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Design and experiment of sowing control system for rice direct
seeder based on PID algorithm

ZHAO Tiancai', YU Hongfeng', HAO Xiangze’, HE Li’nan', HE Ruiyin', LI Xun', DOU Xianglin'
(1 College of Engineering/Jiangsu Key Laboratory for Intelligent Agricultural Equipment, Nanjing Agricultural
University, Nanjing 210031, China; 2 Suzhou Xiangcheng District Agricultural Bureau, Suzhou 215100, China)

Abstract: [Objective] In order to solve the problem of the missed sowing and the uniform adjustment for
sowing amount by the driven wheel existing in traditional mechanical rice direct seeder, and realize automatic
and precise adjustment to the sowing amount of rice direct seeder. [Method] A traditional mechanical rice
direct seeder, commonly used in the Southern Jiangsu area, was modified by incorporating an automatic seeding
control system based on the PID speed control algorithm. During sowing, the working speed of implement was
obtained by the designed speedometer. The theoretical rotational speed of sorting shaft was obtained according
to sowing control strategy combining the set target sowing amount with the operational speed. The measured
feedback speed of seeding axis closed the control loop of the DC motor using a PID speed regulation algorithm
and an encoder, which could be adjusted on-line to achieve accurate seeding. [Result] The speed adjustment

time of seeding motor without load was less than 0.63 s and the maximum overshoot was 8.21%. The longest
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time for the motors to be recharged was 0.32 s when a load of 12.5 N-m was applied to the device. For the target

sowing amount, the maximum value of speed control error was less than 7.21%, speed error was less than

5.21%, and sowing amount error in field was less than 4.92%. When field speed of vehicle varied in step, the

seeding speed responded in time and the vehicle had a higher seeding synchronization. The seeding adjustment

performance was significantly improved using the automatic release meter compared with the conventional

direct seeder. [Conclusion] The automation transformation of this system is easy, which focuses on

improving the adjustment mechanism of sowing amount, improves the sowing performance of traditional seeder,

and has a high adaptability to traditional rice direct seeder machine.

Key words: rice direct seeding machine; PID algorithm; control system; automatic regulation; sowing

quantity; precision agriculture
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Fig. 1 Schematic diagram of control principle
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Fig.3 Hardware structure diagram of control system
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Fig. 4 The circuit diagram of control system
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Table 1 The experimental data of no-load response

Fed/(rmin)  EIEE% RS B A
Speed Overshoot Peak time  Adjusted time
20 7.66 0.24 0.38
30 8.02 0.29 0.54
40 8.21 0.33 0.63
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Table 2 Soil condition in field

THEE /eom  FHE/(gem)  HIKEW)% B5LE/MPa
Soil depth Density Water content  Firmness
0~5 1.32 23.41 0.43
5~10 1.45 20.26 0.86
10~15 1.53 18.96 1.23
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Table 3 Control accuracy of speed and seeding amount in field under different target seeding amounts

i (gm™) HULZE i/ (mos ™) SRR E1% LR IE % R E%
Seeding amount Vehicle speed Max. speed error Average speed error Seeding amount error
7.50 0.8 6.73 4.67 3.86
1.2 4.96 3.62 391
1.6 4.13 2.74 3.66
11.25 0.8 6.59 4.92 3.25
1.2 5.81 3.83 2.76
1.6 5.34 2.32 2.12
15.00 721 521 3.96 721
5.68 3.54 2.52 5.68
4.08 1.63 1.04 4.08
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Fig. 12 Synchronization follow map of seeding speed
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