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ABSTRACT

In order to solve the problem that the wind field disturbs the trajectory of falling seeds and causes the seeds
to be unable to be arranged in equidistant rows when the UAV is spreading rice, a shot seeding device that
can sow five rows of pelleted rice seeds at the same time was designed. The unit is centered on an external
grooved wheel seed metering device and a seed acceleration unit for row seeding and hole sowing. The airflow
simulation of the rotor wind field of the UAV was carried out by simulation software to explore the changes in
the wind field of the UAV during operation. The position where the wind field disturbance is minimized is chosen
for the seed guide tube arrangement. The position with the least wind field disturbance is chosen to arrange
the seed guide tube and combine it with a seed acceleration device to reduce the influence of the UAV wind
field airflow on the direction of seed movement. The operational effectiveness of the seeding device with and
without wind was verified by an indoor test and an outdoor flight seeding test, respectively. Simulation results
show that: when the mouth of the seed guide pipe is 0.9 m away from the paddle, the wind field has the
smallest influence on the sowing results. The results of the bench test show that: when the rotational speed is
30-45 r/min, the coefficient of variation of the discharge rate of each row (CVR) and total seed discharge rate
stability (CVT) are less than 1.98% and 0.84%, and the seed breakage rate is less than 0.95%, which all
conform to the UAV fly sowing industry standards. The outdoor mud box test shows that: when the baffle angle
changes by 26%, 58%, and 71%, each slot wheel hole can store 5-10, 3-5 and 1-3 seeds respectively, and
the UAV operates at a speed of 2 m/s-3 m/s, the pass rate of hybrid rice is greater than 86%, which meets the
agronomic requirements of rice sowing operation.
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INTRODUCTION

As one of the three major food crops in the world, rice is closely related to people's lives. Ensuring rice
yield is of great significance to meet the food demand of China and the world. Rice mechanized planting
operation is the most critical and weakest link in the three major production processes of rice cultivation,
planting, and harvesting. Moreover, rice planting is the most important factor hindering the production of
mechanized rice at present. Therefore, it is very necessary to improve the efficiency of rice mechanized
planting and the level of automatic operation (Luo et al., 2019).
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In recent years, agricultural aviation technology has been developing rapidly at home and abroad
because of its advantages of not being restricted by the operating environment, higher operating efficiency,
less impact on crop growth, and low operating costs at the same time. Agricultural aviation assumes an
important role in the development of modern precision aerial agriculture. In this study, the autonomous design
of UAV can achieve route planning, land-like flight, autonomous obstacle circling, automatic return, flexible
take-off, and landing through the data fusion of multiple sensors. It also proves that the efficiency, cost, and
stability of land-based equipment are not as good as UAVs. Super-hybrid rice is a type of hybrid rice with
greater tillering capacity and higher yields. When sowing by direct seeding technology, only 1~3 grains/hole
are generally needed, of which 2 grains/hole are preferred, with a plant spacing of about 10 cm and a row
spacing of about 30 cm. but often land equipment operates at a slower speed. Therefore, there is an urgent
need to study the precision sowing technology of hybrid rice using drones as a carrier (Zhou et al., 2014). In
this paper, hybrid rice is taken as the research object, and the research and design are carried out for precise
and quantitative row sowing and hole sowing (Luo et al., 2019).

At present, drone seeding is categorized as row seeding and spread seeding, but regular distribution
of cavities cannot be achieved. The field of seeding using drones has developed rapidly in recent years. In
response, the land-based equipment has the disadvantages of easily getting stuck in the soil and low operating
efficiency. Seeding by drones has become a new type of rice cultivation (Wan et al., 2021). Among them, Gao
Xuemei et al. developed a rice and fertilizer spreading device. The device mainly used centrifugal force to spill
rice seeds along the outlet of the spreading device. However, the influence of the wind field of the UAV and
the parameter matching problem of the spreading disc resulted in poor spreading uniformity (Gao et al., 2022).

Huang Xiaomao et al. designed a row sowing device for both rice and oilseed rape. The device adopted
a split seed dispenser and folded seed guide tube program, which could reduce the wind field impact and
achieved the position of the falling seeds arranged in strips. However, the speed of rice seed drop plus was
limited, resulting in the seeds not being able to penetrate 1-2 cm below the soil, making it difficult to meet
agronomic requirements. Rice seeds floated on the soil surface and were easily eaten by birds and rats. The
seeds also floated away due to the external wind (Huang et al., 2020; Huang et al., 2022); Li Wencheng et al.
designed an oilseed rape drone fly sowing device, which could realize oilseed rape in rows and rows. However,
the seed guide tube he designed was too long, which was a big hidden danger to the safety of the flight (Li et
al., 2020; Zhang et al., 2020); Song Cancan et al. designed a method to achieve spreading through high-speed
airflow, which in turn achieved uniform fertilizer spreading. However, the uniformity of that program was general
(Song et al., 2018; Song et al., 2020).

He Weizhuo et al. designed a seed acceleration device with friction wheel force, which accelerated the
rice seed significantly and did not hurt the seed. This solution could achieve row sowing but not hole sowing,
improve the uniformity of the position of seed fall and reduce the effect of airflow from the drone on the
trajectory of the seed. In this study, the seed sowing method was improved by increasing friction based on
others (He et al., 2022). At the same time, an external grooved wheel seed metering device was designed to

achieve an equalized distance between two adjacent seed-filled holes. The wind field airflow was simulated
under the UAV by simulation software to simulate the change of wind field under the rotor surface, so that the
optimal location of the seed discharge point could be determined and the effect of UAV wind on the seed
trajectory could be reduced (Shen et al., 2018; Zhang et al., 2019).

In this paper, an external grooved wheel seed metering device is designed, where the volume of the
grooves and the rotational speed of the grooved wheel can be precisely controlled and adjusted to accurately
group the seeds and adjust the seed flow rate and the falling frequency (Zeng et al., 2021). The acceleration
of the seed by the friction wheel reduces the effect of the wind field on the seed trajectory and allows the seed
to penetrate deeper into the soil. Compared with other drone seeding methods, this solution can make the
seed drop location evenly distributed and reduce the impact of the wind field on the seed trajectory. It provides
a reference for the subsequent UAV rice direct seeding technology.

MATERIALS AND METHODS
Flying seeding drone machine structure and principle

The whole machine is divided into three main parts: drone platform, seed discharge device, and seeding
device, as shown in Fig. (1). Among them, the grooved wheel seed discharger and seed acceleration device
are fixedly connected to the frame of the UAV through fixing parts.
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Fig. 1 - Three-dimensional roadmap  Fig. 2 - Physical dralng of rice flying seeding drone

This experiment uses an independently designed X8 co-axial counter-propeller UAV as a power platform
to ensure hovering and flight attitude during operation. The seeding device is divided into three processes:
seed filling, seed carrying, and seed shooting. The seed-filling process is the free fall of rice seeds from the
seed box to the inlet of the grooved wheel under the effect of gravity. The seed is transported to the
accelerating device during the rotation of the grooved wheel. The trough wheel is rotated by a 42-step motor,
and the rotational speed is controlled by a handheld remote control that establishes communication with the
motor drive module and the signal transmitter. Different rotational speeds control the flow of seed output from
the trough wheel per unit of time. The chute wheels uniformly control the seed drop, and then the seed
dispenser carries the seed from each chute wheel opening to the acceleration device. The acceleration device
consists of two motors that control the opposite rotation of two friction wheels. The acceleration unit consists
of two motors that control the opposite rotation of two friction wheels. The friction wheels provide the seeds
with a friction force, and then the seeds enter the acceleration device and are instantly squeezed by the two
friction wheels to use the friction force to accelerate them, and then after passing through the pipeline, they
pass through the wind field under the rotor blades of the UAV and are shot into the soil at a distance of 1-2
cm, to complete the fly sowing operation.

Table 1
Rice seeding drone-specific parameters
Parametric Numerical value
Overall dimensions (LxWxH)/(mm) 1100 x1100x950 (Arm deployment)
600 x600%950 (Arm Removal)
Seeding method Strip sowing, hole sowing
Number of lines of work 6
Sowing rate (dry weight of rice seed)/ (kg/min) 1-3
The rotational speed of groove wheel / (r/min) 30-45
Working width / (m) 1-2.1
Operating altitude / (m) 1-2
Operational flight speed / (m/s) 1.5-25
Seedbox capacity / (kg) 18
Maximum Endurance / (min) 16
Overall quality / (kg) 35.06

Sowing device layout
Rice UAV flying and seeding control system
The whole control system is divided into the UAV flight control system, sowing control system, and

monitoring system, as shown in Figure 3 below. The mission platform consists of two parts: the trough wheel
and the acceleration device. The trough wheel is printed by a 3D printer using PLA material to print out the
mold and installed for use. The grooved wheel controls the rotational speed and thus the flow of rice seeds
through a type 42 stepper motor and a motor driver. The groove baffle of the groove wheel can be rotated
along the axis at an appropriate angle to effectively control the size of the groove hole and the quantity of rice
seeds.
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The acceleration device uses a friction wheel driven by a motor to accelerate the rice seed and then
complete the sowing operation. The friction wheel is made of rubber, which is elastic and does not harm the
rice seeds. The maximum speed of the motor is up to 9000 r/min, which ensures a high seed ejection speed.
The motor is controlled by an electronic speed controller (ESC). External stm32f1 microcontroller controls ESC
and thus controls the friction wheel speed and stepping motor speed. One of the monitoring systems,
consisting of a piezoresistive weight sensor. Sensor set two order alarm prompts, in the seed box balance of
5 kg and 2 kg when the remote control alarm occurs. The motors are set up to monitor the identification and
alarm when one of the accelerators jams. In which the whole flight control system is linked to the seeding main
controller for signal interaction and information transfer.
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Fig. 3 - Block diagram of UAV rice seeding control system structure

The rice seeding UAV consists of the flight control system, ground control system, propulsion system,
power system, and seeding control system as follows (4). The fuselage is made of carbon-brazed dimensional
material, and the flight-sowing UAV control system adopts DJI-A3, including a control master module, power
module, GPS module, LED module, Lightbridge2, and image transmission module (Bian et al., 2024). The
motors are DJI E5000 series, with a pull force of 7kg. Since the single-axis dual propellers have a 10%-30%
power loss, the minimum single-axis pull force is 9.8kg. The arm carries sockets, which can be plugged and
unplugged to reduce the storage volume. The flight control system is the brain of the UAV, mainly responsible
for the autonomous flight of the UAV. The ground control system works in conjunction with the flight control
system to control the flight of the UAV, and you can choose automatic flight settings or manual operation. The
propulsion system is responsible for powering the UAV to climb, hover, fly, and land. The power system
consists of a battery and a power distribution unit (PDU), which powers the propulsion system, the rice seeding
system, and the flight control system. The rice seeding system consists of a seed supply system and a seed
discharge system. The grooved wheel can precisely control the flow and frequency of the falling rice seeds,
and the friction wheel is responsible for shooting the seeds under the soil in batches at intervals to achieve
hole sowing.
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Design and parameterization of key seeding devices for rice drones
Seeder design
Rice seeds need to be treated before sowing. Firstly, the outer layer of the rice seed is wrapped with a

layer of hard powder, which is rich in fertilizers and nutrients that promote the growth and development of the
rice seed. The seeds are then hardened and treated to approximate the shape of a sphere. The hardness and
volume can be customized in the device. This technique is called ‘seed dressing’. In this paper, the rice seed
is set as a sphere with a diameter of 5 mm.

The design of the friction wheel extrusion direct injection device is shown in Figure (5) below: the
frequency of rice seed drop controlled by the grooved wheel of the previous link is 2 or 4 seeds in a group.
The falling seeds then pass through the seed distributor into the gap between the two friction wheels. When
the seed passes through the friction wheel A and friction wheel B, the two friction wheels rotate at a high speed
in the opposite direction, giving the seed two friction forces in the same direction respectively, and quickly
shoot the rice seed into the soil, the rice seed will have a short residence time in the guide and during the drop.
In this paper, the motor is fixed inside the friction wheel, and the friction wheel is rotated by the motor. The
accelerating motor is an external rotor brushless motor, and the model of the motor is DJI-2312A. In order to
ensure that the seeds are in full contact with the friction wheels, the gap between the two friction wheels is set
to 3.5 mm. The catheter is mounted at the bottom of the guide rail. Due to the error in the production process
of the coated seeds, the diameters are slightly different. Setting a tension spring underneath the two motor
holders allows the friction wheels to adapt to seeds of different diameters and reduces the seed breakage rate.
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Fig. 5 - Overall structure of the sowing device Fig. 6 - Key Component Arrangement

1. Seed stopper; 2. Grooved wheel housing; 3. Screw fixing parts; 4. Rubber wheel; 5. Seed guide tube; 6. Adjusting stopper;
7. Rotating shaft; 8. Grooved wheel hole; 9. Grooved wheel; 10. Seed tube; 11. Flexible motor holder; 12. Brushless motor; 13. Guide rail

H1 refers to the direct distance between the pipe and the ground; H2 refers to the distance for seed acceleration; H3 is the distance
between the rotor surface and the seed inlet, d refers to the distance between two neighboring pipes, and L refers to the row spacing

In this paper, coated rice seeds were used as the research object for sowing. Before the experiment,
special equipment was used to wrap a layer of powder and solution containing nutrients such as fertilizer on
the outer layer of the seeds. When the seeds were dried the outer layer of material hardened and the shape
of the seeds was made into a ball shape. Compared to other drone seeding, such as centrifugal spreading
(Gao et al., 2022) and seeding by gravity (Huang et al., 2020), it is not possible to give the seeds increased
acceleration. In this paper, the device applies a strong friction force to the seed so that the seed has the initial
speed to better cross the wind field and enter the soil. This can effectively realize the orderly arrangement of
seeds on the ground and improve the uniformity of sowing. At the same time, the control to adjust the opening
and closing angle between two neighboring seed dispensers can control the size of the row spacing, and the
layout of the conduit and acceleration device is shown in Fig. 6.

At the same time, the hard texture of the coated seeds, rich in fertilizer and other nutrients will slowly
dissolve in the water to promote seed germination, so that the layout reduces the risk of rice seeds floating on
the surface of the soil being eaten by birds, rats, or even washed away by the rain, resulting in a lack of
seedlings. At the same time, it also enables the seeds to be not affected by the ambient wind or the rotor winds
of the drone resulting in an uneven density of the landing site, thus causing poor permeability in the later stages
and thus triggering the risk of diseases and insect pests.

Grooved wheel design
In this paper, an external grooved wheel seed metering device is designed as shown in Fig. 7, where

the number of seeds inside the groove is controlled by controlling the angle of baffle. Where the power of the
groove wheel is provided by a stepper motor (3 Nm 42 stepper motor). The power is provided by the UAV
battery (model 22000aAh, 6s, 25.2v). The power supply is connected to the buck module and a remote control
system is established with the motor driver, signal receiver, and remote control. The remote control system of
the grooved wheel is shown in Fig. 8 below, and the grooved wheel is equipped with six circles of grooved
holes on the outside, with 20 grooved holes in each circle. The baffle plate is used to regulate the volume of
the holes, the larger the opening of the baffle plate, the smaller the volume of the holes in the wheel and the
smaller the inflow of rice seed. The groove wheel uses a 2.4 GHz remote control (AT9S PRO) with 12 buttons
to control the start, stop and speed of the groove wheel. The microcontroller controls the speed of the seed
metering motor, and its signal transmission is based on the 1, 2, 8, 9, and 10 buttons, so that the number of
rice seeds falling into each groove is basically the same, reducing the missed seeding rate and repetition rate.
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% 1]

Fig. 7 - Seed Discharger Structure Diagram Fig. 8 - Motor control system wiring diagram
1 - 42 Stepping motor; 2 - Left grooved wheel housing; 3 - Seed stopper angle opening and closing plate; 4 - Grooved wheel;
5 — Right grooved wheel housing; 6 - Seed stopper; 1 - 42 Stepper motor; 2 - L298 motor drive module;
3 - Stm32 microcontroller; 4 - Motor driver; 5 — Receiver

The diameter of the grooved wheel, the structure and the number of holes have a greater impact on the
performance of fly-sowing operations. When the sowing volume and operating speed are certain, the number
of grooved wheel holes is inversely proportional to the rotational speed of the grooved wheel. If the diameter
of the grooved wheel is too small, the grooved wheel rotational speed is high, which will lead to an increase in
the rate of seed breakage; if the diameter of the grooved wheel is too large, the volume of the seed discharge
device is large, which is not suitable for unmanned aerial sowing operations. Comprehensive consideration,
the external dimensions of the grooved wheel are designed to be 95 mm in diameter and 101 mm in length.
The grooved wheel has a number of slotted wheel holes on the outside to group the seeds.

In order to facilitate the smooth discharge of seeds from the groove, the wall of the groove side is
designed to be an inclined quadrilateral with an inclination angle of 40°. Compared with a square, this structure
not only makes it easier for seeds to escape from the groove, but also reduces the risk of the groove wheel
getting stuck. The inclination of the groove wall is conducive to rapid seed filling and seeding. During operation,
in order to ensure the seeding volume during fast flight operation, each groove is designed to be filled with 1-
10 seeds, and the number of seeds can be freely adjusted.

The adjustment process is as follows: (1) baffle opening 0%, slot wheel hole in the maximum capacity
of rice seed volume state, a single hole of about 10-15 grains, at this time the speed is higher, the seeding
volume is larger, the flight speed is relatively fast suitable for strip seeding; (2) baffle opening 26%, slotted
wheel hole can hold 5-10 rice seeds; (3) baffle opening 58%, slotted wheel hole can hold 3-5 rice seeds; (4)
baffle opening 71%, and slotted wheel hole can hold 1-3 rice seeds.

Simulation environment construction
The airflow disturbance in the wind field of motion under the rotor of the UAV is large and has an effect

on the trajectory of the falling seeds. There may also be a region with less airflow disturbance under the rotor.
In this paper, the wind field is simulated to find the location of the optimal seed guide. This is done to reduce
the airflow disturbance on the seed trajectory. The environment for the simulation is built and the simplified
model for the flow field calculation is shown in Fig. 9.

The flow field computational domain is modelled as a cuboid, which represents the operational
environment in which the UAV is located. The rotating region where the propeller is located represents the
dynamic domain grid. The face ABCD of the rectangular body is set as the velocity inlet, the face EFGH is the
pressure outlet, and the other faces are set as walls. The position of the airframe is 2.5 m from the bottom of
the rectangular body and 1.0 m from the top, and the rotational speed of the propeller is set to 2000 r/min in
the dynamic domain to simulate the three-dimensional CFD (Computational fluid dynamic) model of the
downwash airflow of the UAV at the flight speeds of 1.9 m/s, 2.2 m/s, and 2.85 m/s, and the hovering state,
respectively. The velocity maps of different planning surfaces are also analyzed to explore the distribution law
of the airflow.
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Fig. 9 - Simulation environment construction
Method
Field seeding effect test
1. Seeding system bench test
Through the bench test, verify whether the various row seeding performance of the system meets the

agronomic requirements of rice sowing.

1.1 Determination of test indexes
Referring to the test method stipulated in "NY/T3881-2021 Technical Specification for Quality Evaluation

of Remote-Controlled Flying Seeder", the test indicators are the coefficient of variation of the discharge rate of
each row (CVR) and total seed discharge rate stability (CVT) and breakage rate P, and the calculation formulas

are as follows, respectively:
/ii—lz(xi—x)z

Cor = @
2 y)
Cop = T X 100% )
m;
P = o (3)

x is the mean total discharge per unit of time, g/min; x; is the total discharge per unit of time for the i-trial,
g/min; y is the mean row discharge, g/min; y; is the discharge for the jth row, g/min; CVR is the coefficient of
variation of the discharge rate for each row, and CVT is the coefficient of variation of total seed discharge rate
stability.

1.2 Test program and materials
The test scheme was to fix the UAV and the row seeding operation task platform on a

150mmx80mmx9mm table made of aluminum profiles as shown in Figure 10. In this paper, the pill box was
used instead of the seed box to complete the test subsequent customized large-scale specifically for this shape
of rice seed box. In this paper, the pill granulation of rice seeds was considered as a test object, and the sample
bags were fixed at the mouth of the seed guide tube, to receive the rows in the amount of seed discharged per
unit of time. Setting the groove wheel speed at 45 r/min (using the seventh channel of the remote control)
corresponded to the degree of openness of 0%, 26%; setting the groove wheel speed at 30 r/min corresponded
to a degree of openness of 58%, 71%. The weight of seeds discharged from each row was collected and
recorded within 1 minute using a counting bag, from which the quality of broken seeds was screened to
calculate the breakage rate. In the experiment, to facilitate the calculation of seed weight, the mass of the
seed-coated fertilizer was not removed and the coated seeds were weighed directly.
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Fig. 10 - Bench test of seed discharge performance
1 - drone flying platform; 2 - grooved wheels; 3 - seeding device; 4 - counting bag; 5 - table stand

2. Sample machine field test trials
2.1 Test program and materials
The prescribed UAV flight height setting was based on the pre-simulation results derived from the seed

guide tube mouth at a distance of 0.9 m from the rotor surface for the test; the flight altitude was setat 1.2 m,
the flight speed at 1.5-2.5 m/s. The test site was in the Shandong University of Science and Technology, on
the lawn behind the library, this place is wide open and unobstructed. On the day of the test the environmental
winds were south-easterly winds, 1-3.5 m/s, the air humidity was 25%. Six rows of mud boxes (containing
water, simulating a rice field) were arranged as shown n Figure 11, with a width of about 2.3 m, and the target
sowing effect was 1.8 m, covering the maximum sowing width. The UAV flew over the mud box several times
and recorded the probability of the number of seeds and the corresponding number of seeds at 250 positions
continuously according to the national rice sowing enforcement standards. The pass rate, miss seeding rate
and re-seeding rate were tested at different angles of the baffle. Records were repeated three times and
averaged.
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Fig. 11 - UAV seeding performance test

2.2 Test indicators
There were four indicators of the test: pass rate, reseeding rate, leakage rate, breakage rate.
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RESULTS

Determination of seed guide port position parameters
After several simulations, the velocity clouds of the UAV wind field at different speeds at different angles

were derived as follows in Figure 12.
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Fig. 12 - Velocity clouds at different angles of the flow field in which the UAV was located

The surface where the paddle was located was set as the horizontal plane. The velocity cloud of the XZ
surface was observed at 0 m, -0.65 m, and -0.95 m from the horizontal plane respectively through the
simulation post-processing software CFD-Post. From the first column of the three graphs in Fig. 12, it can be
seen that the airflow was relatively concentrated at 0 m, and the airflow velocity was relatively high, and the
airflow was distributed in four regions; at -0.65 m, the airflow in the corresponding regions of the four rotors
gradually started to contract in one region but did not form a region completely, and its airflow velocity started
to decrease; at -0.95 m, the airflow basically formed a region, and the airflow velocity was obviously reduced.
At -0.95 m, the airflow basically formed a region, and its airflow speed decreased significantly.

From the second column of graphs, it can be seen that when flying at three different speeds, at 1.9 m/s,
the airflow was shifted at -1.2 m; at 2.2 m/s the airflow was deflected at -1.0 m; at 2.85 m/s, the airflow was
deflected at -0.85m. The velocity cloud maps from different heights during flight showed the distribution of the
UAYV in the XZ plane. The rotor flow field velocity distribution was symmetrically distributed with the centerline
of the UAV fuselage, and along the -Y direction, the airflow was gradually weakened and shifted backward.
When the UAV was flying at a speed of 2.85 m/s, the rotor airflow velocity around the fuselage was stronger
at y=0 m; between y=0 m and y=-0.9 m, the airflow velocity was stronger, and mainly downward mixing was
distributed; between y=-0.90 m and y=-1.5 m, the airflow velocity distribution showed a tendency to move
backward and downward (with respect to the flight direction);

Taking flight safety as the premise, the fuselage should not fly close to the ground, and comparing the
airflow fields at three different heights, it was found that the airflow velocity gradually decreased with the
decrease of height when hovering, and the airflow velocity distribution showed a backward trend when flying
forward, and the airflow velocity was the smallest directly under y=-0.9 m. Therefore, the seed guide orifice is
arranged at a distance of 0.9 m below the paddle blade, which was conducive to reducing the influence of the
rotor airflow velocity on seed drift after seed dropping.
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Bench test data and result analysis

According to the ‘NY/T3881-2021 Technical Specification for Quality Evaluation of Remote-Controlled
Flying Seeders’, CVR is less than or equal to 5 percent, CVT is less than or equal to 2.6 percent, and the rate
of breakage is less than or equal to 2 percent. According to the regulations, the data from multiple trials of
CVR can be used to represent the working level as the average of the data. As can be seen from the following
table and figure, CVT, CVR, and breakage rate are low, and their maximum values are 0.84%, 1.88%, and
0.95% respectively, which all satisfy the indexes, and the seeding rate of each seed guide tube mouth has
small ups and downs and is stable. When the rotational speed is 45 r/min, the seed guide tube seeding rate is
the maximum of 2995 g/min, and as the volume of the groove increases the displacement of seeds is gradually
increasing. Through the analysis of the device seed discharger design is in line with the requirements of
practical applications.

Table 1
Bench test results of the fly-by-wire device
Flap Row-by-row seeding / g Total Average Breakage
; ; CVR CVT
opening 1 5 3 4 5 6 displacement o o value rate /
/g-min-t I'% /% | % %
2920 2941 2967 2986 2912 2901 17552 1.13
0% 2906 2938 2995 2973 2934 2882 17531 141 0.17 1.32 0.22
2913 2925 2976 2986 2918 2875 17593 1.42
1848 1887 1892 1889 1890 1856 11262 1.04
26% 1850 1903 1903 1868 1860 1852 11236 129 011 117 0.29
1841 1901 1886 1891 1874 1861 11254 1.16
754 753 778 785 761 756 4587 1.78
58% 757 752 787 782 782 760 4620 198 042 1.88 0.63
748 759 761 785 778 754 4585 1.87
401 413 417 419 411 403 2464 1.78
71% 408 406 421 427 415 416 2493 189 0.84 1.80 0.95
410 413 423 423 426 410 2505 1.74
—=— The consistency variation coefficient
819 of seeding rate between each r 20000
o —— The stability variation coefficient
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Fig. 13 - Seeding performance

361



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

The aircraft was fixed on the pedestal and the mud box was moved below to test the planting effect of
the device as shown below:

Table 2
Effectiveness at different effective lengths
Flap Number of  Satisfactory Leakage Rebroadcast Breakage
opening particles rate/% rate/% rate/% rate/%
71% 1-3 89.56 2.23 8.21 0.81
58% 3-5 90.64 211 6.25 0.55
26% 5-10 93.77 2.13 4.10 0.43

Site test data and data analysis

Through the change of the grooved wheel baffle to control the volume of different individual holes of the
grooved wheel, the test analysis was carried out, and it was verified that the fly sowing device based on the
UAYV platform could achieve effective sowing for points with different numbers of seeds as shown in Figure 14
below. Due to the characteristics of the use, the rice seeds unlike fertilizers, pesticides, etc. cannot be used in
excess. In order to ensure the overall pass rate, the volume of grooved wheel grooves was designed with
redundancy. The purpose was to reduce the leakage of sowing, so it could be appropriate for more seeds. The
trial was conducted at a minimized flight speed to satisfy a moderate or redundant amount of seed at each
position. The aim was to reduce the probability of missed sowing and to guarantee that the yield of rice would
not be reduced at a later stage. According to the experimental test under three different effective lengths of
the grooved wheel, when the rotational speed of the grooved wheel was 45 r/min and the baffle opening was
26%, the qualification rate was 88.94%; when the rotational speed of the grooved wheel was 30 r/min, at the
time of the baffle opening of 58%, the qualification rate was 86.89%, and at the time of the baffle opening of
71%, the qualification rate was 86.18%, and its sowing effect was very close to the ground effect of mechanical
operation. However, when the position of the seed guide was higher, after 2 m and 2.5 m tests, the pass rate
was 83.4% and 76.8%, the effect was not as good as for the height of 1.2 m. The reason may be that the
trajectory of the seeds was affected by the wind force of the drone. The results weren't as good as the indoor
tests because of the effects of the drone's wind.

A oy, ) .
1-3 Grain/placement 3-5 Grain/ placement 5-10 Grain/ placement Strip seeding
Fig. 14 - Schematic diagram of sowing effect
Table 3
Effectiveness at different effective lengths
Flap Number of  satisfactory leakage reseeding breakage
opening particles rate/% rate/% rate/% rate/%
71% 1-3 86.18 3.16 10.66 0.73
58% 3-5 86.89 2.84 10.27 0.45
26% 5-10 88.94 2.47 8.59 0.31

CONCLUSIONS

(1) In order to solve the problem that the wind field disturbs the trajectory of falling seeds and causes
the seeds to be unable to be arranged in equidistant rows when the UAV is spreading rice, a shot seeding
device that can sow five rows of pelleted rice seeds at the same time was designed. The unit was centered on
an external grooved wheel seed metering device and a seed acceleration unit for row seeding and hole sowing.
The general control system and the process of seeding unit design are described.

(2) In order to reduce the influence of the airflow in the wind field of the UAV on the trajectory of the
seeds, the characteristics of the airflow changes below the paddles during the operation of the UAV were
analyzed. The variation of the cross-section velocity cloud map at different heights under a hovering state was
analyzed and the result that the wind speed was smaller at 0.95 m was obtained. The change of velocity cloud
map in XY plane under the flight speed of 1.9 m/s, 2.2 m/s and 2.85 m/s was analyzed and it was concluded
that the wind field was shifted at 0.85 m when the drone is working at 2m/s.
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Taking into account, that the minimum area of airflow disturbance was 0.9 m from the rotor surface, it
was determined that the optimal position of the seed guide was 0.9 m from the rotor surface, in order to
guarantee the accuracy of the seed drop point.

(3) The results of the indoor tests showed that the greater the angle of the baffle, the smaller the number
of seeds in each position on the ground. When the baffle angle was 26%, 58%, and 71% respectively, the
CVR was <1.88%, the CVT was <0.84%, and the breakage rate was <0.95%. The test results met the
standards, indicating that the device met the operational requirements.

(4) The results of the outdoor mud box test showed that hole sowing and strip sowing could be realized
when the sowing volume varied. The feasibility of this seeding method was verified. Compared with the
traditional sowing operation, this device can ensure that the seed falling position is orderly, and can efficiently
complete the hole sowing operation. The qualification rates of 1-3 seeds, 3-5 seeds, and 5-10 seeds were
86.18%, 86.89%, and 88.94%, respectively, and the test results were in line with the operational requirements.
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