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ABSTRACT

During the sowing operation, the consistency and stability of the row dispenses of a seeder are important
indicators for evaluating sowing performance. A multi-channel real-time weighing device was designed to study
and analyze the consistency of row dispenses in seeder under identical conditions, as well as the stability of
dispenses from a seed dispenser. This device utilized two Arduino boards as controllers for data acquisition,
processing, and transmission. Based on the Serial Peripheral Interface (SPI), data exchange between multiple
Arduinos was achieved in a master-slave configuration, allowing for data acquisition from 14 pressure sensors
in a one-master, one-slave setup. Pressure data was collected using pressure sensors, HX711 converter chips,
and Arduino. LabVIEW was utilized as the upper computer to read data from the Arduino host serial port and
provide real-time display and storage. This paper presents the structural and working principle s of the device.
Experimental tests on the weighing unit were conducted using a test bench to evaluate measurement errors.
The absolute error mean ranged from 0.143 g to 0.262 g. Additionally, the impact of the seed impact force on
the error was simulated using EDEM. The device was used fo evaluate a six-row wheat seeder under the
experimental conditions of the groove wheel having a length of 2.5 cm and a groove wheel speed of 25 r/min.
The maximum coefficient of variation for seeding stability (Y1) was 2.38%, the minimum was 0.83%, and the
mean was 1.21%. The coefficient of variation for consistency of seeding in rows (Y2) was 1.86%.
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INTRODUCTION

With the development of precision agriculture, seeding detection technology is gradually becoming one
of the research hotspots to achieve intelligent seeding, providing essential technical support to enhance
seeding quality (Ding et al., 2021; He et al., 2021; Ramasamy, 2021). Improving seeding uniformity to ensure
crop seedlings are uniform and strong can provide favorable conditions for crop growth, laying a foundation
for increasing yields in the early stages (Wang et al., 2024).

Since the 1980s, research on seeding detection technology has been carried out both domestically and
intemationally (Li et al., 2022). In the early stages, mechanical alarms were used, such as on the NODET air-
suction seeder developed in France (Zhao et al., 2003), where an actively fitted spring plate would strike a
raised shield to trigger an alarm using metal components but could only determine the working status of the seeder.
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Based on the sensing principles of different detection devices for seeds, the existing detection methods
mainly include mechanical-electrical, machine vision, photoelectric sensing, capacitive sensing (Taghinezhad
et al., 2013), and piezoelectric sensing (Sebastian Rossi et al., 2023). Drake et al. (1991) combined high-
speed photography with image processing technology to measure and analyze the motion of seeds falling from
the seed outlet. Zhang et al. (2013) used red high-brightness light-emitting diodes in conjunction with a
photoresistor as the sensing component for seeds, coupled with a microcontroller, to design a photoelectric
seed and fertilizer detection system. Wu et al. (2014) used pressure sensors to monitor the real-time changes
in the mass of the seed box and provide feedback to adjust the seeder's speed to control the seeding quantity.
This enables the detection of key information such as blockages, seeding quantity, seeding frequency,
misplanting, overplanting, and seed motion status (Karimi et al., 2017; Zhang et al., 2022; Zhou et al., 2022).
However, there is a lack of a detection device specifically for detecting the consistency of seeding quantities
in each row of seeders, and existing seeding detection devices developed domestically and intemationally
suffer from issues such as single application, limited detection channels that are difficult to install and dismantle,
poor environmental adaptability, high costs, and a lack of mature technical systems and marketable products
(Li & Yang, 2018; Wang et al., 2021; Zhang et al., 2021; Zagainov Nikolay et al., 2023).

To address this, research was conducted on aspects such as the structure of the weighing unit,
operational principles, error analysis, and upper and lower machine program design. The weighing device was
designed and characterized by its multi-channel, real-time display and synchronous operation. This device
provides technical and data support for assessing the consistency and stability of the row dispenses of a
seeder and also serves as a foundational reference for the design of other agricultural machinery in areas
such as broadcast sowing, row sowing, and irrigation.

MATERIALS AND METHODS
General structure and working principle

The overall schematic diagram of the multi-channel real-time weighing device is illustrated in Fig. 1,
which is comprised mainly of the LabVIEW upper computer, Arduino master, Arduino slave, weighing unit, and
Serial Peripheral Interface (SPI) communication system. The LabVIEW upper computer, Arduino master, and
Arduino slave adopt a three-tier distributed structure.

upper computer
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Fig. 1 - The overall schematic diagram of the device
1— LabVIEW upper computer; 2 — Type-B to Type-A; 3 — Arduino master; 4 — Arduino slave; 5 — 5v power supply;
6 — SCK cord; 7 — DT cord; 8 — HX711 converter chip; 9 — weighing unit

The multi-channel real-time weighing device was designed with a master unit and a slave unit,
comprising 8 weighing units (theoretically expandable up to 14), capable of simultaneously conducting real-
time monitoring of 8 targets. Each weighing unit was primarily composed of a pressure sensor and a weighing
cylinder, which function to acquire the weight of the target and output its mass.

339



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

The Arduino master unit is responsible for collecting real-time data from its own weighing units, selecting
the communication slave unit, collecting real-time data from the slave unit weighing units, integrating all the
data, and printing it via the serial port. The Arduino slave unit was tasked with collecting real-time data from its
own weighing units and transmitting the data to the master unit upon selection. SPI communication was
employed for the Arduino master unit to select the Arduino slave unit and perform data exchange. The
LabVIEW control system runs on a computer equipped with LabVIEW 2018 software. Through LabVIEW
software programming, it reads, separates, displays, and stores data from the Arduino master unit via the serial
port. During operation, each weighing unit was placed beneath the weighing target, and the target continuously
enters each weighing unit, enabling multi-channel real-time weighing.

Weighing unit structure

The schematic diagram of the weighing unit structure is shown in Fig. 2. The weighing unit is one of the
main functional components of the multi-channel real-time weighing device, designed to acquire the weighing
target and output the target's mass. It primarily consists of a weighing cylinder, upper fixed plate, strain gauge
pressure sensor, spacer, HX711 converter chip, lower fixed plate, and foot pad. During operation, the unit
remained in a static state.

o

w
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Fig. 2 - The schematic diagram of the weighing unit structure
1 — weighing cylinder; 2 — upper fixed plate; 3 — strain gauge pressure sensor; 4 — spacer;
5— HX711 converter chip; 6 — lower fixed plate; 7 — foot pad

In Fig. 2, both the upper fixed plate and lower fixed plate are made of acrylic plates. Three rubber foot
pads are fixed to the lower surface of the lower fixed plate to provide support and stability to the entire working
component. The HX711 converter chip is secured to the upper surface of the lower fixed plate by two rivets,
positioned closely to the pressure sensor without affecting signal transmission. According to the working
principle of the strain gauge pressure sensor, the lower left and upper right ends of the pressure sensor are
respectively fixed to the lower fixed plate and upper fixed plate through acrylic spacers and bolts. The weighing
cylinder is fixed to the upper surface of the upper fixed plate with two bolts, serving to support the seeds
discharged by a single seed dispenser.

Principles of data acquisition

The data acquisition of this device primarily consists of a strain gauge pressure sensor, an HX711
converter chip, and an Arduino board. A5 kg range pressure sensor was selected to meet the test requirements
of GB/T 9478-2005 for grain strip planter testing methods. The pressure sensor is used to sense external
pressure changes and generate corresponding voltage signals for output to the HX711 converter chip. The
strain gauge pressure sensor is an elongated prism-shaped elastic element with a hollow center that
undergoes slight elastic deformation when force is applied. There is a strain gauge on each of its upper and
lower surfaces, with two pressure resistors within each strain gauge. When the elastic element deforms due
to force, the upper strain gauge experiences tension while the lower strain gauge undergoes compression,
and causing a change in resistance in the resistive wire leading to an imbalance in the original bridge
configuration. The four pressure resistors form a full bridge circuit, enhancing measurement accuracy
(Ghanbari & Rezazad, 2022; Gu et al., 2024). The operational principle is depicted in Fig. 3. In the process of
connecting the four lead wires of the pressure sensor to the HX711 converter chip, the black wire connects to
E-, the white wire connects to S-A, the red wire connects to E+, and the green wire connects to S+A.
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Fig. 3 - Strain gauge pressure sensor working principle diagram

The HX711 is a 24-bit A/D converter chip specifically designed for high-precision weighing sensors. In
comparison to similar chips, the HX711 integrates features such as a stable power supply and an on-chip clock
oscillator, eliminating the need for external peripheral circuits required by other chips of the same type. It is
characterized by high integration, fast response speed, and strong anti-interference capability, which not only
saves costs but also enhances the performance and reliability of the entire system. The main function of the
HX711 is to amplify the voltage signal generated by the pressure sensor and convert the voltage signal into a digital
signal. In this device, the A channel of the HX711 with a 128-gain is utilized, and the analog differential input of HX711
Channel A can be directly connected to the differential output of the pressure sensor. To fully utilize the input dynamic
range of the A/D converter, it is necessary to amplify the relatively small voltage signal generated by the bridge sensor,
and then the on-chip A/D converter will convert the voltage signal into a digital signal for output.

This device utilizes two Arduino boards to read the digital signals output by multiple HX711 converter
chips and performs calculations with the intermediate value GapValue to determine the mass of the heavy
object. The system frequency was set at 9600 for both boards, with one serving as the master to read data
from the sensors to which it is connected. The master simultaneously selects the slave, receives data from the
sensors connected to the slave, and prints the data on the master's serial port. The second board functions as
the slave, reading data from its own connected sensors. When selected by the master board to establish
communication, it transmits the collected data to the master board.

The GapValue is an intermediary variable used in the calculation of the mass of the heavy object. By adjusting
its value, the pressure sensor can be calibrated.

The formula for calculating the mass of the heavy object is Eq. 1.
D

M= )

B GapValue

where: M is the mass of the heavy object. D is Sensor reading. GapValue is intermediary variable.

24
X-0.86-2
Gap Va/ue=T

(2)
where: Xis magnifying power.

Due to the varying slope characteristics of different pressure sensors, the GapValue calculated by the
formula represents the theoretical value, and actual calibration of each pressure sensor is required. In order
to improve computational speed and reduce storage space resource usage, many programs scale the received
AD sample values during data processing, resulting in the loss of lower-order data bits. As a result, the
measurement accuracy of the program is around 1 g. By not scaling the data, reducing the GapValue value
by a factor of 100, and dividing the output data by 100, the output mass results can retain two decimal places.

Due to the limited volume of the weighing cylinder during operation, in order to improve the accuracy of
the data for this experiment, calibration was performed using a 1 kg standard weight. The calibration procedure
involves burning the program onto the Arduino board with no weight on the pressure sensor, opening the serial
monitor, and observing an initial reading of 0 g. The 1000 g standard weight was then placed on the pressure
sensor, and the displayed value on the serial monitor is observed. If the value was higher than expected, the
GapValue was increased and the Arduino program is re-burned. If the value is lower, the GapValue was
decreased. This process was repeated multiple times until the value is accurate, indicating successful
calibration. The GapValue values for each sensor are provided in Table 1.

Table 1
The GapValue values for each sensor
Number 1 2 3 4 5 6 7 8
Value 4.30 4.29 4.21 4.25 4.30 4.28 4.15 416
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Principles of SPI

In order to collect data from multiple sensors and achieve modularity in the system, the Serial Peripheral
Interface (SPI) was adopted. SPI is a high-speed, full-duplex, synchronous communication bus. SPI operates
in a master-slave configuration, allowing one master device to communicate with multiple slave devices. The
master device selects different slave devices for communication using separate SS/CS signal lines and
performs bidirectional data exchange under the control of the SCK (serial clock) signal (Yang & Ding, 2012).

The system consists of one master and one slave board, with a bus utilizing four data lines for data
transfer. These lines are connected through pins 10, 11, 12, and 13 of the Arduino UNO, serving as the control
signal line SS-1 (slave select), the data signal line MOSI (master out slave in), the data signal line MISO
(master in slave out), and the control signal line SCK for communication. To ensure the stability of the
communication process, the GND(Ground) pins of the master and slave devices are connected. To guarantee
the stability of data transmission in SPI communication, the communication clock starts with a 2x clock division,
and eventually, the communication clock for the multi-channel real-time weighing device was set to
SPI_CLOCK_DIV16 to define it as one-sixteenth of the system clock frequency.

During communication, the master initiates SPI by setting the SS-1 pin of the slave device to a low logic
level, selecting the desired slave for communication. The selected slave board detects the initiation,
establishes communication, and data is synchronously exchanged between the master and slave boards
during the communication process. When the master detects the transmission of the "p" character from the
slave device, it concludes one communication session by setting the SS-1 pin of the slave device to a high
logic level, deselecting the slave. The slave device then disregards the host, and when not selected, the MOSI
signal line remains in a high impedance state, awaiting the next communication session with the host.

Principles of LabVIEW

LabVIEW is a graphical development environment language that provides the necessary development
environment for various applications such as data acquisition, instrument control, measurement analysis, and
data display (Gong & Zhang, 2020). Upon the initialization of LabVIEW software, this device configured the
serial port using VISA, initialized the selected serial port at a communication frequency of 9600, and set the
VISA resource name as "Arduino master serial port.". Serial port data was read, and a regular expression is
used to search for the presence of the character "p" in the input string, which is then split into sub-strings. After
splitting, the sub-strings are converted into numerical values, placed in an array, and displayed on the front
panel. By indexing the array, the variation of individual sensor data curves is displayed in real-time on the front
panel of the software. Simultaneously, utilizing file writing functionality to store the data from each sensorin a
local folder on the computer, for subsequent data processing and analysis. The LabVIEW front panel interface
is shown in Fig. 4, and the overall workflow of the LabVIEW system is depicted in Fig. 5.
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Principles of circuit

The hardware circuit connections of the device primarily consist of a pressure sensor, HX711 conversion
chip, and Arduino board forming the signal processing circuit, as well as the SPI communication circuit for
communication between the Arduino master and slave. The schematic diagram of the device circuit is shown
in Fig. 6.
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Fig. 6 - The schematic diagram of the device circuit

The Arduino master and slave can each connect up to seven strain gauge pressure sensors. In this
design, four strain gauge pressure sensors are connected to both the master and slave Arduino boards. When
connecting the HX711 conversion chip to the Arduino board, it is necessary to define the pins on the Arduino
board. The VCC of the HX711 was connected to the 5V power output of the Arduino board, and the GND was
connected to the GND pin of the Arduino board. The 2, 4, 6, and 8 pins of the Arduino master and slave were
defined as output ports and connected to the SCK output pulses of each HX711. The 3, 5, 7, and 9 pins of the
Arduino master and slave were defined as input ports and connected to the DT for data reading from each
HX711. The 10, 11, 12, and 13 pins of the Arduino master and slave were defined and connected for SPI
communication. The Arduino master was connected to the LabVIEW upper computer via a Type-B to Type-A
cable.

Bench test error measurements method

In order to analyze the error between the measured values and the true values of the pressure sensor
during operation, a bench test experiment was designed, as shown in Fig. 7. The row seeder of a wheat seed
dispenser with external groove wheel was fixed on the bench, with a seed box mounted above the seeder. A
weighing unit was placed 20 cm below the seeder outlet, driven by a stepper motor to rotate the seed dispenser
with a groove wheel. The groove wheel has a length of 2.5 cm and the groove wheel speed of 25 r min'. The
seed box was filled with wheat seeds, and the stepper motor was activated to start seeding. The seeds fell into
the weighing cylinder undemeath the working part in sequence. After rotating the stepper motor for two full
rotations, it was stopped. The maximum value measured by the weighing unit at the end of seeding was taken
as the measured value. The mass of the discharged seeds was measured using a high-precision balance with
a precision of one thousandth as the true value. Absolute error and relative error analyses were conducted
based on the measured values from the weighing unit and the true values from the high-precision balance.
Each test was repeated three times to take the average value. The seeds in the weighting cylinder were then
emptied, and the stepper motor was set to rotate for 4 full rotations before stopping, and the above test was
repeated. The experiment was conducted by incrementing 2 rotations each time until the stepper motor
completed 20 rotations, totaling 10 sets of experiments.
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Fig. 7 - The bench test experiment
1— seed box; 2 — seed dispenser with external groove wheel; 3 — stepper motor; 4 — computer; 5 — Arduino board;
6 — weighting unit; 7 — motor controller; 8 — high-precision balance; 9 — weighing unit

Impact error simulation method

When wheat seed is discharged from the seed dispenser, it acquires an initial velocity (va) and collides
with the bottom of the weighing cylinder after falling a height (h), generating an impact force (P) at the moment
of collision. The schematic diagram of the seed collision motion is shown in Fig. 8. Due to the random direction
of the wheat seeds during descent and their irregular shapes, the direction of the impact force when they
collide with the bottom of the weighing cylinder is also not fixed. The impact force direction is always
perpendicular to the contact surface between the wheat seed and the bottom of the weighing cylinder. If the
seed is considered a particle, the motion equation when it falls to a height (h) can be expressed as:

h=v, t+- gt 3)
where: va is initial velocity of wheat seeds (m/s); g is the gravitational acceleration

The time t for the seed to fall is:
Va+ Va2-2gh
E—G
4)
where: h is seed drop height (m).

During the impact process considered as a point particle, there exists a gravitational force (G) and a
normal pressure (P) acting on the particle. According to the principle of kinetic energy:

1
Emva2+6(t+t1):P't1 (5)
where: t1 is normal pressure action time (s).
Bringing the time t into Eq. (5) yields:
2 “Vat a2‘29h
P=" +mg(—L 1) ®)
1 1

contact surface’| 0

1 (« trajectory
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T

Fig. 8 - The schematic diagram of the seed collision motion
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From Eq. (6), it can be observed that, with other conditions remaining constant, the impact force
increases as the duration (t1) of positive pressure decreases or as the height (h) of seed descent increases. In
order to measure and analyze the impact of the impact force (P) on the pressure sensor reading during collision,
EDEM discrete element simulation experiments were conducted. To simplify the calculation process, based on
the measurement of the physical properties of Jima 22 seeds and references from literature, wheat seeds were
equivalently modeled as ellipsoidal particles using five spherical particles. The model had a major axis length
of 6.49 mm and minor axis length of 3.3 mm. The particle model is shown in Fig. 9, and the key parameters
(Yu etal., 2018; Yu et al., 2020) for seed-DEM simulation are presented in Table 2.

Table 2
Basic parameters of seed and discrete element models

Parameters Value
seed triaxial size (mmxmmxmm) 6.49x3.36%3.05
seed Poisson's ratio 0.434
seed shear modulus (Pa) 5.24x107
seed density (kg/m?) 1223
ABS Plastic Poisson's ratio 0.6
ABS Plastic shear modulus (Pa) 8.96x108
ABS Plastic density (kg/m?) 1060
seed-to-seed collision coefficient 0.407
coefficient of static friction between seeds 0.523
coefficient of kinetic friction between seeds 0.082
seed - ABS collision coefficient 0.507
seed - ABS static friction coefficient 0.563
seed - ABS coefficient of kinetic friction 0.051

=805, 1.165;, 11::65)

(3.2, 1.65, 1.65)

P )(3.2, 1.65, -1.65)

y /.3 mm
3.2, -1.65, -1.65)

Fig. 9 - Particle model

Fig. 10 - Simulation

Using SolidWorks 2016 modeling software, a three-dimensional model of the weighing cylinder
component was created and then imported into the EDEM environment in .igs format for analysis. The
simulation employed the default Hertz-Mindlin non-sliding contact model to analyze the impact force of wheat
seed. A grain factory was established 115 mm directly above the weighing cylinder, and at the start of the
simulation, seed particles were created with a velocity of 1.5 m/s along the negative Y-axis. To capture more
data points and accurately reflect the collision process, the simulation was paused near the collision, and the
time step was set to 10% of the Rayleigh Time Step. Data was stored at intervals of 1x10-°s before continuing
the simulation. During playback of the animation, it was observed that the positions of the seed before and
after collision were continuous. The simulation experiment, as shown in Fig. 10, was repeated 20 times. The
mass of a single wheat seed simulated particle was 0.0435 g.

Indoor experiment method

In order to assess the operational stability of the entire system and LabVIEW software, the coordination
between the LabVIEW upper computer and the control system, the reliability of the pressure sensor operation,
and the real-time performance and reliability of SPI communication, the multi-channel real-time weighing
device was employed. Using a six-row wheat seeder as the experimental subject, indoor tests were conducted
under the same experimental conditions to evaluate the consistency and stability of the sowing quantities for
each row of the seeder. The experimental setup is depicted in Fig. 11.
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On September 25, 2023, the experiments were conducted at the Agricultural Machinery and Equipment
Testing Laboratory of Shandong University of Technology. The experimental equipment consisted mainly of a
6-row wheat seeder, with the groove wheel having a length of 2.5 cm and a groove wheel speed of 25 r/min,
seeds in the seed box exceeding half of the box volume; a multi-channel real-time weighing device; an
electromagnetic force electronic balance with an accuracy of 1x102g; a stepper motor with a motor speed of
25 r/min; the wheat variety used for sowing was Jimai 22; weighing buckets; and brushes, among others.

[ ——

Fig. 11 - Indoor experiment
1— seed box; 2 — propshaft; 3 — seed dispenser; 4 — weighting unit

The experiment was a static test, in which six weighing units were randomly selected from the multi-
channel real-time weighing device to determine the consistency and stability of the sowing quantities for each
row of the six-row wheat seeder. Prior to the start of the experiment, the stepper motor was connected to the
seeding machine transmission shaft via a coupling to drive the seed dispenser for rotation. The weighing units
of the multi-channel real-time weighing device were placed under each seed dispenser according to the
settings from the simulation analysis. The distance between the bottom of the seeding openings and the bottom
of the weighing cylinders was approximately 11 cm, designed for assessing the sowing quality of each seed
dispenser. After emptying the seed box, the seeds were poured into the seed box and waited for the sowing
to begin.

At the beginning of the experiment, the multi-channel real-time weighing device was started and allowed
3 seconds to stabilize before initiating the stepper motor to drive the seeder for sowing. The stepper motor ran
at a speed of 25 r/min for 30 seconds, during which the multi-channel real-time weighing device displayed and
recorded the experimental data. This procedure was repeated 5 times. To analyze the sowing quantity stability
of each seed dispenser, the coefficient of variation for seeding stability Yswas used as an evaluation indicator.
The sowing quality of each seed dispenser was then input into Eq. (7) for calculation.

2’7_1 mgj
mg==F—
S n

,/ﬁﬂ-’q (mgi-ms)? ()
Y;=*Y——-100

ms
where:

ms is average seed quality from 5 experiments (g); msi is scheduled seed quality at time i (g); n is
measurement times, n=5. Y1 is the coefficient of variation for seeding stability (%).

To analyze the consistency of sowing quantities for each row of the seeder, the coefficient of variation
for consistency of seeding in rows Y2 was used as the evaluation indicator based on the sowing quality of each
seed dispenser. The average sowing quantity from the 5 experiments for each seed dispenser was calculated
and considered as the sowing quantity for that seed dispenser. Utilizing Eq. (8), the sowing quantity was
subjected to inter-row sowing quantity consistency variation analysis.

| %Z,nﬂ(msi'ms)z
Y2=m—s 100 (8)
where:

msis average seed quality from six seed dispensers (g). msiis seed quality from the ith dispenser (g).

n is the number of dispensers, n=6. Y2 is the coefficient of variation for consistency of seeding in rows (%).
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RESULTS
Results of bench test

In order to clearly observe the changes in the absolute error, a curve depicting the changes in the
absolute error was plotted, as shown in Fig. 12. The bench test experimental results are presented in Table 3.

Table 3
The bench test experimental results
Absolute Absolute Absolute Mean absolute error Mean relative
Number

error 1(g) error 2(g) error 3(g) (9) error (%o)
1 0.129 0.211 0.196 0.179:0.044 6.08
2 0.216 0.133 0.114 0.154:0.054 2.67
3 0.322 0.137 0.037 0.165:0.145 1.85
4 0.305 0.087 0.291 0.228:0.122 1.97
5 0.195 0.141 0.109 0.148:0.043 1.02
6 0.300 0.244 0.242 0.262:0.033 1.48
7 0.194 0.136 0.261 0.197:0.063 0.97
8 0.103 0.300 0.192 0.198:0.099 0.86
9 0.075 0.038 0.315 0.143:0.150 0.54
10 0.147 0.205 0.121 0.158+0.043 0.49

e ean absolute error
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Fig. 12 - The curve of the changes in the absolute error

In the 10 sets of experimental data, the mean absolute error of the individual weighing units was
randomly distributed between 0.143 g and 0.262 g, with a mean of 0.184 g. Two main factors contribute to this
absolute error: the inherent error of the strain gauge pressure sensor and the impact component's force along
the vertical direction during the seed's descent. The maximum and minimum mean relative errors of the
weighing units are 6.08%o and 5.4%.0, respectively. As wheat seeds continue to be discharged, the mass of the
wheat seeds increases, leading to a gradual reduction in the impact of absolute errors on the measurement
results and an overall decreasing trend in relative errors.

Results of simulation

Analysis of collision data showed that the magnitude of the force generated in the negative Y-axis
direction during collision was random, ranging from 1.508 N to 3.121 N, with a mean value of 2.220 N. The
influence on the pressure sensor ranged from 0.110 g to 0.275 g, with a mean impact of 0.183 g.

The sampling frequency of the pressure sensor is 10 Hz, while the frequency at which Arduino reads
sensor data is 2 Hz. When the moment of seed impact synchronizes with the data acquisition time of the
pressure sensor, the impact force affects the real pressure data. As the seeds fell and accumulated, impact
force simulation analyses were conducted with 500 and 1000 static seeds in the weighing cylinder, observing
the changes in seed velocity to examine the process of impact force transmission, as shown in Fig. 13. In Fig.
13a, with no seed accumulation, the impact force acts directly on the bottom of the weighing cylinder. In Fig.
13b, with 500 seeds accumulated, the impact force is transmitted among the seeds, as indicated by the color
of the arrows; when the impact force acts at the bottom of the cylinder, its magnitude decreases. In Fig. 13c,
with 1000 seeds accumulated, the variation of impact force with time steps was observed. During the
transmission of impact force, due to reasons such as inter-seed gaps and friction, the force cannot be
transmitted to the bottom of the weighing cylinder.
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(@)

Fig. 13 — Process of impact force transmission
(a) With no seed accumulation; (b) With 500 seeds accumulated; (c) With 1000 seeds accumulated

Results of Indoor experiment

The experimental data results are shown in Table 4. The table includes the sowing quality data from 5
experiments for 6 seed dispensers, the calculated results of the coefficient of variation for seeding stability Y7,
and the calculated results of the coefficient of variation for consistency of seeding in rows Y2. The calculation
method for Y7 involves taking the average of the five measurements of a single seed dispenser, computing the
standard deviation of the sowing quantity for that seed dispenser, and then calculating the sowing quantity
stability coefficient for the individual seed dispenser. Among the 6 seed dispensers, the maximum sowing
quantity stability coefficient is 2.38%, the minimum is 0.83%, and the mean is 1.21%. The calculation method
for Y2 involves calculating the average sowing quantity from the 5 experiments for each seed dispenser,
considering it as the sowing quantity for that seed dispenser, and then computing the standard deviation of the
average sowing quantity for the 6 seed dispensers to determine the coefficient of variation for consistency of
seeding in rows. The coefficient of variation for consistency of seeding in rows is 1.86%.

Table 4
The experimental data results
Seed Seed Seed Seed Seed Seed Y
Number | dispenser1 | dispenser 2 | dispenser 3 | dispenser4 | dispenser 5 | dispenser 6 (%)
quality(g) quality(g) quality(g) quality(g) quality(g) quality(g)
1 192.85 193.58 193.30 198.96 196.66 201.02 -
2 191.08 190.23 196.34 196.85 198.37 201.87 -
3 193.42 192.11 205.07 194.20 201.17 202.72 -
4 191.91 192.89 194.94 197.59 199.32 199.50 -
5 188.70 189.81 194.96 195.47 199.56 196.05 -
mean
quality 191.59 191.72 196.92 196.61 199.07 200.23 1.86
)
Y1 (%) 0.96 0.86 2.38 0.94 0.83 1.31 -

As the transmission shaft of the seeder is driven by the stepper motor to rotate at a constant speed,
there was no slippage of the ground wheels or shaking of the seeder. The seeders rotate synchronously at a
constant speed, leading to a small value of the coefficient of variation for seeding stability. Additionally, due to
the consistent groove wheel length of each seed dispenser and the uniform distribution of wheat seeds in the
seed box, coupled with the small individual mass of wheat seeds, the calculation value of the coefficient of
variation for consistency of seeding in rows was also relatively small.

CONCLUSIONS

(1) A multi-channel real-time weighing device has been designed that collects real-time data from
various pressure sensors through Arduino controllers and displays and stores it in the LabVIEW upper
computer. This device can be applied to monitor the operational quality of agricultural machinery such as row
seeding, broadcast sowing, and irrigation equipment.

(2) By utilizing SPI communication, the data exchange between the master and slave Arduino boards
has been achieved. In a one-master, one-slave configuration, it is possible to simultaneously collect data from
14 pressure sensors. Each slave device is an independent Arduino controller, enabling modularity that is
beneficial for future expansion and improvement of functionalities. Based on the working principle of strain
pressure sensors, the design of the weighing unit is reasonable, resulting in stable operation of the entire
system with low production costs. This makes it easier to promote the device.
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(3) The results of the bench test and indoor test demonstrate the reliability of the device, with the mean
absolute error of the weighing unit ranging from 0.143 g to 0.262 g. According to simulation results, the impact
of a single wheat seed on the weighing unit falls between 0.11 g and 0.275 g, with a mean impact value of
0.183 g. Under the preset test conditions, the coefficient of variation for seeding stability ranges from a
maximum of 2.38% to a minimum of 0.83%, with a mean of 1.21%, while the coefficient of variation for
consistency of seeding in rows was 1.86%.
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