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ABSTRACT

Aiming at the problem that the existing planters cannot accurately maintain the seeding spacing and row
spacing in the field, the high-speed photography technology is used to analyze the seeding trajectory, so as to
determine the key factors affecting the seeding position. First, a dynamic compensation system for maize
seeding position based on fuzzy PID control was designed. In the dynamic compensation system, the biaxial
angle sensor was used to detect the angle of seeding monomer, and the space rotation theory was used to
calculate the offset of the seeding position. Then, the dynamic compensation of seeding position was
completed by the fuzzy PID control servo electric push rod, and the response time of fuzzy PID control system
was 0.035 s. When the seed spacing of maize was 30 cm, the conveyor speed was 1.67 m/s and the seed
tray speed was 30 r/min. Finally, the bench test was carried out under the conditions of random disturbance
signal, sinusoidal wave disturbance signal and random disturbance signal plus sinusoidal wave disturbance
signal. The results showed that compared without dynamic compensation, the variation coefficient of the
longitudinal grain spacing and the transverse grain spacing decreased by an average of 6.94 % and 9.16 %,
respectively. In this way, this study can provide a reference for improving the stability of seeding row spacing
and plant spacing.
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INTRODUCTION

According to the requirements of modern agronomy, the precise positioning seeding of maize is a
technology in which the maize seeds are planted in the soil at fixed points and quantitatively seeded according
to the precise row spacing, plant spacing and sowing depth.
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Compared with precise seeding, the position of maize seeds in the soil was emphasized (Ji et al., 2021;
Poncet et al., 2018; Huang et al., 2016). The value of precise positioning and seeding lies not only in saving
seeds and reducing costs, but also in improving the quality of seeding, making seedlings orderly, improving
the utilization rate of light energy and soil power, and providing highly consistent operating objects for the mid-
term management and harvesting, to effectively improve the yield per unit area (Liu et al., 2017; Huang, 2015;
Liu, 2013).

In the actual planting, affected by the factors such as uneven ground and stubble cover, the single seed
row is easy to tilt and shift. This is easy to change the seed row spacing and plant spacing, reduce the sowing
quality, and affect the yield per unit area of maize (Wiggans 1939; Joseph and Mike, 2014; Moore1991). As
such, the United States Precision Planting Company optimized the structure of the finger-clamp seed metering
device to make the seeds are always in the center of the seed guide belt. At the same time, a buffer pad is set
at the entrance to reduce the collision and rebound in the seed metering device, as well as the changes of
plant spacing and row spacing (Precision 2016). Precision Planting, an American company, created a belt
seeding device called Speed Tube. It uses a pair of seeding wheels with opposite directions to pull seeds into
separate compartments on the conveyor belt. As the belt moves down to the bottom, it drops into the seed bed
at a lower height. In the whole process, the seed metering device provides a uniform flow of seeds, and the
seed turntable transports the seeds to the conveyor belt for segmentation. The rotation speed of the conveyor
belt controls the seed spacing (Yang et al., 2015; Chen et al., 2018).

The Swedish Vaderstad company matched a pressurized seed metering device for the high-speed
planter, which uses pneumatic projection technology to control the trajectory of planting to achieve precise
planting. This dropping method can reduce the collision between the seed and the seed metering tube, and
improve the accuracy of seed dropping. Yazgi, (2016), analyzed the effect of different shapes of seeding tubes
on seed spacing uniformity, and found that the seed spacing uniformity of the best and worst seeding tubes
was 85.6% and 67.2%, respectively. (Zhao et al., 2018). In the suppression, the magnitude of the ballast
pressure needs to be carefully considered. If the ballast pressure is too high, the seeds may be directly pressed
into the soil, hardening the soil layer, which is not conducive to the development of seeds; on the contrary, the
seeds will not be pressed (Sivarajan et al., 2018). Bahauddin Zakariya University (Ahmad et al., 2021) studied
the influence of the bed pneumatic corn planter at three tillage levels and four sowing operation speeds. The
results showed that the bed pneumatic corn planter can accurately sow within the error range.

Karimi et al., (2019), designed a new seeder monitoring system based on the infrared sensor. He sensed
the seed flow through the infrared sensor, measured the ground speed through the hall sensor, and calculated
the actual sowing rate according to the sowing rate per unit area. Xie et al. (2021) designed a method for
seeding parameter monitoring based on a laser sensor. In a dusty environment, the monitoring accuracy of
the laser sensor was higher than that of the photoelectric sensor, and the seeding parameters were more
accurate. At the speed of 5, 6, 7, 8 and 9 km/h, the average error of each monitoring parameter of the laser
sensor was less than 0.5%. The test showed that the laser sensor was more reliable than the photoelectric
sensor. Yin, (2014), discussed the seeding monitoring, fertilization monitoring and bellows pressure monitoring,
and designed an intelligent monitoring system. Compared with previous monitoring systems, this system
mainly adopts modular, high-sensitivity sensors and wireless transmission technology, which is easy to
maintain and has high reliability.

In the previous studies, the structure of seed metering device and seed metering tube was usually
optimized or monitored to maintain good plant spacing and row spacing. However, in a complex field
environment, uneven ground often caused great changes in the outlet of the seed metering tube, resulting in
poor consistency of plant spacing and row spacing (Xia et al., 2011).

Through the study of the sowing trajectory, the main factors affecting the seeding position were analyzed,
and a dynamic compensation system for maize seeding position based on fuzzy PID control was designed. In
the system, a biaxial tilt sensor was used to measure the dip angle of the seeding unit, and the offset of the
seeding position was calculated by the space rotation theory. Then the position of the seeding tube was
adjusted through the fuzzy PID control servo electric push rod. The dynamic compensation of the seeding
position was completed and the stability of plant spacing and row spacing was maintained.

MATERIALS AND METHODS

According to the actual working conditions in the field, the main factors that affect the seed dropping
position are the speed of the seed metering device, the position of the seeding tube and the inclination angle
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of the metering device. In this paper, the influence of these three factors on seed dropping position was
analyzed experimentally.

The corn seed variety used in the experiment was Zhengdan958, with a mass of 304.26 g per thousand
grains and an average density of 1.10 g/cm3. The average geometric size was 11.06x8.38x4.03 (mm, length
x width x thickness), and the average water content of 100 seeds was 11.2%~13.1%.

The seeding experiment was completed with a high-speed photographic system and a seeding
performance test bed. Through the seeding performance test bench, the rotation speed of the seed meter, the
position of the seeding tube and the inclination angle of the seed meter were changed. The seed trajectory of
the seed from the outlet of the seeding tube to the conveyor belt was collected through high-speed photography,
and the falling motion law of the seed was analyzed.

High-speed camera system includes the Phantom high-speed camera, fill light and computer. The
equipment parameters are shown in Table 1.

Table 1
Equipment parameters required for the test
Equipment Type Parameter Value Manufacturer
) Resolution/px 1920x1200
High speed camera Phantom M110 - - VRI, Inc
Maximum shooting speed/FPS 1800
Fill light PhantomM110 Output power /W 100 VRI, Inc
Hard disk capacity /T 1
Computer FX506 Asus
Run memory /G 8

During the test, the position of the seed drainer and the flexible seed drain pipe were fixed. Through the
control software of the seeding performance test bench, the speed of the seed meter, the position of the seed
tube and the tilt angle of the seed meter were adjusted. After entering a stable seeding stage, a high-speed
camera was used to record the falling process of seeds, as shown in Figure 1. Hydraulic oil was applied on
the conveyor belt of seed bed to prevent the seed from bouncing due to the excessive landing speed.

Fig. 1 - Composition of seeding test system
1. Seed metering device; 2. Dynamic compensation mechanism; 3. Computer;
4. Seeding tube; 5. Conveyor belt; 6. High-speed camera 7. Fill light;

In the experiment, the point projected on the conveyor belt in the vertical position of the seed tube and
the outlet of the seed metering device was taken as the origin O. The movement direction of the conveyor belt
was set as the positive x-axis (longitudinal) to determine the positive y-axis (lateral) according to Descartes’
right-hand rule.

After the high-speed photography was completed, the measurement function of Phantom software
system was used to track the movement track of maize seeds in the video, and the seed falling track was
analyzed. The test results refer to GB/T 6973-2005 "Single (precision) seeder test method", and the
longitudinal grain distance coefficient of variation (x-axis) and transverse grain distance coefficient of variation
(y-axis) were examined.

According to the above analysis, there are two main reasons for the deviation of seed dropping position:
One is that the speed of the seed metering device changes drastically and the other is that the position of the
seeding tube and the inclination angle of the seed metering device change simultaneously. When working in
the field, the rotation speed of the seed metering device is basically unchanged.
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Therefore, the dynamic compensation system for the seeding position designed in this paper is mainly
to reduce the influence of the planting position change on the plant spacing and row spacing caused by the
simultaneous change of the inclination angle of the seed metering device and the position of the seeding tube.

e CALCULATE THE OFFSET OF PLANTING POSITION

During the field sowing, the unevenness of the ground caused the monomer to tilt to change the sowing
position. In this paper, the biaxial tilt sensor is used to detect the tilt change of the seeding monomer, and the
motion of compensation mechanism is linear in x and y directions. Therefore, it is necessary to convert the
change of the inclination angle of the seed metering device into the linear offset of the outlet of seeding tube.

The controlling property of the seeding position in three-dimensional space is that the rotation of the
plane of the two-dimensional coordinate system rotates around a fixed axis. Therefore, in order to analyze the
rotation law of the planting position in three-dimensional space coordinates, a three-dimensional space
coordinate system of the planting position is established, as shown in Figure2.

P(x,y,z)

y

Fig. 2 - Three-dimensional spatial coordinate rotation map
Note: P is the initial position of the seed metering tube, and P ’is the position of the seeding tube after rotation

The rotation of points in three-dimensional space can be regarded as the rotation of points in two-
dimensional space (xOy, xOz, yOz) around the axis (x axis, y axis, and z axis). During the rotation of plane xOy
around the z-axis, the coordinate value z of point P remained unchanged. Similarly, the coordinate value on
the x-axis remained unchanged when the point P rotated around the x-axis. The coordinate value on the y-
axis remained unchanged when the point P rotated around the y-axis. According to the above analysis, point
P rotates counterclockwise around the x axis, the rotation matrix obtained when the rotation angle «a is:

1 0 0
R =0 cosa Ssina (1)

[24

0 -sina cosa

Point P rotates counterclockwise around the y-axis, and the rotation matrix obtained by the rotation
angle fis:

cosg 0 —sing
R,=| 0 1 0 )
sing 0 cosp

Point P rotates counterclockwise around the z-axis, and the rotation matrix obtained by the rotation
angle g is:
cosy —siny 0
R, =|siny cosy O (3)
0 0 1

Therefore, in Figure 2, point P (x, y, z) rotates through the x, y, and z axes in turn to obtain point P (x’y "’z ).
The coordinate relationship between point P and P’is:
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[x'y'z']T =R,R,R, [xyz]T (4)
Denote the above formula R,R,R as R=R,R,R , and define R as the spatial rotation matrix of point P,
then:
1 0 0 cosfp 0 —sing)(cosy —siny O
R=|0 cosa sina 0 1 0 siny cosy O (5)
0 -sina cosa)lsing 0 cosp 0 0 1
Simplified:

cosfcosy —cosgsinasin f—cosasiny —Ccosa cosysin f+sinasiny
R=| cosfsiny cosacosy—sinasinfgsiny —cosysSina —cosa sin gsiny (6)
sin g cos Asina CoSa cos 3

P'=PR -
X+y?+z?=r?

The compensation quantity on the Ax and Ay axis is:

Ax =(cos f—-1)x—sinasin gy
Ay = (cosa —1)y

The distance from O to Pisr:

(8)

According to the above analysis, when controlling the position of the seeding tube, the position
coordinates of the seeding tube in the plane is defined. Through the spatial rotation theory, the offset of the
position of the seed discharge tube on the x and y planes are obtained. The displacement compensation of x
and y axes in the plane can be realized through the servo electric push rod.

e COMPOSITION AND WORKING PRINCIPLE OF DYNAMIC COMPENSATION SYSTEM

The dynamic compensation system mainly consists of a six-degree-of-freedom platform, a seeding
monomer, a dynamic compensation mechanism, a biaxial tilt sensor and an industrial control computer. The
industrial computer uses RS232 to load the excitation signal to the six-degree-of-freedom platform to simulate
the position and posture changes of the seeding monomer in field operations. The dual-axis inclination sensor
collects the inclination data of the seeding monomer and transmits it to the industrial computer through the
CAN bus for processing and analysis. A dynamic compensation mechanism is installed on the seeding
monomer, and the dynamic compensation mechanism completes dynamic compensation through servo
electric push rod and linear displacement sensor. The compensation range of the system was -5 ~ 5 cm.

When the 6DOF platform receives the loaded analog signal through RS232, the field working state was
simulated according to the preset waveform. The seed opening of the seeding tube begins to offset the ideal
seeding position, and the biaxial tilt sensor detects the deviation angle change of seeding monomer x and y
axis, which is then transmitted to the control system through the CAN bus. The control system adopts the fuzzy
PID control servo electric push rod to push the seed row pipe compensation, and the push rod displacement
sensor detects whether the seeding tube reaches the predetermined position until the dynamic compensation
of the seeding position is completed.

The dynamic compensation mechanism is composed of four parts: the main frame of supplementary
seed, the longitudinal compensation unit, the transverse compensation unit and seeding end unit. The vertical
and horizontal two-way movement is free superposition without any interference and can operate freely at the
same time.

The longitudinal compensation unit by the longitudinal slider, longitudinal guide rails, longitudinal servo
electric putter, longitudinal linear displacement sensor and longitudinal slide frame. When the longitudinal servo
electric putter stretches or shrinks, the longitudinal slider sliding on the longitudinal guide rail drives the
longitudinal slide frame to realize synchronous action. At the same time, the longitudinal linear displacement
sensor is lengthened or shortened to realize position measurement.

As shown in Figure 3, the structure of the transverse compensation unit and the longitudinal
compensation unit is the same as the motion mode.
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Fig. 3- Structure of dynamic compensation mechanism
1. Transverse slide frame; 2. Seed metering tube support; 3. Seed metering tube; 4. Transverse slider;
5. Longitudinal slider; 6. Compensation main frame; 7. Longitudinal guide rail; 8. Longitudinal servo electric push rod;
9. Longitudinal linear displacement sensor; 10. Transverse guide rail; 11. Longitudinal sliding frame;
12. Lateral servo electric push rod; 13. Transverse linear displacement sensor

FUZZY PID CONTROL

The seeding position compensation system is mainly composed of 2 servo electric push rods to realize
offset compensation. The servo electric push rod is driven by servo motor (Panasonic, model MSMF02V2M,
rated speed 3000 r/min, rated power 200W).

In the whole system, the dynamic equation and the electrical equation are:

dl dé, dl
U=E+IR+L —=K, —=2+IR +L —
' Hm Yt ! Hm
T =K,l
T=T+T,+T,+T,
do
T=J —
1 1 dt (9)
T2=b1a)=K(l92—91)
do
T.=J,—
T dt
T, =b,0=K(6;-6,)
Z=0R

Where:
U is the armature voltage, V; I is the armature current, A; L, is the armature inductance, H;
R, - the armature resistance, Q; Z is the displacement of the push rod, cm;
J1 - the rotor inertia of the motor, kg-m?; J, is the moment of inertia of the lead screw, kg-m?;
0, - the angle of rotation of the motor, rad;; is the rotation angle of the motor driven shaft, rad,;
05 - the angle of rotation the lead screw, rad; T4 is the output torque of the lead screw, N-m;
T - the electromagnetic torque, N-m; 77 is the inertia torque of the motor, N-m;
T> - the motor friction torque, N-m; T3is the inertia torque of load, N-m;
T, - the friction torque of load, N-m; b; is the viscous friction coefficient of the motor, N-m-s/rad;
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b> - the viscous friction coefficient of the load, N-m-s/rad;

E - the counter electromotive force of the motor, V; K is the motor torque coefficient, N-m/A;
K; - the reverse electromotive force coefficient of the motor, V-s/rad;-

K - the stiffness coefficient of the transmission shaft, N-m/rad;

o - angular velocity of the motor, rad/s;

R the expansion displacement of the push rod per unit angle, mm/rad.

Let@ =6, =0, 3 =1, +1,, the transfer function from armature voltage to output displacement is:

Z(s) K,R
U@s) (Ls+R )Js+K,K,

(10)

The relevant parameters of the motor used in this test are R,= 1.2, R =1, L;= 0.001, K>= 0.6, K; =0.029,
J=0.01, and the transfer function of the motor can be obtained by substituting into Equation (10):

5(5)= Z(s) 60000

= 1
U(s) s*+1200s+1740 an

The output and input relation of the motor Simulink model can be represented by this transfer function
and will be used as the object of fuzzy PID controller correction.

According to the transfer function, the fuzzy PID controller is designed, and the servo motor fuzzy PID
simulation model is established, as shown in Figure 4.

3;1 T L /‘;@(\»I |
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Hold F uzzy Logic
Controller1

L T ) 1

Derivativel  Gain2 Constantd + | ® L
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1
L & ]
5 o L + !
] o + |_|,. % : Lyl 80000
Integrator > } "
Adds gk dens) Scopet
Constants Produci Add?  Tramsfer Fonl
+
+ o=
Addd
0.01 Products
Constant3

Fig. 4 - Fuzzy PID Simulation Model
RESULTS
To test the dynamic performance of the control system, a step signal with amplitude of 1 is input in the
simulation model, and the system dynamic response results are displayed in the Scope oscilloscope. The step
response diagram obtained by the Matlab drawing tool is shown in Figure 5. The response time of step
response curve of fuzzy PID controller is 0.035 s, and the system curve is stable.
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Fig. 5 - Step response curve of fuzzy PID control

In order to study the influence of different factors on the seed dropping position, a three-factor and three-
level seed dropping stability test was carried out for three factors: the rotation speed of the seed metering
device, the position of the seeding tube and the tilt angle of the seed metering device, to determine the level
of each factor based on the single-factor test results. As shown in Table 2, each group was tested 50 times,
repeated 3 times, and the position after the corn seed fell was recorded as (x, y), to calculate the variation
coefficient of the longitudinal grain spacing y1 and the transverse coefficient of variation y2. The sowing
position is negative with respect to the left side of the x-axis and positive on the right side; the inclination of the
seed meter is negative with respect to the left side of the xOz plane and positive on the right side.

Seed dropping stability test scheme

Table 2

Coded Seed metering device Seed tube position Inclination angle of seed metering
values Z1/ (rad/min) Z2/ mm device Z3/ Degree
-1 20 -50
0 30 0
1 40 50

The test results are shown in Table 3. A quadratic multiple regression fit was performed on the data in

Table 3.
Table3
Test plan and results
Rotation Location of N .
The serial speed of the seed tube Inclination an_gle Sp?cm_g Cv °f. CV of transverse
seed of seed metering longitudinal grain . .
number . Seed tube devi . grain spacing
No. rr:jete_rmg position evice spac:)ng y2l %
evice 2 z3 yil %
zZ1
1 -1 -1 0 11.04 3.92
2 1 -1 0 14.92 6.56
3 -1 1 0 11.33 4.21
4 1 1 0 15.05 5.98
5 -1 0 -1 10.53 4.08
6 1 0 -1 14.35 6.82
7 -1 0 1 10.02 3.78
8 1 0 1 14.22 6.78
9 0 -1 -1 25.89 22.07
10 0 1 -1 24.67 23.45
11 0 -1 1 23.78 23.76
12 0 1 1 25.21 21.03
13 0 0 0 12.05 4,91
14 0 0 0 12.34 5.35
15 0 0 0 13.22 4.78
16 0 0 0 11.65 5.43
17 0 0 0 13.07 4,52

Note: z1, z2 and zz are the factor coding values.

401



Vol. 67, No. 2 / 2022 INMATEH - Agricultural Engineering

The regression equation of each factor on the variation coefficient of the longitudinal grain distance is
obtained as:

y, =12.47 +1.95z, +0.079z, —0.282, —0.042,2, +0.0952,7, +0.662,7, —8.522” +6.6122 +5.812’
(12)

The regression equation of each factor on the variation coefficient of the transverse grain distance is:
y, =5+1.27z, - 0.2z, —0.13z, —0.227,7, +0.0652,7, —1.03z,z, —8.52z7 +8.69z7 +8.8927
(13)

The variance analysis is performed on the test results, as shown in Table 4. According to Table 4, the P
value of the simulation model of the variation coefficient of longitudinal and transverse grain spacing is less
than 0.01, indicating that the regression model is extremely significant. The P values of the missing fitting terms
were 0.9552 and 0.5330, both of which were greater than 0.05, indicating that the regression equation had a
high degree of fit and the regression model was stable.

For the coefficient of variation of longitudinal grain spacing, the regression terms z,, z3, z;z2, z;zshave no
significant effects (P>0.05); the regression terms z;, z;2, z22and z3, have extremely significant effects (P<0.01),
and the regression term z,z; has a significant impact (P<0.05). For the variation coefficient of the transverse
grain spacing, the regression terms z,, z3, z;z2, z;z3 have no significant effects (P>0.05), and the regression
terms z;, z2z3, 212, z22and z32 have extremely significant effects (P<0.01).

Table 4
Variance analysis
Indexes Source of variance | Sum of squares | Mean square F values P values
Model 496.28 55.14 200.64 < 0.0001
Z1 30.50 30.50 110.97 < 0.0001
z2 0.050 0.050 0.18 0.6837
z3 0.61 0.61 2.22 0.1797
7122 0.0064 0.0064 0.023 0.8830
2123 0.036 0.036 0.13 0.7277
Y1 2273 1.76 1.76 6.39 0.0394
z1? 151.29 151.29 550.48 < 0.0001
z2? 184.15 184.15 670.05 < 0.0001
z3? 142.05 142.05 516.85 < 0.0001
Loss of quasi item 0.14 0.045 0.10 0.9552
Pure error 1.79 0.45
The sum of the 498.21
model 945.71 105.08 754.53 < 0.0001
Z1 12.88 12.88 92.47 < 0.0001
z2 0.34 0.34 2.41 0.1642
z3 0.14 0.14 1.03 0.3445
7122 0.19 0.19 1.36 0.2819
Z1Z3 0.017 0.017 0.12 0.7378
yo 2273 4.22 4.22 30.32 0.0009
zs? 305.75 305.75 2195.46 < 0.0001
z2? 318.04 318.04 2283.67 < 0.0001
z3? 332.65 332.65 2388.64 < 0.0001
Loss of quasi item 0.38 0.13 0.85 0.5330
Pure error 0.59 0.15
The sum of the 946 69
squares
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DISCUSSION

In the control model, sinusoidal wave and square wave signals are input respectively to analyze the
tracking characteristics of the fuzzy PID control system of the servo motor, as shown in Figure 6. It can be
seen from Figure 6 that the control precision of the dynamic compensation system for the seeding position of
the fuzzy PID controller is 99.5%, and the response speed is 17.2 mm/s. The system is stable and meets the
design requirements.

15 - - -Expected displacement
—Output displacement
1 |
c £ 0.4
£ £
205 203
[}
S Local S P
3 0 ampliﬁcation8 0.2 /
© —_— O B
g & o d
0-0.5| 001 ///
i = ; ;
s 0 0.01 0.02  0.03
Time/s
-1.5 - - -
0 2 4 6 8 10
Time/s
a. Sine wave tracking results
1.5
S 11 r1r1ri 1 [
% r % 1 ”””””””” ; :””’_’:—’:’; ””” -
£ £
[ Local Q l /
(_(% 0.5 ampliﬂcat\'onc_% 0.5 /
[} —_— o
[} o o
-0.5
0.01 0.02 0.03
Time/s
-0.5

0 1 2 3 4 5 6 7 8 9 10
Time/s
b. Square wave input Tracking results

Fig. 6 - Tracking characteristics of seeding position dynamic compensation system

Figure 7 shows the influence of the interaction between the position of the seeding tube and the angle
of the seed metering device on the variation coefficient of the longitudinal and transverse grain distances. As
shown in Figure 3, the position of the seeding tube or the inclination angle of the seed metering device
individually deviates from the initial position and the variation coefficient of the longitudinal and transverse
grain distance increases slowly. For example, when the position of the seed discharge tube deviates from the
initial position by 50 mm (z; =1), the variation coefficient of the longitudinal grain spacing increases by 6.69%,
and that of the transverse grain spacing increases by 8.49%. When the position of the seeding tube and the
inclination angle of the seed discharge tube increase at the same time, the variation coefficients of longitudinal
grain spacing and the transverse grain spacing increase rapidly, and the upward trend gradually accelerates.
For example, when the position of the seeding tube is 50 mm away from the initial position, the angle of the
seed metering device is 10°(z>=1, z3=1) different from the initial angle. The variation coefficient of the
longitudinal grain spacing increased by 12.97 %, and that of the transverse grain spacing increased by 16.29 %.
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Fig. 7 - The interaction between the position of seed metering tube and the inclination angle
of metering device on the variation coefficient of longitudinal and transverse grain spacing

From the above analysis, it can be seen that the speed of the seed metering device has a greater impact
on the planting position. When only changing the position of the seeding tube or the inclination angle of the
seed metering device, it has no effect on the seeding position. When the position of the seeding tube and the
inclination angle of the seed metering device change at the same time, the seeding position will change.

CONCLUSIONS

1) High-speed photography was used to test and analyze the seed falling trajectory of the seeding
monomer. When the speed of the seed metering device was constant, the angle of the seed metering device
and the position of the seeding tube changed at the same time. This would lead to a sharp increase in the
variation coefficient of the seed distance and deteriorate the seeding performance.

2) A dynamic compensation system for the seeding position based on PID control was designed. The
double-axis angle sensor was used to detect the angle change of the seeding unit, and the offset that should
be compensated by the servo electric push rod was calculated through the theory of space rotation. Based on
the fuzzy PID, the seeding position was controlled. The electric actuator was dynamically compensated, and
the response time of the control system was 0.035 s.

3) The bench test results showed that when the disturbance signal was added, the dynamic compensation
function was used by the machine. When there was no dynamic compensation function, the variation

coefficient of sowing grain spacing decreased by an average of 6.94%, and that of the transverse grain spacing
decreased by an average of 9.16%.
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