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Abstract—To solve the problems of monitoring system to-
pology structure and joint ductility, as well as to improve
the efficiency of agricultural planting, this study presents a
greenhouse-monitoring system based on the advanced RISC
machine (ARM) wireless sensor network. The design
schemes of the hardware and software of the network nodes
are presented, and the process of a ZigBee network coordi-
nator is elucidated. The system uses ARM to control the
wireless transceiver module for data transmission and re-
ception as well to collect data through an inter-integrated
circuit bus. The working-state data of the seeding machine
are transmitted to the monitoring platform through the
ZigBee network, which can achieve real-time data view. Test
results show that the system has the advantages of a simple
structure, a flexible node, and low power consumption. The
effective monitoring of the agricultural seeding machine in a
wireless environment is realized. This system can quickly
monitor the agricultural seeding machine while working,
and the data center allows reading the data for remote view-
ing and analysis. This system can also effectively reduce the
workload of farmers, improve the efficiency of field sowing,
and promote the rapid development of modern agriculture.

Index Terms—Embedded, Remote monitoring of seeding
machine, WSN

L INTRODUCTION

With the rapid development of the information age, tra-
ditional farming has been replaced with information, and
field work is also moving toward the information and
mechanical age. The core idea of “precision agriculture” is
to realize the sustainable development of agriculture ac-
cording to the requirements of each field work element
with minimal investment return. Wireless transmission
technology remains within a small section of agricultural
system research. By contrast, the industrial use of terminal
technology for real-time transmission of remote data is
relatively extensive. In the United States, Japan, and other
agriculturally developed countries, this technology has
gradually become mature and is widely adopted, includ-
ing in electronic monitoring equipment and remote control
devices. For example, a large agricultural seeding machine
has a wide range of applications. Such technology is also
widely used in field production and management for farm-
land precision seeding to improve the utilization of farm-
land resources, reduce the production cost of crops, en-
hance the quality of agricultural products and production,
and decrease the damage to the environment. In 2015, two
related sessions in China focused on the fields of agricul-
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ture, rural areas, and agricultural modernization. Agricul-
tural modernization technology will be in the era of data
information.

Most industrial applications are currently connected
under a wired connection mode, which is used to accom-
plish and achieve various control functions. Wired net-
works have provided considerable convenience to the
work and life activities of people and have played a role in
promoting social progress. In practical applications, wired
networks can provide a huge amount of data flow, speed,
and reliability, as well as achieve desired results. With the
development of wireless communication technology, the
function of wireless communication has improved, the
speed of wireless communication has accelerated, and the
speed of cable transmission can be enhanced. Traditional
wired network cabling is material- and time-consuming,
difficult to detect, and not free to move. At present, people
are accustomed to mobile and wireless communication.
The value of wireless communication technology is par-
ticularly emphasized in cases where the working condi-
tions of a wired network are poor. The applications of
wireless communication technology are mainly manifest-
ed in underground coal mine gas monitoring, electric
power communication, wireless equipment, and automo-
bile instrument wireless data reading, among others. Sub-
carrier multiplexing is replaced with embedded products.
Advanced RISC machine (ARM) conforms to current
trends and continues to introduce new products to satisfy
different requirements from all walks of life and to occupy
a certain position. Over 75% of the market is presently
occupied by ARM technology processor applications.
Most smartphones and digital electronic products world-
wide use ARM embedded processor systems. ARM pro-
cessors exhibit good reliability and processing capability,
and they can satisfy applications in many fields. The ap-
plication of ARM processors is mainly embodied in elec-
tronic products, wireless communication, network applica-
tions, and industrial control, among others. Production and
daily life cannot be separated from ARM processors.
Therefore, ARM embedded technology and GPRS com-
munication network can be utilized to establish a remote
data transmission system in agricultural fields.

In other countries, many wireless data transmission sys-
tems are used in agriculture. Stanford University and the
Massachusetts Institute of Technology jointly developed a
remote monitoring and fault diagnosis technology for
information exchange format and standards [1]. Agricul-
tural wireless network and embedded technologies are
also being rapidly developed in China. For example, Liu
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Jian et al. proposed a design scheme for a wireless envi-
ronmental monitoring system based on GPRS in 2008 [2].
Guo Zhiwei et al. proposed an application layer communi-
cation protocol for identifying and transmitting farmland
information collected through an enhancement system in
2009, which reduced the incidence of information block-
ing [3]. Xia Ruxiao designed a remote temperature and
humidity real-time monitoring system in 2012 [4]. Ac-
cording to the status quo both local and abroad, the main
problems in existing remote wireless data transmission
systems are system transmission efficiency, reliability,
and safety problems.

The remainder of this paper is organized as follows.
Section 2 discusses wireless sensor data fusion design.
Section 3 provides the design of a college sports manage-
ment decision-making system based on artificial intelli-
gence. Section 4 presents the system experimental verifi-
cation analysis. Section 5 concludes the study.

II.  STATE OF THE ART

Commercial embedded systems have existed since the
mid-20th century; however, most of these are proprietary
systems. The development of the embedded system indus-
try has entered the golden era. Many countries and enter-
prises are committed to research on this area.

The ARM Company mainly authorizes the technology;
the company does not sell a specific chip, and only its
design technology is for sale. At present, the ARM archi-
tecture processor has a strong competitive edge in wireless
communication and embedded fields because of its high
speed, low energy consumption, low cost, and other char-
acteristics. Since the emergence of the first ARM proto-
type in the 1990s, the ARM architecture has been defined
in six versions (from V1 structure to V6 structure). Most
current ARM processors have V6 structure, which has an
increased number of instructions, and thus, improved data-
processing capabilities and performance.

The ARMO series of the ARM processor architecture
has large-scale applications in various industries com-
pared with the classic series. The ARM9 series does not
only support a management unit memory function but can
also handle instructions and data. The ARM9 series of
instructions on implementation efficiency is also fast (with
five lines) and can satisfy the demands of wireless devic-
es, handheld terminals, and other applications.

Wireless sensor network (WSN) technology is constant-
ly improving. This technology has become a crucial re-
search topic in various countries. With the development of
the information technology (IT) industry, WSN technolo-
gy is expected to gradually mature to perfection.

Most nodes in WSNs are powered by batteries, and bat-
tery life is limited. Therefore, we have to consider this
problem in a WSN protocol. In such protocol, the media
access control (MAC) and routing protocols consume the
most power. These two protocols can be optimized to
improve the usage time of the acquisition node. The task
of the MAC protocol is to ensure that all nodes can use the
wireless channel and will not affect one another. The main
process of the routing protocol is to optimize the genera-
tion of such protocol, and a good routing protocol can
reasonably control energy to prolong the lifetime of WSN.

Network security is a crucial aspect of WSNs. If the
network transmission process is insecure, then it cannot be
widely used. We need to ensure the security of WSNs and
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simultaneously guarantee that the communication process
will be unaffected. We need to develop protocols that can
deal with threats from a wide range of environments be-
cause WSNss are widely used and network threats vary.

A tree network is constructed using a coordinator con-
nected with one or multiple star subnetworks. The net-
work node has its own parent node or lower level nodes.
Direct and internode communication must be accom-
plished by the routing nodes in the network.

A star network is the simplest network structure that
forms the basis of other network topologies. This network
is made up of a ZigBee coordinator and a plurality of
terminal equipment. All communication in this network
should follow the coordinator for forwarding.

Mesh networks are based on tree networks and can real-
ize direct interconnection with routing nodes via routing
tables. Therefore, network message delay can be consider-
ably reduced, the reliability of the entire network is en-
hanced, and the storage space of the equipment is in-
creased.

III. METHODOLOGY

The software of a system is similar to the human mind;
it issues a command to control the hardware (the body) to
perform a corresponding action. Hardware and software
coordinate and actively cooperate to complete a task.
System software design can be divided into transmission
terminal and data center software designs.

The collector initially receives data through analog-to-
digital data conversion via the STM32 module to process
data and then send them out. When the GPRS module is in
a normal operation state, the link signal is sent through the
SIM card to request a wireless communication link. The
application layer HTTP will be the final storage after the
data packet is judged by the three-handshake response.

The implementation of the program structure is deter-
mined according to the use of system hardware resources
and the design of real-time requirements. The transmis-
sion terminal of the system mainly performs data receiv-
ing and sending through an interruption. After the trans-
mission terminal is started, the corresponding module is
initialized. Serial port 3 is opened to receive the data col-
lected by the sensor to ensure the real-timeliness and in-
tegrity of the data. The interruption is then set as interrup-
tion priority. When the interface receives the data, the
interruption is generated, and the data are received and
stored. The sensor will be collected toward the data pack-
age sent to serial port 3. Serial port 3 receives the data
packets to determine the effectiveness of processing and
extracts valid data through STM32 serial port 2 to send
them out. The data are returned to close the serial port.

The main functions of the software system to imple-
ment the main program are as follows: system start-up,
system initialization, calculation of the last accumulated
locomotive time, saving to external data memory, GPRS
wireless transmission module for sending data, receiving
global positioning system (GPS) location and time infor-
mation, real-time acquisition speed sensor square wave
signal, and liquid crystal display system flowchart (Fig.1).

A. Sensor Node Data Processing

Sensor data fusion is a highly targeted technology that
is widely used in industrial control, agricultural production,
military, transportation, construction, and other fields. The
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Figure 1. Flowchart of the main program

information provided by a variety of sensors is considera-
ble; hence, we need a technology that can effectively deal
with a large number of sensor data. Sensor data fusion is
the procedure of using the information collected by multi-
ple sensors to be processed in space and time or in accord-
ance with the rules of a particular combination of com-
plementary information to obtain a precise description of
the object being monitored.

Common data fusion algorithms used in practical appli-
cations can be divided into two categories, namely, mod-
ern data fusion algorithms and classical data fusion algo-
rithms. Classical data fusion algorithms based on classical
mathematics can be divided into mathematical statistics
methods and mathematical estimation methods according
to the mathematical tools used, such as Bayes estimation,
Kalman filter, and so on. With the development of modern
information theory, artificial intelligence, and other disci-
plines, such as the neural network data fusion algorithm,
conducting model building and calculation using classical
algorithms have become difficult; high performance and
general applicability are required.

Performing the reasoning of these data is necessary be-
cause of the uncertainty in the source information ob-
tained from many nodes in a sensor network. The neural
network data fusion algorithm requires that we first need
to obtain the sensor network nodes of the weight distribu-
tion based on the similarity between the source data for
classification and the source data for comparison. A spe-
cific neural network learning method is adopted to acquire
training information and the corresponding data-reasoning
mechanism.

In the sensor data fusion algorithm based on a neural
network, the network has a unified form of information
expression. The neural network learning method is adopt-
ed to achieve the fusion of source data and to determine
related network parameters. Uncertain data can be con-
verted into the system via reasoning and learning to ad-
dress certainty in data information. Training rules can be
expressed in data amount, and a training knowledge base
is established on the basis of training rules. The fusion
algorithm based on a neural network has considerable
parallel data-processing capabilities; therefore, it can
achieve rapid processing of system data.
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ZigBee wireless network sensor nodes are utilized to
improve the accuracy of data acquisition. Raw data are
pretreated to eliminate errors. Node computation and data
storage capabilities are considered. The pretreatment pro-
cess collects data at the sensor nodes, which are a certain
number of data after several cycles. The design process is
as follows [5].

Nodes periodically collect data. When the last data are
stored in the buffer queue, the queue is filled, and the node
does not enter the dormant state instead of data prepro-
cessing [6].

Nodes remove the sensor data in the buffer queue. The
mean value is defined according to their values from small
to large arrays as follows:
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Finally, the sensor nodes in the network will remove the
measured data from the deviation value through the wire-
less channel to the embedded web server for further pro-
cessing.

To collect information, wireless sensor networks rely
on a large number of sensor nodes to cooperate with one
another to collect and process the information of monitor-
ing objects in the network coverage and to send it to the
observation center. In the layout of wireless sensor nodes,
a certain amount of data must be configured to solve re-
dundant nodes, node measurement error, node failure, and
other issues to satisfy application requirements. Determin-
ing information accuracy in the industrial control field is
difficult. Similarly, identifying the comprehensive charac-
teristics of complex objects is also difficult. Accordingly,
the system should provide sufficient support in terms of
the number and type of sensors. This condition will inevi-
tably cause the sensor nodes to overlap with one another,
which leads to data redundancy. The redundancy of the
original data will provide wireless sensor network nodes
with frequent access to channel competition, reduce the
efficiency of data acquisition, and waste the limited ener-
gy of sensor nodes and communication bandwidth, there-
by resulting in increased system delay.
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The sensor data fusion technology can effectively re-
duce redundant information, improve the efficiency of
information collection and node energy use, and enhance
the performance of the monitoring system.

In the ZigBee wireless sensor network, the radio fre-
quency (RF) unit that completes a bit of data to send and
receive node energy consumption is called the node mi-
crocontroller unit to execute an energy consumption
command hundreds of times to as much as a thousand
times. Therefore, the initial data are processed using the
computing power of nodes in WSNs, which can reduce
the frequency of the RF transceiver and the energy con-
sumption of nodes.

B. Verification of Data Fusion Design

The effectiveness of the sensor data fusion design is
validated. The sensor nodes are divided into two cluster
structures, with each cluster containing five nodes. The
test temperature values are shown in Figure 2.

Compared with the arithmetic mean method, the fusion
method adopted in the design can effectively improve
measurement accuracy [7, 8].

The design consists of sensor nodes and a web server
two-level data fusion scheme to fulfill the requirements of
the monitoring glass tempering furnace and to address the
data redundancy caused by reducing the large capacity of
the ZigBee WSN [9-11]. The system can effectively re-
duce communication amount, decrease the energy con-
sumption of nodes [12-14], prolong network time, and
provide accurate data measurement.

IV. RESULT ANALYSIS AND DISCUSSION

The entire network system research and design are de-
scribed. The corresponding hardware or software is tested
and regulated to ensure the normal operation of the sys-
tem. The testing of the hardware and the development
program regulation are explained.

The test table of a precision seeding machine for soy-
beans is shown in Figure 4.

The precision agricultural system is installed in the la-
boratory bench test. The concrete is in the soybean preci-
sion seeder test bed, with six rows of metering tubes. A
photosensitive sensor and a photoelectric sensor are
mounted on the conductor pipe. The photoelectric sensor
is installed in the guide tube. When the seed is mediated
through a tube and a seed interdiction sensor light source,
the photoelectric tube emits a signal that indicates that the
sowing machine is working normally. When a fault occurs
in row sowing within the prescribed period, an alarm will
be activated. The bench-seeding monitoring platform
during a physical experiment is shown in Figure 5.

The specific operation is performed in a normal seeding
planter with a six-row tube processed by a human. The
alarm response time of the seeder-monitoring system is
recorded. When a row is blocked, the node buzzer can
send data to monitor the master node in the terminal dis-
play. The alarm response time of the controller area net-
work (CAN) bus to transmit data has a time resolution of
0.1 ms while recording the row number. After several
tests, two groups of repeated trials are selected. The data
recorded are shown in Tables I and II.

During the specific operation, i.e., the process of the
sowing machine, the alarm response time of the monitor-
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TABLE L. PERFORMANCE TEST DATA (1)
Main monitoring node record 1 5 3 4 5 6
number
Response time (ms) 28.5129.2|1273(354|29.3|36.8
Communication is correct No | No | No | No | No | No

TABLE II. PERFORMANCE TEST DATA (2)
Main monitoring node record 1 5 3 4 5 6
number
Response time (ms) 38.5(28.2(357(354(39.2|363
Communication is correct No | No | No | No | No | No

ing system of the seeding machine is recorded by a person
and is blocked by the six channels. When a row of pipe is
blocked, the buzzer will be activated. CAN then sends
data to monitor the main node in the terminal display
alarm barrier, i.e., CAN alarm response time. The time
resolution of the CAN bus data transmission is 0.1 ms.
The main section of the 40 points records and monitors
the seed tube. After numerous tests, three groups are se-
lected to repeat the test.

The sowing sensor sends a message to the PC. The staff
can then monitor the master station and solve a problem
according to a specific set of message protocols by read-
ing the frame start symbol, ID, and seeding information.
The data frame in the seeded number can be evaluated
using cyclic query and the judgment analysis method. The
specific information that corresponds to the seed tube row
number is displayed. Consequently, the staff can monitor
the actual situation of sowing at a glance and prevent
leakage, thereby reducing agricultural losses.

The seeding-monitoring system can continuously work
for 24 h or 48 h, and the hardware and software designs of
the system are relatively stable.

Through numerous experiments, this study determines
that the monitored and actual situations coincide without
errors. The response time is short, which is in accordance
with the sowing requirements. The system design is also
reasonable and fulfills the requirements.

V. CONCLUSIONS

With the continuous progress of science and technolo-
gy, IT is increasingly applied to traditional agriculture. IT
is used in agricultural production to improve the efficiency
of agricultural planting, increase the input—output ratio of
agricultural production, acquire high-quality agricultural
products, and reduce the amount of labor in the process of
agricultural production. A remote monitoring and control
system for a sowing machine with wireless information
transmission function is constructed based on ARM em-
bedded technology. This system can effectively improve
agricultural planting efficiency and sowing quality, con-
siderably reduce the workload of farmers, and enhance
land utilization. The system uses the ARM core microcon-
troller for control, and the hardware design is realized
using an embedded technology and the ZigBee module.
Hence, this system can monitor field work in real time.
Locomotive information can be transmitted to the data
center through wireless transmission technology, and data
can be regarded in real time. This system can rapidly mon-
itor the agricultural seeding machine while it is operating.
Overall, the proposed system can effectively promote the
rapid development of modern agriculture.
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