B
A R S AN W R AR G T SO DUR BIL I
55 A AL A B O R T i = & )R
PEE AN HEIE T 24 A Al i PR A R A LR 55
Frolefe—E R bl B T L g L R AR
PURH PG 52 B A ML AT 1 R LY
B USAR JR L ey 42 TR A BIL IR 45 98 2 K 7 K
17 A O 25 Ml D R 7 = B R =Rk AR AT I
R B UKL A6 i Ay i) 2 AR DR Al & i 1 G i )
B, R fE AT E R 8 U 2R 2 BB IR
el T L 4R T BT R O BOIR 5 B AR D 48 =L
TEHRE TR B A Y 2 X H A A LI B B A K
B T XS N AR AL R 55 I JEE B AR OK SRR AT 2 A
R I7 %

1 GE 9 A B 73 Bl A e i A% AR ML 55 2
U0 B AR ML BT IR E AT F IR A B LR AR R BE
A e L s A B bR BEAT IR 55 R . A BT
FEXTACHLIA BE ML $2 H 22 AP R A5 3% - D LR/
A58 T 1) S bR 2 37 AR AL IR AR 5 2) T B B
(¥ A AL I8 A LT 5 30 A 7 i PR R 1 A A O R AR
RIS A) L i BE B A U R0 A A R A
BT 5 5) T L R B A AL I L A 5 T 0B 5 A
AEERIEI 5 6) BT (] B 01 A L BT U A s 0 R A
AL I S A R R R BRI AT SR A s D s
W A AL A JRE AR IR L O SR AT L B | o S R R
TR LT SRR 5 8) e ML I 2 IR R R XA
RIS bR AR AL H BE T A i R A G ] A
77 T E A — S Rk (5 32 AR A A A B R AT
PRI BE W FT, G 55 45 DX SAR 4 2% R PIL T 0 45 1)
WNAFAE WSS 3R . R B Al b 300 B A B 5T 2%

122 Ry A B 0 A A BIL IR B2 ] R S B T GIS,
GPRS J GPS S5 £ A 1 AL W 52 ] B2 48 Bl % 48 3¢
THG IR AR T 25 25 A X R PL 32
it A W46 R R G0 2R A LAk BT A0E T 2 X
ELIGR A AR AL ASE AU 4 Je G A0 R B A B R L AT
SRR WA R R TR BT X b 3R B 5T R A AE Y TR
R AW AR A — R S TR R R R R £
DX 3 blp 3 9 JRE AR L A ST 2 DX CEL R B AR BIL 9 R A
T B AL B S0k B 7 DN X R AR A LT R
M 17 24 0 A4 BILAI T B 25 Ay B AT 5 A AL 3 O ik A
A T D ARG I B AR B 5 R L N 42 R R B AL AR
A HILGE R IC L S BT R S BRI A L R e XAl
o MRS

1 ZXEHEEERA

A S 3 22 DX Sl bl 9 0 B2 2 DL BT 1. i e
P 3 T 5 22 A 9 JE 0 A R A BILA JEE TR A
PR 7R A SR BLAE B TN 22/ AL A R 4% 1 IX
B2 W) AT G 0 T R R 4% N BRHLIR 55 AU
AR5 A 2 HE R B T ) A ORI A 056 DX Yy SR 3
i e KA.

Folb A7 B AR ALE B R IEE A%
R BT A B R BORE B [FERAE R
AR A i o 52 I SR 2 Rl 2 7 B3 Bl £ 6L
o 3 TR B £ A i B RE G . (R B
SEHJZ R RE O K I JZE B A = s b 5
BB K 5 1 )R A I R SR S o A b A 5 5
Hoo oy WO BEJR A AL G A 4 SUR I AT 55 4 R
e YR A I L5 B A AL R ZR AL T #E AT AR AL L R A
W LR 2 B2 L. B R B
AL BEER ]85 2% T XU AL BT R, L4 R ik
gt e R AL O AR 2 A7 AF 55 HE A R 5L DT A E A%
WA G5 HAR B AL 55 . BE IR 55 )= A P A
ML B8 FHL app Ak R HLIR 5 355K - 20
= R 55 f A S Al BT R IR T SR B
BEAKP .



5 439 Sy 7R A 22 DKWV R I RN T B0 A ML 55 R O AR TR L U ik

~

ik ——( (3
e =
e R p
= 24 T 3 R
4 {E% Fe
i >
ol (L7 R SO _4:::3 E defh |
o TERELE weblfis 38 ( AHLERERT D) 2 DB A
6 VR
H J 3 ey .
e el KR 1 o0 [ ST T | ][40
____J;ﬁ{ _______________________ A 22N ——
. = : WLA NDM ,ALAN% SR
1 B ¥ i i
x}j Kt ss Ko e 175 s B ity
AV@ -
i
iy CANBZ i &

{E’ED ;ujﬁﬁt E}éé ZigBee |y 5 485715 5 4 LR {3,
2 B s - W Al

fomas BLURZH FHIERL FRETHL ——

"""" e R i
& | g sl o I T iy
)] e DI~y -
* |\iﬂz}§é{ﬁ§| [ ][ ehvnas] )| [emfe] [ e [ i) || [Fem) D52 [em]
\——

1
Fig. 1

2 ZREEBRKIKRS R EHERE
58%

% X 38 B Bk AR AL AR 55 33 7R 118 ) i) R i
A N AGIATEATF] T DI AR B A R AL
A M B2 RAHL L 25 A HL A B AL AT 85 X A
JE . ZA AT TE AN TR] DB AR T AR g o B ARl
BAXIEA R MR A . i e 25 5 % Ik
B XN 25 JERAE Y 15 8RN A ML AL B IS
SRR 42 i e 25 A AR ) B R BIL T A 4
o A5 DX R0 i B R A AR ST 0 22 A s . X
SRR T2 A T A AR P RO AR AT A BL T B AR 2
L LA A DI P i A A WS i A AR A 0 e

2.1

& X 15 1 8 ) BE 52 4

Multi-regional coordinated scheduling architecture

T 45 5 BT A LT 58 UT 55 1T FUR Rl s 2 Fi.
TR BN G A B AR AT T LR
T AL 55 7 A AR LT R

D)2 0T B iy A IR b o O A5 8 AR ol i AL A
b B ] B AL R LR

2) A [} 28 YA W) A [] — DX S PR 9 3 " A 1]
LA A .

DITHAL S AR 4% B 1 AT B 1 A
HLREIE
2.2 MHMSEERNBERE

He 22 DXCELIR AR BILAIR 55 9 05 B 8] 8] [+ 5 £
ZAWAIRE. 7 1 RIE BRI B BUR o N AL
RN AT AL B AL B S 1 AR HIL BT IR KL



116 O A K R it

2020 4F 55 25 %

O, FMTFHUARE M Q MR HEAE S5 5
Be 25 A AR ML . A ML B ) 38155 T AE A ML %
80 ek R[] 7 BR3P 2 3R g A X
rh T A AR AR ) e BRSO N 1) 0 AT 55 0T B4 T 45 4%
AR AT AT DI PN B A A R T 0 A R R R
KAk,

% BB AR AL 58 R — T B AR A C
NGRS @ N € R N I N IS AP K (e A R i
RUGEAT SCHE , ST A (8 7T A8 19 2235 40 A< WL AR 55 9
BRY, HAKARIR A -

max >, >0 2, [G+ (W —C—H,]

S0, < Opon = 1,2, N

SV E(TE = TS)a,, < Saq = 1.2,++.Q

(D
D) Jy ek 5 4 (6 AT 72 B89 22 35 R AR B4 B A 8 L 9
JE HAR N i KA A X g . P N Rl
SRR Q A I S B R s 2, = 1 RR AR T
PR KL g BIFEAVAT 55 20 TIC 45 26 n A AR HIL AL A5 00 oy
0sW AL AL AN A% s C 9 PRAL AN s H, WA KL g
AT 3 o, FR A HIAEML T g Fr il B A AR HLER
50, IR g BARPLERA R E 0 T A AL
VRV BEJ1 s TE S Al o [ 77 45 R %0 TS S # Al if
6] TR AR I %0 5 S A TR AR G A P2
G=AXS (2
A A g & AR AR BT AR Bl A . ARk A
CERN:

C=Cody,+C e ES— FCy e Sy — o)

€D
Ao Co Oy B BE B R ALAT B FE A 5, AR AL
m FIAH S g Z R EE RS s C, Jhy Bz 1o AR AR LA
MAEA .S, AR A g WHEALE, AP m H1E
W BEST 5 fom AR m BEITAR I 5L g B 257, A
KA m BB A g B2 FE 5] A R
H, (o) RN
Jyl (TS—r, )1y < TS
H,(r,,) =<0, TS<r,,<<TE €]
1yz(r,,,,, —TE),r,. > TE
oy F oy, 53 5 2 7 A HILAE A M i 8] 7 T 4R i
G55 B ik T A5 R 8
2.3 2BMUHMRIIAEREREIT
454G 2 X IR ARMLIR 55 5 U5 B2 09 RF a5 X

GEoRL T RR AT itk L 51 ARSEAELIR i A L A A
R BEADR JORE T RBES B (MSA-PSO) . 2 5 3k 1
SRR . HIEARDEN 5 — 2R R
A A AR 55 20231 VB L AT 55 43 B 5 28— )2 AR 41
B K BEIE AR ALIE L A2 . R4 &6 T8 B T H 55 4n
G s BB E = (6) s

to = f(p)/Inb (3
Kb IR FREMBI R E s p, R RMBLT g
EOBrA (=N VARV 3/ /N WS i

Lp1 = Ay (6)
Kb A WIBE R 00 8 e+ AR 0 Y 1R
BE ot RS b AR I Y AR E
WO Y R T A R

0 Wi — W)

v, (t+1) = (wmax B

Jou (0 +

Cmax X [f)g.] (&) — I,-,](l‘)] T

b
Coin X P Xy [ pi; — 2, (1) ] D)
Ko, GHED AN v, (O 4 5IFRARAE ¢+ 1 B ZI A
2055 @ 4eRi FAESS ARl s w A E 50
ST E AR B B O e RERIR B ¢ 22 B
Fir Mo Ry 0~1 Z 5153 A5 W BEHLEL: poy B
S R TAESS G AR Dy s AR AL p, AR B
kLT g 155 7 Aer it e, B AR N
i, + D =2,+ 1D +v,; ¢+ D (8)
Hodx, GO 2, (D4 BFRR G+ H e B2,
550 dER TR O 4ERY N E . MSA-PSO B ki 2
mr.
1) KAL) 4R AL RE v 45 GIORL 9 007 5 0 B
2) PEH B A BORE 14 5 N S B 24 115 A5 SR 9 £37
RS N AEAEAETE po b B T AR B o i (A o
e B AR A7 R0 B (AR TE p, s
3 AR =X (5 1 5 Al ) LR TR
MR O B E TR E T &R TR p 18
R

ef(/(/),)f/(pg)),/z

TE) = S 9

5) K I AE B SR Mg NP A o v B o8 42 ) e A
HBARAE p - SR JE AR =0 (7)) A= (8) B 397 45 TR 1)
L

6) B BT A A R 2

TS GORLE 1Y H AR SR & ORL 1Y p: (B
FHEARN p o H 5




E

4 3

=N

2 X4 in R R B 4 A T A AR ML IR 55 B R L A TR 5 ik

117

8) MR A5 2 (6) HEAT IR R HR A 5
)7l AL A5 Lk A5 JR R A5 AR I A Hh AR 7R
AT D

3 LB
N Y5 UE AR F 5 BT B AL B 3 9 13 T vk A R

P e OB SRV B & 2 BRI R AL S BIE Y
XF G2 o AT AN TR T B RCRE TR A A HILR 55 B IR
Ol o A BT R 2% By A B I ARF AR T BILBRCA A 1 ¢
THF SRR M GPS E A 8 L 45 20 v 1 B A
MRIFER IR 1~ 4. & 2 Frh P45 1R
A HE BB . il TR R BR ] A TEAR SRS

*1 EFREREEAEGER
Table 1 Basic information of farmland in each sub-region
X 3, EARr— R/ dudi/ YEY) AL /hm? Crop area W d) s E] %5 (- H) Harvest time window
Y Subregion © © Ak 5P/ N Ak EPS N
Subarea East North
number name longitude latitude Cotton Corn Wheat Cotton Cotton Cotton
F, PUSE T4 85.71 44.69 20 713.33 3633.33 1686.67 [09-15,09-21] [07-10,07-18] [07-20,07-25]
F, ZUEHE 85.78  44.64 13 426.67 2183.18  949.93 [09-18,09-22] [07-12,07-16] [07-21,07-26]
F; L2 0Nk 85,87 44.30 7 006.67 1103.59  743.21 [09-16,09-19] [07-16,07-19] [07-24,07-27]
F, I BG4 85.35  44.36  8760.00 1551.71  726.93 [09-20,09-25] [07-21,07-25] [07-25,07-28]
F; TR 85.80  44.06 14 193.33 2 350.57 1016.92 [09-22,09-27] [07-25,07-29] [07-27,07-30]
Fs 74 X BE 41 85.52  44.06 10 700.00 1 882.09 1 069.63 [09-24,09-28] [07-26,07-30] [07-29,08-03]
F; L ESREL el 85.92  44.63 7 758.80 1108.40  738.93 [09-25,09-30] [07-28,08-02] [08-04,08-09]
Fy EoRARCIE! 85.68  44.31 7 700.00 1103.91  730.60 [09-28,10-03] [08-01,08-04] [08-06,08-10]
F, [Pk B 85.89  44.56  8293.33 1439.68 725.55 [10-01,10-05] [08-02,08-06] [08-09,08-13]
Fi, KRS 85.61  44.37 7 446.67 1163.30  766.01 [10-06,10-10] [08-05,08-08] [08-14,08-18]
Fi, MW/RE S 85.38 44.05 6 113.33 1104.65 713.44 [10-10,10-15] [08-06,08-10] [08-15,08-20]
*x2 EFREZEMESR
Table 2 The distance between the subregions km
X 35, 4
Subarea number B F E E £ E ke Fs Fs Fuo F
F, 10.36  46.51 54,05  70.72  73.65 24,08  41.96  25.24  36.84  79.98
F, 10. 36 38.24  57.18  64.07 71.13  14.75  37.68  14.89  35.00  79.36
F, 46.51  38.24 57.56  27.80  47.51  37.25  20.33  28.28 29.06  61.29
F, 54.05  57.18  57.56 0 60.12  38.50  69.90  37.27  63.85 29.23 34,24
F; 70.72  64.07  27.80  60.12 0 31.68  64.96  31.02  55.9  40.44  47.54
F; 73.65  71.13  47.51  38.50  31.68 0 78.15 34,09  69.42  36.80  15.86
F, 24,08  14.75  37.25  69.90  64.96  78.15 0 44.09  9.14  44.52  88.40
Fy 41.96  37.68  20.33  37.27  31.02  34.09  44.09 0 35.49  10.12 44,94
F, 25.24  14.89  28.28 63.85 55.90  69.42  9.144  35.49 0 36.96  80.17
F, 36.84  35.00  29.06  29.23  40.44  36.80  44.52  10.12  36.96 0 44. 40
Fi, 79.98  79.36  61.29  34.24  47.54  15.86  88.40  44.94  80.17  44.40 0
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Table 3 The number of combine harvester of cotton, corn and wheat in each sub-region =
X I 4 X 3 4 B X I8 4 T X 5l 4 B
” M M, M ’ M M M,
Subarea number  Subregion name Subarea number  Subregion name
F, VU 38 T T 57 10 5 F; M6 21 3 2
F, ERUREE 37 6 3 Fy ERRE:! 21 3 2
F, RPN 19 3 2 F, (DRl 7 23 4 2
F, G ARG 24 4 2 Fi KR % 20 3 2
F; RIEH 38 6 3 F /R % 17 3 2
E P BE AR 30 5 3
WMy My I M 4351086 R F/NZ BEA U B AL AR A .
Note; M;, M,, Mj are respectively the number of cotton, corn and wheat combine harvesters.
x4 BEKWINHEESH
Table 4 Performance parameter of combine harvester
. . AT Rz / TR FE/ b 3 BE / FE LI FE/ e RE 71/
I £ W L 25 R/ N N )
) ilEs (km/h) (L/km) (km/h) (L/h) (hm®/h)
Type of combine kW
Model Travel Oil consumption Working Oil consumption Operation
harvester Power
speed in travel speed in operation ability
326 B A I E AL 4MC-24 118. 00 30. 00 0. 20 5.00 18.70 0.53
Cotton combine 4MZ-3A 176. 00 30. 00 0. 20 5.00 28.00 0. 80
harvester 4MZ-6 247.00 30. 00 0. 20 5. 00 42.00 1.07
FOREE A WAL 4YZT-5  118.00 30. 00 0. 20 6. 00 18. 40 0. 80
Corn combine 4YZT-8 129. 00 30. 00 0. 20 6. 00 24.50 1.07
harvester 4YZT-10 162. 00 30. 00 0. 20 6. 00 27.60 1. 20
INAE R A R 4L7-8E2  186.00 20. 00 0. 30 6. 00 43. 50 1. 20
Wheat combine 41.7-8F2 260. 00 20.00 0. 30 6.00 60. 50 1. 67
harvester 41.7-8M6 298. 00 20. 00 0. 30 6.00 67.70 1.87
e R U NV N T R O = 1 B B B i H 24

SHURNLEM RN 11 i, A E B RE
Py We AR s 8] 23 40 T < AR AE MR I S 9 A 15 H —
10 A 15 Hs B RWRmF |25 7 4 10 H—8 A 10
Hs /NGRS E 8 7 A 20 H—8 A 20 H. K4
P A B ST TR A i i A B L - i £ & /)
0.1 000 ] {5 5 3 Ff A A1 1y Wie 5 ik 8y 30K 5 Wi 510 AL
PR . R 5 ML TR Ko/ kA WioE AL

3.1 REEANBESITREHENXER

EGR XA 5ITTRAENXR L
2, Af UL YT AR 3 B — o B I A R L
SIS R AR AL AN Y O o DX A s 1 K R
FEETF 22 o 8 BE O kT By DXCIBOUE AL A T S
BRCL7 Jrb 43 WO B2 J7 % 0 DX B0 8 2% 25 ~F 28 5
10.65%,
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Table 5 Simulated parameter table for scheduling of cotton, corn and wheat combine harvesters
. ZHE N SR
S TR S TR
Parameter Parameter
Parameter name Parameter name
value value

RAEY R R/ Fh 3 He R PEAE R AL wian 0.9
Crop type Maximum inertial weight coefficient
RHLFEA M/ T 3 e /NB AL R AL Wi 0.4
Agricultural machinery type Minimum inertial weight coefficient
LA N/A 11 e K F o 0. 25
Number of agricultural machinery stations Maximum learning factor
KRG L O,/ & 22~72 e /NE 2T F Coin 0.05
Number of agricultural machinery Minimum learning factor
RHEMR S/ hm® 14 ET R 3/ Ot/h) 20
Farmland area Penalty coefficient
e R EARREL B/ ik 1000 TESI R HL v,/ (OL/D) 30
Maximum number of iterations Penalty coefficient
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