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Precision Fertilization Control System Research for Solid Fertilizers
Based on Incremental PID Control Algorithm

ZHANG Jicheng' YAN Shichao' JI Wenyi® ZHU Baoguo® ZHENG Ping'
(1. College of Electrical and Information, Northeast Agricultural University, Harbin 150030, China
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China
3. Jiamusi Branch of Heilongjiang Academy of Agricultural Sciences, Jiamusi 154007, China)

Abstract: Aiming to realize the real-time automatic proportioning of various solid fertilizers in the process
of variable rate fertilization and improve the accuracy of the fertilization control system, a variable solid-
fertilizer closed-loop fertilization control system and corresponding fertilizer apparatus based on the
prescription map was designed for nitrogen (N) , phosphorus (P) and potassium (K) fertilizers by using
increment PID control algorithm. The system mainly included master-slave controllers, prescription map,
Beidou positioning module, speed measuring module, human-machinery interface, electric fertilization
motors and fertilization monitoring modules. The function of master controller was as follows: receiving
the instructions from human-machinery interface, positioning data acquiring from Beidou module,
measuring vehicle speed by Hall sensor module, reading theoretical fertilization amount from prescription
map, monitoring the working status of electric fertilization motors, and sending the fertilization
instructions to slave controller. Human-machinery interface was used to set or read the operation
parameters between master controller and mobile APP. The slave controller received and delivered
fertilization motors instructions. According to the fact that small and medium-sized seeders were widely

used in field production in China, the laboratory experiments were carried out with the speeds of
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fertilization applicator setting in the range of 3.5 km/h to 6.5 km/h, and the maximum and the mean

response time of the control system was obtained of 1.85 s and 1.45 s, respectively. When the
fertilization rates were set as 50 kg/hm’, 100 kg/hm®, 200 kg/hm* and 300 kg/hm® at vehicle speeds of
4 km/h, 5 km/h, and 6 km/h, the accuracy of control and monitoring were more than 97.16% and

98.56% , respectively. In the field experiment in Donghai Village, Shuangcheng District, Harbin,

China, with vehicle speeds of 4 km/h, 5 km/h, 6 km/h, the application accuracy of urea, diammonium

phosphate and potassium chloride based on a soil prescription map were more than 97.22% , 98. 60%

and 97.73% ,

respectively, which met the requirement of precision fertilization system.

Key words: variable rate fertilization; fertilization control system; human-machinery interface APP;

incremental PID control algorithm
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Fig. 1  Structural diagram of control system
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Fig.2  Structural diagram of control system
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Fig.3 Close-loop control system of fertilization system
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Tab.1 Soil testing and recommendation fertilizer

amount kg/hm’
PR IR HE ks
R% R 4% T R 41
1 40 140 70
2 30 142 84
3 35 137 86
4 25 160 85
5 31 160 88
6 30 158 70
7 31 165 87
8 30 162 87
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Tab.2 Experiment results of accuracy of fertilization

BEE A7k SRR MR MRWHEAE w
it A £/ b9z i/ R/ it/ T
(kg+hm™2) (km-h™') (kg-hm=2) %  (kg-hm™2) #*/%
4 51.42  97.16  50.68  98.56

50 5 51.49  97.02  51.03  99.11

6 51.45  97.10  50.88  98.89

4 102.11  97.89  100.09  98.02

100 5 102.19  97.81  101.89  99.71

6 102.21  97.79  101.82  99.62

4 202.14  98.93  200.27  99.07

200 5 203.78  98.11  200.85  98.56

6 202.75  98.63  200.89  99.08

4 304.19  98.60  301.93  99.26

300 5 305.56  98.15  302.42  98.97

6 305.91  98.03  302.12  98.76
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Tab.3 Experimental results of positioning module

T, BKER, B/NER/ CPERER, BRE/
(km-h~") m m m m
4 5.20 4.85 5.10 0.10
5 5.24 4.84 5.12 0.12
6 5.25 4.80 5.15 0.15
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Tab.4 Speed test of Hall sensor

PR B/ (kmeh ") W B B/ (kmeh 1) %/ %
3.6 3.64 98. 89
4.1 4.15 98.78
4.5 4.59 98. 00
5.1 5.02 98.42
5.6 5.71 98. 04
6.0 5.92 98. 67
6.5 6.43 98.92

ARl A PR B TR B R R BT e S v AR R )
k%) 97.22% ,98.80% F197.73% (£ 5), £HFR
GeAE R B AR BRI AT RE £ 45 R 1) HEIE 4 v Al 5%
3 AR T bt IS AL AT o TR, A A ] e A
1l 28 G W 1O B 8] T it A AL B AT 2R B 0, S Bk
JIE il R A A
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Tab.5 Field experiment results of control system

o A P e
(Fpiifid v - ; ;
k1) B {H/ e/ HEAf %/ B H/ I fE/ iR B fE/ e iR
" (kg+hm %) (kg-hm?) % (kg-hm %)  (kg-hm?) % (kg-hm %) (kg-hm?) %
4 19 19.3 98. 42 159 160. 8 98. 87 89 90.5 98.31
5 18 18.3 98.33 158 159.8 98. 86 88 89.6 98. 18
6 18 18.5 97.22 158 159.9 98. 80 84 85.9 97.73
3 &E@p il 28 GE drg K WE) LIS ] 1. 85 s, - 27 Wi iz 1 ] 1. 45 s 5
=A

(1) >R Fil 3 2 50 PID A 3R 4% 1 550905 it T —Fh
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e IR AR B A HILAZ ELAE B i 45 HL AL A e HE
I SEEL TR B VB3 R ORI R A 3
PR TAC L A0 S RS B o

(2) 1552 56 2 B — JE R HE AL BU 56 v, 44056 A
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