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Abstract. Due to the characteristics of small size seeds, such as light weight, easy to jam,
difficult to control the seeding, resulting in its low degree of mechanical automation, so the in-
depth development of small size seed metering device is urgent. Firstly, we analyses the research
status, research hotspots and research progress. Secondly,we specifically presents seed metering
device classification, monitoring system and test method. The results indicate that (1) Before
2013, the number of Chinese research was relatively similar to that of international numbers,
while after 2013, the growth rate of Chinese research results accelerated, and the international
showed an overall fluctuating increase. (2) Keyword co-occurrence network reveals that the
research broadly focuses on equipment performance evaluation and analysis, equipment
experimentation and optimization, application and evaluation of new technologies & methods,
and specific effects of external conditions on seeding equipment, etc. (3) Each of the six kinds
seed metering devices prevailing on the market has its own application range. (4) Monitoring
system and test method are important testing tool for the development of seed metering device
refinement. This research can provide guidance and reference for designing new types of seed
metering device and help budding researchers to quickly understand the research history.
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1. Introduction
Seeding is one of the crucial aspects of agricultural production, high-performance seeding technology
and equipment is the basis of modern agricultural production. The seed metering device can be
distinguished into large size seed metering device, large and medium seed metering device, small size
seed metering device and special crop seed metering device according to the size of different types of
seeds [1]. Small size seed crops are heavily dependent on planter's manpower and experience due to its
difficulty in seeding and low level of mechanical automation of seed metering device [2]. Therefore, the
existing seed metering device for less than 5mm seeds is relatively rare, which has resulted in lower
crop yields. The demand for research and development of small size seed metering device is increasing
rapidly.

The study of small size seed metering device is highly valued, and the working performance of seed
metering device directly affects the seeding quality [3], which determines the quality and yield of the
operation. Recently, researchers have carried out extensive research on seed metering devices and
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precision seeding. The precision seed metering device separates the seeds in a quantitative and organized
manner, and forms a stable seed stream falling into the seeding tube to complete the process of precision
seeding [4]. Scholars have developed various seed metering devices and tested the operational
performance of each equipment by tests, aiming to realize the large-scale mass production of small seed
crops. This research adopts bibliometrics [5] and CiteSpace knowledge visualization mapping to analyze
the development process of small size seed metering device combining quantitative and qualitative
perspectives.

2. Research methods and data

2.1. Research Methods

This research adopts the bibliometric method to search relevant literature from Web of Science (WoS)
and China National Knowledge Infrastructure (CNKI), and utilizes Origin and CiteSpace software to
visually express the literature data [6].

2.2. Data

To ensure literature quantity and data accuracy, this research sequentially searches the literature.The
collected literature is manually screened, and information such as title, abstract, keywords, and article
content are browsed in detail. Finally, 212 literature are obtained, of which 168 are from CNKI and 44
are from WoS.

3. Literature trends and research hotspots
This research focuses on analyzing the development trend of the literature and the evolving history of
the main keywords, trying to capture the development vein from the quantitative aspect.

3.1. Literature trends
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Figure 1. Number of literature related to seeding technology, 2000-2023.

As shown in Figure 1, the CNKI literature shows a slow fluctuating growth trend during 2000-2015,
which indicates that at this time, the research is in the preliminary development stage. 2016-2023 shows
a rapid growth trend, indicating that with the development and progress of China's agricultural
mechanization [7]. The research of small size seed metering device has gradually become a research
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hotspot. Notably, the number of Chinese literature in 2020-2022 is less than that in 2019 due to the
impact of the coronavirus. WoS literature overall shows a fluctuating rising trend, but the number of
publications is less than that of CNKI, of which 2022 has the highest number of publications, up to 7,
which indicates that small size seed metering devices have gradually attracted agricultural sector's
attention.

3.2. Keyword co-occurrence analysis
Keyword co-occurrence network clearly captures how closely the keywords are linked to each other,
how they correspond to hot spots and how they have evolved.

3.2.1. Keywords co-occurrence analysis based on WoS. Import the WoS data into CiteSpace and run
the software to acquire Figure 2. The color of each node in the picture means that the publishing time of
the literature from 2002-2023. It can be seen that the main keywords are closely linked, while the gray
part of Figure 2 is the initial development stage 2002-2013. Because the number of articles published
during this period is small and a specific research theme has not yet been formed. The faster development
stage 2014-2019 in the blue-green part of Figure 2, has seen an increase in nodes number. Due to the
fact that the number of articles have entered the researcher's horizon, at which point a unifying research
theme is gradually being seen. The rapid development stage 2020-2023, which are distributed in the
green-yellow-orange-red part of Figure 2 on the middle right, indicates the emergence of research focus
and unifying themes as the number of articles climbs.
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Figure 2. Keyword co-occurrence network based on WoS database.

The number of major keywords shown in initial development stage is less, such as "canola",
"emergence"”, "blackleg"”, and "oilseed rape". One of the rather significant nodes is "canola", indicating
that during the initial development stage "canola", as one of the representatives of small size seeds, was
the subject of large numbers of seed metering device studies. The keywords that emerged during the
faster development stage are "operational parameters”, "precision metering device", "seed-metering
device", and "accuracy". The above representative keywords again reflect that with the development of
time the research is gradually moving towards the refinement of measurement, simplification of
equipment operation, and system intelligence. The keywords that emerged during the rapid
development stage are "performance”, "optimization”, "spacing uniformity”, "uniformity"”, and
"simulation"”. These representative keywords indicate that the content of scientific research in recent
years has focused on the simulation, consistency, operability and practical performance of machines[8,9].

335



Proceedings of Urban Intelligence: Machine Learning in Smart City Solutions - CONFSEML 2024
DOI: 10.54254/2755-2721/65/20240531

3.2.2. Keyword co-occurrence analysis based on CNKI. As shown in Figure 3, the gray nodes contained
in the gray part during 2000-2013 are fewer in number and smaller in diameter. Since 2014, the number
of representative keywords within this domain has proliferated, and some representative larger nodes
around 2020.
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Figure 3. Keyword co-occurrence network based on CNKI database.

The main keywords in the gray part of the lower left corner of Figure 3, for the period 2000-2013,
are "four rows seed-metering device", "rate of empty seed", "experimental research", "rate of single
seed". It can be found that Chinese scholars mainly focused on the design, experimental and analytical
aspects of different seed type metering devices in their early researches. The colored nodes in the right
part of Figure 3 are mainly distributed in the period of 2014-2023, and the representative keywords in
this period are "precision seeding device ", "seed-metering device", "metering device", "seeding
performance”, "discrete element method". Based on the research content, the main content in 2021-2023
not only inherited the earlier research topics, but also showed new research content, application of new
technologies and methods, research progress in existing fields (review), experimental evaluation of new
seeder design, etc.

Throughout the keyword co-occurrence network of WoS and CNKI database(Figure 3), we have
found that the research content of Chinese scholars on seed metering device is almost the same as
international scholars, focusing on the following aspects, equipment performance evaluation and
analysis, equipment experimentation and optimization , new technology and method application and
evaluation, and research progress in specific fields.

4. Progress in seed metering devices

4.1. Classification of seed metering devices

As the core component of the seeder, seed metering device is generally divided into two categories based
on the different ways of seeding, one is mechanical, the other is pneumatic. The former has advantages
such as simple structure and low cost, but affected by the way of seed taking and filling, there are
problems such as easy to jam seeds, high absence rate and high seed damage rate [10]. Although the
pneumatic seed metering device features a complex mechanical structure and high cost, it is widely used
in precision planting because of its advantages such as low seed requirement, high sowing accuracy and
fast operation speed. Throughout the relevant literature, the existing common seed metering devices and
their advantages, operating principles and other information are shown in Table 1.
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Table 1. Comparative analysis of small size seed metering devices.

Seeding . . Problems . -
method Seed metering device type solving Vantage Operating principle
Adjustment of a series of key
Simple structure, parameters, such as nest
Nest-eye wheel type . L I
) R Multiole seed high reliability, inclination, number,
VR A~ | P . lower cost, distribution form, horizontal
3 V) shapes and sizes. . .
universal distance of the seed layer
applicability adjustment plate and so on,
Mechanical thus §eed1ng:
Seeds are piled up in seed
Spoon type Low seed damage  chamber by gravity, inter-seed
Low seed : . : . - .
— rate, high seeding interaction and joint action of
picking accuracy . . L
. efficiency, simple the seed picking spoon,
and high seed . .
damase rate to make, lower following the rotation of the
& ' cost. seeding shaft to drain the
seeds.
Nest-eye wheel and
pneumatif; centralized The seeds are sucked away by
combined type High rate of Low seed bud cylinder in negative pressure
- seed germ damage, high chamber, the excess seeds fall
damage and low  suitability for small into the seed box, and the
seeding seeds, high seeding remaining seeds are seeded
accuracy. accuracy under gravity and positive
pressure.
Ring with hole type
pneumatic The seeds are sucked onto the
Low sced size seeding plate under negative
. . pressure and conveyed to the
Lack of seeder requirements, high .
. o unloading area by seed
for single seed. seed viability, fast .
sceding speed winding, where thgy are
’ seeded out by gravity and
positive pressure.
. Seeds rotate with the metering
Pneumatic

Ring with hole type double
row pneumatic

Low seeding
efficiency and
precision.

High-speed
precision seeding.

plate to the seed-throwing
area, and with the cut-off of
the negative-pressure airway,
they are separated from the
inner and outer rings by
gravity and centrifugal force,
and enter the guide tube,
forming a double-row seed
flow.

Pneumatic needle type

LJHJHHHH H

Mechanized
precision
seeding is
difficult.

High performance
and accuracy of
seed rowing.

The airflow distribution tube
and the suction needle
transform the seed mass into
even single seeds, and the
planetary wheel system seed
arranging mechanism ensures
a specific trajectory of the
suction needle, realizing low
speed suction in the suction
area and low seed drop in the
seed drop area.

Combining Table 1 and related literature can be seen, contemporary researchers develop seed
metering devices often combine the advantages of mechanical and pneumatic, not only to reduce
mechanical complexity, cost savings, but also to improve the seeding efficiency, to achieve precision

seeding.
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4.2. Monitoring system of seed metering devices

The monitoring system of seed metering devices is intended to monitor seeding quality and improve
seeding efficiency and crop yields. The monitoring system can directly detect seed absence, reseeding,
replanting, and uneven seeding. Monitoring technology upgrading is significant to the intelligent
development of seed metering devices.The existing monitoring system of seed metering devices is
mainly composed of controllers, sensor detection devices, and automatic reseeding technology [11].

4.2.1. Controller. Controller is equivalent to the "brain™ of the seeder monitoring system. Seed metering
devices are mostly operated in complex and diverse farming environment, so it is particularly critical to
choose the right controller according to different working environment requirements. Most electronic
controllers can meet the monitoring needs of the target environment. The current control system used in
the controller is mainly divided into microcontroller, PLC and embedded configuration screen three
categories, while the advantages and disadvantages of above controllers are shown in Table 2.

Table 2. Comparative analysis of controllers.

Controller Type Ap_pllcable Advantages Disadvantages
environment
Indoor and outdoor Fast data processing, Unstable, susceptible to
Microcontroller conditions with smooth  large data storage, easily interference, high
road surfaces accessible. maintenance costs
Complex outdoor Stable and easily Each b_ra_nd PLC h_ardwar_e
PLC . -, - system is incompatible, with
working conditions accessible.
closed structure.
Empedde_d Greenhouse or indoor User-friendly and simple Single interface and slow
configuration e L2 :
soreen conditions functionality. updating.

Microcontroller is the most commonly used and diversified control unit with strong data processing
capability and low learning threshold, which is widely used in agricultural machinery control. PLC
(Programmable Logic Controller) is widely used in industrial control, and gradually becoming popular
in agricultural machinery control. In addition, embedded Linux control system also has a place in
agricultural machinery field.

4.2.2. Sensor detection device. Sensor detection device is equivalent to the " sensory " in the monitoring
system. During the operation of the seed metering device, it is necessary to instantly monitor seeds
guantity, row spacing, absence rate, etc. by sensor detection devices, and transmit the detected actual
data to the human-computer interaction interface. Existing sensing detection devices mainly involve
mechatronic alarm detection method, machine vision detection method, photoelectric sensing detection
method, capacitive sensing detection method, piezoelectric sensing detection method. The advantages
and disadvantages of each method are shown in Table 3.

Table 3. Comparative analysis of seed detection methods.

Detection

method Detection principle Advantage Disadvantage

Detect the state of seed box or
seeder operation, if the seed box is High compatibility Can't display the error
empty or the seeder works and fault alert. report.
abnormally, then the alarm goes off.
The industrial camera can obtain

Mechatronic
alarm detection
method

High environment

Machine vision timely and spatial informat_ion about ITow seed requirements, high cost
detection the §eed drop, and use image requirements and complex st’ructure '
method processing technology to accurgtely detall_ed_ (_jata hardly applied to fiéld
recognize the seeds and obtain acquisition

. . operation
relevant information. P
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Table 3. (continued).

Photoelectric Seed shading emitted light changes

. the voltage signal, adjusts the Low cost, contactless Lower detection
sensing ; . X . .
detection voltage signal to a pulse signal, and sensing, fast signal accuracy dug to field
the controller collects and analyzes response operating environment.
method ;
the pulse signal.
Seed delivery works by causing a
Capacitive change in the output capacitance Stable operation, high
sensing value of the sensor, modeling the reliability, and high Low detection accuracy
detection relationship between that change resistance to dust '
method and seed quantity, and then contamination.
detecting the seed.
The falling seeds collide with the
Piezoelectric piezoelectric element to change the Affordable and High installation
sensing signal, and the changed signal is accurate for low- structural requirements
detection converted into a pulse signal that frequency seeding and low seeding
method can be used to obtain the falling detection. uniformity.

seed information.

The sensor detection device of seed metering device transmits the monitored seed information
directly to the human-computer interface, and the results of the device's operation are directly related to
seeding operation, and even determine the operation quality. Thus, researchers and agricultural
engineers need to select appropriate seed sensing methods and configure appropriate sensor detection
devices according to the field environment and operating requirements of each crop.

4.2.3. Automatic reseeding technology. Seed metering devices occasionally have seeding absence
during daily operation, which in turn reduces the operation quality. To solve this problem, automatic
reseeding technology was born. Automatic reseeding system mostly consists of seeding detection device
and variable reseeding device. At present, automatic reseeding technology mainly exists in scientific
researches, and has not been applied to actual seed metering device on a large scale, mainly because this
technology has not matured yet. On the one hand, it is difficult to accurately obtain the absence index,
and on the other hand, it takes a considerable time for the variable reseeding device to receive the
absence index and carry out the reseeding work.

4.3. Seeding test

Any seed metering device needs to be tested repeatedly before it is launched into the market to ensure
its operational effectiveness and quality. The test methods for seed metering devices mainly include
three categories, simulation test, bench test and field test (Figure 4), and each of test methods has its
own advantages and disadvantages. Generally speaking, most researchers are combining two test
methods to examine the operational effect of seed metering device.

(a)Simulation Test (b)Bench Test (¢) Field Test

Figure 4. Diagram of seeding test.
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4.3.1. Simulation test. The simulation test utilizes computer software to simulate and analyze the seed
metering device, which has the advantages of being pre-studyable, not subject to environmental
constraints, rich in information, lower cost, and shorter cycle time. Nowadays, researchers are more
inclined to simulate a reasonable structure and data parameters through computer simulation software,
and then use the bench test or field test to detect the actual operating effect of seed metering devices, as
to verify and compare the results of the two tests.

4.3.2. Bench test. Bench test of seed metering device means inputting seeds into homemade bench test
equipment to test the performance and reliability by controlling variables, adjusting parameters and
structure, and so on. It has the advantages of operability, repeatability and shorter testing process, while
the test method can reduce the influence of external environmental factors. According to the operation
principle and operation process of the seed metering device to build specific bench test platform, which
can further investigate the possible problems in the seeding process, to clarify the role of the key
components, to check the quality of the seed metering device operation.

4.3.3. Field test. Although field tests are affected by location, weather, outdoor environment and other
factors, and often have problems such as long test period, high cost, and many uncontrollable factors,
they can objectively and accurately reflect the performance of seed metering devices. Since seed
metering devices usually operate in outdoor environment, field tests are often used as the last test barrier
before seed metering devices are released to market.

5. Conclusion

This research analyzes the development history, research hotspots, and research progress of small size
seed metering devices from a quantitative perspective based on bibliometric method and CiteSpace
software [6]. This research browses the literature in detail, analyzes the current research situation,
specifically including the type of seed metering device, seeding monitoring system and the main test
methods. The final conclusion is as follows:

1) In terms of the number of literature publications, China has a relatively large number of literature
on small size seed metering devices, and the overall research productivity in this field is at a steady
developing state, with significant growth potential in China. Overall, the number of international small
size seed metering device articles is less than that of China, and it fluctuates greatly and is rather unstable.
Both Chinese and international publication trends show fluctuating increases, and both show rapid
growth after 2016.

2) It is found that the research on small size seed metering device is broadly focusing on equipment
performance evaluation and analysis, equipment experiments and optimization, application and
evaluation of new technologies and methods, and specific influence of external conditions on seeding
equipment, etc. The optimization and evaluation of specific seeding equipment may become an
emerging research hotspots in the future.

3) Small size seed metering devices are mainly divided into mechanical and pneumatic according to
different seeding methods. The former has low requirements for seeds suitable for low-speed operation,
the latter is widely used in the field of precision planting. There are six types of seed metering devices
popular on the market.

4) The monitoring system and test methods as an important way to examine the development of
seeder refinement, will continue to promote the development process of small size seed crops in the
future.
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