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Abstract: Sugarcane mechanized planting technology consists of seed preparation and field planting. This study aims at the
issues of easy damage to the seeds during the operation of the automatic cutting machine for single-bud segment sugarcane,
lack of intelligent seed selection and calibration technology, low recognition accuracy, and the need for manual feeding of the
planting machine’s seed meter which leads to seed leakage. This study, based on machine vision and deep learning, optimizes
the seed calibration method and proposes an improved YoloV5-STD target detection algorithm to improve the recognition
accuracy of seed characteristics and optimize the overall engineering structure. For the planting machine, a new type of hopper
for the seed meter is designed using natural rubber as the base material mixed with polystyrene, and the flexible automatic seed
metering mechanism is analyzed to achieve automatic feeding and seed metering. Test assessment indicators were formulated
based on the enterprise standards of the Institute of Agricultural Machinery Research, Chinese Academy of Tropical
Agricultural Sciences. Experimental results show that the recognition accuracy of the 2DZ-2 type single-bud segment
intelligent cutting machine is >95%, the bud injury rate is <1.8%, the qualified rate of cutting is 95.8%, and the single-channel
cutting efficiency is 64 buds/min. The 2CZD-2C type single-bud segment planter has a planting qualification rate of 96.6%, a
planting efficiency of 208 buds/min, and a seed leakage rate of <2.1%.
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1 Introduction

Sugarcane is a strategic resource and the primary source of
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sugar and ethanol worldwide!”. In China, sugarcane cultivation
covers an area of over 1.3 million hm’ annually, primarily
concentrated in major producing regions such as Guangdong,
Guangxi, Hainan, and Yunnan, making it one of the country’s
primary economic crops‘. Sugarcane planting in fields involves
the use of seedling sections classified by the number of buds,
including single-bud, double-bud, and multi-bud segments. Since
sugarcane buds grow on the internodes, a single-bud seedling refers
to a seedling section with one effective bud, or internode, typically
5-8 cm long. Mechanized planting equipment for sugarcane is
divided into two types based on the function of the seed metering
device: solid-cutting and pre-cutting”"!. Pre-cutting equipment is
designed for single-bud and double-bud seedlings, which can reduce
the labor intensity of auxiliary workers and improve the survival
rate and effective utilization of seedlings. As is well known, smaller
crop seed sizes facilitate mechanized seeding, making single-bud
seedling sections a breakthrough in automated seeding technology.
Single-bud planting is a pre-cutting sugarcane cultivation
technique that facilitates fully automated mechanized seeding,
encompassing two major processes: seedling
preparation and field sowing. Currently, China’s sugarcane
mechanized planting

mechanized

technology is facing challenges in
automation""'"”. Foreign cutting equipment has a high bud injury
rate and lacks bud recognition capabilities, while the agronomic

requirements for automated planting technology differ from those in
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China, making it incompatible with the field conditions of China’s
main sugarcane producing areas, which are primarily small and
medium-sized plots and hilly regions. Domestic intelligent cutting
equipment is still in the research and development stage!, with
immature and low-automation planting equipment, primarily relying
on knife-roller real-time cutting models"*". These models, though
widely used due to their low cost and simplicity, require significant
manual labor, and their operational quality and efficiency depend on
auxiliary workers. Therefore, precise and intelligent recognition of
seedling bud characteristics and automatic and stable seed metering
of planting equipment are urgent scientific issues to be addressed.
This study focuses on single-bud seedling sections and conducts
research on these issues.

For single-bud automatic cutting equipment, the seedling
characteristic recognition module and recognition algorithm are the
core components. Initially, mechanical sensors were used in the
cutting test bench, later optimized with optical sensors!'®. The
second-generation prototype employs high-definition industrial
cameras, and the control section utilizes PLC and PC control
cabinets. This study adopts a PCB high-definition vision module to
replace the industrial camera, utilizing a motion control card and
vision control card to replace the PLC and PC. Algorithm
commands are executed through serial ports, optimizing and
streamlining the engineering architecture, significantly reducing
costs while improving performance. In terms of software, Labellmg
is used for image feature annotation, and PYcharm is employed to
optimize the target detection algorithm, enhancing the speed and
accuracy of feature recognition!'”. For single-bud automatic planting
equipment, the metering device is the core component!**",
determining the automation level and performance of the planting
machine. The metering device’s hopper has evolved from an initial
rigid plastic type to a first-generation natural rubber trough type,
and finally, to the second-generation optimal flexible and
lightweight type. This evolution addresses the issue of seed leakage
caused by field operation vibrations, improving planting
qualification rates and enabling fully automated seeding without
manual feeding. This study refers to the enterprise standards of the
Agricultural Machinery Research Institute of the Chinese Academy
of Tropical Agricultural Sciences regarding sugarcane automatic
cutting machines and single-bud planting machines to develop
evaluation metrics and test schemes. Through comparative
experiments, the main performance parameters of the optimized
intelligent cutting and planting equipment are evaluated.

2 Optimization of intelligent seed cutting technology

The preparation of sugarcane seedlings is a labor-intensive
process in the pre-cutting sugarcane planting operation. Currently,
the preparation of sugarcane seedlings is mainly done manually,
where the sugarcane is manually cut into sections required by the
planting machine. This process involves heavy labor and low work
efficiency. In recent years, semi-automatic seedling cutting
equipment has emerged in China, which is driven by an electric
motor or hydraulic motor. Although it effectively reduces labor
intensity, it sacrifices accuracy, resulting in an increase in the
breakage rate. To address this issue, the automatic positioning and
seedling cutting technology were investigated based on sugarcane
feature recognition, and the 2DZ-2 single-bud segment automatic
sugarcane seedling cutting machine was designed (as shown in
Figure 1).

The key to accurate positioning lies in the performance of the
feature detection module and the design of the algorithm. The early

control system (as shown in Figure 2) utilized a PLC controller,
which processed and visualized the detection part through a PC in
the electric control box and sent the processing results to the PLC.
The PLC then operated based on the received data, controlling the
servo motor to feed the sugarcane and the three-phase motor to
drive the cutting mechanism for sectioning. A control system
required two sets of software to execute, and the hardware
performance, algorithmic efficiency, accuracy, and equipment cost
of the detection module were issues to be optimized in the next step.
To address the encountered problems, the optimization research was
conducted on the target detection scheme and feature recognition
algorithm from the inside out.

1. Rack 2. Power switch 3. Emergency stop and manual/automatic switch 4.
Private server motor 5. Cutting mechanism 6.Target detection module 7. Pinch
roller 8. Sugarcane conveyor belt 9. Three-phase motor 10. Distribution box 11.
PC LCD screen

Figure | Automatic cutting machine of single-bud sugarcane

(PC\Serial port)

H Command input terminal

AC Motor Switch
Detection ¢~
module Controller
Servo
Motor

Figure 2 Schematic diagram of control system

2.1 Optimization analysis of sugarcane seedling feature
detection scheme

The length of the single-bud segment of sugarcane seedling is 5-
8 c¢m, and each segment of the sugarcane seedling should have an
effective bud. The buds of sugarcane grow on the sugarcane joints.
Therefore, the primary goal of achieving accurate positioning and
cutting of the entire sugarcane stalk is to detect and identify the
sugarcane joints and buds. In this study, three target detection
schemes were tested, as shown in Figure 3. Initially, a mechanical
sensor was used with a sliding wheel and rebound mechanism to
detect the sugarcane joints. The test results showed that the target
detection effect was good when the sugarcane joints were obviously
protruding. However, due to the irregular growth of sugarcane, the
degree of protrusion and concavity of the joints varies, and some
sugarcane even has no obvious protrusion and concavity numbers,
making it impossible to guarantee the accuracy of target detection.
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To address this issue, an optical sensor was used to replace the
mechanical sensor. The target detection principles of the two
sensors are the same. When the mechanical wheel or optical ray
passes through the sugarcane joints during the feeding process, it
generates a significant fluctuation signal, which allows the system
to identify the feature part and perform positioning and cutting
actions. The test results showed that although the optical sensor has
higher detection sensitivity, it is easily affected by factors such as
sugarcane skin color and environmental light, resulting in a lower
accuracy of target detection compared to the mechanical sensor.
Finally, the above issues were solved through machine vision. The
main reason is that there are obvious visual differences between
sugarcane joints, buds, and segments. By using industrial cameras
or even PCB high-definition vision modules to replace human eyes
for target detection, the test results showed that machine vision
target detection has higher accuracy. Moreover, through the
optimization of the target detection algorithm, the detection
accuracy of buds with inconspicuous and small features can be
further improved.

Mechanical Industrial camera

Optical sensor

Figure 3 Scheme of target detection

2.2 Improved YoloV5-STD target detection algorithm

Currently, there are various algorithms used for object
detection, such as SSD, CNN, and Yolo®*. Yolo (You Only Look
Once), as an end-to-end training and inference algorithm,
transforms the detection task into a mathematical regression
problem, predicting bounding boxes and class probabilities in
images. Its speed is suitable for real-time detection, and the series
has been optimized and upgraded to the 12th generation. Given the
algorithm’s applicability and compatibility with engineering
application software and hardware, this study adopted the YoloV5
algorithm and optimized it with improvements, adding detection
boxes for small targets (Small Target Detection-STD) to enhance
the accuracy of target recognition. Our team has also applied this
improved algorithm, YoloV5-STD, in the identification of foreign
objects on the water surface of marine equipment ™ and the target
grasping of robotic arms, achieving satisfactory recognition results.
In the optimization and comparative tests of sugarcane intelligent
cutting technology based on the 2DZ cutting machine, multiple
experiments were conducted using the enterprise standard Q/RJ 003-
2021 of the Institute of Agricultural Machinery, Chinese Tropical
Agricultural Sciences, with the recognition accuracy, bud damage
rate, and cutting qualification rate as evaluation indicators. Each set
of cutting lasted for 2 min, and the results showed that compared to
mechanical sensors and optical sensors, the recognition accuracy of
the improved YoloV5-STD visual recognition reached Z > 95% (as
shown in Figure 4), with a bud damage rate of S < 1.8% and a
cutting qualification rate of 95.8%.
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S(%) = %XIOO% )
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where, Z is seed cane preparation recognition accuracy rate, %; Ny
is the number of accurately identified seed cane segments passing
through the recognition area within a unit time, expressed in
segments; N; is the total number of seed cane segments actually cut
in the cutting area within a unit time, expressed in segments; S is
seed cane cutting bud damage rate, expressed in percentage, %; Cr
is the number of bud damages that occurred during the
transportation and cutting process within a batch, expressed in
segments; C; is the total number of seed cane segments processed
through cutting within a batch, expressed in segments.
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Figure 4 Comparison of recognition accuracy of three schemes

The proposed YoloV5-STD algorithm maintains the same
network framework structure as YoloV5, incorporating modules
such as convolutional layers (Conv), Focus, BottleneckCSP, and
Spatial Pyramid Pooling (SPP). The primary difference lies in the
provision of four preset anchor boxes, with an additional set of
smaller selection boxes (as indicated by the dashed circle on the left
side of Figure 5). These selection boxes are designed to be sensitive
to small objects in the image. Additionally, adjustments were made
to the PANet structure, with the addition of an STD module (as
shown in the shaded section on the right side of Figure 5) in the
Neck PANet. The feature pyramid network is utilized as the Neck
part for feature extraction. The added shallow layer information
utilizes 6x6 pixels or larger to predict the characteristics of small
objects. The detection results are then derived through four layers of
varying resolutions ranging from 12x12 to 48x48, from shallow to
deep, thereby enhancing the accuracy of small target recognition.
Using the deep learning server PowerEdge T640, the YoloV5-STD
algorithm was trained and tested, demonstrating superior
performance and higher accuracy compared to the YoloV5
prototype. The mAPO0.5 reached 99.27%, and the training object loss
rate was reduced from 1.02% to 0.4%. The precise recognition and
efficient operation of the cutting equipment provide a solid
foundation for mechanized planting.

3 Optimization of flexible seed metering technology
for single-bud planting machine

Sugarcane planting is also a labor-intensive operation process.
Currently, the mechanized planting of pre-cut sugarcane mainly
includes double-bud section and single-bud section modes.
Compared to the real-time cutting mode, the survival rate and
disease resistance of sugarcane seeds are significantly improved
through pre-selection, germination, soaking, and other processes.
The mechanized planting of single-bud sugarcane seeds is a more
precise planting technique that inherits the advantages of the pre-cut
mode while significantly reducing the amount of seeds used per unit
area. The flexible seed metering technology for single-bud sections
proposed in this study is based on the analysis and experiments
conducted on the 2CZD-2C sugarcane planter designed by our
team. The planter integrates processes such as anti-vibration soil
crushing, ridging and furrowing, soil covering, and irrigation. The
seed metering device (as shown in Figure 6) adopts a classic chain
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Figure 6 Seeder of single-bud sugarcane planter

transmission mechanism.

The seed metering device is the core component of the
sugarcane planter, and its performance determines the degree of
automation of the planter’s operation. Currently, there are several
common types of seed metering devices for sugarcane planters,
including knife roller type, slotted type, multi-stage belt type, finger
clamp type, and vibration plate type. Most of them require manual
assistance to feed and sort the sugarcane seeds, which means
manually taking the seeds out of the seed box and feeding them into
the seed metering device. Otherwise, issues such as seed leakage,
intermittent seeding, and overseeding may occur. In the current
situation of labor shortage and rising labor costs, there is an urgent
need to further improve the automation level of the seed metering
device to reduce labor intensity or reduce the number of auxiliary
workers. Therefore, this study has carried out optimization research
on the hopper of the seed metering device.

3.1 Optimization analysis of the seed hopper design for the
seed metering device

Initially, a plastic hopper commonly used in potato planting
machines (as shown in Figure 7, Part 3) was adopted. This hopper
material is hard and brittle, with a small circular holding space
designed for the contact surface of potato spheres. It has poor
compatibility with small and lightweight cylindrical sugarcane
seeds, resulting in a high rate of empty hoppers when the
transmission chain lifts the seeds without manual feeding and
supplementation. Additionally, there is a significant phenomenon of
sugarcane seeds falling off due to machine vibration. To address
these issues, a natural rubber trough-type seed hopper (as shown in
Figure 7, Part 1) was specifically designed. This hopper is made
from commonly available rubber material through mold casting,
significantly reducing the missed seeding rate. However, this
hopper holds too many seeds, with 6-8 seeds per hopper, leading to


https://www.ijabe.org

October, 2025 Niu ZJ, etal. Optimization of target detection scheme for single-bud segment sugarcane cutting machine and seed-picking

Vol. 18 No. 5 169

severe overseeding. Additionally, when the seeding speed is too
fast, the sugarcane seeds are prone to being thrown off. The material
has poor toughness, short lifespan, and is prone to wear and tear.
Based on these observations, the following conclusions can be
drawn: 1) The rubber hopper has strong adhesion to sugarcane
seeds, and the flexible material can effectively address the issue of
sugarcane seeds falling off due to vibration; 2) A suitable seed
holding space can replace manual feeding and supplementation;
3) Optimizing the straight-angle fracture position of the hopper can
extend its service life; 4) Optimizing the material can increase the

toughness of the hopper.

1. Rubber hopper 2. Flexible hopper 3. Hard plastic hopper
Figure 7 Material hopper

3.2 Optimal flexible and lightweight material hopper

Based on the previous conclusions, in order to increase the
toughness of the material hopper, a blend of natural rubber as the
base material with a certain proportion of polystyrene was used. The
space for planting sugarcane seeds was optimized according to the
holding capacity of 2-3 seeds per hopper (as shown in Figure 8). To
prevent seeds from being thrown off due to high-speed operation,
the structure was modified into a semi-closed trough shape. The

positions prone to tearing were optimized with chamfering,
resulting in a lighter overall design while still maintaining a certain
elastic deformation capability. The flexible hopper is primarily
subjected to the force of the sugarcane seeds within a unit volume in
the longitudinal direction of the seed box during operation. Through
mechanical finite element simulation analysis, it was found that the
fracture limit and the overall strength of the material were increased
by three times compared with the second-generation rubber material
hopper. A new mold was created for casting, and experimental
analysis was conducted. The comparison of operational data for
three types of material hoppers in the seed metering device of
planting machine was conducted in accordance with the enterprise
standard Q/RJ 001-2021 of the Agricultural Machinery Research
Institute of the Chinese Academy of Tropical Agricultural Sciences.
The planting qualification rate (H) and seed leakage rate (L) were
used as evaluation indicators. The single measurement distance was
100 m, and each type of material hopper was measured ten times.

0/ — Ly 0,
L) = - x100% 3)
H(%) = %XIOO% 4)

where, L is seed leakage rate, %; L, is the number of leakage
segments, expressed in segments; L, is the total number of planting
segments of sugarcane, expressed in segments; H is planting
qualification rate of sugarcane, %; g is the number of qualified
planting points of sugarcane in the measured area. (In each
measuring area, 20 different points of 1-m-long single rows are
selected. Points with fewer than nine sections of sugarcane are
recorded. Three areas are measured and the average value is
calculated.)
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Figure 8 Optimization design and simulation analysis of flexible hopper

From the comparison of experimental results, it can be
observed that the planting qualification rate (as shown in Figure 9a)
ranks as follows: the second-generation flexible bucket > the first-
generation rubber bucket > the plastic bucket. The plastic bucket
has a low overall planting qualification rate due to its small seed
holding capacity and poor adhesion to sugarcane seeds.
Additionally, the unpredictable shaking and vibration caused by
terrain result in significant variations in the qualification rate,
leading to a high fluctuation in the data line. In comparison, the data
lines of the first-generation rubber bucket and the second-generation
flexible bucket are relatively stable. The planting qualification rate

of the second-generation flexible bucket is significantly higher than
that of the plastic bucket, but its qualification rate is still limited by
the high replanting rate caused by excessive sowing density.

From the perspective of the leakage rate (as shown in
Figure 9b), the first-generation rubber bucket still experiences seed
leakage, which may be attributed to low uniformity or the seeds
being shaken off from the other end of the hopper. However, the
overall data line is relatively consistent compared with the plastic
bucket. This suggests that the plastic bucket is more susceptible to
external factors that impact the leakage rate during operation. On
the other hand, the second-generation flexible bucket hardly misses
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any planting throughout the entire operation process. The only
possible scenarios for seed leakage are when the speed of the entire
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machine is uneven, leading to uneven seeding, or when the seed box
has insufficient seed storage.
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Figure 9 Influence of different feeding hoppers on the qualified rate and leakage sowed rate of planting

4 Conclusions

(1) In terms of intelligent seed cutting technology, an improved
YoloV5-STD target detection algorithm was proposed, which
improved the success rate of small target detection in sugarcane
seed characteristics. Experimental results showed that the 2DZ-2
automatic positioning intelligent seed cutting machine adopting the
approximate algorithm had a recognition accuracy rate of >95%, a
seed damage rate of <1.8%, and a qualified seed cutting rate of
95.8%.

(2) In terms of planting technology, a flexible seeding
technology was proposed. The application of the first-generation
rubber bucket and the second-generation flexible bucket
significantly improved the performance of the planter seed metering
device. The 2CZD-2C single bud segment planter using flexible
buckets
assistance.

achieved fully automatic seeding without manual
showed that the
qualification rate reached 96.6%, the planting efficiency was
208 buds/min, and the seed leakage rate was <2.1%.

Experimental results planting
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