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Electronic control seed-metering system for precision seeding
maize based on fuzzy PID

Xiaoshun Zhao'?, Hongpeng Zhao? Zehe Wang®', Jincai Li, Huali Yu?, Qing Yan?
2. College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071001, Hebei, China)

Abstract: Aiming at the problem of poor uniformity of maize sowing caused by ground wheel slip, an electronic control seed-
metering system (ECSMS) for maize single seed precision sowing was designed and a mathematical model for motor control of
the ECSMS was determined. The PID parameters were set by Z-N method and fuzzy control. The fuzzy PID control design and
Simulink simulation were completed by MATLAB, which reduced response time of the system by 0.23 s and improved the
control accuracy. Experiments on the JPS-12 test bench show that the qualification index (QI) of maize seed-metering device
with the ECSMS increases by 4.47%, the multiples index (MI) decreases by 1.96%, the miss index (MIX) decreases by 2.81%,
and the coefficient of variation (CV) of qualified seed spacing decreases by 5.06%, and the sowing uniformity has been greatly
improved. Test results of the soil-tank test bench show that the system has good sowing uniformity and stability. And the QI is
96.74%, the MI is 2.15%, the MIX is 1.10%, and the CV of qualified seed spacing is 16.24%. Under different setting seed
spacing and different sowing operation speed, the change range of seeding quality index was within 10%. The results of field
sowing test show that the QI was 84.21%, the MI was 2.63%, the MIX was 7.89%, and the CV of qualified seed spacing was
22.15%, which meet the requirements of JB/T 10293-2013 ‘Specification for single seed planters (precision planters)’ and the
agronomic requirements for maize precision sowing. The system runs stably and reliably in practical operation and has good
operation performance.
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1 Introduction

Intelligent precision sowing technology is the inevitable trend
of the development of precision agriculture in the future!”, but at
present, the domestic planter is still mainly mechanical. The seed-
metering device, the core component of the planter, is driven by the
ground wheel through the chain to sow. Due to the complex field
operation environment, the ground wheel will slip frequently””,
resulting in a decrease in sowing uniformity. The ECSMS uses the
motor to drive the sowing device, which can greatly improve the
sowing uniformity. Zhang et al.”™ studied the control realization of a
DC brushless motor using PWM speed regulation mode and PID
parameter tuning based on a genetic algorithm. Ding et al.®”!”
designed an electronic control system for a maize planter based on a
PID control algorithm and GPS velocity measurement. He et al.l'!
developed an automatic operation system for rice transplanters by
using a PID speed control algorithm and joint navigation
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technology. Ding et al.'? designed a navigation controller for rape
planters that is based on the Immune PID control algorithm and uses
the Beidou Navigation Satellite System and an electronic compass
to realize navigation control for rape planters. Yang et al.!™
designed an electric seed-metering system based on the segmented
PID control method, which used CAN bus communication to realize
system signal transmission. Fu et al.'! designed a set of sowing
depth control systems composed of a profiling mechanism, a
hydraulic system, and an electric control system on the maize
sowing unit. Cheng et al."™ developed an electric control system for
wheat plot sowing based on a STM32 single-chip microcomputer.
The system can set the parameters of plot sowing by operators and
control the rotation speed of the vertebral grid and seed separator by
controlling the stepping motor and DC motor. The sowing and
fertilization machinery produced abroad is equipped with advanced
control and monitoring systems, and the degree of automation and
intelligence in sowing and fertilization is high. Kamgar et al.l'¥
developed a seeding controller for realization in the grain planter.
Jafari et al.'"? designed and constructed a closed-loop control system
based on a DC motor. Kim et al."® designed a pneumatic variable
particle fertilizer applicator. In a word, the research on the PID
control algorithm and intelligent precision sowing technology of
ECSMS is an inevitable trend for the development of precision
agriculture in the future, and the research on seed-metering systems
is extensive!”*!, but the control accuracy and stability of ECSMS
need to be further improved.

In view of the above problems, an ECSMS for maize precision
sowing based on fuzzy PID was designed to further improve the
sowing uniformity and the operating performance of the system.
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2 Materials and methods

2.1 System structure and working principle

The ECSMS is mainly composed of the STC89CS52RC
microcontroller, DC brushless motor, motor driver, rotary encoder,
and LCD display, as shown in Figure 1. During the sowing
operation, the user sets the sowing operation parameters, and the
system detects the sowing operation speed and motor speed in real

Independent keys

time through the rotary encoder installed on the speed measuring
wheel. The theoretical speed of the motor is calculated by the single
chip microcomputer, and a certain frequency PWM signal is sent to
the motor driver to drive the motor to operate. In this process, the
motor speed is compared with the theoretical speed through the
fuzzy PID control algorithm, and the PWM signal frequency is
adjusted until the speed reaches the theoretical speed to complete
the sowing operation.
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Figure 1

2.2 System design
2.2.1 System hardware circuit design

The hardware design of ECSMS mainly includes single-chip
microcomputer system circuit design, power circuit design, RS485
communication circuit design, key display circuit design, and DC
brushless motor control circuit design. The motor control circuit of
the system is shown in Figure 2: U3 is the motor driver, and DC+
and DC- are respectively connected to the positive pole and
negative pole of a 24V DC power supply to supply power to the
motor driver. W, V, U, Hw, Hv, Hu, REF+, and REF- are

—

BLD-300B

Block diagram of the electronic control seed-metering system

connected to the DC motor, respectively, which provides power for
the motor and realizes signal transmission. COM, EN, and BRK
grounded together and control the motor positive rotation without
using the brake control function. SV is connected to the P3.4 port of
the MCU through a filter circuit composed of capacitance and
resistance to complete the transmission of the PWM signal. SPEED
is connected to the P3.2 port of the single-chip microcomputer
through the filter circuit to realize the transmission of the motor
speed signal. The single-chip microcomputer obtains the pulse
signal and calculates the motor speed.

P3.4

R10

Figure 2 Control circuit of motor

2.2.2  System software design

System software development environment is Keil xVision4,
which is C language and modular programming. The system is
powered on. After the program is initialized, the user needs to select
the sowing mode, input the sowing information, and start the motor
in turn. Then the system detects the speed information through the
rotary encoder and detects and controls the motor speed in real time.
When it is necessary to stop the sowing, the tractor driver presses

the key to stop. The overall process of the system is shown in
Figure 3.
2.3 Fuzzy PID control principle

In the sowing operation, the speed of the machine changes in
real time, and the use of a set of fixed PID parameters have poor
adaptability and low control stability. In order to improve the
stability and accuracy of the sowing control, the fuzzy PID control
method®” is used to realize the adaptive adjustment of PID
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Figure 3  Flow chart of seed-metering system

parameters.

The basic process of fuzzy control is to fuzzify the change first,
then perform fuzzy reasoning, and finally defuzzify to obtain the
control quantity. The knowledge base (including the database and
rule base) is needed in the process. The principle of fuzzy PID
control is to use the fuzzy controller to complete the tuning of PID
parameters. The control strategy structure is shown in Figure 4.

2.4 Mathematical model of the control system

To complete the programming, the mathematical relationship
model between the sowing operation speed, the rotation speed of the
sowing shaft, and the sowing operation information should be

established. Taking the single maize seed-metering device as the
research object, the falling time interval of two adjacent seeds
will be

_ 60
~nm

At (1)

where, At is the falling time interval of two adjacent seeds, s; 7 is
the rotation speed of the seed-metering plate, r/min; m is the number
of seeds.

The seed spacing is

1.67x 10*
Z=2778vAr =~ 20 )
nm

where, Z is the set seed spacing, mm; v is the machine operation
speed, km/h. The rotation speed of the seed-metering plate (#) can
be obtained from Equation (2).

1.67 x 10%*v
=— 3
n . 3)

The radius of the measured wheel (the ground wheel) is R
(mm). Equation (3) can be expressed as

n= Zn—Rn, 4)

Zm

where, n, is the rotation speed of the ground wheel, r/min.
2.5 Incremental PID control

The PID control principle is the deviation of the proportion,
integral and differential through a linear combination of control
variables to control the controlled object, including position
PID and incremental PID two®?!". The general equation for PID
control is.

e(t)+ % L e(ndi + Td@} o (5)

ut) =k, &

where, K, is proportional coefficient; 7; is integral time constant; 7,
is differential time constant; e(?) is the deviation between the given
value and the actual output value; u, is the initial value of the
control; ¢ is time, s. Applying PID control to single-chip
microcomputer control system requires the discretization of

Equation (5).

k
u(k) = K,e(k)+K, Y e, +K(e(k)—e(k=1D)+u,  (6)
j=0
where, K, = K; K; = K(T/T); K; = K(T/T); T is the sampling
period; k is the sampling moment.
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Figure 4 Structure diagram of fuzzy PID controller
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The output values at k—1 sampling moment obtained by
Equation (6).
k-1
u(k—1)=K,e(k— 1)+K,-Zej+Kd(e(k— D-etk=2)+u, (7)

j=0

The incremental PID control algorithm equation can be
obtained by subtracting Equation (7) from Equation (6).

Au(k) = K,(e(k) —e(k— 1)) + Kie(k) + K, (e(k) —2e(k — 1) + e(k —2))
®)
The incremental PID control algorithm does not need
cumulative calculation in the single-chip microcomputer system and
reduces the operation time. When the system is disturbed and leads
to a large error, the method of logical judgment can be used to judge
and eliminate the error.
2.6 Critical oscillation method (Z-N method) to set PID
parameters
2.6.1 Simulink simulation
As a component of MATLAB, Simulink can model, simulate
and comprehensively analyze the dynamic system. The core of the
ECSMS is to realize the control of the DC brushless motor. The
establishment of Simulink simulation requires the transfer function
of the control system, that is, the transfer function of the DC

brushless motor. According to the principles of electromotology, the
differential equation of the DC brushless motor is as following!.

2
,1%+Tm%+n1=i% 9)

T,T, C.
where, T, is the electromagnetic time constant; 7, is the
electromechanical time constant; #, is the speed of the motor; C, is
the motor counter electromotive fore coefficient; U, is the armature
voltage. The transfer function obtained by the Laplace transform of
Equation (9) is

1

C. (10)

G(s)= ——Ce
= T s Tosr1

The motor selected for the system is 80BL02 DC brushless
motor, and the relevant parameters are: 7,=0.01s, 7,,=0.978 s, C,=
0.075 V/(rad/s), and substituting these parameters into Equation
(10) can get:

133
11
0.009 785> +0.978s + 1 an

The Simulink model of the ECSMS is shown in Figure 5. The
input is the speed of the machine, and the output is the speed of the
motor. In the model, Kp, K; and K, represent K,,, K; and K, in the
incremental PID control algorithm Equation (8), respectively.
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Figure 5 Simulink model

2.6.2 PID parameter tuning

The traditional PID parameter tuning method can obtain a set of
fixed optimal parameters, but in practical application, the optimal
parameters of PID control often change with the operation of the
system, and the fixed parameters cannot meet the requirements of
control precision. Therefore, this paper uses the critical oscillation
method, namely the Ziegler-Nichols (Z-N) method, to obtain a set
of PID parameters as the initial value, and realizes the self-tuning of
PID parameters through fuzzy control, so as to improve the
performance of the control system.

The parameter tuning steps of the Z-N method are as follows:
Firstly, the K; and K, are set to zero, and the K is adjusted to make
the system oscillate. Secondly, adjust the Kp until the system begins
to exhibit equal amplitude oscillation, find the critical oscillation
point, record Kp critical value K,,; and oscillation period 7,,;; the
values of K; and K, are calculated according to the Z-N equation.
As shown in Table 1, 7; and 7, represent the integral time constant
and the differential time constant respectively. Finally, Kp, K; and
K, were appropriately adjusted.

Table 1 Parameters calculation equation based on
the Z-N method

Controller type Ky T; T, K; Ky
P 0.5K,crie
PD 0.8:Kpperie 0.12:T,, KpT,
- 0.45-K,,cri¢ 0.85T,;, Kp/T;
PID 0.6-Kcri 0.5 T 0127, KT,  KpTy

The K is adjusted from large to small, and the response curve
is observed. When K,,,;, = 25, the response curve of the system has
an equal amplitude oscillation, and the oscillation period 7,; = 0.2 s
is shown in Figure 6. The system uses a PID controller. According
to the corresponding equation of the PID controller in Table 1, Kp =
15, K; = 150, and K, = 0.36 can be obtained, and input into the
Simulink model to simulate. The system response curve is shown in
Figure 7.

The response time of the system obtained by using the PID
parameters adjusted by the Z-N method is 0.45 s, but there is still
overshoot in the system. In order to further shorten the response
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time, reduce the overshoot and improve the stability of the system,
the PID parameters are adjusted on the basis of the Z-N method.
Finally, a set of parameters is obtained: K= 19, K; = 115, K, =
0.15. The corresponding system response curve is shown in Figure
8, and the system response time is 0.38 s, with no overshoot.
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Figure 7 Response curve after parameter tuning based on

the Z-N method
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Figure 8 Response curve after adjusting PID parameters

2.7 Realization of a fuzzy PID control strategy

The input of the fuzzy PID controller is error e and error
change rate e.. In the fuzzification process, the input variables need
to correspond to the variable universe through the quantization
factor. According to the quantization results and the fuzzy subset,
the membership degree of the input to the subset is obtained. The
fuzzy subset is the same as the fuzzy subset of the output variables
AK,, AK; and AK,;, which are

{NB,NM,MS,Z0,PS,PM,PB}

The domain of each variable is selected as [—6,6], and the
quantization factor is

n, ne,
Ko=l2) K, = (12)
emax e(.’ max

where, n, and n,. are fuzzy series, e, and e, are the maximum
values of variables e and e,.. The defuzzification process needs to
pass the scale factor, and the fuzzy quantity is transformed into the
accurate quantity, and the scale factor is

K., = KPmmx K. = Kin1a,x K. =
A

K.
max 13
S (13)
Konao Kimer and Ky, are the maximum values of PID
parameters, respectively, and L is the fuzzy series of output. Both
fuzzification and defuzzification need to obtain the membership

degree of variables in the fuzzy subset. The membership function

curve can be obtained by using MATLAB software. For example,
the membership function of input e is shown in Figure 9.

According to the fuzzy rules of K,, K; and K, and the
defuzzification process, the fuzzy quantity is transformed into an
accurate quantity, and the fuzzy control query tables of AK,, AK;
and AK, are obtained, respectively. The query table for AK,, is listed
in Table 2. Through Simulink simulation, the system response time
of fuzzy PID control is 0.15 s. The system response curve obtained
is shown in Figure 10. Compared to the traditional PID control
method mentioned above, the system response time has been
shortened by 0.23 s.
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Figure 9 Membership function curve
Table 2 The fuzzy lookup table of AK,
AK, Deviation change rate e,
-6 -5 4 3 2 -1 0 1 2 3 4 5 6
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Figure 10 Response curve of the fuzzy PID control system

To further analyze the effectiveness of fuzzy PID control, both
traditional PID control and fuzzy PID control were compared
through simulation. The simulation inputs used were step signals
and continuous pulse signals, as shown in Figure 11. When the
simulation input was a step signal, the response time of the fuzzy
PID control system was shorter and the response speed was faster.
As shown in Figure 12, when the simulated input is a pulse signal,
the following process of calculating the speed can be simulated.



222 August, 2024 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 17 No. 4

When the speed continuously changes, fuzzy PID control has better
following performance and faster response speed. The response
speed of traditional PID control is slow and generates certain
disturbances, resulting in poor performance. Through simulation
analysis, it can be concluded that the control performance and
accuracy of the fuzzy PID control system are superior to traditional
PID control.
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Figure 11 Response curve of the comparative simulation system
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Figure 12 Response curve of a comparative simulation system for

an input pulse signal

2.8 Testing of the ECSMS
2.8.1 Test design of the seed-metering device test bench

The maize seeds of ‘Zhengdan 958’ were used as the research
objection, and the maize single seed precision sowing experiment
was carried out. The test equipment included one set of ECSMS,
one 80BL02 DC brushless motor, one BLD-300B motor driver, one
HN3806-AB-400N rotary encoder, one 12 V DC battery, one 220 V
transfer 24 V power supply module, and one unit of scoop-wheel
maize seed-metering device. According to GB/T6973-2005 ‘Testing
methods of single seed planters (precision planters)’, the QI, MI,
MIX and CV were selected as evaluation indexes.

The seed-metering system test based on the JPS-12 seed-
metering device test bench is shown in Figure 13. The seedbed
speed of 3 km/h, 6 km/h and 9 km/h was set to simulate the working
speed of the machine, and the seed metering experiments with 100
mm, 150 mm, 200 mm, 250 mm and 300 mm seed spacing were
carried out at each speed. The experiments were repeated three
times in each group. The maize seed-metering device unit with and
without ECSMS was used to test. The test results are listed in
Tables 3 and 4.

According to GB/T 6973-2005 ‘Testing methods of single seed
planters (precision planters)’ , the test methods and data processing
methods for single seed precision sowing are specified:

Divide into sections at intervals of 0.1X,., (X, is the theoretical
seed spacing), and the variables for each section are:

Xi

X, =
Xre/

(14)

where, x; is the median value of the section. Process the particle size
data into X; and calculate the value of n; according to regulations, 7]
is the number of )X; within the corresponding range.

=3 (X e{0~0.5)

n, = Zn,(x, €{>05~<15))

=Y (X e>1.5~<25) (15)
W= n(X e(>25~<35)

"= Zn,-(X,- €{>3.5~ +oo})

S
N =n,+n,+n,+n,+n;

n, =n,
n, =N-2n,
ny =, +2n, +3n; (16)

N’ =n} +2n} +3n, +4n;

Zn,-Xi

n,

X:

where, N is the number of seeds measured in the experiment; 7, is
the number of replays; n, is the qualified quantity; n, is the number
of missed broadcasts; N' is the interval number; X is the average
qualified seed spacing; X; € {>0.5-1.5}.

The evaluation indicators specified in the national standard
include

n;

A 100
N
D="2%100
N!
_ M
M= 2100 (17)
S
oc=\—/-XX,€{>05~<1.5}
n,
C=0x100

where, 4 is the qualification index (QI); D is the multiples index
(MI); M is the miss index (MIX); Z is the standard deviation; C is

the coefficient of variation (CV).

1. SCM control system 2. Seed-metering device holder 3. Motor driver
4. Brushless DC motor 5. Maize seed-metering device 6. Conveyor belt

Figure 13 JPS-12 seed-metering device test bench sowing test
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Table 3 Test results of maize seed-metering
device with ECSMS

Sowing operation conditions

Setting plant

spacing/mm  FrOmmAnceto y  Gkmh 9k Vaiable speed
operatlon
QI 9524 100.00 98.01 96.64
100 MI 340 0.00  0.66 2.01
MIX 136 000 132 1.34
cv 2038  17.03  17.6 17.61
QI 98.68  98.04  100.00 100.00
MI 000  0.00 0.0 0.00
150 MIX 132 196  0.00 0.00
cv 1348 1563 1128 12.07
QI 100.00 100.00  98.66 100.00
MI 000 000 067 0.00
200 MIX 000 000 067 0.00
cv 1071 1031  11.34 12.65
QI 9933 98.66  100.00 100.00
MI 067 067  0.00 0.00
250 MIX 000  0.67 0.0 0.00
cv 1244 1176 1236 12.07
QI 100.00 100.00  100.00 100
300 MI 000  0.00 0.0 0.00
MIX 000  0.00 0.0 0.00
cv 13.00 1251 1005 16.17

Table 4 Test results of maize seed-metering device
without ECSMS

Sowing operation conditions

Setting plant
. Performance/% i
spacing/mm ° 3kmh 6kmh 9kmm Y2riablespeed
operation
QI 94.12 93.40 92.75 90.02
100 MI 2.84 3.02 2.10 391
MIX 3.04 3.58 5.15 6.07
(0\% 19.68 20.32 21.42 23.83
QI 93.64 9206 91.52 95.43
150 MI 2.53 3.61 3.05 2.56
MIX 3.83 4.33 5.43 2.01
(0\% 18.72 19.93 18.62 24.24
QI 9536 9634  95.62 92.70
MI 3.17 2.49 0.72 2.15
200
MIX 1.47 1.17 3.66 5.15
(0\% 15.85 14.63 17.74 19.32
QI 96.82  97.21 93.48 92.94
MI 1.49 1.54 2.77 3.54
250
MIX 1.69 1.55 3.75 3.52
(0\% 15.76 17.90 15.66 19.57
QI 97.40  96.12  97.35 93.57
MI 1.15 0.79. 1.32 2.64
300
MIX 1.45 3.09 1.33 3.79
(0\% 14.35 15.83 19.81 18.72

2.8.2 Test design of a soil-tank test bench

(1) Test purpose

In order to further verify the working performance of the
ECSMS, the seeding test was carried out on the soil-tank test bench
which was closer to the field.

(2) Test equipment and materials

The test equipment mainly includes a soil-tank test bench and
related equipment, a 80BL02 DC brushless motor, a BLD-300B
motor driver, a DC brushless motor reducer (reduction ratio of

1:20), a HN3806-AB-400N rotary encoder, a single-chip
microcomputer controller, a 12 V DC battery, a 220 V transfer 24 V
power module, and a spoon wheel maize seed-metering device
monomer. The maize grain variety used in the sowing test was
‘Zhengdan 958°.

(3) Test method

The seeding operation speed was set to be 3 km/h, 6 km/h and
9 km/h respectively. The seeding experiments with plant spacings
of 100 mm, 150 mm, 200 mm, 250 mm and 300 mm were carried
out at each speed. Each group of experiments recorded 250 adjacent
grain spacing values and repeated three times. The installation of
soil trough sowing test equipment is shown in Figure 14, the test
results are listed in Table 4.

Controller

Rotary encoder Soil-tank test bench Brushless DC motor

Corn seeder

Figure 14 Test equipment installation pictures on the
soil-tank test bench

2.8.3 Field test design

(1) Time and place

In order to verify the actual operation performance of the
ECSMS, the sowing test was completed in Mazhang Village, Xinji
City on June 27, 2023. On July 12, 2023, the seedlings were
checked and the plant spacing was measured.

(2) Test conditions and test equipment

The main equipment and materials used in the sowing test
include: a Dongfanghong LX950 tractor, a 4-row maize precision
planter, a ECSMS, and some ‘Zhengdan 958’ maize seeds.

(3) Test method

The sowing mode of wide row 800 mm and narrow row 400 mm
was adopted, the plant spacing was set to 250 mm, and the sowing
speed was 6 km/h, and the maize sowing test was carried out. In the
seedling check test, the position information of maize seedlings
within 1000 mm was recorded, and the plant spacing value was
obtained. The test was repeated three times. The field test site of the
maize precision planter with the ECSMS is shown in Figure 15. The
test site for maize emergence is shown in Figure 16.

3 Results and discussion

3.1 Test results and analysis of the seed-metering device test
bench

The sowing test results of the ECSMS were recorded and
analyzed. It can be seen from Table 3 that the QI was 99.16%, the
MI was 0.40%, the MIX was 0.43%, and the CV was 13.52%. The
results all met the technical conditions of JB/T 10293-2013
‘Specification for single seed planters (precision planters)’.
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Figure 16 Test picture of maize emergence

As shown in Figure 17, under different setting grain spacing,
the variation of each sowing quality evaluation index is not more
than 5%. With the increase of setting grain spacing, the CV of
qualified grain spacing, MI and MIX show a decreasing trend, the
QI increases, and the row quality improves. As shown in Figure 18,
under different sowing speeds, the sowing quality of variable speed
operation is slightly lower than that of constant sowing speed, but
the difference of each sowing quality evaluation index is within 5%,
and the sowing effect is good.
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Figure 17 Seed-metering quality indexes under different plant
spacing on the seed-metering device test bench

It can be seen from Table 4 that the seed metering qualification
index obtained from the test of the maize seed-metering device
without the ECSMS is 94.39%, the MI is 2.36%, the MIX is 3.24%,
and the CV is 18.58%. Compared with the traditional mechanical
maize seed-metering device, the electric control seed-metering
system increases the seed-metering QI by 4.47%, the MI decreases
by 1.96%, the MIX decreases by 2.81%, and the CV decreases by
5.06%. The ECSMS has a better seed-metering effect.

3.2 Test results and analysis of the soil-tank test bench

It can be seen from Table 5 that the QI, MI, MIX and CV test
on the soil-tank test bench were 96.74%, 2.15%, 1.10% and
16.24%, respectively. As shown in Figures 19 and 20, the variation

of QI is less than 10% under different setting seed spacing and
different sowing speed. When the setting seed spacing is 250 mm,
the minimum variation CV is 15.03%, and the maximum QI is
97.89%, and the sowing effect is the best. When the seed spacing is
300 mm, the maximum variation CV is 17.43, and the uniformity of
sowing is poor. When the sowing speed is 6 km/h, the minimum
variation CV is 15.68%, and the sowing uniformity is the best. The
highest CV is 16.79% under variable speed operation, and the test
results meet the national standard requirements. Through the soil-
tank test bench with closer sowing conditions, it has been further
verified that the system has better metering control performance and
better metering uniformity.
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Figure 18 Seed-metering quality indexes under different operating

speed on the seed-metering device test bench

Table 5 Test results of the system on the soil-tank test bench
Setting plant . Sowing operation conditi(fns
spacing/mm Oy G kb 9k Variable speed
operatlon

QI 97.96 93.62 91.67 97.96

MI 2.04 6.38 6.25 2.04

100 MIX 0.00 0.00 2.08 0.00

Ccv 16.65 15.21 18.35 16.78

QI 100.00  96.00 96.00 94.12

MI 0.00 2.00 2.00 1.96

150 MIX 0.00 2.00 2.00 3.92

Ccv 18.25 15.83 10.61 15.80

QI 98.04 97.96 97.96 98.04

200 MI 0.00 2.04 2.04 0.00

MIX 1.96 0.00 0.00 1.96

Ccv 15.41 19.05 14.69 18.40

QI 97.69  100.00  95.83 98.04

MI 2.04 0.00 4.17 0.00

250 MIX 0.00 0.00 0.00 1.96

Ccv 16.65 16.16 15.51 11.81

QI 93.88 96.00 96.00 97.96

MI 4.08 2.00 2.00 2.04

300 MIX 2.04 2.00 2.00 0.00

Ccv 12.86 16.43 19.23 21.18

3.3 Field test results and analysis

The plant spacing measurement results are listed in Table 6,
and the data are analyzed according to the national standard
requirements. The QI of field sowing operation is 84.21%, the MI is
2.63%, the MIX is 7.89%, and the CV is 22.15%. The sowing
indexes meet the national standard requirements. The results of the
field sowing test showed that the ECSMS system had good stability
and operation performance.
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Figure 20 Seed-metering quality indexes under different operating
speed on the soil-tank test bench

Table 6 Field sowing test data

Plant spacing/mm

Serial No.
Sample | Sample2 Sample3 Sample4 Sample5 Sample 6
1 240 352 502 220 460 259
2 170 196 404 317 288 295
3 3 356 229 240 374 273
4 321 216 316 288 135 228
5 217 191 204 258 318 246
6 244 319 265 307 266 277

4 Conclusions

(1) In view of the problem that the sowing quality of the
traditional maize planter is reduced due to the sliding of the ground
wheel, an ECSMS is designed to realize the single-grain precision
sowing of maize. The self-tuning of PID parameters is realized by
the combination of the Z-N method and fuzzy control, and the
mathematical model of the DC motor is established. The PID
control algorithm is used to control the motor speed. The fuzzy PID
control is designed by MATLAB and simulated by Simulink, which
shortens the response time of the system by 0.23 s and improves the
control accuracy.

(2) The test of the seed-metering device test bench showed that
the QI of the maize seed-metering device equipped with ECSMS
increased by 4.47%, the MI decreased by 1.96%, the MIX
decreased by 2.81%, and the CV decreased by 5.06%. The ECSMS
had a better seed metering effect.

(3) The soil-tank test bench test further verifies that the ECSMS
has better seed-metering control performance. Under different

setting seed spacing and different sowing speeds, the change of
sowing quality index is within 10%, and the ECSMS has better seed-
metering uniformity and stability.

(4) The field experiment showed that the QI of sowing
operation was 84.21%, the MI was 2.63%, the MIX was 7.89%, and
the CV was 22.15%. All the indexes meet the requirements of JB/T
10293-2013 “Specification for single seed planters (precision
planters)’, and have good operation performance in actual field
operation, which could be popularized and applied.
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