Zhang and Wang J Wireless Com Network ~ (2021) 2021:122 R
https://doi.org/10.1186/513638-021-01997-1 EURASIE’JournaI on erel.ess
Communications and Networking

RESEARCH Open Access

: . . =
Design of remote control device using sl

wireless sensor network and its use in intelligent
monitoring of farmland information

Jian Zhang'" and Ying Wang?

*Correspondence:

zhangj@lzjtu.edu.cn Abstract

' School of Art and Design, The purpose is to control the growth state of crops remotely, design intelligent detec-
Lanzhou Jiaotong University, . licati ff land inf . di he effici f icul |
Gansu, China tion application of farmland information and improve the efficiency of agricultura

Full list of author information information management. Wireless sensor technology is applied to remote control

is available at the end of the device. First, through the integration of the system functions that need to be com-
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artide pleted in the farmland remote monitoring, the module requirements of the device

are further determined. Finally, the overall design is determined. From the aspects

of hardware, such as the selection of sensors, RF transceivers and software (such as
data processing center module), remote control device is designed, and the detec-
tion and collection of farmland real-time information is completed. The results show
that the communication distance of wireless sensor nodes can reach 215 m under the
test condition of 0.5 m in open space. The research content can help people improve
the understanding of crop growth environment and growth situation, and then help
people improve work efficiency, and finally contribute to the process of agricultural
informatization.
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1 Introduction

Before the advent of the twenty-first century, wireless sensor networks (WSN) have been
invented, and the earliest WSN is mainly used in the military field. As the development
of the times, because of its wireless sensing characteristics, it is also gradually widely
used in petrochemical industry, industrial manufacturing, agriculture and other fields
[1, 2]. At the end of last century, Gregory J, a researcher in the USA, made a new elabo-
ration on the concept of WSN. In addition, with the advent of the twenty-first century,
more and more people have found the unlimited prospects of WSN, and the impor-
tant characteristics of its “wireless transmission” are widely concerned by researchers
from all walks of life [3]. Foreign international business machine companies have put
forward the concept of “Smarter Planet” for a long time; in China, China’s top leaders
have constantly put forward the concept of “reading China” based on WSN. Moreover,

large-scale foreign wireless communication companies and chip manufacturers, such
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as TI and Intel, start their independent research process early and continue to launch
new WSN-related products. Moreover, foreign universities and manufacturing industry
also constantly bring forth new ideas in this area; in China, China’s well-known Inter-
net communication companies, such as Huawei and ZTE, have also launched their own
WSN and systems. In addition, China’s major universities also make progress in WSN
research.

In addition, Germany began to study agricultural informatization in the 1960s. After
the 1970s, they invested a lot of money in the construction of agricultural database. In
the mid-1980s, German agricultural database and expert system resources have been
quite perfect, including pesticide spraying, pest control, fertilization, irrigation and
other aspects. At the beginning of this century, in addition to the national level, the
states under their jurisdiction have also developed their own comprehensive manage-
ment platform of agricultural informatization, providing information inquiry and con-
sulting services to farmers through various media. In 2013, aiming at the special climate
environment in Greece, with the growth of crops in harsh environment as the research
focus, Greek scholars mainly used DASHTMode technology to effectively improve the
environmental conditions based on the real-time measurement of crop growth environ-
ment parameters, and finally realized the effective regulation of the harsh environment,
which provided a new idea for the crop growth problems in the harsh climate. The pro-
cess of agricultural informatization in Japan is also accelerating year by year. Accord-
ing to statistics, more than 40% of Japan’s agricultural production has completely relied
on the Internet of things technology. Meanwhile, in addition to the remote automatic
collection of agricultural information, Japan has also developed lots of monitoring sys-
tems and information release platforms in water-saving irrigation, soil improvement
and weather prediction, to support agricultural production through multiple channels.
In China, in 2013, Dr. Zhang Wei of Zhejiang University combined sensor, distributed
information processing and embedded development technology to realize real-time
monitoring and control of agricultural information. In 2014, Wang Fengchun and Li
Fengju of Tianjin Academy of Agricultural Sciences designed a temperature and humid-
ity monitoring system based on wireless transmission for the agricultural greenhouse
scene, which realized the real-time collection and collation of environmental data and
crop parameters in the greenhouse. At present, many agricultural greenhouses have
been built in China. They have real-time information collection system, database sys-
tem and expert support and decision-making system, which can basically implement the
main functions of agricultural Internet of things. With the completion of the 13th five-
year plan for the development of agricultural and rural informatization, there are more
and more examples of applying WSN to farmland information management. However,
there are still some problems, such as the detection data is not perfect, the user function
is not full, and it cannot meet the needs of analyzing the detected data [4]. At the hard-
ware level, there are four parts: sensor module, microprocessor module, RF transceiver
module and power module; at the software level, there are two parts: underlying soft-
ware and data software.

This exploration aims to design an intelligent remote control device which can
monitor the farmland information in real time through the use of WSN technology
and the combination of software and hardware. The innovative points of the device
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are as follows. (1) There are enough sensor types in the device, which fully considers
various factors in the farmland environment; (2) in the software level, the user part is
added, so that the user can directly control the device remotely; (3) the data manage-
ment module can not only manage the data in real time, but also back up and process
the data; (4) the device can be changed for different applications through the change
of the sensor. It is very important to solve the energy problem in the agricultural
Internet of things monitoring system and design a sustainable farmland monitoring
system which can be popularized in large areas of field farmland.

2 Method

2.1 Overall design scheme of remote control device based on WSN

Managers only need to place the wireless sensor nodes in the target area they want to
monitor, and the wireless sensor nodes will automatically generate the wireless net-
work. At this time, wireless sensors begin to collect sensing information and transmit
it to the host, so that managers can monitor the situation in the area in real time. Fig-
ure 1 shows the functions of the three nodes of WSN.

According to the needs of innovation, this exploration aims to design a device that
can complete the collection of farmland information, the transmission of farmland
information and the information analysis of user terminal [5]. The structure of WSN
remote control device based on farmland information monitoring application is
mainly divided into three levels, and Fig. 2 is the design process.

The whole structure system is divided into three layers. The first layer includes two
parts: terminal node and router node, where sensors are arranged to collect real-time
information of farmland; the second layer is composed of coordinator node and gen-
eral wireless packet service module, which collects and processes the farmland infor-
mation transmitted here, and prepares for outward transmission; the third layer is
composed of mobile communication network and remote terminal. The information
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is transmitted to the terminal through the mobile communication network, and the
terminal part can carry out a series of operations on the information.

In order to measure the communication range in the farmland environment, first, an
equivalent variable experiment is carried out in an open field. The test conditions are
determined as follows: 25 °C, sensor node height 0.5 m, sensor input voltage 3 V and
transmission frequency 0dbm. Under such test conditions, the communication range is
215 m.

2.2 Hardware level design
At present, wireless communication network is a hot spot in the field of agricultural
environmental detection, and it has become the main way of traditional agricultural
cultivation in China. The network runs lots of wireless sensor nodes, and the energy of
field nodes is limited and inconvenient to replace. The energy problem has become a
major problem restricting the development and promotion of agricultural information
detection system. In order to solve this problem, this exploration is to study from two
aspects: improving the power supply mode of nodes and optimizing the routing trans-
mission algorithm to solve the problem of energy limitation. In the research process,
CC1101RGPR remote control device is selected. Sensor module collects information
data of environmental factors, and environmental factors always affect the environmen-
tal quality of farmland. People monitor it because it is related to whether crops can grow
well. Therefore, the real-time information collection of farmland environment is particu-
larly important. In order to obtain all-round real-time information of farmland environ-
ment, people choose wireless sensors from multiple angles and place them in the areas
that need to be monitored. All kinds of sensors such as soil temperature, soil moisture,
soil moisture, light, carbon dioxide and PH-YL rainfall, purchased from a technology
company, are used. Due to the limited space, it is not listed here one by one. The data of
carbon dioxide, temperature and humidity, light intensity and so on are used in the case
test. Table 1 shows several sensors applied in the device and their relevant parameters.
As an important part of device hardware, it is very important to select the appropriate
microcontroller. STM (synchronous transfer module) series microcontrollers produced
by ST are widely used in power electronic systems, such as motor drive, application
control and so on. As an enhanced microprocessor, STM32F103R8T6 has better perfor-
mance [6]. Using high-performance Cortex-M3 core with the highest working frequency
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Types Water level Water Air temperature Lightsensor Carbon dioxide
sensor temperature and humidity concentration
sensor sensor sensor
Function Measuring Measuring water  Measurement of ~ Measurement Measurement of
water level of temperature of air temperature  of light carbon dioxide
farmland farmland and humidity intensity in concentration
in farmland farmland in farmland
Related param- ~ Voltage 12-36V ~ Voltage 3-5V Voltage 24-5.5V  Lightintensity Voltage 3.3V
eters The measur- The measur- Temperature range measuring range
ing range is ing range is measur- 0-20,000 Ix 0-20,000 ppm
0-05m 0-100°C ing range Spectral range
-40-124°C 320-730 nm

Humidity meas-
urement range
0-100%

of 72 MHz, it can complete a variety of algorithms. 1 ps dual 12-bit analog-to-digital
conversion supports a variety of peripherals. Asynchronous transmission can transmit
and receive up to 4 megabits per second. Meanwhile, it has very low power consump-
tion, 36 mA at 72 MHz and 2pA at standby; the working, standby, sleep and other modes
can be switched at any time [7]. It is highly integrated with reset circuit, voltage regula-
tor, resistor capacitor oscillation circuit and so on, with 2.0-3.6 V low supply voltage,
and 5 V compatible input and output pins. It can work at —40 to 80 °C and meet the
demand of hardware device.

According to the different transmission signals, sensors can be divided into digital sen-
sors and analog sensors. The analog sensor outputs analog signal, and the digital signal
is obtained through A/D conversion and sent to the processor for processing. The digital
sensor can directly output digital signal without analog-to-digital conversion, which is
more convenient. The wireless communication capability of sensor nodes is limited, and
the bandwidth is usually only a few hundred kbps. However, the farmland environment
is wide, which requires lots of sensor nodes to cover the monitoring area. Because the
sensor node is generally battery powered, its sensor should meet the requirements of
small size, low power consumption and simple peripheral circuit, so digital sensor is a
better choice.

RF transceiver is widely used in remote sensing, telemetry and other wireless commu-
nication fields. As an important part of wireless sensor node, people hope that the trans-
ceiver can have good performance and low power consumption [8]. Here, CC1101RGPR,
one of the CC1101 series chips made by Texas Instruments, is selected. This kind of chip
packaging method is VQFN (Very-thin quad flat no-lead), which is characterized by
light weight and excellent thermal conductivity [9]. The weight of CC1101PGPR chip is
only 70 mg. CC1101PGRP chip can analyze and sort out the transmitted information,
and adjust the transmitted signal. Meanwhile, the ability of information transmission is
also determined by the radio frequency transceiver. The chip with stronger transmis-
sion ability is also better. The maximum data transmission frequency of CC1101PGRP
is 500 kb/s, which perfectly meets people’s requirements for data transmission [10]. The
receiving range of power supply voltage is 1.8-3.6 V, which indicates that it has very low
power consumption. The interface type is SPI, which makes the communication inter-
face connection easier. At the same time, the sensitivity of the chip is very high, up to
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-116dBm. Finally, the chip also has humidity sensitivity, the working temperature range
is —40-85 °C, and it can adapt to the needs of the working environment. Therefore,
CC1101PGRP is the best choice here.

In order to meet the demand of continuous use of WSN remote control device based
on farmland information monitoring, an energy storage battery and solar panels are
installed for it. Moreover, from the design of each module, it is not feasible to only rely
on the output voltage of 12 V, because the input voltage of other modules may be very
low and too high voltage will burn the circuit. The high input voltage is converted to the
low voltage which can meet the requirements of the design module. Figure 3 is deep cir-
cuit design.

In Fig. 3, P1 is the external power inlet, 7850 is the voltage regulator, and U25 is the
output interface. The current input from P1 will change from 12 to 5 V after U25 output
through 7805 voltage regulator. The circuit design diagram reveals that the initial volt-
age given by the designed circuit can meet the input voltage requirements of all sensors
except the water level sensor, and the output voltage of the voltage conversion circuit
can also meet the input voltage requirements of 2.0-3.6 V for the microcontroller and
1.8-3.6 V for the RF transceiver.

2.3 Software level design
The overall planning and design of the device shows that there are two directions in the
design of software level.

(1) Design of underlying WSN software: first, the coordinator is designed. Figure 4
suggests that in the whole process, the wireless network is established first, and then
wireless signal acquisition is carried out. After the signal acquisition is completed,
whether the data information is collected should be determined. Finally, the collected
information is transmitted to the wireless service packet module. It should be noted that
once the wireless signal is not obtained or the data packet is not received, the establish-
ment of the wireless network should be restarted. The above steps are repeated, which is
the function design of the coordinator.

Router node design: router node function has two branches. First, it is necessary to
join the wireless network. After the successful success to wireless network, the opera-
tion of wireless data collection is carried out. After the operation is completed, the data
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Fig. 3 Schematic diagram of power supply circuit
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is transmitted directly to the sensor. If no packet is collected, it is necessary to continue
to move forward to further check whether the data interval is collected. Finally, the col-
lected data interval is transmitted to the coordinator. In the above steps, when a step is
not completed, it is necessary to return to the process of whether to join the wireless
network to start again. Figure 5 shows the design.

As the bottom layer of WSN, terminal node plays the role of information collec-
tion [11]. Terminal node design: terminal nodes need to join the wireless network to
be applied. First, the key nodes need to apply to join the wireless network, and then
whether joining the wireless network is successful is judged. If it is not successful, it is
necessary to continue to judge whether or not the income is successful. If it is successful,
information and data are collected through sensors. After the collection is successful,
the RF transceiver CC1101 begins to sleep, and the microcontroller also enters the sleep
state. It should be noted that a sleep wake-up time cycle should be set. Once the time is
up, the microprocessor will wake up again.

(2) Data center software design:

a. User management part: it is the premise that people can use the designed device. In
this section, four main functions are set. The first function is new account creation.
This part is mainly the login setting for the user before the device operation. This
section is to collect the new account information. After creation, the user can log in
to the device for operation. Here, two kinds of accounts are set according to different
login account requirements, which are management account and general account.
The second function is account change. In this part, the function of the farmland
detection system can be modified through the platform, and the information of the
created account can also be modified. The management account has more author-
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ity to approve the modification application of general account. The third function
is account cancellation. In this part, the relevant contents of the registered but no
longer used accounts in the farmland monitoring system can be deleted. Similarly,
the management account here still has more authority. It can be cancelled directly in
the system. The last function is function setting. By assigning different requirements
to different accounts, account processing function can be added to the management
account based on general account. Only accounts with assigned functions can per-
form a series of operations.

b. Monitoring and management part: different from the initial function of user man-
agement part, monitoring and management part is an indispensable part for the
designed device to work normally [12]. In this part, the monitoring module is set to
operate the information data and four functions are also set: monitoring point opera-
tion, monitoring time operation, intercepting fragment operation and starting and
ending operation.

c. Data management part: this part is the real operation part of the user login account.
As an important part of the operating system, data management plays a fundamen-
tal role in a series of operations to collect farmland information [13]. It includes the
functions of pattern analysis and processing in farmland monitoring, and it can copy;,
delete and maintain the data collected by farmland monitoring, and find these data
in real time.

d. Data analysis part: as one of the data analysis methods, comparative analysis method
is most widely used in daily life, so it is also adopted here. The relevant data collected
by sensors in the farmland monitoring system in different periods are compared
through the method of dynamic comparison. Different two-dimensional coordinate
axes are set to analyze and compare the temperature, humidity, light intensity and
other indexes in different time periods.

3 Results and discussion
3.1 Test and result of communication range in farmland environment
The experiment of communication range in farmland environment is carried out. In the
farmland, the growth of different crops is not the same, and because of this difference,
the measured communication range is also different [14]. Therefore, in this experiment,
the wireless sensor is set at different heights of farmland, so as to study the communica-
tion range under this variable. When the environment changes to farmland, the tem-
perature is still 25 °C; the input voltage and the emission frequency remain unchanged.
Table 2 shows the values measured at different heights.

Table 2 shows that with the increase in placement height, when the height is from 0
to 2 m, the communication range will increase significantly when the height is from 0 to
1.5 m; however, when the height is from 1.5 to 2 m, the communication range will not

Table 2 Communication range of wireless sensor nodes at different heights

Placement height (m) 0 0.5 1 1.5 2
Communication range (m) 23 32 52 57 58
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increase significantly. It suggests that its wireless communication range is proportional
to placement height. However, when it reaches a certain height, the increase in commu-
nication range will become slow. This is due to the decrease in crop and other factors.
However, if the placement height is too high, the experimental results are not referential,
so it will be better if it can be set at 1 m.

3.2 Application test and results in farmland information monitoring

After the design of two parts of the device software and hardware, next, it is nec-
essary to collect data through experiments to verify whether the designed remote
control device can complete the requirements of monitoring farmland information.
In the experimental part, first, the information collected by the wireless sensor is
transferred to the coordinator part through the most basic wireless network. Second,
the coordinator transmits the information to the wireless communication network
through the wireless information packet network module. Third, the data is trans-
ferred to the user terminal. In this part, data display and a series of operations are
carried out. Since there are many wireless sensors in the farmland, only three typical
sensors are selected for the test [15].

Farmland temperature and humidity collection experiment: in this experiment,
because the change of temperature will change with the change of time, it is not very
meaningful to only look at the continuous trend of temperature change. Through the
data transmitted by the temperature and humidity sensor, the change of tempera-
ture and humidity is monitored in real time. It is only necessary to check whether the
highest value of temperature and humidity in a day is still in the atmosphere suitable
for farmland development. Meanwhile, it shows that the temperature value of farm-
land is inversely proportional to the humidity value. Figure 6 shows the highest tem-
perature in a week and the humidity at the same time.

Farmland light intensity collection experiment: it is the same as the temperature and
humidity data collection in farmland. In the light intensity collection experiment, the
highest value of light intensity in a week is summarized through the data collected by
the light intensity sensor. Light intensity is related to the intensity of photosynthesis
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Fig. 6 Numerical images of maximum temperature and humidity of farmland at the same time in one week
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of crops in farmland, thus affecting the yield of crops in farmland. Figure 6 shows that
in addition to the abnormal data values detected by individual sensor nodes at some
time, the law of temperature and humidity data change obtained by sensor nodes is
basically the same. In practical application, lots of sensor nodes can be deployed to
obtain massive information, and mathematical methods can be used to reduce errors
and improve the accuracy of monitoring data. This exploration improves the accuracy
and reliability of the data by calculating the mean value of the monitoring data.

The black dot line chart in Fig. 7 shows the highest value of light intensity in a week.

Figure 7 shows that with the passage of time, the concentration of carbon diox-
ide in the farmland environment increases first, then decreases, and then increases.
Among them, carbon dioxide concentration is the lowest on the fourth day, 200 ppm,
and reaches the peak on the sixth day, 420 ppm. The results show that there is no
direct correlation between light intensity and carbon dioxide concentration, and their
changes are mainly affected by time. Farmland carbon dioxide concentration col-
lection experiment: carbon dioxide concentration is an important index to investi-
gate the farmland environment, so related data collection experiment is needed. The
knowledge of biology proves that when the light intensity is the maximum, the photo-
synthesis of crops in the farmland also reaches the maximum, which greatly reduces
the concentration of carbon dioxide in the farmland environment. Here, the concen-
tration of carbon dioxide is determined for the time corresponding to the maximum
light intensity. In Fig. 7, the white dot line graph is the corresponding numerical
image.

In this design, according to the concept of the topic, the functional aspect of this
device is set. First, the need to combine software and hardware to complete the
required equipment is determined. In the hardware selection, various sensors, micro-
processors, RF transceivers and power supplies are compared, and the devices with
low power consumption and high operation ability are selected and combined. Then,
in the design of software level, two aspects are considered. One is the underlying net-
work connection and data transmission, and the other is the design for users. Finally,
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Fig. 7 The highest value of light intensity and the corresponding concentration of carbon dioxide in
farmland environment in a week
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the two parts are combined to test the communication range of the device in the
farmland environment. Also, the appropriate wireless sensor is selected to collect the
relevant data of farmland environment, and the comparison shows that the collected
data is consistent with the actual situation.

In the result and discussion, the design of remote control device based on WSN and
the idea of intelligent monitoring of farmland information are completed based on the
previous three aspects. First, hardware. Based on the design of four modules: sensor
module, microprocessor module, RF transceiver module and power module, the hard-
ware layout is completed to meet the requirements of the device [16]. The basic structure
of the device is structured. Second, software. There are mainly two aspects: the underly-
ing level design and the user level design. At the underlying level, the software design of
coordinator, router and terminal node is completed; at the user level, the design meets
the functional design of user account operation. Finally, through the combination of
hardware and software, as well as the field layout of hardware and the application of soft-
ware, the communication range of wireless sensor nodes is tested. Research shows that
the higher the sensor is, the larger the communication range will be. In addition, three
farmland related values are selected to collect and test data through corresponding wire-
less sensors. The final results indicate that the collected data meet the actual environ-
ment of farmland and the biological laws of farmland system.

4 Conclusion

Due to the rapid development of farmland agriculture and the increasing demand for
functions, a remote control device based on WSN is designed to monitor farmland
information. It verifies the practicability of the device. Compared with traditional moni-
toring methods, WSN has obvious advantages. The real-time collection of farmland
temperature and humidity information through WSN can not only realize the real-time
data collection and transmission, but also obtain the detailed information (such as node
address) in the monitoring area, and can realize the non-human attendance. Relevant
data can be obtained through remote access, information can be obtained in the office
in real time, and corresponding decisions can be made. Here, there is an innovation that
the designed device can achieve information monitoring of different environments by
replacing different sensors. For example, the device can also be used in environmental
monitoring such as mining and factory manufacturing. In the future, it can not only
make some weak contribution in farmland information monitoring, but also be used in
other monitoring fields to a certain extent.

A complete set of remote monitoring device has been designed, but the selected RF
transceiver cannot receive a wide range. This is also related to the connection of each
module in the hardware, and it is hoped that the information transmission can be com-
pleted in a longer distance in the future. On the other hand, wireless sensors may collect
all the data in the process of data collection, and many of these data do not reach the
critical value, which is useless for later decision-making. Therefore, it can be imagined
that this part of data can be filtered out in future work. Finally, the collected data should
not only be seen by users, but also be fed back to agricultural professionals. It is expected
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that these data will be handed over directly to professionals in the future, so as to make

more effective suggestions for the improvement of farmland environment.
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