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Abstract: In response to the waste and
pollution issues during pineapple pesticide
application, this article designs a pineapple
pesticide application machine control
platform based on STM32F103ZET6
microcontroller. The device utilizes Hall
sensors and GPS modules to obtain speed
data, and uses Kalman filtering fusion
algorithm to fuse the data, reducing the
maximum standard deviation of speed data
from 0.433km/h to 0.173km/h. By
constructing a PID algorithm and adjusting
the output flow rate of the water pump, the
error is controlled within 4%, ensuring that
the spraying amount meets the standard
and achieving precise spraying, reducing
waste and pollution problems during
pineapple spraying.
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1. Introduction

With the development of technology and the
transformation of agricultural production
methods, agricultural automation has gradually
become an inevitable trend in the development
of modern agriculture. Automated spraying
technology is one of the important components
of agricultural automation. The traditional
spraying method often requires a large amount
of manpower and material resources, which is
not only costly, but also due to the varying
technical levels of operators, there are often
problems such as uneven spraying and
pesticide waste, seriously affecting the
spraying effect and crop quality. According to
statistics, the annual use of pesticides in China
is about 150 tons. The extensive use of
pesticides has caused problems such as
environmental pollution and high dependence
of crops on pesticides. According to
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incomplete statistics, the average -effective
utilization rate of pesticides in China is 20% to
25%, and most pesticides are lost to farmland.
Agricultural automation spraying technology
can effectively solve these problems, improve
spraying efficiency and pesticide utilization.
The traditional pineapple production process
mainly relies on manual spraying for pineapple
plant protection, which is inefficient and
dangerous, and can no longer meet the
requirements of modern plant protection
operations. This project focuses on the wide
ridge characteristics of pineapple fields and
designs a pineapple spraying machine control
platform. This device matches the vehicle
speed and spraying flow rate to achieve precise
spraying, which can improve spraying
efficiency and reduce costs. It has broad
application prospects.

2. System Framework

The control system of pineapple pesticide
applicator is based on TM32F103ZET6 as the
core component, mainly composed of
TOFSense-M laser radar dot matrix module,
BD-280GPS positioning module, BLDC driver,
HC-05 Bluetooth module, DC brushless motor,
57THB6C stepper motor, SL-DP16 high-
pressure water pump, LCD1602 LCD screen,
etc. Sensors are mainly used for signal
acquisition of detection indicators, DC
brushless motors are used for the operation of
pineapple pesticide dispensers, SL-DP16 high-
pressure water pumps are mainly used to
control water pressure, and data exchange is
carried out on mobile phones through HC-05
Bluetooth modules. The 3D modeling diagram
of the pineapple pesticide application platform
is shown in Figure 1.

The detection system consists of GPS module,
Hall sensor, and laser radar dot matrix module.
The GPS module obtains the speed of the
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sprayer, and the TOF LiDAR dot matrix
obtains crop height information. The
environmental information obtained by the
detection system will be analyzed and fused by
the main control system. The main control
system is composed of STM32 microcontroller,
which communicates with the mobile phone
through Bluetooth and can send data to the
mobile phone for data analysis. The main
control microcontroller will perform algorithm
analysis on the received environmental
information, accurately restore the driving
speed of the sprayer, and thus finely control
the execution system. The execution system
consists of a brushless DC motor, a high-
pressure water pump, and a stepper motor. The
brushless DC motor controls the driving speed
of the sprayer, the high-pressure water pump
controls the flow rate of the nozzle, and the
stepper motor controls the spraying height. The
pineapple spraying machine adopts the Kalman
filtering algorithm to fuse the GPS module to
obtain the speed of the spraying machine and
the wheel speed captured by the pulse,
achieving accurate analysis of the walking
speed of the pineapple spraying machine. The
DC brushless motor controlled by PID can
achieve precise speed control, allowing the
sprayer to travel at a constant speed. The
overall framework of the system is shown in
Figure 2.

Figure 1. Pineapple Pesticide Application
Machine Platform
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Figure 2. System Block Diagram
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3. System Hardware Design

3.1 Selection of Main Control Chip

The control platform core of the pineapple
pesticide applicator is the STM32F103ZET6
microprocessor, which is the analysis and
control core of the entire pineapple pesticide
applicator. The STM32F103ZET6 adopts the
ARM Cortex-M3 core architecture, with a
maximum clock frequency of 72MHz and a
data bus width of 32 bits. This microcontroller
has 512KB flash memory and 64KB SRAM,
with a large storage capacity that can store a
large amount of data and code. Its internal chip
supports 2.0-3.6V power supply and can be
driven by a 5V input/output interface. The
working temperature requirement is between -
40 °C and 85 °C, and three low-power modes
are provided: standby, stop, and sleep. This
provides significant energy-saving advantages,
and users can choose the appropriate energy-
saving mode according to their needs.
STM32F103ZET6 supports multiple peripheral
interfaces, including USB 2.0, CAN, SPI, 12C,
USART, SDIO, ADC, etc. These interfaces
can communicate with various external devices,
expanding the  functionality = of  the
microcontroller. It supports serial debugging
and JTAC debugging modes, and has a highly
integrated design that reduces the need for
external components.

3.2 GPS

This spraying device adopts the BD-280 GPS
positioning module (see Figure 3) to obtain the
real-time speed of the machine. Based on the
positioning technology of BD-280GPS module,
the speed accuracy can reach 0.1m/s, which
can accurately measure the real-time speed of
the spraying device. It can also integrate
filtering algorithms to make the calculated
speed information closer to the real speed, thus
making the collaborative control of spraying
more accurate.
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Figure 3. GPS Module
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3.3 Water Pump

The SL-DP16 high-pressure water pump used
in this device can convert low water pressure
into high water pressure, providing high flow
rate. The pump has efficient conveying
capacity and reliable performance. In this work,
precise spraying is achieved by measuring the
speed and adjusting the pressure and flow rate
of the high-pressure water pump according to
the speed, improving the effective utilization
rate of pesticides and reducing environmental
pollution, as shown in Figure 4. The device
uses L298 to drive the DC water pump and
utilizes the timer in STM32F103ZET6 for
PWM control. The PWM signal is output
through the PA9 pin of the microcontroller,
and the duty cycle is changed by adjusting the
preset value of the timer, thereby changing the
output voltage of the L298 module to control
the water pump voltage and the flow rate of
pesticide application.

Figure 4. Water Pump

3.4 In-Wheel Motor
The DC brushless motor used in this device
can control the speed and direction by
controlling the current, thereby achieving
mechanical motion. At the same time, it has
the characteristics of high precision and fast
response, so we use a DC brushless motor to
control the driving speed of the spraying
device. Rated torque of DC brushless motor:
AN. m, maximum torque: 7N. m. In
mechanized spraying, in order to load more
pesticides at once and improve the spraying
efficiency of the machine, the torque of the
motor needs to be large enough to drive the
load, as shown in Figure 5.
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Figure 5. In-Wheel Motor
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3.5 Stepper Motor
One of the advantages of the DQ-57HB76C
stepper motor used in this device is that it can
rotate in a very precise manner, which makes it
popular in applications that require continuous
high precision and repeatability. This is due to
the fact that its rotation angle can be controlled
within small steps, which is not possible in
other types of motors. In addition, it also has
characteristics such as high torque, high
starting current, low noise, and low vibration,
which make it suitable for many different
applications. The DQ-57HB76C stepper motor
is a type of motor that can achieve high
precision and controllable rotation. Although it
has some limitations, it performs well in
applications that require repeatability and
stability, and can meet many different needs,
as shown _1_11 Figure 6.
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Figure 6. Stepper Motor

4. Software Design of the System

4.1 Extraction of GPS Data

To extract GPRMC data from GPS signals and
obtain speed information, it is necessary to
first initialize the serial port and set the baud
rate to match the baud rate and determine
whether GPS signal data can be received. After
receiving GPS signal data, it is necessary to
check whether the GPRMC data is valid,
extract the speed data from it, and store the
obtained data in an array. Note that the speed
1s measured in nautical miles, and unit
conversion is needed to obtain the speed value
in kilometers per hour. The extracted speed
data can be used in subsequent applications.
The program flow extracted by the GPS
program is shown in Figure 7.

4.2 Pulse Frequency Detection
The pulse frequency detection pineapple
pesticide applicator uses a DC brushless motor,
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which is equipped with a three-phase Hall
sensor. When the magnetic pole on the motor
rotor rotates through the Hall sensor, a Hall
potential signal is generated. As long as a
microcontroller is used to measure the
frequency of the pulse of the Hall potential

signal, the speed of the wheel can be calculated.

There are various methods for measuring
frequency, mainly including speed
measurement (M) and periodic speed
measurement (T). However, the speed
measurement method used in this design is the
speed measurement method: it calculates the
number of pulses output by the Hall sensor at
the same time T to calculate the speed.
Assuming that the Hall sensor outputs M

pulses within T time, the formula is:
=M

W=ir (1
N--Hall sensor outputs N pulses per revolution
W--rotational speed, unit (1/s)
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Figure 7. GPS Program Flowchart
Calculate the speed based on the relationship
between rotational speed and speed, using the
following formula:

V=WR 2)
V-- Speed
R--Wheel radius, R=10cm

4.3 Kalman Filter Fusion Velocity Data

In this article, we use two different sensors to
detect the speed of an object. The first method
is to obtain the movement speed of the
pineapple pesticide applicator through the GPS
positioning module, and the second method is
to calculate the speed by measuring the
rotation speed of the motor through the Hall
sensor of the DC brushless motor.

Due to the objective movement characteristics
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and external noise interference of sensors,
there is a significant difference between the
obtained data and the true value. Therefore,
this article uses Kalman filtering of wheel
speed and GPS speed to obtain fused data, that
is, two sensors are used to measure the vehicle
speed. Therefore, this article uses recursive
Kalman filtering to fuse the vehicle speed of
the two sensors.
The estimation process of Kalman filter can be
represented by the following formula:
(D Prediction stage:
State variables:
X =AXk-1 3)
Xk is the predicted estimated speed of the
pineapple pesticide applicator at time k; X,_; is
the estimated speed of the pineapple pesticide
applicator at time k-1; A is the state transition
matrix.
Error covariance matrix:
P = AP,_,AT +Q (4)
Py is the predict covariance at time k; P,_q is
the system state covariance at time k-1; Q is
the system process noise; A is the state
transition matrix.
In the prediction phase, Kalman filtering
predicts the values of system state variables by
using the dynamic model of the system and
estimating the error covariance matrix. The
reliability of the prediction results depends on
the size of the error covariance matrix, that is,
the larger the covariance matrix, the lower the
reliability of the prediction results.
(2) Update phase:
Kalman gain:
P HT
Ky = HP;kHT+R )
Kk is the Kalman gain coefficient; H is the
observation matrix; R is the observing noise
variance.
State variables:
Xk = X + K (Zx — HX,) ©)
X is the optimal estimated value of the system
at time t; H is observation matrix; Z, is the
sensor measures the value at time t.
Error covariance:
Pk = (I = KgH)Py (N
I is the identity matrix.

4.4 PID Control

Through Kalman filtering, the vehicle speed of
the two sensors is fused, and the system
obtains the true speed estimation value, which
is used as the input value for the PID control
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program to control the movement of the
pineapple machine. PID controller is a widely
used feedback controller, which consists of
three controllers: proportional, integral, and
derivative. The main function of PID control
algorithm is to control the controlled system,
stabilize its output value near the expected
value, and cancel out interference and noise.
This pineapple pesticide applicator uses an
incremental PID algorithm, and the true
velocity estimation value obtained by fusing
Kalman filter data is used as the input value.
The error value e (k) is obtained by subtracting
it from the target value. The Kalman filter
outputs the relative increment of the control
quantity, and the algorithm formula is as
follows:

)= -+ () (®)
)= [O-C-Dl+ ()+
[()-2(-D+ ( —2)] )
is the proportional coefficient, is the

differential coefficient, is the integral
coefficient, () is the error value, and ( ) is
the output
value, ()

5. System Testing and Analysis

5.1 Error Analysis of Kalman Filter
Velocity Data Fusion Experiment
This device will conduct three experimental
groups, setting the target speed of the
pineapple pesticide applicator to 2km/h, 4km/h,
and 6km/h respectively, to verify the data
fusion effect of the Kalman filter. During the
experiment, the obtained vehicle speed signal
and GPS speed signal of the wheels are output
in real time through Bluetooth communication
of the main control microcontroller.

Table 1. Analysis of Maximum Absolute

Error in Kalman Data Filtering Fusion

Set speed | GPS speed |Wheel speed| Fusion
km/h km/h  |speed km/h

2km/h 1.051 0.612 0.336

4km/h 1.014 0.685 0.394

6Km/h 1.181 0.730 0.410

Table 2. Analysis of Average Error in
Kalman Filter Data Fusion

Set speed | GPS speed |Wheel speed| Fusion
km/h km/h speed

km/h

2km/h 0.509 0.345 0.112
4km/h 0.533 0.295 0.109
6km/h 0.643 0.325 0.101
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Table 3. Standard Deviation Analysis of
Kalman Filter Data Fusion

Set speed | GPS speed |Wheel speed| Fusion
km/h km/h  |speed km/h

2km/h 0.396 0.299 0.173

4km/h 0.433 0.295 0.159

6km/h 0.403 0.325 0.151

From Tables 1, 2, and 3 above, it can be seen
that the maximum absolute errors between the
GPS speed and the preset speed of the
pineapple pesticide applicator at preset speeds
of 2km/h, 4km/h, and 6km/h are 1.051km/h,
1.014km/h, and 1.181km/h, respectively. The
maximum absolute errors between the wheel
speed and the preset speed are 0.612km/h,
0.685km/h, and 0.730km/h, respectively. After
data fusion wusing the Kalman filtering
algorithm, the standard deviation of speed data
decreased by more than 56%. The pineapple
pesticide applicator control platform utilizes
the Kalman filtering fusion algorithm to
effectively integrate wheel speed and GPS
speed, greatly reducing noise interference and
making the fused speed closer to the preset
value.

5.2 Flow Error Experiment

The experimental water pump's water flow
data per minute will be conducted at speeds of
2km/h, 4km/h, and 6km/h, as shown in Figures
8,9, and 10.
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According to statistics, under the set speeds of
2km/h, 4km/h, and 6km/h, the average water
flow rates are 1070ml/min, 2135ml/min, and
3192ml/min, respectively. The errors with the
set values of 1100ml/min, 2200ml/min, and
3300ml/min are 2.72%, 2.95%, and 3.27%,
respectively.

6. Conclusion

(1) The design of the control platform for
pineapple pesticide applicator in this article
uses multi-sensor methods to detect the speed
information of the pineapple pesticide
applicator. The traveling speed of the
pineapple pesticide applicator is obtained by
analyzing the GPRMC data returned by the
GPS module. The wheel speed is calculated by
detecting the feedback pulse of the Hall sensor,
and the data is sent to the upper computer for
analysis through the Bluetooth module.

(2) By using the Kalman filter data fusion
algorithm, this article adopts the Kalman filter
and Bauman data fusion algorithm, which can
fully utilize GPS data and feedback pulses
from Hall sensors to obtain a fusion speed that
approximates the actual speed. After data
fusion using the Kalman filter algorithm, the
standard deviation of the speed data is reduced
from 0.295-0.433 to 0.151-0.173, a decrease of
56% -64%, greatly reducing noise interference
and making the fused speed closer to the actual
value.

(3) By controlling the PWM output of the
microcontroller and the output voltage of the
motor drive, the water flow rate of the water
pump is controlled to form a linear mapping
relationship with the driving speed of the
pineapple  pesticide applicator, thereby
achieving the same spraying amount per unit
area and precise spraying.
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