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Seed Location Prediction Method of Maize High-height Precision Planting
Based on Satellite Positioning

YAN Bingxin FU Weigiang WU Guangwei XIAO Yuejin MENG Zhijun
( Betjing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China)

Abstract; In order to meet the needs of precision agriculture for crop location information, achieve
accurate plant position of crops, and solve the problem of low resource utilization rate and high operation
cost caused by repeated identification and positioning of plants in each part of field management, a seed
location method at planting process was proposed. Seed position, which was regarded as plant location,
was mapped and saved during planting process, and it could be shared and used in the follow-up field
management links. This method was based on a seeder equipped with a satellite receiver and four seed
quality detection sensors. Seeder was mounted with an automatic navigation tractor. Tractor and seeder
were hinge joint, relative positions changing during the operation, thus, satellite receiver was installed on
seeder frame girder instead of tractor cab roof. Real-time kinematic ( RTK) receiver collected satellite
observation data from satellite antenna and fixed base station data from radio antenna at a frequency of
10 Hz, and formed differential data in system for real-time analytical processing, to achieve accurate
acquisition of information such as the position of seeding unit and coordinated universal time ( UTC).
Seed quality detection sensors were triggered when seed passed through seeds tube, and signal acquisition
circuit recorded trigger time and row number at the same time, then transmitted the information to main
controller. Seed touched ditch time was determined in combination with UTC time, trigger time and time
difference. Position of seeding unit at seed touched ditch time was determined by using equal velocity
interpolation method. A mathematic model of seeding unit and planter monomer relative position was
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established based on spatial location of the seeder, planter monomer position could be extrapolated by this
model. Combining with E-discrete element method ( EDEM ) numerical simulation and dynamic
simulation, time and distance difference compensation model was established, seeds localization could be
predicted. The operation quality of the seed location method was evaluated for the operation speed (3 km/h,
5 km/h and 7 km/h) , sowing spacing(0.2 m,0.3 m and 0.4 m) and GPS frequency (1 Hz,5 Hz and
10 Hz) by deviation of implantation position (D,,) and accuracy of implantation position (A, ). Field
trails results showed that operation speed and GPS frequency significantly affected D,, (p <0.01) , sowing
spacing affected D, (p <0.05) ; operation speed affected A,,(p <0.05) , while sowing spacing and GPS
frequency had no significant effect on A,,(p >0.05). With the decrease of operation speed, the increase
of sowing spacing and GPS frequency, the D, was decreased. With the decrease of operation speed, the
A, was increased. At the operation speed of 3 km/h, sowing spacing of 0.4 m and GPS frequency of
10 Hz, the system gave the best D, and A;, of 24.3 mm and 88.9% , respectively. This method can
provide theoretical reference for synchronous generation of seed map in seeding process, provide position
information support for each link of field management in crop growth process, such as precise weeding,
top dressing and application, and provide technical and data support for digital and intelligent precision
operations.

Key words: maize; high-height precision planting; satellite positioning; EDEM simulation; seed
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Tab.1 Test parameters of simulation tests

Heph KFTrE BRI

S (N2 05 A - 2

B9 (meh-')  BEEE/m s WLEEE/ WIEE/

Hz (m-s™") (m-s™")
1 3 0.2 4.17 0. 066 0.816
2 3 0.3 2.78 0. 044 0. 822
3 3 0.4 2.08 0.033 0. 825
4 5 0.2 6.94 0.109 1. 360
5 5 0.3 4.63 0.073 1. 369
6 5 0.4 3.47 0. 055 1.374
7 7 0.2 9.72 0.153 1.903
8 7 0.3 6.48 0.102 1.917
9 7 0.4 4.86 0.076 1.924

BRI 10 5% 30 BLAP T A, A As, KR
Pt , I XTEAE AT 0T, F BAE RN 2 iR,

®2 HEER

Tab.2 Results of simulation

R As,/mm Ag, /s
A W b2 M s
1 104.6 17.6 0.1512  0.0143
2 104.6 12.4 0.1463  0.0079
3 104. 1 11.4 0.1483  0.0113
4 103.0 14.4 0.1468  0.0138
5 102. 1 14.1 0.1497  0.0150
6 105.7 17.3 0.1455  0.0102
7 106. 5 12.2 0.1458  0.0145
8 101. 1 16.7 0.1451  0.0092
9 108. 8 19.8 0.1471  0.0141
Ty 104.5 15.1 0.1473  0.0123
A WE  0.611 0. 464
FREE  0.240 0. 856
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Tab.4 Test scheme and results
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