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Research Progress in Information Technology for Agricultural Equipment
Maintenance and Operation Service Management
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Abstract; Intelligent agricultural machinery equipment is a complex of informatization, automation, and
intelligence. Its intelligence level is mainly reflected in the application of advanced technologies such as
state perception, data analysis, scientific decision-making, and autonomous control in the operation
process. At present, there are mainly problems in the operational services of agricultural machinery
equipment in China, such as poor practicality of fault automatic monitoring, imbalanced allocation of
maintenance service resources, and high service scheduling costs. The current situation and
characteristics of typical technologies related to the operation and maintenance service management of
combine harvester at home and abroad were summarized, and focusing on the research status and
development trends of remote operation and maintenance service platform for agricultural machinery
equipment, operation data monitoring, multi machine collaborative operation, and operation and
maintenance service optimization. Firstly, the overall architecture and technological progress of the
operation and maintenance service management platform were elaborated. Then the research progress of
remote operation and maintenance data monitoring technologies such as operating conditions, job quality
perception, and vehicle terminal management was elaborated, as well as the research progress of multi
machine collaborative operation technologies such as path planning, collaborative control, and task
allocation. The research progress of operation and maintenance service optimization technologies such as
fault diagnosis prediction, maintenance strategy, and group scheduling was also elaborated. Finally,
combined with practical application scenarios, the challenges and opportunities faced by agricultural
machinery equipment operation and maintenance service management technology were summarized and
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analyzed, and the future development direction of agricultural machinery equipment information

management technology was proposed. Future research directions for informationization of agricultural

equipment operation and maintenance service management in China were pointed out.

Key words: agricultural equipment; operation and maintenance service platform; operation service

management; multi machine collaboration; agricultural machinery scheduling
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Fig.1 Data cleaning model of multi-condition time series
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Fig.2 Intelligent automatic driving system for

agricultural tractor
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remote operation and maintenance service platform
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Tab.1 Types and functions of typical agricultural machinery equipment information management platforms

at home and abroad

Rt & RAR BRI e AT
W T AR B Bl s
R CLAAS 24 7 f) BRI AEINE s
‘ woFS eSSy HEAR L B A
TELEMATICS & 4 U SR £ ISR (RATEAN SR NP9 .
a - R e h

H 7% YANMER 73 #)
R BB R RS

YL A |l AFS
B R S

A AT ALl
I 55 K B e 0

Ww

TEAR Ml 2 B 2% S 22 2 A% IR
W B REN RS

o RS B ) 5 GPS 15 5 A

HeT b 2 Ze v, A ARl
WG E A

RERE A B RIS fL B
PRIRTT AR, A B R
PRl A 5 4

AMUR IR ] B |
HAIH FESEIT Al A B 5E
I HLBAE B

L 2R LAY B W %

BRI MR BT A

HEJT % T AL

KR

T

Fr 8 W ARG HE I A2

0B - KO ) ERL 2 A
DAREAE ARSI RSO B RS S it
: AR Tk
U N
g AT BOX e, KB SRR s, G,
P AR AL PR, B
W]

PLsf

REE BAC R GEREE Y B 3 £ AV BRE AR I 20
=X LRI BRAO RS 45, R GPS R E A 5
FNTCR AR5 46, S IR ER AR S AR DL VB
O, JF SRR RE 2 W A28 B 5% 8] f¢) RV 38 [R] e
feft TR T AL BRI RE AT BT R P, k4
BHEFE, Fer A s R RE

[ A RAO, RBIRIHCHT 5T, i AL
ke 55 7= Ll A A S AN AR BILAE Al R B3 A
JEARR A RIS, v A MU AR B BF 5 B A AR 3R
PEAHURMIT AL, B BT T N E SOk 2L
WAL 7 i 557 5 < A HURAL A AL 5 BE 7 2
FHEEF™ 940 0 N o Aol 2 R LA = 4
HIRSS -6, im R I M =R R <
A, LA S B AR A T2 0 AR, LIS
BN LR AR BB S4B L T 415 B
e Bl A B REAL TR T — AR A4 1 N LR AR
it BORE et k55 S AL HLRAL

BV h, hRELO S e (FELPUE %
JEARBEA 4% BA RPN A AL %
SE ARHLIE EAMY AR A B AR 2RSS
AAIEAG T SRR AR, EEALR PP EREE |
DAREE M G W BN 22 P e iR
75 AR AR At 8 AR, EAETE AR A
SR AR SRR 22 AT A KO Rk
% JERON T M T ST E TG, R4
PEME H A 10 T3ty MRl T AR 173 AR50 BL, 46 B
A 5E < 2. 8 42 TG, ARl A A BACR B T
50% VAL, A i R BT BEAHLA L 5 A V8 e A
1o IR KRR S TR, A 7 SC4% T FRE A BL
PRAE A e 5 L B R TH R (8T 6)

SR BN 4 B % 4 B B AR BLAE M 3h 25
AR AL ST (0 B oK Gl 2 A AL ALK 2
et Lo, il VTR NS, e T TSR Y
RAEA KBS RGTdie, HESE TR IR 3 A A R



5512 3

AT 2 . AR A a2l 5 ARl e 5548 B B AL BOR B S Tt 7

K6 ANAURACKTHELR L & A 2 T s T 5
Fig. 6 CAAMS — mechanised agriculture smart

cloud platform

N LT ) Al 2% A B R VA L R 55 s i
YT oK, FE T A B 5 PR AR F A T Ak e 4%
B RS 6, TH TR HERE 3B R0 Fhomg | A
PR WOR R AR AL A P 2 BRI B B
ST Al AR B AR IR 55 BT AR 7 A 2 A
KL 20 TTEE,

Zr b, BT ER YIRS B EH ARG  Dhhe
TR AT HAEAE ™ A R, AR TR E LIRSS
TGP R, AN, R EAR L R K
BAR AL Ty i A i 3 E B & Bl =2
Sy AL A R £ 4, 3 AR Ml R B 9 U 1Y) 4%
PRI R R AR, EL PR e = A 3508 A VR T A, AR
RBHE TV 73 AT 5 AT AL T 280 . R 55
FETEEARBH D RE A T AN A,
AFITIRERMUR ST G108 LA kT

Lk 2RV = I 551 6 523 T VRl H k)
g3 MEM BT AR L Rl sS U, HAR D) s H R
mr,

(1) RAUVE M B K] 53

TEAAILNIE s B A R | 3 4B A LG
AN NERE, FH DBSCAN J5 ¥ HE A7 B2, 15 54
W REGE R AZE R PRI ; FIFH BP_Adaboost J5 ¥
X SHEAT I R AR ] 5 B e 1 vt i B A i
PRIXE % [R) 0, o g e 1 AN [ R Bt 22 S5 K | H ) 5
TE P AZ B 1 T R S A )

AR PGL SRR R L A A
JE R r PR ABIGE B 5 S8 AT 24 FE S A
B BIEEY . T AR AR B RAA B H
B O R AH 22 280K, $ T AR 5 d5c S5/ IN Ji ) 3 47 )
—Ak,

2L 2 ASPRZETT, 2l T s RS
g b 2 R bR 2T O 1 SRR AR HLAE H R4
b g - 1 BERORAR MR B AT By 2
P 2B E N 8 A4~

5% 2 B, 1 DBSCAN 77 92 %t Bl 6 sIR 2530
SRR M 93. 35% , F DBSCAN + BP_Adaboost /7

VE XS G SO S R HE B R 96.75% , P
DBSCAN + BP_Adaboost J7 ¥ 45 21| {14 /L35 s 4R 2510
SIERG 55 T DBSCAN Jridi,
xR2 AREFEXSHRERT L
Tab.2 Results of dividing plots by different methods
il p: R TSl o E 12

Jrik e
- OB

b 5072 214
DBSCAN

e[S 378

Hibr 5184 155
DBSCAN + BP_Adaboost

E[S11173 184

(2) AHAE T AR5

AL L 10 AR A I K 0 2 TSR 38R
it BT RO AR AR S A S VR T AR 52
AALE BEEST TR LS R B S Ia VIR

PALE B A AETTHLIE BT, 23 % I & % & o
&8 W7 FroR A — SRRk i CRALE 1AL
TS R MWL) 2 SVl T AR A, I B AT 25 B

K7 A5 R RO R RS i
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Fig.8 John Deere combine harvester fault monitoring system
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Fig. 11 Monitoring and control system of combine harvester
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Fig. 15 Loss monitoring device installed on combine harvester
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Fig. 16  Terminal management monitoring platform
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Fig. 17  Vehicle terminal acquisition interface
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Fig. 18 Service scheduling architecture
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Fig. 19  Multicombine harvester test operation scenario
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Fig.20 Center of operation of wheat harvesting
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rice combine harvester
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Fig.22  Schematic of formation operation of harvester fleet
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efficiency of manual harvesting operations
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Fig.24  Overall architecture of multi machine collaborative operations
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Fig.26  Flow chart of maintenance service work

XTFAALE LAY WA B, FEETH A
F14) FEL T A A T A B T 5 R A, 1T RE R A
VEE AN FE R ARG S5 0] 8T, S B IR W AEAE R
W T Eoh & R YN ES BN g s RS R i i
BT 3B LRI S RN T TR, KRR T4
i g5 g R 0" GUALBERTO 2512 4R 475
A ORI E ML A 450 B AR A R AIE , LAISCER BIL 4R
& B 2SS VE N B, 255 % R B 38 2k B AR
Kan e B s JF kT R 2T IR RS, BlEE R RE
(RGO ST o N B2V ) B S i YA A 13 < R )
A R ORERE TR 2 ) R A T AL
N TR G R T A A | BT R
FET R A A
3.2 KU EMERSEIE

AV 2 28 AEAE MV 30 R] 32 21 37t AR M 3R 5% 1 PR
il , 7% o AR B R e, JHG AR R 1 32 A
LR Tl 9% 55 A BhAE SRS W S B R
REAS (0 SR 1B 78y T2 sh 4, A 23 R AR e s 11 5%
M, Al 2he £ B2 W i 55 E A i BRI AR B G 5
R TREN SECG R LT 07 B 3h 12411
Tl B S IO AT R ) | AR 114 il P 5 B 12 W7 B i B
PG  PERETEAD | R H 00 A B[] e 0 o B A R T
B, R AR R R G TR AL R 2 20 5
PP | R PR A 15 5 X6 A b 2% 5 R A T 5 R 12 e
(F27),

127 Al 5 SCBERR PR 2 e A 1]
Fig.27 Fault diagnosis and prediction flowchart
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Fig.28 Combine harvester fault warning and decision-making
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Fig.29  Collection of operation information for disc mowers

SR A AR A AR LAY TR RRAE, 4]
TR TR A i 2 I 24 B I 5 WA L e e ) A
Y BB XF E B WSO AR ML I W A 5 2R A7 AR A1 0 BT I
56 B SE AR 2= 2T U 2k, SR 43 iR A T A [ T A
R BRERASTT B s ] e 90 B s A 7 4 e U 0 S T i
T, R 25 e R A B 5 A B U SR $R B0 05

BrRuESEO LT ARM £ 561 #8F & T B A R
ML AR W 2R 4, S B 42 OB A WO AR DL AR sl i 2 v
(R AF S, I3 o X A 7 AL SRR B2 T, A
LRI LML A R AL T AT A AE B
fig, LIU %520 ad i i iy 28, S IR B
A ) A S, I A 4 3 A i AR 4 S i
fERVEL AR B, B 5 18 3 2 W7 &R ge U iR R A
Bifi A5 IR AR R R WIS W AR (b i | >k
BRI L B 2 WS B Tz B O At
9%, A A AR BUSCRAIL ) W £ |, R SDAE |
BEALARARFD SVM e TF 1 3K G WOR HIL Y 43 At Rl
BT SHIN 280 MR A IS 3R AL 45 F 41
JRC, K DL RS T Ry 5 A AR VR T B
TRV HGE i 06 1 P S AR AIE, ARl 2515 sh G I, 4 11
TR A A R A D
3.3 RUEHFRZEFREEE

M 20 el 50 AR R 24 B RS T
B RESFHOR AT R A B BRI A 2 8 Y i
Ao ot . JEHAE P EZE S B
AERIC B DL R N 2V BRAE U, (H i FRILEA K
SRAVHLENPEEOR AT RG] Bl A
SRICE Y FEAR MLLE B IR S5 B IR 1A AR 2
AU R LA R S R, S A 4R B A B
IR B T IR 55 I, 25 N REERA #5475 18 1Y
2, AT RETT ZE IR B LEE IR [0 2 3 iR 55 I ok i
DR B 1 A B DR SR R B RTR 9%, AN i T

A 1 H 2 BRSO

Il PN S A 2 B T AR ML AL A B A, T
JEAALAEAE TAF A9 ST IRIC B AU MRS . A L4E
1B IR 55 2 48 AH SC AR ML A Mk AR H1 A AL P 1 4 i
SR, I AR AL B AR 0 A A | (R 3R 18 A R R
5 ARBUEREVE L 215 IR 55 7 Sk KA s 51,
AT e A i 55 B U 5, 2 XTI 5 Wk ALz 4k iR
F5 Bl 25 O G PR AL 25 R PR R L T FE s 47 19 5%
A T R AR Lz 2 4R 18 T A o 55 B9 %0 B
E[mum]o

WRAEAHLAEAE 2 55 45 10, A A e L PN 4 18
e 55 DR B R AL B R B e 4B TARSSCR A
B U AHUIR S5 TAEXHR TR AL Bt fle gtk
B PR T R BAT H 0y R RE L, TR R
A5 I RGeSV 5 RES A AR AR, 92D B%
PIRTE, AN 30 Fan  ARALA i X ARALE R (5
S W RIZ W I8 ek X DX P IR 55 U A A K
FiC #, RE A DR i A L e i

P30 il e e 0 5 2 A ol SR 5

Fig.30 Fault monitoring and maintenance decision process
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Fig.31 Multiple visits and multi-cycle labor scheduling
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Fig.32 Task allocation and route of different agricultural machinery
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Fig.33 Dynamic scheduling of agricultural

machinery to maximize farmers’ net worth
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