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Optimal Design and Experiment of Variable Topdressing Control System
for Corn Based on Spectral Information

ZHAO Xueguan'®> WANG Xiu'® HE Yakai'? DOU Hanjie'> ZHAI Changyuan'*
(1. Beijing Research Center of Intelligent Equipment for Agriculture, Betjing 100097, China
2. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China)

Abstract; The technology of variable topdressing based on canopy spectral reflectance information is an
effective way to realize the scientific and reasonable application of nitrogen fertilizer. In order to improve
the precision of spectrum information and topdressing control system, the arrangement of spectrum sensor
and the optimization of system control method were carried out. Finally, the field experiment of
topdressing was carried out. The comparison test of upright mode and distributed arrangement mode
showed that the distributed arrangement of spectrum sensor was better than that of upright mode. The
average value of NDVI was increased by 6.4% , and the variance was reduced by 0.038. NDVI
acquisition data was filtered by sliding window mean filtering algorithm. The sliding window size was 15
and the mean square error was 0. 007 9. The system response test showed that the average response time
of the system was 1.5 s, the absolute value of the average steady-state error was 0. 775 r/min, and the
average overshoot was 10. 6% . The system had a high control accuracy in the range of working speed of
fertilizer wheel. The results of field fertilization control showed that the average relative error between
theoretical rotation speed and monitoring rotation speed was 3.35% , which could achieve the goal of
precision fertilization.
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Fig. 1 Composition of corn variable topdressing control

system based on canopy spectral reflectance
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Fig.4 Different arrangement of spectrum sensor
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Fig.5 Flow chart of fertilizer discharge speed control
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Fig. 14 Field test of corn topdressing
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Tab.3 Comparison between theoretical speed and actual speed under load

sk NDVI 3} 0. 56 NDVI 3}y 0. 46 NDVI 3}y 0. 34 NDVI 3}y 0. 24 P
" ~ ~ ; \ : i
(ks ])iﬁi’e* B/ W FARHR 2 B WIS/ MIxHRZE BeFed WA 3/ xR 2s BRFEE/ Wi/ AxtiR 2 Yyl o
h~ 2JMH/ %0
" (r'min™") (r-min™") Z8XHME (remin™') (remin”') ZGXME (reminT') (remin ') ZXME (remin ') (reminT')  ZaXHE
3.6 10.2 10. 4 0.2 12.3 12.5 0.2 14.2 14.5 0.3 16.2 16.6 0.4 2.0
5.2 15.0 15.7 0.7 17.5 16.9 0.6 19.0 18.4 0.6 24.0 23.1 0.9 3.6
6.4 18.1 17.4 0.7 21.4 20.6 0.8 25.1 25.9 0.8 28.6 29.8 1.2 3.8
7.9 22.4 21.6 0.8 26.7 27.7 1.0 30.7 29.4 1.3 35.0 36.5 1.5 4.0
3 & TP U8 e 12 %o AR MBI NDVT B 418 3 47 08 I8, 1 3l
ik

(1) Beit 72T 685 B Ay 5K 22 138 S 42 4
RGP T OGS R AR (5 B R i Tr 58 e XL
) A A HR JE A2 1 7 3% o

(2) e A 8 5 A0 ik g R W], 5 %47 50
i .75 AR L, 73 A 2 A E J7 X NDVI 8 F 3 32
w5 06.4% ,J5 25K 17 0. 038, KM S 1

3K 15, NDVI SR A58 77 2% 55 0. 007 9,

(3) ZR G e by i P a3 6 Y, R 49 1 1 349 o 7
BE R 15 s, PR S IR Z 45X 4 0. 775 v/ min, -
BfE e & 10. 2% , 2 G016 HE L 56 T A % 3V Bl
FLA A A TR B o P )t S 4 T RIOR P 3
B 2 WY, HENE 5 A 208 5% 1055 W 0 2 S 1Y) T 349 R ke
RN 3.35%

2 £ x #
(1] BB, 58, XU W 5 i ALK 8 Y 5 Ao i A 42 1) 2R 8 i 5 3086 [ 170 ] AL BUAR 2% 41,2019, 50 (4 7)) :91 - 95,114,



44

& BLOW o R 20204

[5]

(6]

[7]

[12]

[13]

[14]

[20]

[21]

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 —95,114. http: / www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? file _no = 2019s015&flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2019. S0. 015. (in
Chinese)
HABOUDANEA D, MILLERA J R, PATTEY E, et al. Hyperspectral vegetation indices and novel algorithms for predicting
green LAT of crop canopies: modeling and validation in the context of precision agriculture[ J]. Remote Sensing of Environment,
2004,90(3) :337 —352.
ZHAO D H, LI J L, QI J G. Identification of red and NIR spectral regions and vegetative indices for discrimination of cotton
nitrogen stress and growth stage[ J]. Computers and Electronics in Agriculture,2005,48(2) ;155 - 169.
R, W X2, 4. AR T 2 AT B R B Y HP I RO Rl R B A AR R TS [T ] ROl AR AR 4R, 2005, 21
(4):85-90.
YAN Huimin, CAO Mingkui, LIU Jiyuan, et al. Characterizing spatial patterns of multiple cropping system in China frommulti-
temporal remote sensing images [ J]. Transactions of the CSAE, 2005, 21(4) : 85 -90. (in Chinese)
BRAPH, RAGPS, ESR, SRR T 0 A S B AT A [T] . E BRI A4 ,2016,36 (1) 299 -306.
YIN Shoujing, WU Chuanqing, WANG Chen, et al. Remote sensing assessment of ecological health of the riparian buffer along
Huaihe River[ J]. China Environmental Science,2016,36(1) ;299 —306. (in Chinese)
TEIR, S8, 5K/ 5. RS AN R AR R A e E e B[] ARl ML 4 ,2008,39(4) 1108 ~ 111,
QIAO Xin,MA Xu, ZHANG Xiaochao, et al. Response of coronary spectrum on chlorophyll and K information of soy [ J].
Transactions of the Chinese Society for Agricultural Machinery,2008,39(4) . 108 —111. (in Chinese)
ERE, wiE, EF2. TR SR ERNAEPIE RS EE BT[] 4ol TFE24 4 ,2008, 24(5) ;152 - 155,
WANG Fumin, HUANG Jingfeng, WANG Xiuzhen. Modification of vegetation indices based on rice background characteristics
[J]. Transactions of the CSAE, 2008,24(5) :152 - 155. (iin Chinese)
XUE Lihong, YIN Shengming, YANG Miao, et al. Preparation of V-doped Ti O_2 photocatalysts by the solution combustion
method and their visibl light photocatalysis activities [ J]. Journal of Wuhan University of Technology ( Materials Science
Edition) , 2014, 29(5) . 863 - 868.
KITCHEN N R, SUDDUTH K A, DRUMMOND S T, et al. Ground-based canopy reflectance sensing for variable-rate nitrogen
corn fertilization[ J]. Agronomy Journal, 2010, 102(1) .71 -78.
PR RBUE , R4 ARG AC ) 2R 48 PID 4556 Sems [ T]. RV AL, 2010,41(7) 1157 - 162.
LIANG Chunying, YI Shujuan, WANG Xi, et al. PID control strategy of the variable rate fertilization control system [ J].
Transactions of the Chinese Society for Agricultural Machinery,2010,41(7) ;157 - 162. (iin Chinese)
Wrilhi , &, 5/ T, % 2 T RBUH PID B & /) 22 248 1 3B B0 Ak 4% 1l R e it 5k 5 [ J/OL ] Rl AL B~ 41z, 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)
LA, L, R AR, S XU S HE RS R 8 SE AL PERE A0 AT S5 I BR AT 5T LT ] RALIL BT 5 ,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)
R, FUHE, XK. BTN 2 G000 T B A 00U s it AT 1 ) P 9 A i v [T ] Aol R4 ,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)
AR SR, B 4F. BE T CPLD BB BHE LRI RGIT R SMMT]. Ak TR2A4R, 2010, 26(8) : 200 -204.
ZHANG Shuhui, QI Jiangtao, LIAO Zongjian, et al. Research and application of control system for variable rate fertilizer
applicator based on CPLD[J]. Transactions of the CSAE,2010, 26(8) : 200 —204. (in Chinese)
BETVAE L RN, RAE S R GEHHEFIEIE U MEE L S RS T ] R TR, 2011, 27(8) : 222 -226.
YUAN Yanwei,ZHANG Xiaochao, WU Caicong, et al. Precision control system of no-tillage corn planter[ J]. Transactions of
the CSAE,2011, 27(8): 222 —=226. (in Chinese)
BALL, ZRUESC, ERRA, 5. B ORATIRNE s AL 7OR M B EHL T Sl [ T]. AR0lk 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(1) .121 —125.
mSFER B0 EE. BE T ARG 20 50 PID 50 0 S0 & e LA PR s AR O Ak et (1] ik A 94k ,2010,32(5) :20 - 22.
XIANG Shoubing, ZHANG Wengui. Optimization design of the speed regulator of the diesel generator based on integral
separation PID algorithms[ J]. Manufacturing Automation,2010,32(5) :20 —22. (in Chinese)
LA, FR T B Ay R AR, A EOKE [ Fh AR SR D SRR ST BIE N PID 45 [J/O0L]. gl LB % 4, 2015 ,46
(3):90 -96.
ZHAO Xueguan, XU Liming, HE Shaolin, et al. Constant tension winding system of corn directional belt making machine
based on self-adaptive fuzzy-PID control[ [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015, 46
(3):90 -96. http: // www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? flag = 1&file_no = 20150313 &journal _id =
jesam. DOI:10.6041/j. issn. 1000-1298.2015.03.013. (in Chinese)
AL, XN, B, 4. JC R B L HURORT B 3 R RGeS LT ] BB, 2020,53 (1) 272 - 78.
ZHAO Hong,ZHAO Derun,LUO Peng. Research on fuzzy adaptive control system of brushless DC motor[ J]. Micromotors,
2020,53(1):72 —78. (in Chinese)
B, R, e SR TR BE PID (Y B AR MLEE ) SR H A [T ] 2040 $0K ,2020,42(3) 218 -222.
LUO Na, ZHU Jiang, LI Yan. Simulation of DC motor control algorithm based on intelligent PID[ J]. Infrared Technology,
2020,42(3) ;218 —222. (iin Chinese)
ft, s, XIRHE. JETHUE PID 53k Jom) B e L s R AT 5 (0], A Sk 50 XEE, 2018(3) : 35 -37.
MA Yan, HAN Jia, LIU Xiaoyan. Research on speed control of brushless DC motor based on fuzzy PID algorithm [ J].
Automation and Instrumentation, 2018 (3) : 35 —37. (iin Chinese)



