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CAN Bus Architecture Design and Test of Combine Harvester

JIANG Jiandong' SUN Yuanfang' JIN Xiao' ZHOU Qian' MAO Zhilin®
(1. Key Laboratory of Special Purpose Equipment and Advanced Manufacturing Technology ,
Ministry of Education, Zhejiang University of Technology, Hangzhou 310014, China
2. Thinker Agricultural Machinery Co. , Lid. , Huzhou 313017, China)

Abstract; Aiming at the intelligent development of agricultural machinery and equipment at home and
abroad and the remote network control requirements of equipment and materials, based on ISO 11783
agricultural machine CAN bus standard, the intelligent harvesting CAN bus program and its application
system were proposed and designed. According to the operation characteristics and intelligent control
requirements of the combine harvester, a modular and expandable intelligent agricultural CAN bus
network structure, consisting of a power CAN bus, a device management CAN bus, a dedicated device
CAN bus 1 and a dedicated device CAN bus 2 was established. Based on the ISO 11783 CAN bus
application layer protocol standard, an intelligent remote harvester remote network control communication
protocol was developed. Finally, the network load and real-time communication experiment of CAN bus
application system of intelligent combine harvester and the engineering application experiment were
carried out. The results showed that at the baud rate of 500 kb/s, the load of all buses was less than
30% , and the data transmission delay between the three layers CAN buses was less than 1ms, which
fully met the design requirements of the intelligent remote network-controlled CAN bus system of combine
harvester. In engineering applications, it also met the automatic navigation communication requirements
of harvesters.

Key words: combine harvester; CAN bus; architecture design; communication experiment

N DS B A L T T R L OB 5 2 A PR L T
= Gl BEE R TSI OC R A L N TR
BPIEEAOARLE — R R AR R L, T B R R K R SR R A ] 1 F T BT P A

R . 2018 —11-29 & H . 2019 -01 —23
EE£WB: ERARB¥ILLTH (51375456)
EERN: HEKR974—) B, 4B WL, FENF R EZLESH A RZRATS ,E-mail; jiangjd@ zjut. edu. cn



94 & A Bl B ¥ i

2019 4

LRI AL R S8R 22 3R B A 0T A 00 o — 38 45 7 X
ARG R Y CAN gk & —Fhal 421
ST I 265 3T AR o )32 I R TE Rl HLBE b

FRT, [ A A Bl CAN SZk 2 55 i BF 5 32 3 4 2
W EINREMAT TR Y M TR B, B
PR CAN B HR T U e HL o S G
SEBR A A BE H B R D R SR L K e 1
45T R ] CAN BB T 16 A WO BL 5 A B3 SR
SRS, AT LRSI LS I 057 8 R S S S 1
Bo FIRTFTEREAET XHE G PN, ¥ CAN AR
Sy B IRE Y T, I R AR T 14 3 A ik
PHLB PR R SE . [ Ak KB L A WL A A Y
CAN 28 % %% . HOFSTEE 2 321 7 il
FAR MG 1 5 £ CAN A2k R G e 7 R
1SO 11783 Z& 51 7 v o 46 3L WL 0 Al 7 b 338 4 3 A3
T AT O DM, B A A2 51 3 B HL A B AR L AL
LU BRI b B A AR ML BE T RS A KT L MR
T AT A e ARG T R B, HAT
A ML 0 10 T 47 0 BEE TR 5% G 19 2% A A X U
DRI, I A Bl CAN A28 2 55 i 5 2 18 ok ok
RALE KRR R B0 (5 B & S W EAE N R
G —H 4y

AR WA W AHL BTN & FERA T
AR b, R PRk A KRR, Bt
I 5 WA B AL IR 4 495 4 R 435 W, 9 3 3 3 56 96 F
RG],

1 CAN B&R%G 2%t

1.1 REMKLEN

T RS WORPLIY B 3 AL K IR E S
T3 4% Bl XA 10 S SR B o BRG ORPLYE L
RO, T B R A ) S R AT 45 R 1l 2 VR
KA 3K o 25 IR R ARG B AL FIEF 3 1k 19 &
Je& 7 1], 307 25 R A WOER BB e 15 A N AR 28 H
WAE T Ko

T R RS WO HLE A TR oK, T T H
4 5% CAN SR i m #2045, &l 1 Fr s o BRA
WORPLIN % 2 G2 3h J) CAN B4R Vi 45 B 31 CAN
MM 2 L AT CAN S i, 5 — %% CAN
SR RS P 4 S ST ORI E T RS
M= T RE . Horb, 3 ) CAN G A7 57 WO HIL Y IS
B KBNS )2 B A AT . A CAN B2 A I
P oG | B 5 A R R S8 R B AR R
TEEE G R B |, & AT % CAN B9 ) 70 A
2 2%, 43 ) 58 B U0 Y i 3 3 43 R R SED KR 3 43 1) £
PR . AF ML AW e,

W S A R i — 2% Rk B BB AL B S — AR
o MZERGEME 2 frs.

B 1 CAN BZR 46 45 H 7m i
Fig.1 Network structure diagram of CAN bus
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Fig.2 CAN bus network system of combine harvester
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Tab.1 PGN definition of CAN system
B P24 Fr i iH PGN 453 PGN MEX
R SCE
GPS v 815 4, F320/62240 F351/62289 50
G N EEY S F258/62040 F31F/62239 200
EEE Y F1F4/61940 F257/62039 100
S AL F000/61440 F1F3/61939 500
JIst A 0 F500/62720 F5FF/62975 256
VIE RS F600/62976 F6FF/63231 256
5L T AT F352/62290 F383/62339 50
W IE RS F384/62340 F3E7/62439 100
HARL F3E8/62240  F44B/62539 100
B3 25 F44C/62540  F4AF/62639 100
it 1712

S B S — RS R PLAT SRS Y
$RSC ARSI 8 A A B T A B i
LA IS ATIRES o o, 529 1.2 R AT s, —
AHRHACER T /s S A 1 BR 64 255 m/s, 753 ~6
FRITHE, — AR T m, aTRIRR 0 ~
4211 081215 m 745 8 1§l P A~ L 4 4R 77 30
I ,01 Z/n AT, 00 e/ 5 1B , A B9 {H A 5 iR X
TR AR AR SCHINL R PR, AR 2

®2 HEWRE

Tab.2 Examples of data frames

HEE/(mes™!) HLA/m J7 1
0 ~64255 0 ~4211081215 Wi/ Je B
FAT 1 ~2 FAI3~6 T8

CAN B2 R g, fim 2 s 40 1 5 ok pL 5
B VEME 75 5K, AN 3 & 3% o T3 5008 2 &% 4> ECU
JE P R AR B MR AR AL B 3B A IR SRR IR S S 8
Z:7% 1S0 11783 H i 1 SCHR [9 ] Hhoxd 4k R 48 JH 19
7 S, AR SCE T2 FBCHE SR A R BT, 50 ms (LR
TAEIRZS) #1120 ms (R A TAERE) .
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Fig.4 Test platform of CAN bus system
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Fig.5 Real-time load under different cycles of CAN bus
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Tab.3 Data transmission time of CAN bus ps
Sk AR
Bl LR % S CAN R EEH
CAN 4k B CAN fi2k
L HBE % CAN B4k 298.7 910.7 600. 3
871 CAN B4k 910.7 299.3 602. 8
WA & H CAN Bz 602. 8 600. 3 303.0

M3 A[LLE 1,3 4 CAN B4 HIERE N
0 3 5 19 - 359 4iE B AE 300 ps A2 47 WA CAN
B2k 5 H A CAN B0 15 T Z 4t — AW 56, BT DA
WAE L CAN B2k 5 H A 4 CAN JL 2k 1138 15 4
R Y 8 R AR P A A o HE IS O T AR LR
JEHF Z F0, 29 600 ps, & s CAN B2k 53 )
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Tab.4 Structure and distribution of CAN nodes in

navigation test
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Fig.7 Navigation experiment of combine harvester

Z : —m— CANGER AR - BBLAE ]
5 &
4 H
B 3k
& 2
2
= ok
1
ok
=3F
4+
_50 2 le (‘IJ é ]If) ]I2 1‘4 1‘6 ]Ig 2‘0
HiF[A)/s
P8 1) i 72 H £k
Fig.8 Lateral deviation curves
4 HRIE

Wit THEA WAk HL CAN i 2% R A Al ke %6
HESL TR AL AT Y R 45 S5 4, L ISO 11783
bR D Al ) E TR AR AL CAN 2l R
(12O 7 S T D e 7R VI W IR S s R W B
T W9 28 25 4 1 5d A Py 0 B AR A R R T T R



98 & A Bl B ¥ i 2019 4

o XA R R, RE S A CAN B MR RHUREE A Zh T Wb, Xt T 1% 4 5 0L 25 il J7
PJ/NT 30% , Kt il ad W AE AN Rl CAN Bk | 3, S0 22 2 R 0R 355 — B0, W 2 K ok BL 5
A% B A JE N/ T L mso RN A A e TR R

2 £ x W
(1] #aide. RUKShBS PR ILE BB R SEBT (D). Bk WAL MR AR R, 2015.

JIANG Ruifeng. The research on intelligent control system of the combine driven by electricity[ D ]. Yangling: Northwest A&F
University, 2015. (in Chinese)

[2] ENp. T CAN B&RMAWTE PR IE SR REIE I R M5 [D]. . JFrg ke, 2017.

WANG Shuai. Research on modular intelligent monitoring system for grain combine harvester based on CAN bus[ D]. Ji’nan:
University of Jinan, 2017. (in Chinese)

(3] XVHtF], £E. 2T CAN SRR HLHLALAE A PERE 47 [J/OL]. R HLME: R, 2016,47 (B4 7]) « 30 -34.

LIU Hongli, WANG Xi. Analysis of tractor working performace based on CAN bus[ J/OL]. Transactions of the Chinese Society
for Agricultural Machinery, 2016, 47 (Supp. ) : 30 —34. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag
= 1&file_no =2016s005&journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2016. SO. 005. (in Chinese)

(4] HifE, WHEIW, XIBR, % RAYUEREN RS CAN W ZEPFNEIHI/OL]. R4, 2012, 43(1): 180 - 184.
MIAO Zhonghua, CHU Jian’gang, LIU Chengliang, et al. CAN application-layer protocol design of intelligent monitoring system
for cotton-picking machine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(1) . 180 - 184.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20120132&journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2012.01.032. (in Chinese)

(5] #prfe, M, Bk, & BABRFEN TS REE R ERENREEM[T]. Rl TR, 2009,25 (87 2)
56 - 60.

WEI Xinhua, LI Yaoming, CHEN Jin, et al. System integration of working process intelligent monitoring and controlling devices
for combine harvester[ J]. Transactions of the CSAE, 2009 ,25 ( Supp.2) :56 - 60. (in Chinese)

(6] GKeWr, FIOKR, e, 5. BAUGRILFMEBIREREBITT]. R PB4, 2011 4203 F) . 117 - 121.
ZHANG Meina, YIN Wenqing, QIAN Yan, et al. Design of navigation data collecting system for combine harvester[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011 ,42( Supp. ) :117 = 121. (in Chinese)

[7] PITLA S K, LIN N, SHEARER S A, et al. Use of controller area network ( CAN) data to determine field efficiencies of
agricultural machinery[J]. Applied Engineering in Agriculture, 2014, 30(6) : 829 —839.

[8] CHEN J, ZHENG Y, LI Y, et al. Study on integration of measurement and control system for combine harvester [ C] //
International Conference on Computer and Computing Technologies in Agriculture. Springer, Berlin, Heidelberg, 2010: 607 - 614.

[9] HOFSTEE J] W, GOENSE D. Simulation of a controller area network-based tractor-implement data bus according to 1SO 11783
[J]. Journal of Agricultural Engineering Research, 1999, 73(4) . 383 —394.

[10] 1ISO 11783—2015 Tractors and machinery for agriculture and forestry—serial control and communications data network—part

7. implement messages application layer[ S].2015.

[11] Rem, tRig4, ARl 2T CAN MR ARAMRAUME T M 25 0P MSe BT ] I ERA4R, 2006, 27 (JEF]) - 547 -549.
SONG Yan, XU Aidong, SHI Gang. Research and realization of control network for agriculture and forestry machinery based on
CAN[J]. Chinese Journal of Scientific Instrument, 2006 ,27 ( Supp. ) : 547 - 549. (in Chinese)

[12]  GRIC,BEGIA AL, 5. BT CAN B2k i) ERBORBE RE Rt R W5 [1/0L]. ROl HLAKR = 42,2018, 49 (3 1) -

275 -281.
ZHANG Zhen, CHI Ruijuan, DU Yuefeng, et al. Investigation on CAN-bus-based corn harvester intelligent control system|[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49 ( Supp. ) :275 —281. http: / www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? flag = 1 &file_no = 2018s036&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2018.S0.036. (in Chinese)

[13] JAJH. CAN S F S i ye S9C B D). Bl & H IR ,2007.

ZHOU Xu. Real time communication research and implementation based on CAN bus[ D]. Shanghai: Fudan University,
2007. (in Chinese)

[14] 1SO 11783—2015 Tractors and machinery for agriculture and forestry—serial control and communications data network—part3 ;
data link layer[ S].2015.

[15] #&, S, R¥. BAETHRSG CAN B fZ Pl seit [T]. Uiz i R R 2274, 2011, 37(10) : 1264 -
1270.

ZHANG Lei, ZHU Ming, WU Zhe. CAN bus application layer protocol design for unmanned helicopter system[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2011, 37(10) ; 1264 - 1270. (in Chinese)

[16] [FREE. CAN SZLSZRPEAnn] S v T AR MR (D], K. KEKR%, 2010.

CHEN Xi. Research on real-time performance and reliability of CAN bus [ D]. Tianjin: Tianjin University, 2010. (in



% 6 1) FEEAR % BAWIRIL CAN BRI IIT 5 iR 99

Chinese)

[17] ANXF, MENG ZJ, WU G W. Development of grain yield monitoring system based on CAN bus technology[ J]. Transactions
of the CSAE, 2015, 31(Supp.2) :262 -266.

(18] ZLkHl, e, w4, 5. T CAN BEpER I RMAE SR R ot 5% [J/0L]. Rl ALk, 2016, 47 (1%

i) . 35 -42.
LI Yongjian, ZHAO Zuoxi, HUANG Peikui, et al. Design and experiment of navigation control system for tractor based on
CAN bus[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (Supp. ) : 35 =42. http: / www.
j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 2016s006&journal _id = jesam. DOI.; 10. 6041/j. issn.
1000-1298.2016. S0. 006. (in Chinese)

[19] ARV, E5, W%, & 5T S8R B4 1 101565 W3R BURE Uk 6] S i #2715 LJ/O0L ] Al HUAR 2 4%, 2017,

48(7): 14 -21.
BAI Xiaoping, WANG Zhuo, HU Jingtao, et al. Harvester group corporative navigation method based on leader-follower
structure[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,48(7) :14 —21. http: / www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20170702&journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2017.07.002. (in Chinese)

[20] &R, ke, FWIE, 5. EWBIPLEAN A EREAEITLT]. WL TR %40, 2017, 45(4) : 355 - 360.
JIANG Jiandong, ZHANG Jun, LI Congcong, et al. Study on autonomous following algorithm of crawler-type mobile robot[ J].
Journal of Zhejiang University of Technology, 2017, 45(4) . 355 —360. (in Chinese)

[21] sk, AR IPLEG AN B MR REO5EID]. HUIH . B Tolk ks, 2017,

ZHANG Jun. Research on autonomous follow-up control system of crawler-type agricultural mobile robot [ D ]. Hangzhou:

Zhejiang University of Technology, 2017. (in Chinese)

(E#EE 84T

(23] HAGER, E4R, 5. A EABOKFEE & CHBHM SR 5K [ 1/0L]. KLU 4 ,2017,48 (4) .
65 -71.
TIAN Liquan, TANG Han, WANG Jinwu, et al. Design and experiment of rebound dipper hill-drop precision direct seed-
metering device for rice[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(4) :65 —71. http:
// www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no = 20170408 &journal_id = jesam. DOI;10. 6041/].
issn. 1000-1298.2017.04.008. (in Chinese)

[24] WANG Jinwu, LI Shuwei, ZHANG Zhao, et al. Design and experiment of electrical drive side deep hill-drop fertilization
system for precision rice hill-direct-seeding machine[ J]. Transactions of the CSAE,2018,34(8) ; 43 - 54.

[25]  HSZAL. B2 E AT R KRS 20046 Al s B AL R0 S I A58 [ D], MRV AR db Akl K2 ,2017.

[26] MU, J% BRE . PVDF He o i B 0 B A28 A5 R PERF 5 [T 1. T RE A RL,2004,35(4) 1450 - 453.
JU Dianshu,ZHOU Zhi,OU Jinping. Study on strain-sensing of PVDF films[ J]. Journal of Functional Materials,2004 ,35(4) :
450 —453. (in Chinese)

[27]  SKFR,BFEE, AR, 5. AR PR G LT ] AR AL 4R ,2011,42(8) :41 - 45.
ZHANG Lin,ZHAO Zuoxi,KE Xinrong,et al. Seed-counting system design using piezoelectric sensor[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(8) :41 —45. (in Chinese)

[28] SRZER, &, F8ML. PVDF EJy & & e iy ol EHURRIEBF T[], 258 127 ,2009,24(3) ;244 - 250.
ZHANG Anyue,TANG Zhiping, ZHENG Hang. A study of impact piezoelectric property of PVDF stress gauges[ J]. Journal of
Experimental Mechanics, 2009,24(3) :244 —250. (in Chinese)

[29]  HSZA EaR, B, % SRHEA AUKRE X E B HERD 28 BT SRR E [J/OL]. R HL 4 ,2016,47(5) :46 - 52.
TIAN Liquan, WANG Jinwu, TANG Han, et al. Design and performance experiment of helix grooved rice seeding device [ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,47(5) :46 —52. http: / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1 &file_no =20160507 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2016. 05.
007. (in Chinese)
IR AN S BR . R AL AR R BN I M bt - Tolk i MR AL, 2017,
WANG Jinwu,ZHOU Wengqi, TIAN Liquan, et al. Virtual simulation analysis and verification of seed-filling mechanism for
dipper hill-drop precision direct rice seeder[ J]. International Journal of Agricultural and Biological Engineering,2017,10(6) :
77 -85.

[32] “RMS. ARDUINIO JF%#it5 ANDROID FHLWE ARy it 5L II]. MR 585 AR ,2016,12(21) :65 - 66.
ZHU Peng. Design and implementation of Bluetooth communication between ARDUINIO development board and ANDROID
mobile phone[ J]. Computer Knowledge and Technology,2016,12(21) ;65 - 66. (in Chinese)



