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Abstract. In order to solve the problem of low accuracy caused by the delay of Beidou single point speed
measurement of corn topdressing machine, a double speed measurement mode combining Beidou single
point speed measurement with ground wheel speed measurement was proposed. The control system of corn
topdressing machine was set up and the corresponding control interface was developed. The double speed
measurement mode rule was established and the controller program was designed. The speed range of
acceleration and deceleration process judgment and stable speed measurement of ground wheel were
studied. The switching conditions of dual speed measurement mode were determined by experiment, and
the feasibility of dual speed measurement mode was verified. The test results showed that the maximum
speed of the ground wheel was 6.0 km/h, the optimal value of the ground wheel speed measurement
queue N was 5, and the critical value of mode switching speed variation coefficient was 4. 2% . The speed
measurement performance comparison test results of four different target speeds of 3.5 km/h, 5.5 km/h,
6.0 km/h and 8.0 km/h showed that the average response time of double speed measurement mode was
1. 6 s earlier than that of Beidou single point speed measurement, and the deceleration phase was 1.8 s
earlier. The actual fertilization distance was reduced by 0.55 m. The results of field fertilization
performance test showed that the average speed difference of fertilizer application was 1.5 r/min in the
acceleration stage of double speed measurement mode, and the maximum speed difference was 7. 1 r/min

at the speed of 8. 0 km/h in deceleration stage. The results showed that the average response time of the
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system was 1.3 s, the average steady-state error was 0. 8 r/min and the average overshoot was 8. 7% .

The accuracy of double speed mode switching was 100% , which met the needs of precision fertilization.

Key words: corn topdressing; double speed measurement mode; Beidou speed measurement; fertilizer

control ; spectral information
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Fig.2 Schematic of corn topdressing machine control system
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Tab.2 Comparison of speed measurement performance

between dual speed measurement mode and Beidou
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Hbnspe, ARATw s S

(o) HEMF WEEAERT 43 DR
= ’ Wigg/m  HE/m #/m

3.5 1.9 2.2 0.24 0.56 0.32
5.0 1.6 1.9 0.32 0. 62 0.30
6.5 1.4 1.5 0.34 0.96 0. 62
8.0 1.5 1.6 0.35 1.28 0.93
opiEl 1.6 1.8 0.31 0. 86 0.55
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Fig. 10  Speed response curves of fertilizer discharge

motor during acceleration and deceleration
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Tab.3 Acceleration statistics

i i/ T B B 3 Aoy AR,/ iHFHE%ﬁE
(anh-1) YAt/ (km-h ") (mh) (romin 1) ZESM I/
e des) (remin~")
3.5 3.5 3.9 0.4 1.5 1.3
5.0 5.1 5.4 0.3 1.1 1.0
6.5 6.3 6.9 0.6 1.6 1.8
8.0 7.3 7.9 0.6 1.8 1.9
x4 BENBRZITER
Tab.4 Deceleration statistics
i i/ VBl B B -3 Aoy AR,/ %,TIH‘%E‘%E
(an-h-1) PIE/ (km-h ") (Gmh=) (romin 1) P/
HhAe desk (remin~")
3.5 3.2 3.1 0.1 0.4 0.4
5.0 2.1 3.0 0.9 3.1 3.0
6.5 0.2 2.4 2.0 5.3 4.8
8.0 0.0 3.2 3.2 9.4 7.1
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Tab.5 Response results of fertilizer discharge speed

jump in deceleration process

HEA e 22/ A/ TR IR L RNIAE/ WL A i)/

(remin~") % (remin~") s
6.6 7.3 0.6 1.2
7.0 8.6 0.7 1.4
7.4 9.5 0.8 1.4
7.6 10. 4 1.1 1.6
6.8 7.5 0.7 1.0

XA AR P A Bl PR A7 1 HEAE 5% 58 X8l 2 AT
2B, R AT AreMap BPF 22 i e 1 o3 A 18], 22 [ 5
RO B 5y IX o3 3t Sk HE AL % 8, 7E A5 R AR
FFe s 20 IFH B AT AR, SR AR AR AR
JE HEAT SR KR, 22 il % 5 oy A i B 1L B, HORD
Jiti RES AL A7 8 1 B 3t )i 45 1 VR L Zh R, oy Pl AT
E R A 2 DX, b Sk Bt AR 2 2 15 B OBL )
A 3 DA Sk S BT A D) e B A S
BRI DX HCA A L R b Sk A AR, 2 AL
TEK JE i B A6 BLI NDVI 25 0 i 15 R i 3t Sk
B DT R FEZAE 0 ~ 12,5 o/min Z i), R
i UL 3 A5 DX T i 3k gk A R R S b Sk 3 L DA
M S HE AL 2 e o UK R ok Sk R BCLE(EL, 1 R
XU 3 A 3T b Sk HE AR 2 5 S o Al R ME B RO
100%

4 it

(1) #5382 7 5 T 5 8 0 1K 08 L 4 il &
G801 K T HTOLIEAE B KB L F R SE i,
B G S A 00 S 5 e e I S A 2 45 Y XU S AR
2, S8 T4 i e XU A R e BT

et

R
st

O 0 t/min

@ 0~7.5 t/min

@ 7.5~12.5 t/min

© 12.5~17.5 t/min

@ 17.5~22.5 t/min

© 22.5~27.5 r/min
e o © 27.5~32.5 t/min

XM Sl A6 | @ >32.5 t/min

P11 HE AL 58 o3 A 1

Speed distribution of fertilizer discharge

(2) 350 B o 1 OB = i U4 25 . € <
4.2% H. v >6.0 km/h i >R FHAE <00 2, 45 0] R 7 3
A

(3)3.5.5.5.6.0.8.0 km/h 4 Ffi 4[5 H F  j
D3P BB T b i 23 2R 3R B, 00 e 48 X L ) A
S0 SR TSR B B A X i 0, B[R] 4R 1. 6 s, D
B BORH XoF e 7 BSF [R] 4148y 1. 8 s, S5 o i IS S Ff P 25
TN {E A 0.55 m,

(4 ) H ] i A M B8 ik 36 25 2 3¢ B, 000 3 A5 =
BB BB D) 4 3 B HE IS B ol 2= B E R
1.5 v/min, J803 By B 3 2275 8. 0 km/h 3 554 T
BRLYME R 7.1 r/min, 8.0 km/h 3£ B 544 F I8
Tob A I N e A2 o 235 SR 3R B, 2R 8- 24 e g 1) [R] Sy
L3 s, PR RERE R 0.8 v/min, REEF-H
PR 8. 7% o WU AR X U] e A % 100% it
R M A 1) T L

Fig. 11

2 % X W

(1] WiEM, TER, $He, 5 0GRS SO 5K )] R AU =R, 2020,51(3) :87 - 96.

[4]

DUN Guoqiang, YU Chunling, GUO Yanling, et al. Design and experiment of double gear type fertilizer apparatus [ J].
Transactions of the Chinese Society for Agricultural Machinery,2020, 51(3) :87 —=96. (in Chinese)

LR R BRI, 5. AR S5 S 800 B CHENE S HENE MR RE s i [T . Rl TRE 4441 ,2018, 34(18) :12 - 20.

ZHU Qingzhen, WU Guangwei, CHEN Liping, et al. Influences of structure parameters of straight flute wheel on fertilizing
performance of fertilizer apparatus[ J]. Transactions of the CSAE,2018,34(18) :12 —20. (in Chinese)

BT AT TR, E 8 A NEFMTIEATRUE LA S T S R R G FE L)/ OL ] O HL A4 ,2019,50 (35 1)) = 96 - 101.

AN Xiaofei, FU Weiqiang, WANG Pei,et al. Development of variable rate fertilization control system based on matching fertilizer
line and seed line of wheat[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50 ( Supp. ): 96 —
101. http: // www. j-csam. org/jesam/ch/reader/ view _abstract. aspx? flag = 1&file_no = 2019s016&journal _id = jesam. DOI;
10.6041/j. issn. 1000-1298.2019. S0.016. (in Chinese)

Bt , &1 /N LA SR TR PID (4 /N2 i IE AR AL R G Bt 530 [ 1], R LI 24 41t ,2016,47(2) .71
-76.

CHEN Man,LU Wei, WANG Xiaochan, et al. Design and experiment of optimization control system for variable fertilization in
winter wheat field based on fuzzy PID[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (2):
71 =76. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20160210&journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298.2016.02.010. (in Chinese)

JAFA R, HERMMAT A,SADEGHI M. Development and performance assessment of a DC electric variable-rate controller for use
on grain drills[ J]. Computers and Electronics in Agriculture,2010,73(1) :56 - 65.



B

BRI A T XU A R B OKGB FE AL i R e i 5 il 153

[6]

[7]

[8]

[11]

(18]

[19]

[22]

SE A SR/ RTINS K S B At AR HURS AR M R A LT ] Aol AR 2R ,2011,27(8) 222 - 226.
YUAN Yanwei, ZHANG Xiaochao, WU Caicong, et al. Precision control system of no-till corn planter[ J]. Transactions of the
CSAE,2011, 27(8) : 222 —226. (in Chinese)
INAAE R, T L5 6T Cortex — M3 (BB A UL IR 2 Rac it S5 [ J/OL]. Rl ALK 2% 42 ,2018,49(8) .
50 - 58.
SUN Yongjia, SHEN Jingxin, DOU Qingqing, et al. Design and test of monitoring system of no-tillage planter based on Cortex —
M3 processor [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(8) :50 - 58. http: // www. j-
csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20180806&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2018.08.006. (in Chinese)
AL ]S, R AR, S U i HEAIE 2R g8 Fe MR PE RE A3 AT 5 IR BR AT ST LT ] R BLAL BT 5T ,2020,42(6) : 104 - 110.
ZHAO Xueguan, HE Yakai, WANG Songlin, et al. Fertilizer filling performance analysis and experimental study of bivariate
fertilizer drainage system[ J]. Journal of Agricultural Mechanization Research, 2020,42(6) :104 —110. (in Chinese)
RS SUHE, X R B TR0 2R G0 8 i O st NS 1R 9 AR BT i [T ] A0l T AR 24,2011 ,27(11) 134 - 139.
GU Yuxue, YUAN Jin, LIU Chengliang. FIS-based method to generate bivariate control parameters regulation sequence for
fertilization[ J]. Transactions of the CSAE,2011,27(11) ;134 —139. (in Chinese)
E o, WA, T8 SF . RFERE & 8 E R L KR O IE R e Bt 5[] Rk TR 2% Hz,2018,34(8) ¢
43 -54.
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. (in Chinese)
XA, S, K. T R LK Bl % A e E 4 ) R e it iR [T/ 0L ] ROl HLA A7 4k , 2019, 50 (15 i) ) 91 - 95.
ZHAO Shuo, ZONG Ze, LIU Gang. Design and test on position fertilization control system based on motor drive[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50( Supp. ) :91 —95. http: / www. jcsam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1 &file_no =2019s015&journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2019. S0. 015.
(in Chinese)
DT, LIRAS 20, 45 ROy SR HEA S HEAE R G0 0 JE A AL B R e I [T ). ARk L2242 ,2020,36(1) -1 - 10.
YANG Qinglu, WANG Qingjie, LI Hongwen, et al. Development of layered fertilizer amount adjustment device of pneumatic
centralized variable fertilizer system[ J]. Transactions of the CSAE, 2020, 36(1): 1 —10. (in Chinese)
FUR, MEH, B, F. REA R EEENOCHEER AR BT SRR 1T]. Rl TR ,2016,32(6) 120 - 26.
QI Xingyuan, ZHOU Zhiyan, YANG Cheng, et al. Design and experiment of key parts of pneumatic variable-rate fertilizer
applicator for rice production[ J]. Transactions of the CSAE, 2016, 32(6) : 20 —26. (in Chinese)
JRISCBEE, 20, 00 45, 45 SYT — 3 B R ) i ORI 7 OEAE ML 1 51038 [ 1/ OL ] Rl HLAK %48 ,2020,51(4) 78 - 86.
ZHOU Wenqi, XIAO Hong, LIU Ziming, et al. Design and test of SYJ —3 deep application-type inclined liquid fertilizer hole
applicator[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(4) :78 - 86. http; // www. jesam.
org/jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20200409 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2020.04.009. (in Chinese)
BALL, 2R B S, E AN, . FORAT A& sl L /OB E E ML Beit 5 aR [ )] . £l TR %4 ,2016,32(24) :26 - 35.
HU Hong, LI Hongwen, WANG Qingjie, et al. Design and experiment of targeted hole-pricking and deep-application fertilizer
applicator between corn rows[ J]. Transactions of the CSAE, 2016, 32(24): 26 —35. (in Chinese)
KARAYEL D. Performance of a modified precision vacuum seeder for no-tillage sowing of maize and soybean[ J]. Soil and
Tillage Research,2009,104:121 —-125.
HOBIE, Zdk, Widde, 55 MR AR Al 42 9 2 43 BF % B @ MR R e B [I/0L ] Ak HLAR 2% 4R, 2013,44(2) .
159 - 164.
TIAN Guangzhao, AN Qiu, JI Changying, et al. Design of multiresolution adaptive speed measurement system for low-speed
intelligent agricultural vehicle[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(2) :159 -
164. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20130230&journal _id = jesam. DOI;
10.6041/j. issn. 1000-1298.2013.02.030. (in Chinese)
o0 A o0, P i LR L Sk D0 Ty s Y Lo B A [0 ] I 42241 ,2002,31(3) ;217 - 221.
HE Haibo, YANG Yuanxi,SUN Zhongmiao. A comparison of several approaches for velocity determination with Beidou[ J]. Acta
Geodaetica et Cartographica Sinica,2002,31(3) :217 —221. (in Chinese)
SRR, RO BRERI. i EOR R RGBT 5 IR B [J/OL] . &l HLAK 4 ,2017,48(2) :51 - 59.
ZHANG Chunling, WU Rong, CHEN Liqging. 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)
HE X,CUI T,ZHANG D, et al. Development of an electric-driven control system for a precision planter based on a closed-loop
PID algorithm[ J]. Computers and Electronics in Agriculture,2017,136. 184 —192.
L, ¥ B, % R HERE R E KA BB AR 5K [T]. Rl P ,2020,51(11) :54 - 63.
HE Yakai, YANG Xuejun, ZHAI Changyuan, et al. Design and experiment of air-assisted layered fertilization machine of
centralized distributing for corn[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51 (11) :54 - 63.
(in Chinese)
IME BOBUR], T, 55 J6 2k B sl 3y s i Lb B AT LT ] S E S22 4R, 2017, 5(1) : 81 -85,99.
SUN Wei, DUAN Shunli, DING Wei, et al. Comparative analysis on velocity determination by Beidou single point[ J]. Journal
of Navigation and Positioning,2017,5(1) : 81 —85,99. (in Chinese)



