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Agricultural mechanization information in our country has the main problems existing in the management and utilization. -e
analysis of China’s agricultural mechanization management model and related software is presented based on combining modern
science and technology as well as the development of agricultural mechanizationmanagement information system based on network
software to standardize the management information collection, processing, storage and transmission, agricultural mechanization
management information science, standardization, automation, etc. According to the analysis, the output target speed after fusion is
more stable, and the stability is increased by 59.59% compared with the single-point GNSS velocitymeasurement data, and by 18.32%
compared with the data measured by the binocular vision velocity measurement system. It has realized the goal of accurate speed
measurement from low speed to high speed. In particular, it has solved the problems such as vehicles unable to complete positioning
and vehicle skidding caused by trees blocking GNSS satellite signals during field operations.

1. Introduction

Artificial intelligence is a strategic technology leading the
future development of the world. Major developed countries
in the world regard the development of artificial intelligence
as a major strategy to enhance national competitiveness and
safeguard national security. Artificial intelligence is the new
engine of economic development and the core driving force
of a new round of industrial reform. China is a huge ag-
ricultural country, and strengthening agriculture’s core
position is an important part of China’s socialist con-
struction with Chinese characteristics. Since the reform and
opening-up, China’s rural economy has altered tremen-
dously. To develop a rural economic development strategy,
guide agricultural machinery industrial production, and
promote agricultural mechanization development in China,

it is critical to identify the factors influencing agricultural
mechanization development as well as the degree of influ-
ence of each factor [1]. It will give birth to new technologies
and new forms of business, profoundly change the way of
production and life and thinking of human beings, and
achieve an overall jump in social productivity [2]. With the
development of the rural economy, the process of China’s
agricultural modernization is accelerating. Agricultural
mechanization has become an important part of modern
agriculture, and its information management has an im-
measurable role in the development of agricultural mod-
ernization. Information on agricultural mechanization is not
only conducive to the work of agricultural machinery
management departments but also plays an important role
in agricultural investment and decision making of gov-
ernments at all levels, agricultural machinery market
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analysis, and improvement of economic income of agri-
cultural machinery users [3]. China is a large agricultural
country, and improving agriculture’s fundamental position
is a key component of China’s socialist building with Chi-
nese features. China’s rural economic position has changed
dramatically since the reform and opening-up. In the new
situation, it is critical to identify the factors influencing
agricultural mechanization development as well as the de-
gree of influence of each factor in order to develop a rural
economic development strategy, guide agricultural ma-
chinery industrial production, and promote agricultural
mechanization development in China [4]. -e application
scenarios of speed control technology and extraction
method in unmanned plant protection operations are
growing more and more comprehensive as intelligent and
informationized agricultural machinery and equipment
improve. Traditional automated agricultural machinery
navigation consists of three major components: position and
attitude assessment, path planning, and motion control
[5, 6]. Agricultural mechanization is an important part of
modern agriculture, and the rational and effective utilization
of agricultural mechanization information plays an im-
measurable role in promoting the development of agricul-
tural mechanization in China [7].

Artificial intelligence systems can anticipate which crop to
plant in a given year and when to sow and harvest in a given
place by analyzing data such as heat, climate, soil, humidity,
and crop performance in prior years [8]. As a consequence,
this method improves crop yields while using less water and
pesticides to promote soil fertility and fight pests. -e impact
on natural ecosystems may be reduced, and workers can
produce more food, lowering food costs and meeting the food
demands of an expanding population [9, 10]. Rotating ma-
chinery and tools typically result in instability because of the
visible uneven intensity of components, physical imbalance,
and configuration problems throughout operation [11]. Strong
vibrations accelerate component degradation, increase re-
placement time, and cause considerable property loss. Ro-
tating equipment vibration monitoring and fault detection
techniques are those that observe and recognise vibration
restrictions caused by causes such as imbalance [12, 13]. Dong
et al. studied how coordinating multidisciplinary technologies
and reasonably integrating them into the system is the key to
the success of intelligent agricultural machinery. According to
the requirements of China’s land scale management devel-
opment, intelligent agricultural machinery should make use of
advanced aviation and aerospace ground technology to realize
high-speed calculation and data information transmission in a
dynamic environment and command the executing agency to
efficiently and effectively complete the task [14].

Jin et al. developed a vibration detection and control
system based on intelligent sensor nodes to detect and
control the frame vibration caused by high-power engines of
agricultural machinery in view of the problem that the vi-
bration of agricultural machinery not only affects the op-
eration quality and effect but also reduces the service life of
the machinery. Each intelligent detection node can work
independently or can be networked as an Internet of -ings
system [15]. Precision agriculture is based on the automated

navigation technology of agricultural equipment, which can
help minimize the amount of labour required for agricul-
tural machinery operators while enhancing implementation
efficiency and accuracy [16, 17]. Mironenko et al. improve
the efficiency of agricultural industrial production. -e
possibility of improving agricultural production efficiency
by establishing a hardware-based control system with arti-
ficial intelligence elements was analyzed [18]. -e growth
trends of new agricultural technologies such as artificial
intelligence are based on intelligent agriculture, agricultural
Internet of -ings, and the function of agricultural Internet
of -ings in intelligent agricultural large-scale systems [19].
-e agricultural machinery management system, which is
mainly focused on advanced IoT and cloud computing
technology, could greatly assist specific organizations in
providing greater efficiency and low-price production ser-
vices to Chinese farmers by implementing remote moni-
toring stations on smart farm equipment and enhancing
mobile application and server software [20, 21].

2. Application of Artificial Intelligence in
Agricultural Production

Agriculture entails a variety of procedures and phases, the
majority of which are performed manually. AI can help with
the most complicated and ordinary jobs by supplementing
existing technology. When integrated with other technol-
ogies, it can gather and evaluate massive data on a digital
platform, determine the best course of action, and even take
that action. Artificial intelligence (AI) and machine learning
(ML) are being used in agriculture to provide cognitive
solutions in agricultural and field farming technologies [22].
In particular, cognitive computing will become the most
disruptive technology in agricultural services. Cognitive
computing is able to understand, learn, and respond to
different situations, improving efficiency. Microsoft has
worked with 17 farmers in the Indian state of Andhra
Pradesh to help them increase the average yield per hectare
by 30 percent compared with the same period last year by
advising them on sowing, land, and fertilizer.

(1) -e Internet of things drives production growth: the
Internet of -ings generates vast amounts of
structured and unstructured data every day [23]. -e
data are related to historical weather patterns, soil
reports, new research, rainfall, insect pests, drone
and camera images, and so on, to boost yields. Ev-
erything that can be operated via the Internet is an
Internet of-ings (IoT) device.With wearable IoWT
(Internet of Wearable -ings), IoT devices have
grown rather common in consumer markets. IoT
applications in farming are aimed at traditional
farming activities in order to fulfil rising needs and
reduce output losses [24]. Robots, drones, remote
sensors, and computer imagery, along with ever-
improving machine learning and analytical tools, are
used in agriculture to monitor crops, survey andmap
fields, and deliver data to farmers for sensible farm
management plans, saving time and money [25].
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(2) Soil testing: near remote sensing and remote sensing
are two technologies mainly used for intelligent data
fusion. Both technologies are realized with the help
of sensors. In particular, the former requires sensors
that are in contact with the soil or very close to the
soil so that soil properties can be determined
according to the soil below the surface of a specific
location. Rowbot, a company dedicated to providing
artificial intelligence hardware solutions, has com-
bined data collection software with robotics to
prepare the best fertilizer for corn planting to
maximize yields.

2.1. Agricultural Mechanization Information System. In re-
cent years, in order to meet the requirements of the socialist
market economic system, agricultural machinery manage-
ment departments at all levels have been developing rapidly in
the process of deepening reform and transforming functions.
Although management departments at all levels have devel-
oped some application software, it is not suitable for na-
tionwide promotion due to its strong pertinence (all aimed at
specific problems at all levels), long development cycle, and
relatively backward technical means. At present, there is no
unified application software available for all levels of the
country in the agricultural machinery management depart-
ment. In our nation, Internet and Intranet technologies have
been widely employed in information management, and the
use of its network database has yielded significant results, but
agricultural mechanization information management re-
search is still in its early stages. -e application of computer
technology and network technology in agricultural mecha-
nization in foreign countries is primarily for farms and ag-
ricultural machinery enterprises, and the software developed
in our country cannot be directly used in the management of
agricultural mechanization information. China’s agricultural
mechanization management system is a top-down tree
structure system since it has its own peculiarities (as shown in
Figure 1), and each level of the system not only corresponds to
the agricultural mechanization management department at
the next level but also corresponds to the relevant government
departments at the same level.

Agricultural mechanization management information
system (BNAMMIS) based on a network makes full use of
modern network technology and database technology to solve
the input, modification, addition, deletion, inquiry, and
transmission of information in agricultural mechanization
information management so as to solve the abovementioned
problems existing in agricultural mechanization information
management. -is system provides a common interface with
other software, which will not cause the waste of existing
resources and supports the query function of the network
database so as to have a good data sharing. -e specific re-
search ideas of the network-based agricultural mechanization
management information system are shown in Figure 2.

2.2. Principle of GNSS Velocity Measurement. GNSS mainly
includes the United States Global Navigation Satellite Sys-
tem, Russia’s GLONASS, Europe’s Galileo, and China’s

BeiDou Navigation Satellite System. -e common speed
measurement methods of GNSS include single-point speed
measurement and differential speed measurement. Differ-
ential positioning has a fixed and immovable reference
station. -e reference station transmits the differential
correction signal to the onboard mobile receiver through the
wireless link. -e onboard mobile receiver constantly cor-
rects its positioning error by combining the differential
correction information to achieve centimeter-level accuracy.
In general, the accuracy of differential velocimetry is higher
than that of single-point velocimetry, but similar to dif-
ferential positioning, its velocimetry accuracy is easily af-
fected by the distance between the receiver and the base
station, while the single-point velocimetry system only needs
to rely on a single GNSS receiver on the applicator. Con-
sidering the particularity and complexity of pesticide ap-
plication in an orchard environment, this project plans to
adopt GNSS single-point velocity measurement method and
use the original Doppler observation value to measure ve-
locity so as to achieve the purpose of real-time acquisition of
operating vehicle velocity in this project. Pseudodistance
observation equation is shown in equation (1):

p
j
j(t) � p

j
j(t) + cδti(t) − cδt

j
(t) + Δj

j,Ig
+ Δj

j,T(t) + εp, (1)

where p
j
j(t) is the pseudodistance between satellite and

receiver, p
j
j(t) is the geometric distance between the satellite

and the receiver, δti(t) is the clock difference of the receiver
at time t, δt j (t) is the time difference of the satellite at time t,
Δj

i ,Ig
is the ionospheric delay, Δj

j ,T(t) is the tropospheric
delay, and εp is the observation noise;

By differentiating equation (1), the Doppler velocimetry
observation equation can be obtained. In this way, the
onboard GNSS receiver operating in the process of the
relative position of observation satellite station spacing rate
varies depending on the location, in which, the speed of
acquisition field, has nothing to do with the choice of fre-
quency speed measuring precision, but the error is influ-
enced by the selected receiver model is more obvious.
During the experiment, the GNSS receiver needs to be fixed
above the rear of the application vehicle to obtain relatively
stable satellite information. Finally, the speed at different
moments is determined according to the different satellite
signals resolved by the application vehicle at different po-
sitions. -e choice of core control chip for the GNSS single-
point speed measurement system is very important to the
whole system. In the process of selecting the core control
chip, the actual requirements should be combined with the
function of the chip. As shown in Figure 1, is the comparison
of several common single-chip control chip parameters, the
MSP430 chip can achieve low power consumption mode,
fast running speed, strong processing capacity, and rich
resources in the chip, suitable for commercial development
and use. STM32 has rich peripheral resources and fast
running speed, in line with the development environment
requirements of this subject. Table 1 shows the parameter
comparison of the three chips:

-e core controller of the GNSS single-point velocity
measurement system uses ARM Cortex-M3 as the core chip
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STM32F 103 VET6, which is used to parse the satellite
information obtained by the receiver. -e number of pins of
this chip can meet the requirements of this design. In ad-
dition, the chip also has first-class peripheral resources: flash
memory size is 512 kB; the main frequency is 72MHz. It has
a maximum operating voltage of 3.6 V, 112 GPIO interfaces,
and 3 12 bit ADC conversion units.

3. Experimental Analysis

-e data before and after Kalman filter fusion are collected,
and the comparative analysis is completed.-e experimental
data obtained from 20 experiments are processed simply to
make the obtained data more stable. On this basis, the mean
value, root mean square value, and the distribution of error

Department of Agricultural Ordnance
Management of the Ministry of Agriculture

Township-level agricultural mechanization 
management and service station

Provincial agricultural mechanization
administration

Prefecture-level agricultural mechanization
administration

County-level Agricultural Mechanization
Administration Bureau 

Figure 1: Structure composition of agricultural machinery management information system.

DP Related software
analysis 

network
database 

Investigation and research, literature
analysis

Agricultural mechanization
information system analysis 

Network-based agricultural mechanization 
management information system

Conclusion
and outlook

Figure 2: Idea diagram of network-based agricultural mechanization management information system.

Table 1: Comparison of parameters of several common microcontroller core chips.

Chip model Owned by the company CPU (bits) RAM (k) ROM (k) I/O
MCS51 Intel 8 5 128 32
MSP430 TI 16 5–31 512 48
STM32 ARM 32 31 512 112
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interval of each group of data are analyzed. In order to
realize the stable extraction of the speed data of the appli-
cation vehicle and the fine control of variable application, 10
groups of experiments were carried out in the open envi-
ronment and the environment covered by trees, respectively.
-e test distance of each group was 15m, and the distance
between fruit trees was about 2m. -e speed values mea-
sured by GNSS at a single point, the number of satellites,
DOP values, and the speed values measured by the binocular
vision range velocimetry module during the application
vehicle’s movement were collected in real time. In order to
reduce the deviation of experimental data and optimize the
structure, the average value of the speed data of more than
1000 sampling points acquired in real time in each group
was calculated by sliding window sampling in this experi-
ment. Taking the data collected by GNSS at a single point as
an example, the calculation process was shown as follows:

V11 �


i�5
i�0Vi

5
, (2)

where V11is the first speed data (m/s) after the average value
of sampling in the sliding window, Vi is the velocity mea-
surement data of each sampling point (m/s), and 5 is the
sampling interval.

It can be adjusted continuously according to different
sampling points to obtain smoother and optimized results. In
the above formula, the first data result after smoothing is the
average value of the data measured by the first five single
points of GNSS, and so on, the second data after smoothing is
the average value after summing the second value to the sixth
value of the single point of GNSS data. -e sliding window
sampling average value of the binocular vision odometry
system is also calculated in this way, taking the data collected
in experiment 1 as an example. A total of 1321 data of
sampling points were obtained, and the velocity measurement
data of the two systems were respectively saved as .CSV files,
wherein, the files saved in the binocular vision velocimetry
system include minute, second, and binocular velocimetry
data. -e files saved in the single-point velocity measurement
system include the number of receiving satellites, number of
pixel points, DOP value, and GNSS real-time speed data.
Taking the first group of experiments as an example, in an
open environment, the vehicle operating speed was adjusted
to low gear. A total of 1321 sampling points were collected
from the starting position to the ending position. A com-
parison of real-time data of GNSS single-point velocity
measurement and real-time data of the binocular velocity
measurement system is shown in Figure 3.

As can be seen from Figure 4, under the condition of
low-speed driving in GNSS single-point log data, there is a
drift phenomenon with high and low speed, and the bin-
ocular vision system to measure the data in most cases is
relatively stable, with speed generally stable at about 0.2m/s,
occasionally appearing beyond the scope of the high or low,
whereas orchard pesticide applying low speed compared
with GNSS velocity measurement, C is relatively stable. -e
changes in the number of feature points of velocity mea-
surement in different environments are shown in Figure 4.

In the first set of experiments of velocity measurement,
the errors were analyzed. In addition to comparative analysis
of the two groups of measured data, the mean value and root
mean square formula of GNSS speed measurement are also
shown as follows:

VGPS �


n
0 Vn

n
, (3)

where VGPS is the average value of GNSS velocity mea-
surement at a single point in low speed and open envi-
ronment (m/s), Vn is the real-time velocity value measured
by GNSS at each moment (m/s), and n is the number of
sampling points.

-rough calculation, in the first group of velocity
measurement experiments, the mean value of the GNSS
single-point velocity measurement system is shown as
follows:

VGPS �


1321
0 Vn

1321
� 0.3716m/s. (4)

Similarly, in the first group of velocity measurement
experiments, the mean value of the binocular velocity
measurement system is shown as follows:

VGPS �


1321
0 Vn

1321
� 0.1721m/s. (5)

According to the above two data, the mean value
measured by GNSS is 0.3716m/s, and the mean value
measured by the binocular velocimetry system is 0.1721m/s.
-e data measured by GNSS at a single point is relatively
high at low speed, while at low speed, the number of pixel
points obtained by the binocular speed measurement system
is relatively stable and the measured data is more authentic.
In order to compare the fluctuation of the measured data
between the two, the variance of the first group of experi-
ments was analyzed. -e variance was the square operation
based on the difference between each data and the mean.-e
smaller the variance was, the more stable the data would be.
-e calculation formula of variance is as follows:

s
2

�


n
i�1 xi − x( 

n

2

, (6)

where s2 is the variance of each set of data calculated, x is the
average of each set of data, and n is the number of sampling
points.According to the above formula and also taking the
first group of experimental data as an example, the variance
measured by GNSS at a single point is shown as follows:

s
2

�


1321
i�1 xi − x( 

1321

2

. (7)

-e variance of the single-point GNSS velocimetry
system in the first group of trials was 0.1589, and the variance
of the binocular velocimetry system in the first group of
experiments was 0.0786, according to the calculation find-
ings of the square difference between the two groups above.
-e lower the variance, the more stable the data being
measured is. When driving at moderate speeds, binocular
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speed measurement data tends to be quite steady, whereas
GNSS speed measurement data fluctuates substantially.

4. Result

Artificial intelligence researchers are working really hard,
and we are confident that the future of artificial intelligence
is quite bright as a result of their tireless efforts. Artificial
intelligence technology will be able to better assist humans in
the near future, considerably improving human lives and
bringing tremendous social and economic advantages.
Agriculture will enter a new era of digital information under
its leadership. It is crucial for encouraging the use of

electronic information technology in agricultural machines.
-e data were compared and examined after and before
fusion. -e target velocity output after fusion is more stable,
with a stability increase of 59.59 percent when compared to
single-point GNSS velocity measurement data and an in-
crease of 18.32 percent when compared to data measured by
the binocular vision velocity measurement system,
according to the results of the analysis. It has achieved the
aim of precise speed measuring at all speeds, from low to
high. It has specifically addressed issues such as vehicle
positioning failure and vehicle skidding caused by trees
obstructing GNSS satellite signals during field operations.
-e data report’s automated summary feature prevents data
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distortion due to human factors while also relieving report
workers of tedious work.
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