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Abstract. With the aim to simplify the electrical component structure of the
present variable rate fertilizer applicator system, a kind of variable rate fertilizer
applicator control system was developed. It is based on low voltage DC motor.
The working voltage of this system is not higher than 12V DC, which can be
supplied by the tractor’s storage battery directly. With the encoder measuring
the motor speed, it could response the running state of the motor in real time. A
kind of control model based on PID algorithm was built. With this model, the
influence of load variation on the motor speed could reduce. As a result, the
control accuracy of this system could be improved. Field experiment has been
conducted using this system. Experiment showed that when the travel speed
was 3.60km/h, the maximum fertilizer rate could be 850 kg / hm2. When the
fertilizer rate was 200 ~ 600 kg/ hm2, the mean error of this system was 1.71%
while the maximum error was 2.56%.
Keywords: Variable rate technology(VRT), DC motor, PID control
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Introduction

Variable rate fertilizer technology is a kind of technology that variably input the
fertilizer according to the actual need of the crops on the nutrients in the soil[1~4].
The benefit of improving agricultural production and ecological environment has
been confirmed [5~7]. In order to master the core techniques in the variable rate
fertilizer system, it is meaningful to develop our own variable rate fertilizer applicator
system [8].
At present, many domestic research institutions and universities are doing research
on the variable rate fertilizer applicator system. In ref.8 and ref.9, two kinds of
variable rate fertilizer applicator control system based on CPLD and single-chip
microcomputer were designed. The actuators of these systems are stepping motors
[8~9]. In ref.10, ref.11 and ref.12, the actuators of the developed system are hydraulic
motors[10~12]. The working voltage of the stepping motor and motor driver is higher
than 12V DC, and it uses alternating current (e.g.110V AC). As for the system with
hydraulic motor, the working voltage of electro-hydraulic proportional valve is also

higher than 12V DC [14]. The storage battery voltage of the wheel tractor is 12V DC,
in order to meet the requirements of the present system, inverter and transformer are
needed. Thus, the electrical component structure of the system becomes complicated
and the volume becomes huge, which also increases the cost.
In order to increase the system’s control accuracy and simplify the electrical
component structure, a kind of PID control system is developed in this paper. In this
system, the DC motor is used as the actuator and an encoder is used to measure the
motor speed. Besides, the working voltage of this system is not higher than 12V DC.
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2.1

Experiments and Methods
The Composition of the Whole System

The composition of this system is shown in figure 1.
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Fig.1. Block diagram of the whole system

There are two kinds of working mode in this system: automatic mode and manual
mode. In the automatic mode, the controller gains the position identification
information, reads the corresponding grid prescription information stored in advance
and gains the speed information from the speed sensor. With this information, the
controller makes fertilization decision and generates pulse or analog voltage driving
signal. The fertilization decision is made according to the fertilization decisionmaking formula, and the driving signal is transferred to the motor driver. The motor
driver drives the DC motor to run. The encoder which is coaxially connected with the
motor runs with the motor. At the same time, the controller gains the output
information of the encoder and controls the motor running at a certain speed by
applying the PID algorithm. Then the shaft of the fertilizer rotates driven by the DC
motor through the chain. In the manual mode, the working process is the same as
automatic mode except that the fertilizer rate information is manually inputted, not
from the advanced stored grid prescription.
The grid position identification information can be acquired from the GPS devices
[8~12] or by using the positioning technology based on speed sensor [14]. The Dead
Reckoning (DR) positioning method based on speed sensor is used as the positioning
method in this system.

2.2 The Design of System Hardware
According to the function requirements of the system, the system mainly include: the
single-chip microcomputer as the core controller, the speed acquisition module that
gathers speed information, the keyboard module that used for inputting information,
the display module that used for displaying the working state information of the
machine, the motor driving module that used for driving the DC motor, the encoder
used for gaining feedback of motor speed and the data recording module used for
recording the working state of the fertilizer applicator.
2.2.1 The Selection of Motor Driver
Motor driver receives control signal from the controller, and outputs driving current to
drive the motor. Its performance has direct influence on the stability and accuracy of
the system. This system selects the motor driver produced by Beijing YongGuang
gaote micro motor Co., LTD, the product model is YG8008-8EI. The driver has two
kinds of control methods: pulse signal (+5V DC square-wave pulse) and analog
voltage signal (-10V DC ~+10V DC). The working voltage is between +12V
DC~+36V DC, which can be supplied by the tractor’s storage battery directly.
2.2.2 The Selection of Controller
The controller has the following functions:① Generating pulse and analog driving
signal. The signal is transferred to the motor driver to control the motor ②
Receiving the conditioned speed sensor signal, used for computing the machinery
speed and calculating the grid information ③ Receiving the input information from
the keyboard module ④ Controlling the LCD display module to display the working
state information of the machine ⑤Receiving the output of the encoder to measure
the actual motor speed.
In order to meet the functions described above, the controller should have fast
processing speed and rich timer/counter resources. This system selected a kind of 1T
single-chip microcomputer, the product model is STC12C5A60S2. It has two
programmable counter array (PCA) modules, which can be used to extend the timer
resources to meet requirements of the system. At the same time, it is a kind of 1T
controller. The processing speed can meet the system’s requirement.
2.2.3 The Selection and Configuration of DC Motor and Encoder
The universal tillage machine 1GT-6 developed by College of Biological and
Agricultural Engineering of Jilin University was used as the test prototype in this
study. The rotational resistance of the shaft of the prototype was tested by using
torque tester, the torque range is 2 N•m ~4 N•m. Considering the complexity of the
operation environment of the agricultural machinery, taking great safety margin, the
torque of the required motor should be more than 10 N•m. A kind of rare earth

permanent magnet (REPM) DC motor produced by Beijing YongGuang gaote micro
motor Co., LTD was used in this system, the product model is 130LYX-05F. Its
maximum torque is 11 N•m, and its maximum speed is 300 r/min. According to the
test, when the working voltage is 12V DC, the speed can be 100 r/min. If the travel
speed is 3.60 km/h, the fertilizer rate can reach 850 kg/hm2, which meeting the
requirements of this study.
The model of incremental encoder used by this system is PHB8-3600-G05L. It
outputs 3 600 pulse per revolution and its working voltage is 5V DC. The encoder and
the motor are coaxially connected by the encoder support. The encoder support is
made of metal piece. As the encoder support is a bit flexible, the concentricity
between the encoder and the DC motor can be ensured. The specific mechanism is
shown in figure 2:

Fig. 2. Arrangement and setting of the DC motor and the encoder
1. Motor 2.Motor shaft 3.Encoder 4.Encoder support 5. Motor base 6. Machine beam

2.2.4 The Generation of the Analog Driving Voltage
The motor driver has two driving modes: pulse signal and analog voltage signal. The
pulse driving mode is the prime selection, because the pulse signal can be generated
by the controller directly. It is accurate and can also simplify the design of the system
hardware. In order to guarantee the reliability of the prototype system, in this study,
the analog driving circuit has also been designed. If something is wrong with the
pulse driving mode, the operator can switch to analog signal driving mode quickly.
The principle diagram that produces analog driving voltage signal is shown in
figure 3.

Fig.3. Schematic of analog driving signal

The data bus D0-D7 of the D/A conversion chip DAC0832 is connected with the
P0 port of the single-chip microcomputer. The data of D0-D7 controls the current of
Iout1 and Iout2. F4558 is a kind of double operational amplifier chip, it converts
Iout1 and Iout2 into the driving voltage signal. However, F4558 needs a negative
power (-12V DC) supply. It would certainly increase the complexity of the hardware
if voltage conversion chip is used. According to the datasheet of LCD module
JM160128B, the 20th pin (VEE) of JM160128B can output -13.7V DC used to adjust
the contrast of the LCD. The F4558 chip can use part of the voltage of this pin as the 12V DC power supply. In this way, we solve the power supply problem without
increasing the cost of the hardware.
2.2.5 The Design of Speed Acquisition Module
Speed is one of the most critical factors for the variable rate fertilizer applicator
system. The Hall sensor was used as the speed sensor in the speed acquisition module.
Magnet slices installed on wheel hub of the rear wheel of the tractor, a total of 16
slices were used. The specific installation form is shown in figure 4.

Fig.4. Setting of speed sensor

2.2.6 The Design of Human-computer Interaction Module
In this system, grid number, fertilizer rate, travel speed, theory speed of the shaft of
the fertilizer, and actual speed of the shaft of the fertilizer are the information needed
to be displayed. The LCD module, whose product model is JM160128B, was used as
the display module in this system.
The system selected 4×4 matrix keyboard to input information. There are 10
number buttons (0~9), 4 direction buttons (up, down, left and right), the "Confirm"
button and the "Back" button.
2.3 The Design of System Software
The main function of the system software is counting the speed pulse, scanning and
identifying the matrix keyboard, calculating pulse signal frequency used to control the

motor, providing driving code for the LCD and recording the working state of the
fertilizer applicator.
2.3.1. The Relationship Between the Speed and Speed Pulse
The speed expression of the fertilizer is

v

C
   D  3.6
N1

(1)

v —— Travel speed, km/h
C ——Pulse number per unit time, number/min
N1 ——Number of magnet slice, number
D ——Diameter of tractor rear wheel, m, D=0.57m
The fertilizer sowing amount of the feed is

q

10
vBQ 103
6

(2)

q ——Fertilizer sowing amount of every feed per minute, kg/min
B ——Row space of the fertilizer applicator, m, B=0.65m
Q ——Fertilizer rate per hectare, kg/hm2
The relationship between q and distributing shaft speed n is [15]

q  kn  b

(3)

n ——Distributing shaft speed, r/min
k ——Coefficient constant
b ——Coefficient constant
According to (2) and (3), the relationship between Q and n is

 10

n   vBQ 103  b  / k
6

2.3.2

(4)

The PID Algorithm to Control the Motor Speed

The PID control is a widely used control method in the control system [16]. It has the
advantages of simple structure and good stability. Parameter setting is convenient and
robust. In order to enhance the stability of the variable rate fertilizer applicator system
and reduce the control error, the control model was established based on the PID
algorithm as shown in figure 5, the differential expression of the mathematical model
[17] is
t

Vo(t )  K p  e(t )  Ki   e(t )dt  K d 
0

e (t) =VO (t)-Vi (t)
Kp ——Proportional coefficient
Kd ——Differential coefficient
Ki ——Integral coefficient
The transfer function is

de(t )
dt

(5)

G s  
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 K p  Kd s 
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s

fig.5. Control mode of PID controller

2.4

Flowchart of System Software

Fig.6. Flowchart of the system procedures

(6)

The main interface will appear once the system is turned on. In the main interface, the
system information and welcome message is displayed in this window. Only if the
user presses one of the keys, the system will turn to the work mode selection interface.
Then the software turn to "automatic mode" or "manual mode" according to the
user’s selection. The specific flowchart of the system software is shown in figure 6.
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System Calibration and Test Result Analysis

In order to determine the constant coefficient k and b, calibration experiment should
be carried out before the system starts to work[18]. The experiment used external
force fertilizer, granular urea. The environment temperature is 10 ℃. First of all,
measuring the consistency of the fertilizer at the speed of n=45 r/min, and adjusting
the feed to meet the consistency requirement. Then measuring the displacement of
every feed at the speed between 10 r/min and 80 r/min in turn.
Table 1

Displacement of fertilizer feed in diffident shaft speed

60
60

Shaft
speed
n /r·min-1
10
20

60

30

1.22

1.25

1.26

1.18

1.27

1.22

7.40

1.23

60

40

1.48

1.50

1.49

1.46

1.52

1.48

8.94

1.49

60

50

2.00

2.05

2.04

1.90

2.03

1.97

11.99

2.00

60

60

2.12

2.15

2.15

2.10

2.11

2.13

12.78

2.13

60

70

2.10

2.31

2.40

2.31

2.34

2.37

13.83

2.31

60

80

2.76

2.75

2.80

2.75

2.81

2.74

16.68

2.78

Time
t/s

Feed
NO.1
m1/kg
0.41
0.82

Feed
NO.2
m2/kg
0.44
0.85

Feed
NO.3
m3/kg
0.42
0.84

Feed
NO.4
m4/kg
0.39
0.80

Feed
NO.5
m5/kg
0.42
0.90

Feed
NO.6
m6/kg
0.41
0.84

Total
∑/kg

Mean
q/kg

2.48
5.04

0.41
0.84

Fig.7. Fitting curves between displacement of fertilizer feed and shaft speed

The linear fitting between q and n according to the experiment result is

q  0.03235n  0.1935

(5)

Namely, k=0.03235, b=0.1935, with the equation (4), the final fertilization decisionmaking formula is

 10

n    0.65vQ 103  0.1935  / 0.03235
6


(6)

In order to validate the performance of the system, in the autumn of 2012, field test
was conducted in the test field of Changchun Academy of Agricultural Sciences, as
shown in figure 8.
In order to test the fertilizer distributing performance of the prototype, the machine
runs 20 meters at the speed of 3.60 km/h. The falling fertilizer was collected with
plastic bags. In theory, the fertilizer sowing amount M is

M
Q

N 2  B  20 10000

(7)

N2 —— number of fertilizer pipe, N2=4
M —— theory fertilizer sowing amount, kg
Namely

M  5.2 103 Q

(8)

Table 2 Prototype test of distributing performance
Fertilizer
rate
Q/kg
200
300
400
500
600
Ave
Max

Theory
amount
M/kg
1.04
1.56
2.08
2.60
3.12

sowing

Actual
amount
M′/kg
1.05
1.58
2.05
2.54
3.04

sowing

Relative error
μ/%

0.96
1.28
1.44
2.31
2.56
1.71
2.56

The field experiment shows that the maximum fertilizer rate can be 850 kg/hm2,
when the travel speed is 3.60km/h. When the fertilizer rate is 200~600 kg/hm2, the
mean error of this system is 1.71%, the maximum error is 2.56%．Its stable and
reliable performance prove that it’s a kind of feasible method for variable rate
fertilizer applicator.

4

Conclusions

(1)With large torque DC motor as the actuator of variable rate fertilizer applicator
system, the working voltage of the whole system is not higher than 12V DC, which
can be supplied by the tractor’s storage battery directly. The electrical component
structure of the variable rate fertilizer applicator was greatly simplified.

Fig.8. Field experiment

(2)With the incremental encoder being the motor speed detection device, the
controller can monitor the motor speed in real-time. Establishing a control mode with
the PID algorithm improves the control accuracy of the system.
(3)Applying this system to the field operation, it works stably. The maximum
fertilizer rate can be 850 kg/hm2 when the travel speed is 3.60km/h. When the
fertilizer rate is 200~600 kg/hm2, the mean error of this system is 1.71%, while the
maximum error is 2.56%.
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