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Investigation on Motor-driving Maize Precision Seed Meter System
Supporting On-site Calibration of Rotate Speed of Seed Plate
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Abstract: Facing the problem of existing maize precision planting control system cannot quickly drive the
seed sowing of multiple types corn precision seed meters, an on-site seeding rate calibration system was
designed based on the controller area network (CAN) bus motor-driving corn planting technology. From
the corresponding relationship between the motor control signal and the rotate speed of seed plate, the
system got the seed meter driving curve in the filed using piecewise linear interpolation to realize the
seeding rate control. Taking a domestic corn air-suction seed meter and a corn finger pick-up seed meter
as the test objects, the speed control performance of seed plate in simulative travel speed was respectively
evaluated. In the experiment of rotate speed control performance of corn air-suction seed meter, the seed
spacing was set to be 25 cm and the travel speed was set to be 3 ~12 km/h with increment of 3 km/h, the
greatest response time was 0. 80 s, the biggest steady-state error was 0. 81 r/min and the lowest accuracy
of seed plate rotate speed control was 97.42% . In the experiment of rotate speed control performance of

corn finer pick-up seed meter, the seed spacing was set to be 20 ecm, 25 cm and 32 ¢m and the travel
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speed was set to be 4 ~9 km/h with increment of 1 km/h, the results showed that the average response
time of the whole rotate speed of seed meter was 1. 09 s with standard deviation of 0. 26 s; the average
steady-state error of the whole experiments was 0. 38 r/min with standard deviation of 0.23 r/min; the
average accuracy of rotate speed control of the whole experiments was 98. 30% with standard deviation of
1.01% . Compared the seed plate rotate speed control system with the sectional proportion integration
differentiation ( PID) method, the system supported seed plate rotate speed on-line calibration had a
better adaptability, the average response time was decreased by 0. 51 s, the average steady-state error was
increased by 0.16 r/min and the average accuracy of rotate speed control was decreased by 0. 63
percentage points. The planting uniformity experiment in field was performed, taking the finger pick-up
seed meter as the material. In the experiment of planting uniformity in field, the seed spacing was set to
be 20 ¢cm and the travel speed was 4 ~7 km/h with increment of 1 km/h, the results showed that the
quality of feed index was greater or equal to 84.26% , and the coefficient of variation was less than or
equal to 18.29% . The above results indicated that the system can precisely control the rotate speed of

motor driving planting through the way of calibrating the planting rotate speed control curve of corn

2020 4

precision seed meter on site with high accuracy.
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piecewise linear interpolation
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Fig.5 Planting calibration subroutine of planting driving ECU
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Tab.1 Related messages of planting calibration subroutine
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Fig. 6 Motor driving corn precision seed meter
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Fig.7 Planting working velocity distribution map in test filed
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Tab.3 Experimental results of seed palte rotate speed

control performance of motor driving finger pick-up

seed meter
Wbk, S/ W e RRERE/ EHRE/
em (km-h') s (remin~") %
4 1. 00 0.16 98.59
5 1.20 0. 46 96. 84
6 1. 00 0.41 97. 63
20 7 1. 30 0.20 99. 00
8 1. 80 0.17 99.27
9 1. 00 0.08 99.71
4 0.90 0. 47 96. 84
5 0.90 0.50 97.29
6 1.20 0.28 98.75
3 7 1.10 0.21 99. 20
8 1. 40 0. 64 97. 84
9 1. 10 0.97 97.09
4 1.20 0.57 96. 94
5 0.90 0.37 98.39
6 1.20 0.19 99.32
32
7 0. 60 0. 65 98. 00
8 0.90 0.29 99.21
9 0.90 0.20 99.53
HE b 2 5 0 5 K B2 P B0 23 0l ol 97, 46%
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Fig. 12 Experimental results of two types seed plate

rotate speed with sectional PID control

I 45 R T A5, AU S HE R A 2 B PID 3 Y
ROV T4 e 2 HE T 28 5 0 T I B R S
)3t g 2. 1,202 5 mp A R A 38 A S0
0 B AN A5 e F TR Y FEL A X BE A5 7R H b e
AH IR I 45 e SCHRRR £ A 250 s TR Ve Bl KT
W AR o 28 2 A ) 1 A 00 S T X R
P SRR 25 4 3 Be PID 355 S 400 1 Je X HRFp
B AT R I, i e SCHER 85 09 B 38 5 I )
ARBY I o A bR B E e U i e UHERR
PAAT IS IR R F 150 s, 3250 30F 552 1) A A0 =X HE b 25 43
Bt PID 15 2 B e 2 4 e X HE R 4 % 42 1 1
BOR,  ERCE BT SH DU T R
T I 7 HE o 35 5 b 5 0 M AR R 38 5
B PID £ PR RE W2 4 s .

w3 45 2R n] A5, O SCHE R A % 3 BE PID
PR IS )RR 1,38 s ARifEZE N 0. 16 s F 44 43
DR ZE R 0.24 v/min , FrUEZEH 0. 14 v/min ;- 2 452



54 & Ml

W 2020 4

x4 SEAHMEEESER PID =514
Tab.4 Performance of seed plate rotate speed of

air-suction seed plate with sectional PID control

wEwE ey, A
1 VERa Ve ! ¥ RS B/ %
(remin~") (remin~")
15 1.50 0.07 99.51
20 1. 60 0. 40 97.98
30 1.20 0. 37 98.78
40 1. 30 0. 20 99. 49
45 1. 30 0.18 99.61
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Fig. 13 Distribution map of seed spacing in field

with variation of travel speed

HTIET 13 R, X F 4 o A2 Al , 36 bk B fiE 45 4
HHTEBEE PREE 195 A% RLEE Y A (20 £10) em) H
B o A E AR GB/T 6973—2005, X A [A] 4 3~ 119
R LA T RE AR 2 5L B BT A (18] 14) L BEE %
PR 380, B R AK% R RO BEIR N 5.36% , A2

s %
(1]

Journal, 2017, 109(4) ;1463 - 1475.
(2]

LU Y, ZHANG X, CHEN S, et al. Increasing the planting uniformity improves the yield of summer maize[]J].

SRR B 4. 55% , A5 A0 B e B 2E

2 A 1%

AR REL
l |
0

6~7

90r

At

4-5

5~6
ZE#/ (km-h")

14 75 0T 2R G ol 2 e 5
Fig. 14  Effect of travel speed on planting uniformity
FHN 4 ~7 km/h B, R G5 W R 3E Fh A A% 48
BOF¥h 86.93% , /N Ky 84.26% 5 748 S RACE- 1
H16.64% , Fx KN 18.29% , i & A AT b s
NY/T 1768—2009 ( G #f # Fl AL 57 5t 7 15 A L)
X K 2 B 5 4 48 HIOR AR S RO EOR

3 Hig

(1) 5T CAN BZiafs, st 17 —Fh 347 £k
FL IR Sl HE R AE Zbm I FE i R G, % R G S HEFD
i R AL 3y 75 2 BR A 3 ok B 4 v 47 1R HE D
B bR A Y 53, X HE AR 2% 8 AN S Y R BIK Sl HE AR
7 A ) R AT B AR E

(2) FIH B =AM 2 K HEF 2% A4 e 2 E oK
HERNEE 20 3 64T 700 5 11 Fi K HE b 8 5 el A, 8
T PR AL B A B OGS I ol 4 B S e RS
HEAT IR S IR 45 SR R W, 3R G % W il 6 KON %85 HE il
i HED A 2 A RS B 32 bR B L G AR Ak R e AR
/N, 553 B PID R e sl 45 ) 3R G MR RE XS LU A, 52
R ol B bR 1 22 8 HL A B A 0 365 1 P, 9 T B
Tv1] 245 41, 2 RS BE RS AIC, AR b B B 1 HE R 4 5%
A PERE

(3) I FH [ 4 e XCHE b 28 B T AR L IEST H [R]
I, BRIE 20 em, 3 4 ~ 7 km/h B, 25 SRR W]
R AARIEECR T4 T 84.26% , E R ZB/NT %
T 18.29% , &l X /INGR BE KRS %5 4% F L & G0 [
Fi& e SCHEFN 2R VEAT HL IR HEFP AT BE 15 B 35 50K 5 3% Fi
L3R o 12 2R G0 B A% X AN [] 288 T8 174 #L K R KRG 2% HE
ol 25 o 2 2 4 ) R AT B A L G A BIK Bl HE D
fr AT H )4 5 3

X #

Agronomy

MCMASTER G S, BUCHLEITER G W, BAUSCH W C. Relationships between sunflower plant spacing and yield : importance of

uniformity in spacing[ J]. Crop Science, 2012, 52(1) :309 -319.



513 W A . SRR I bR E HY KRS 5 HE Rl s WL IR A R S 55

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

(11]

[12]
[13]
[14]
[15]

[16]

[18]

(23]

[24]

GESCH R W, KIM K I, FORCELLA F. Influence of seeding rate and row spacing on cuphea seed yield in the Northern Corn
Belt[ J]. Industrial Crops and Products, 2010, 32(3) :692 - 695.
YAZGI A, DEGIRMENCIOGLU A. Measurement of seed spacing uniformity performance of a precision metering unit as function
of the number of holes on vacuum plate[ J]. Measurement, 2014, 56.128 - 135.
YAZGI A, DEGIRMENCIOGLU A. Optimisation of the seed spacing uniformity performance of a vacuum-type precision seeder
using response surface methodology[ J]. Biosystems Engineering, 2007, 97(3) :347 - 356.
HAN Dandan, ZHANG Dongxing, JING Huirong, et al. DEM — CFD coupling simulation and optimization of an inside-filling
air-blowing maize precision seed-metering device[ J]. Computers and Electronics in Agriculture, 2018, 150.426 —438.
L RZR S, i, . Bk T EDEM B R A S AL HEF A R RE RS S IR [T ], Aok LA A 4R, 2015,
31(3):62 -69.
SHI Song,ZHANG Dongxing, YANG Li, et al. Simulation and verification of seed-filling performance of pneumatic-combined
holes maize precision seed-metering device based on EDEM[ J]. Transactions of the CSAE,2015,31(3) :62 —69. (in Chinese)
BV EEPHE BUME S NI ARRGR EORRE R S B 5K [T ] Al LA 4R, 2017, 33(1) :8 - 16.
CUI Tao,HAN Dandan, YIN Xiaowei, et al. Design and experiment of inside-filling air-blowing maize precision seed metering
device[ J]. Transactions of the CSAE,2017,33(1) :8 —=16. (in Chinese)
BT, AR BT, 55 HEh 45 00 S Js 35 [ 20 e e UM s oKk B HE A A B [ 1] Al TR 240, 2017,33(23) .
15 -23.
YAN Bingxin,ZHANG Dongxing, CUI Tao, et al. Design of pneumatic maize precision seed-metering device with synchronous
rotating seed plate and vacuum chamber[ J]. Transactions of the CSAE,2017,33(23) :15 -23. (in Chinese)
WRE e, BTHEE , B, 55, R S O 2 R A LI AT HERD g 30053086 [/ OL ] Al ML 27 4% ,2017 ,48(8) 195 — 104.
CHEN Yulong, JIA Honglei, WANG Jiaxu, et al. Design and experiment of scoop metering device for soybean high-speed and
precision seeder[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(8) :95 — 104. http; // www.
j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170810&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2017.08.010. (in Chinese)
T B, RS, . B SR R A R A R e HE R AR B (T]. ROl LA, 2018, 34(22) ¢ 1 - 11
DING Li, YANG Li, LIU Shourong, et al. Design of air suction high speed precision maize seed metering device with assistant
seed filling plate[ J]. Transactions of the CSAE,2018,34(22) :1 —11. (in Chinese)
ZHAI ] B, XIA J F, ZHOU Y, et al. Design and experimental study of the control system for precision seed-metering device
[J]. International Journal of Agricultural and Biological Engineering, 2014, 7(3) :13 - 18.
YIN X, NOGUCHI N, YANG T X, et al. Development and evaluation of a low-cost precision seeding control system for a corn
drill[ J]. International Journal of Agricultural and Biological Engineering, 2018,11(5) : 95 - 99.
CAY A, KOCABIYIK H, MAY S. Development of an electro-mechanic control system for seed-metering unit of single seed
corn planters part I; design and laboratory simulation[ J]. Computers & Electronics in Agriculture, 2018, 144 .71 -79.
YANG Li, HE Xiantao, CUI Tao, et al. Development of mechatronic driving system for seed meters equipped on conventional
precision corn planter[ J]. International Journal of Agricultural and Biological Engineering, 2015, 8(4) .1 - 9.
PRECON, Moty , 2JRAR, 46, JET XA ER PID MM S 06 i EORRS B HERM R ) R it [T, Rl TRz, 2018,
34(9) . 33 -41.
CHEN Liqing, XIE Binbin, LI Zhaodong, et al. Design of control system of maize precision seeding based on double closed loop
PID fuzzy algorithm[ J]. Transactions of the CSAE,2018,34(9) :33 —=41. (in Chinese)
KA, RO, FREM. S ERHRM AR DO SK[J/OL]. RV, 2017,48(2) :51 - 59.
ZHANG Chunling, WU Rong, CHEN Liqing. Design and test of electronic control seeding system for maize [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (2):51 —59. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file _no = 20170207 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2017. 02.
007. (in Chinese)
SETAE, R, O B SF . FORSE A 5 MR BRI E R [J/OL ). AR HLAR =~ 4R ,2018,49(9) =1 - 18.
YUAN Yanwei, BAI Huijuan, FANG Xianfa, et al. Research progress on maize seeding and its measurement and control
technology[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(9) :1 - 18. http: // www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20180901 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2018.09.001. (in Chinese)
RUICHENG D, BINGCAI G, NINGNING L, et al. Design and experiment on intelligent fuzzy monitoring system for corn
planters[ J]. International Journal of Agricultural and Biological Engineering, 2013, 6(3) .11 - 18.
BACKMAN J, OKSANEN T, VISALA A. Applicability of the ISO 11783 network in a distributed combined guidance system
for agricultural machines[ J]. Biosystems Engineering, 2013, 114(3) :306 -317.
SUOMI P, OKSANEN T. Automatic working depth control for seed drill using ISO 11783 remote control messages[ J].
Computers and Electronics in Agriculture, 2015, 116:30 - 35.
TR IR AR AL T, . T CAN SR FOR IO REFE M RGEWTFE [ )/ OL ] RO LIR 74T ,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)
B, £ 575, w0, 4. B S HLIR ) FOR SR HER a8 S AR T R ST 51K 5 [ 1/ OL ] R ALKz ,2019,50(2) =57 - 67.
YANG Shuo, WANG Xiu, GAO Yuanyuan, et al. Design and experiment of motor driving bus control system for corn vacuum
seed meter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(2) :57 - 67. http: // www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190207 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2019.02.007. (in Chinese)
PARAFOROS D S, SHARIPOV G M, GRIEPENTROG H W. ISO 11783-compatible industrial sensor and control systems and
related research; a review[ J]. Computers and Electronics in Agriculture, 2019, 163 104863.



