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Based on the Internet of Things (IoT) technology and deep learning algorithm, a greenhouse intelligent agriculture management
system was established to analyse the application value of the intelligent agriculture remote monitoring management system in the
greenhouse planting industry. Based on the analysis of greenhouse planting demand and environmental factors, the intelligent
agriculture monitoring system is established based on the IoT, and the greenhouse system controller is designed based on the
adaptive proportion integration differentiation (PID) algorithm. The noise data removal method is established based on the
furthest priority strategy k-means (FPKM) algorithm, and the greenhouse data management system is established mainly by
the business platform and management platform. The data set of air temperature during the cultivation of Flammulina
velutifolia in a factory from October 2020 to January 2021 was selected as the research data to analyse the ability of the IoT-
based IARMM system to collect greenhouse temperature, carbon dioxide, and light data. In addition, the application of the
greenhouse data management system in greenhouse data monitoring and control is analysed. The processing capability of
agricultural environment monitoring data based on the FPKM algorithm is analysed. The results show that the intelligent
agriculture monitoring system based on IoT and machine learning can effectively monitor the data on greenhouse temperature,
carbon dioxide, light, and other environmental factors, and the greenhouse data management system can effectively ensure the
normal operation of equipment and data storage. After being processed by the FPKM algorithm, outliers are identified and
effectively removed. Under random seeds, the iteration times of the FPKM algorithm and the k-means algorithm are
significantly different. The iteration number of the FPKM algorithm is basically stable at approximately 2 times, while the
iteration number of the k-means algorithm obviously fluctuates. Based on the IoT and FPKM algorithm, the intelligent
agriculture monitoring system covering the user monitoring center, data center module, and mobile phone client module is
established. This work establishes a practical remote monitoring and management system for intelligent agriculture based on
the IoT and machine learning algorithm, which provides a new idea for intelligent agricultural management.

1. Introduction

Agriculture is the foundation of a country’s development,
especially for such a large population. Agriculture is the life-
blood of our survival and economic development. Since the
founding of new China, we have been looking for ways to
solve the problem of food and clothing [1]. In recent years,
with the growth of population and social development, the
scale of agricultural production has been continuously
improved. The traditional agricultural production mode

cannot meet people’s demand for crops in different seasons
and quality levels [2]. Besides, due to China’s vast territory
and complex conditions of climate and terrain, there are
many regional restrictions on the growth of crops, so the
quality and yield of crops cannot be guaranteed [3]. To solve
these effects on crops and ensure yield and quality, green-
houses are introduced into agricultural production so that
the yield and quality of crops are guaranteed. However, there
are still some problems, such as farmers’ difficulties in plant-
ing, poor control of temperature and water, and pollution
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caused by improper implants. Then, there are some poor
agricultural products, resulting in an obvious decrease in
sales [4, 5].

The Internet of Things (IoT) is a comprehensive adop-
tion of new information technology, including sensors, com-
munication, and automatic control. Currently, it is widely
used in agriculture, industry, transportation, and medical
treatment [6–8]. The combination of IoT technology and
modern agriculture has gradually brought smart agriculture
into people’s lives, thus improving crop yield and work effi-
ciency, saving resources, and ensuring the quality of crops
[9]. Intelligent agriculture systems based on IoT mainly
include agricultural production information collection, data
storage and management, information analysis, and corre-
sponding decision execution [10]. Intelligent agriculture
based on IoT combines advanced science and technology
with agricultural production, which can scientifically moni-
tor the growth of crops, changes in the soil and air environ-
ment, temperature, humidity, and the soil environment,
thereby improving the comprehensive benefits of agricul-
tural production [11]. Through the artificial construction
of crop growth environments and intelligent control to opti-
mize the living conditions of crops in greenhouses, green-
houses can make crops in different growth stages in the
best environmental conditions [12]. The combination of
greenhouses and IoT technology can achieve real-time mon-
itoring of crops, improve the management level of agricul-
tural production, and save labor resources and production
costs [13]. The research and application of smart agriculture
in planting mainly consists of real-time collection of envi-
ronmental elements of planting crops through an automated
network monitoring system and automatic opening or clos-
ing of designated equipment through system settings, which
is still in the initial stage [14]. Al-Qurabat et al. [15], based
on IoT technology, adopted compression and minimum
description length technology in data transmission received
by sensors to establish a remote monitoring system for smart
agriculture, and the results showed that this method can sig-
nificantly reduce the data transmission speed and provide a
better method for real-time monitoring. Intelligent agricul-
ture started late in China, and intelligent agriculture based
on IoT is still in the primary stage. Hence, there are few rel-
evant investigations, and all the requirements for the devel-
opment of intelligent agriculture cannot be satisfied. The
pervasiveness of agriculture towards intelligence and auto-
mation has been severely restricted. Besides, there is still a
certain gap between China and Western countries in terms
of levels of technology and intelligence [16], which needs
to be further optimized. On the other hand, the current
intelligent agriculture system has collected a large amount
of data, which seems to be chaotic but contains great value.
If data analysis is conducted without necessary preprocess-
ing, the probability of failure will greatly increase [17]. To
ensure accurate and effective information and improve the
efficiency of data analysis, it is necessary to add a data
preprocessing module before data analysis. The effective
processing of these data can provide a scientific basis for
the automatic control and intelligent management of the
environment.

In summary, there are still some shortcomings in the
research of intelligent agriculture systems, and a large num-
ber of studies are still needed based on the characteristics of
crops and geographical conditions. First, the greenhouse
planting requirements and environmental control factors
are analysed in this work. Then, a modular greenhouse
controller is designed based on the adaptive proportion inte-
gration differentiation (PID) algorithm, and the data noise
is removed by using the furthest priority strategy for the
k-means (FPKM) algorithm. Finally, the intelligent agricul-
ture system and data management system are established
based on IoT and are analysed using the test set data. In addi-
tion, the intelligent agriculture system is established based on
machine learning and IoT. The alarm system and remote
control system are added to the data management system
and applied to the monitoring of greenhouse crops. The
value of intelligent agriculture systems in the greenhouse
planting industry under the background of the IoT is dis-
cussed to provide a guiding ideology and an experimental
basis for the development of intelligent agriculture in the
future.

2. Methodology

2.1. Analysis of Greenhouse Planting Requirements. Before
establishing the IoT greenhouse system, the detection and
related platforms for greenhouse planting need to be
analysed. Based on the research results of Al-Qurabat and
Kadhum [18], this work further analyses the greenhouse
planting demand. First, the data that the greenhouse needs
to detect, including temperature, humidity, light, carbon
dioxide, and other external environments, need to be deter-
mined, and real-time monitoring of the external environ-
ment of crop growth needs to be conducted. Then, the
obtained information is stored and transmitted so that the
obtained data can be shared in a timely manner and sent
to farmers in a timely manner so that the internal situation
of the greenhouse at all times is understood, and corre-
sponding countermeasures are made according to the situa-
tion. After that, the display screen should be installed in the
greenhouse to obtain a comprehensive understanding of the
greenhouse situation. The most important thing in a
greenhouse is the regulation of temperature, which is an
important factor for the growth of crops. A temperature
evaluation system should be established to monitor whether
the current temperature is suitable for the growth of crops to
automatically adjust the temperature or manually control
the temperature in the later period to ensure the optimal
temperature of crops. The remote control system is estab-
lished to enable farmers to understand the environment in
the greenhouse even in the field and make corresponding
adjustments to the greenhouse environment to meet the
growth of crops. Finally, an early warning and energy-
saving device can be set up to issue a remote early warning
when abnormalities occur in the greenhouse. At the same
time, the installation of farmers can remotely control the rel-
evant equipment in the greenhouse so that it can be shut
down in time when it is not needed. The specific greenhouse
planting requirements are shown in Figure 1.
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2.2. Factor Control of the Greenhouse Environment. The
greenhouse environment problem is the root of planting,
and too high or too low of a temperature and humidity
can stunt crops. Serious conditions may lead to the death
of crops. However, the traditional method of carbon dioxide
delivery is not only inconvenient but also harmful to the
human body [19]. Using the IoT system to control greenhouse
factors is now necessary to cultivate better products and
reduce the burden on farmers. The greenhouse environmental
factor control device is constructed according to the obtained
greenhouse information to make the relevant flowchart to
design the steps and design a scheme needed for greenhouse
environmental factor control. Hot water pipes, hot air heating,
and heaters are generally adopted for greenhouse temperature
control, while ventilation is generally adopted for cooling. If
natural ventilation is not ideal, relevant equipment should be
introduced for ventilation and cooling treatment. Humidity
is generally divided into dehumidification and humidification.
Natural ventilation is used for dehumidification. The wet cur-
tain or spray needs to be introduced for humidification. For
light, internal and external sunshade nets can be used. For
greenhouse carbon dioxide concentrations, chemical methods
can be applied, such as burning coal, drying ice, and biogas fer-
tilizer. The above devices are combined with the IoT system to
make an automatic mode.

The greenhouse is a semiclosed system that constantly
exchanges energy and matter with the outside world. The
heat obtained from the outside of the greenhouse is in a state
of thermal balance with that emitted to the outside [20]. In
the actual energy calculation of the greenhouse, photosyn-
thesis and respiration can be ignored because the energy
costs between them are minimal compared with the others.
Then, Equation (1) expresses the environmental heat bal-
ance model of the greenhouse:

Qh =Qs +Qr −Ql −Qc −Qt −Qw −Qe: ð1Þ

In Equation (1), Qs represents the energy obtained from
solar radiation in the greenhouse, Qr represents the heat
generated by a heating device in the greenhouse, Ql repre-
sents the heat loss from ventilation inside and outside the
greenhouse, Qc represents the heat loss from the greenhouse
covering and the external exchange, Qt represents the heat
absorbed by transpiration, Qw represents the heat exchanged
between surface water vapor and indoor air, and Qe repre-
sents the heat exchanged between crops and indoor air.

According to the change in atmospheric pressure and
density in the greenhouse, Qh can be expressed:

Qh = ρCH
dTi

dt
: ð2Þ

In Equation (2), ρ expresses the density of air at standard
atmospheric pressure, C expresses the air specific heat
capacity at standard atmospheric pressure, H expresses the
height of the greenhouse, t expresses the time, and Ti
expresses the air temperature in the greenhouse.

Equation (3) shows the heat produced by solar radiation
in a greenhouse:

Qs = ϑR0: ð3Þ

In Equation (3), ϑ represents the average light transmit-
tance of greenhouse mulch and R0 represents the external
solar radiation intensity.
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Figure 1: Frame diagram of greenhouse planting demand.
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Equation (4) shows the calculation of the heat generated
by the heating device in the greenhouse:

Qr =
αW
Es

: ð4Þ

In Equation (4), α expresses the heat utilization rate of
the greenhouse heating device, W expresses the heat power
supplied by the greenhouse heating device, and Es expresses
the floor area of the greenhouse.

The rate of exchange between the air inside and outside
the greenhouse affects the amount of heat consumed during
ventilation. Equation (5) shows the calculation method for
the heat loss of ventilation inside and outside the green-
house:

Ql = ρCB
1
Es

Ti − T0ð Þ: ð5Þ

In Equation (5), B represents the ventilation rate of the
greenhouse ventilation device and T0 represents the air tem-
perature outside the greenhouse.

Equation (6) shows the calculation of heat exchange
between greenhouse cover and the outside world:

Qc = g Ti − T0ð ÞEs1
Es

: ð6Þ

In Equation (6), g expresses the heat exchange coeffi-
cient of the energy exchange of the covering layer and Es1
expresses the area of the greenhouse covering layer.

Equation (7) is the calculation of Qt :

Qt = FGx +
εβTi

η
−
htPβi

8:03η : ð7Þ

In Equation (7), F represents the heat coefficient of the
heat exchange loss between the greenhouse and its covering
layer, Gx represents the solar radiation absorbed by crops, ε
represents the pressure of saturated water vapor in the
greenhouse air when the air temperature is 20°C, β repre-
sents the effect coefficient of temperature on saturated water
vapor in the greenhouse, η represents the coefficient con-
stant of the hygrometer, ht represents the coefficient of the
heat transfer between the air in the greenhouse and the
crops, P represents the standard atmospheric pressure, and
βi represents the absolute indoor humidity.

Equation (8) shows the calculation of Qw:

Qw = Ti − Tlð Þ
R

ρC: ð8Þ

In Equation (8), R denotes the dynamic impedance of air
around crops and Tl denotes the temperature of the plant’s
own leaves.

The transpiration of crops in the greenhouse, the evapo-
ration of surface water vapor, and the variation in air water
vapor caused by the humidifier in the greenhouse can all

cause changes in the overall air humidity in the greenhouse
[21]. If the distribution of water evaporation in the green-
house is uniform, the greenhouse air humidity can be
expressed as shown in

H = J + JT −Gs + Rl: ð9Þ

In Equation (9), J denotes the transpiration rate of crops
in a greenhouse, JT denotes the transpiration rate of surface
water vapor in a greenhouse, Gs denotes the variation quan-
tity of water vapor caused by ventilation exchange in a
greenhouse, and Rl denotes the variable quantity of water
vapor caused by the greenhouse humidifier.

2.3. The Design of an Intelligent Agriculture System Based on
IoT. The IoT mainly includes the perception layer, network
layer, and application layer [22]. Consequently, the intelli-
gent agriculture system based on IoT mainly includes these
three layers. The perception layer mainly consists of data
acquisition control and a real-time video signal monitoring
module composed of multisensors, cameras, and controllers
deployed in the greenhouse. The involved sensors mainly
include a temperature sensor, humidity sensor, light sensor,
carbon dioxide sensor, soil temperature and humidity sen-
sor, and soil pH sensor. The sensor collects data through
the network layer to the cloud server. The controller relay
mainly refers to the control of the greenhouse’s environmen-
tal regulation electrical equipment. As the middle layer of
the intelligent agricultural greenhouse monitoring system,
the network layer mainly transmits the environmental data
collected from the perception layer to the application layer.
Simultaneously, the general command of the application
layer is delivered to the controller in the awareness layer.
The application layer is the highest layer of the system,
and it is a cloud platform service system to realize applica-
tion functions and data visualization, which is mainly com-
posed of a web server, database, and third-party access
cloud platform. Figure 2 shows the overall framework of
the IoT-based intelligent agriculture system.

Web server DatabaseCloud platform

Communications network

Camera Sensor Controller

Perceived
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Network
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Figure 2: The overall framework of the IoT-based intelligent
agriculture system.
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2.4. Design of a Greenhouse System Controller Based on the
Fuzzy Adaptive PID Algorithm. In practical engineering
adoptions, the most commonly used controller design is
the PID controller [23]. The PID controller generally takes
the difference (deviation) between the system set value and
the measured value as the input value of the system.
Equation (10) shows the calculation of the deviation:

ε tð Þ = p tð Þ − q tð Þ: ð10Þ

Equation (11) shows the output expression of the
PID controller:

μ tð Þ = Cpε tð Þ + Cl

ð1
0
ε tð Þdx + Cd

dε tð Þ
dt

: ð11Þ

In Equations (10) and (11), Cp represents the proportional
gain, Cl represents the integral gain, Cd represents the differ-
ential gain, pðtÞ represents the setting value of the system,
and qðtÞ represents the actual value measured by the system.

A fuzzy controller generally consists of two input vari-
ables and three output variables [24]. When the temperature
factor of the greenhouse is controlled, it is necessary to
adjust the parameters of the fuzzy adaptive PID controller
online to ensure that the parameter values meet the require-
ments of temperature control.

Equations (12)–(14) represent the parameter setting
calculation method of the fuzzy adaptive PID controller:

Cp = C∗
p + ΔCp, ð12Þ

Cl = C∗
l + ΔCl, ð13Þ

Cd = C∗
d + ΔCd: ð14Þ

In Equations (12)–(14), C∗
p , C∗

l , and Cd express the
initial value of the PID controller parameters. ΔCp, ΔCl,
and ΔCd express the variable quantity of PID controller
parameters.

2.5. Noise Data Removal Based on the Furthest Priority
Strategy for the k-Means (FPKM) Algorithm. The original
data often have problems such as data inconsistency, dupli-
cation, and missing, abnormal, and redundant information
[25]. If data mining is performed directly without processing
the data, the probability of mining task failure increases sig-
nificantly [26]. Hence, to ensure the accuracy of mining data
and improve mining efficiency, data preprocessing is neces-
sary before data mining. Presently, data preprocessing
mainly includes data cleaning, data integration, data trans-
formation, and data specification [27]. The data detected
by intelligent agriculture systems need to be removed and
processed. The clustering method can not only group the
data with large similarity into the same cluster but also iso-
late outliers in the data and delete them [28]. The k-means
algorithm is a classical clustering algorithm based on
distance [29]. For the input parameters, m objects can be
randomly classified into k clusters. If a cluster is a set of sij,

the mean value of a cluster can be expressed as shown in

σ = 1
m
〠
m

j=1
sij: ð15Þ

Equation (16) shows the criterion function of the k
-means algorithm:

A = 〠
k

i=1
〠
x∈Ci

x − σ
~���
���2: ð16Þ

In Equation (16), A denotes the sum of squares of the
distances among all the objects in a data set and the mean
center of the cluster to which they belong, and x denotes
the given data object. σ~ is the mean value center of cluster
Ci.

The k-means algorithm is simple and can effectively
preprocess data. Nonetheless, the algorithm is easily affected
by the initial cluster center and is sensitive to “noise” and
outlier data while searching for nonconvex clusters [30].
As a result, the adoption scope of the k-means algorithm is
limited. The farthest priority strategy k-means (FPKM) algo-
rithm uses the farthest priority strategy to select the center of
the cluster, and it introduces the farthest priority strategy
and threshold value to judge whether the data contain noise,
which can effectively avoid the shortcomings of the k-means
algorithm [31].

2.6. Establishment of the Data Management System. The key
to crop planting still depends on artificial regulation. If the
information is collected in the greenhouse, the correspond-
ing background management system must be set up to
observe the data and make corresponding adjustments.
The application of the IoT is to facilitate people in managing
the production of crops more conveniently and accurately.
An artificial intelligence service system is added to the back-
ground. Two platforms are mainly designed: business plat-
form and management platform. The overall diagram of
the data management system is shown in Figure 3. The busi-
ness platform mainly includes the timely release of informa-
tion, remote control of the greenhouse by farmers, timely
viewing of the greenhouse and understanding of the internal
conditions, disposal of the alarm system by farmers, and set-
ting of all condition thresholds. The management platform
is mainly for the management of users and data, timely view-
ing and management of equipment, and information sharing
and release. At the same time, a mobile phone client is set up
so that farmers can timely query the situation in the green-
house from the mobile phone and can conduct remote
control.

2.7. The Data Set of the Test. The data set of air temperature
during the cultivation process of Flammulina velutipes in a
factory from October 2020 to January 2021 is used as the
research data. The data set includes air temperature data,
air humidity data, soil temperature data, and soil humidity
data. All four kinds of data are collected every minute. A
total of 1,200 groups of complete cycle data are collected,
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1,000 of which are used as the training samples and 200 as
the test samples.

3. Results and Discussion

3.1. Analysis of the Results of Noise Data Removal Based on
the FPKM Algorithm. The FPKM algorithm is used to
denoise the data in the data set (Figure 4). Before the denois-
ing processing of the FPKM algorithm, there are 7 abnormal
values in the data. The abnormal values are identified and
effectively removed after the processing of the FPKM
algorithm.

The denoising efficiency of the algorithm can be repre-
sented by the number of iterations. The lower the number
of iterations is, the higher the efficiency of the algorithm is
[32]. Under the effect of different and random seeds, the
iteration times of the FPKM algorithm and the k-means
are compared (Figure 5). Under the random seed, the itera-
tion times of the FPKM algorithm and the k-means algo-
rithm are obviously different, and the iteration times of the
FPKM algorithm are stable, basically at approximately 2
times. The number of iterations of the k-means algorithm
fluctuates obviously. The number of iterations of the k
-means algorithm is more than that of the FPKM algorithm
under partial random seeds. Hence, the number of iterations
of the k-means algorithm is greatly affected by the initial
clustering center. The efficiency of the FPKM algorithm is
obviously improved.

3.2. Greenhouse Planting Demand Analysis. The greenhouse
planting demand is divided into two parts. The first part is
the demand for crops in the greenhouse, and the second part

is the backstage management operation of farmers, which is
used to comprehensively manage the growth of crops in the
greenhouse. We visited and investigated the conditions
required in the greenhouse to provide the corresponding
data support for the subsequent model establishment and
application. Table 1 shows the temperature requirements
of various vegetables. According to the figure, the most suit-
able temperature for different vegetables is shown. There-
fore, the temperature is adjusted in the greenhouse by
combining the temperature demand of different vegetables
with the external environmental temperature. According
to the different temperatures that vegetables can tolerate,
vegetables can be classified into cold-resistant vegetables,
semi-cold-resistant vegetables, warm vegetables, and heat-
resistant vegetables. Among them, cold-resistant vegetables
are very strong in frost resistance. Some vegetables can
survive even at only 10°C. The universal cold-resistant
vegetables are leek, spinach, radish, onion, and garlic.
Semi-cold-resistant vegetables grow best at 17-20°C, which
can withstand the short-term low temperature of -1~-3°C.
Common semi-cold-resistant vegetables include Chinese
cabbage, radish, carrot, cabbage, pea, and broad bean. Warm
vegetables grow at temperatures of 20-30°C and are not resis-
tant to frost. It is easy to cause falling flowers below 15°C.
Above 35°C, there will be poor growth and fruit. Warm veg-
etables mainly include cucumber, tomato, pepper, bean, and
eggplant. Heat-resistant vegetables grow better at approxi-
mately 30°C, which can still grow normally and bear fruit at
35-40°C, including winter melon, pumpkin, watermelon,
cowpea, bean, amaranth, and water spinach.

Figure 6 shows the amount of water required by farmers
for growing vegetables, and Figure 7 shows the water use
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Figure 3: The overall frame diagram of the data management system.

6 Wireless Communications and Mobile Computing



efficiency of different vegetables. As seen from the figure, the
water consumption and transpiration efficiency of different
kinds of vegetables vary greatly. The traditional planting
mode cannot control the amount of water needed for
vegetables, and the transpiration rate cannot be accurately

measured and regulated. Therefore, it is necessary to make
use of IoT technology for detection and regulation. In the
second part, the background management of farmers is
analysed. Farmers need to conduct real-time supervision of
the temperature, humidity, carbon dioxide, and other factors
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Table 1: Temperature requirements of different vegetables.

Growth temperature (°C) Average monthly temperature during cultivation (°C)
Lowest

temperature
Most comfortable

temperature
Highest

temperature
Lowest

temperature
Most comfortable

temperature
Highest

temperature

Hardy vegetables 6-8 16-21 21-27 6 11-19 25

Semihardy
vegetable

6-11 16-21 21-27 8 16-21 27

Thermophilic
vegetables

11 22-31 32-36 16 18-25 31

Heat-resistant
vegetables

11-16 26-31 35-42 17 21-32 34
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in the greenhouse and adjust the environment in the green-
house in a timely manner.

Figure 8 is the frame of the greenhouse system. As seen
from the figure, an overall plan is made for the demand of
the greenhouse. The temperature and humidity sensors in
the greenhouse can evaluate and adjust the environment in
a timely manner. Meanwhile, all the obtained video, weather,
and other conditions can be recorded and fed back to the
terminal, which can also adjust and monitor the data. This
system enables farmers to know all aspects of the greenhouse
and automatic irrigation and lighting system, which can be
monitored and adjusted by farmers at any time.

3.3. Greenhouse Environmental Factor Control Device. There
are many kinds of agricultural products in China. The differ-
ence in temperature between the north and south is large, so
it is impossible to give a unified agricultural operation mode
and path selection [33]. Hot water pipes, hot air, heaters, and
other devices are used to increase the greenhouse tempera-
ture. An outer sunshade or spray is used to lower the tem-
perature inside the greenhouse. The results showed that
the spray was much more effective in lowering the green-
house temperature. Skylights for the greenhouse are
designed to achieve the effect of dehumidification; natural

ventilation is used to achieve the purpose of dehumidifica-
tion, and a wet curtain and spray are used to achieve the
effect of increasing humidity. The results show that both of
these methods can effectively increase the moisture in the
greenhouse. In the greenhouse, an internal and external sun-
shade net is used to promote the growth of crops by increas-
ing the ambient light intensity in the farmers’ opinion. The
result shows that this device can effectively increase the light
intensity so that the crops can obtain sufficient light even in
rainy weather and avoid direct sunlight at the same time. A
carbon dioxide gas production device is used to control the
concentration of CO2 in the greenhouse. Ammonium bicar-
bonate is placed under the device, sulfuric acid is dripped
into the linkage device, and the valve containing the liquid
is controlled with the automatic control system to produce
carbon dioxide. This method can effectively produce carbon
dioxide to meet the needs of crop production. Figure 9 is a
flowchart of a greenhouse control system. As seen from the
figure, the combination of relevant material devices and
the IoT are used to control greenhouse conditions. The
design of the background operation management and data
control center meets the farmers’ overall management of
the greenhouse and achieves the functions of mobile phones
and PC. Combined with the existing network technology
and data technology, the control of greenhouse temperature,
humidity, and carbon dioxide is achieved. Then, wireless
sensor technology and a monitoring network are adopted
to collect environmental and meteorological data back to
the data center. Finally, it is presented to farmers in the form
of charts.

3.4. Background Design and Database Analysis. A back-
ground management system is set up for farmers so that
farmers can use mobile phones and other terminals to grasp
the situation in the greenhouse in a timely manner. User
permission management, database operation, and user man-
agement are set to protect the management privacy of
farmers. At the same time, the establishment of the data
module gives farmers a timely understanding of the relevant
data. Figure 10 shows a sample diagram of the user monitor-
ing center and data center module. The information moni-
tored by users including the information of each area in
the greenhouse, the early warning information of the specific
situation of the greenhouse, the monitoring and viewing of
the equipment at any time, and the relevant videos in the
greenhouse over time are shown in the figure. Meanwhile,
a system supervisor is set up to collect and analyse the data
of the data center to comprehensively master the data
information in the production of farmers. The mobile
phone client model is established. Figure 11 is the green-
house mobile phone login operation flowchart. It shows
the control of the greenhouse system by the mobile phone
client. Farmers can use the phone to check the history data
and manually control the greenhouse environment at the
same time. Through this convenient method, the man-
power material resources in agricultural production are
greatly reduced, and a precise control system can increase
crop production, which provides a design plan used in
other crop production for the IoT.
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Figure 6: Water requirements of different vegetables during the
growing process.
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Figure 7: Water use efficiency of different vegetables.
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3.5. Performance Analysis of the Greenhouse System
Controller. The performance of the greenhouse system con-
troller based on the fuzzy adaptive PID algorithm is analysed
(Figure 12). Within 2 hours of monitoring, the temperature
outside the greenhouse gradually increases, the temperature
value in the greenhouse has always remained in the range of

18.0°C~21.0°C, and the error range between the change
trend of indoor temperature and the set value is maintained
within 3°C. The results show that the greenhouse system
controller based on the fuzzy adaptive PID algorithm can
effectively maintain the stable state of the temperature in
the greenhouse.
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Figure 9: Flowchart of the greenhouse control system.
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3.6. The Data Display and Remote Control Interface of the
Intelligent Agriculture System. The data monitoring part of
the intelligent agriculture system can display the specific
values of temperature, humidity, carbon dioxide concentra-
tion, and light in the greenhouse in real time, which is a real
and comprehensive record of the plant growth environment
in the greenhouse. At the same time, the situation inside the

greenhouse can be recorded in real time through video mon-
itoring images. The data display page of the intelligent agri-
culture system is shown in Figure 13.

The remote equipment operation module of the intelli-
gent agricultural system can display the real-time operation
and configuration of the equipment and remotely control
the greenhouse environmental parameters through real-
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Figure 13: The data display page of the intelligent agriculture system.
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time data changes. The display page for remote equipment
operation of the intelligent agricultural system is shown in
Figure 14.

4. Conclusion

In this work, an effective remote monitoring and manage-
ment system for intelligent agriculture is established based
on the IoT and machine learning algorithm. However, there
are still some shortcomings. Only the temperature monitor-
ing in the system is optimized, while the humidity and other
environmental factors are not optimized and analysed. In
future work, the system will be further improved to increase
its application range. In conclusion, it establishes an intelli-
gent agriculture system based on the IoT and machine learn-
ing algorithm, which provides guidance and an experimental
basis for the development of intelligent agriculture.

Data Availability

The data used to support the findings of this study are avail-
able from the authors upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work was supported by the Heilongjiang Provincial
Postdoctoral Science Foundation: Research on the transition
of the recycling agriculture industry chain in Heilongjiang
Province: dynamic mechanism, upgrading path and devel-
opment countermeasures (No. LBH-Z14019) and Postdoc-

toral Science Foundation of Heilongjiang Province:
Research on the mechanism and realization path of digital
technology enabling agricultural green development in Hei-
longjiang Province (No. LBH-Q21053).

References

[1] Y. R. Jin and S. Ji, “Mapping hotspots and emerging trends of
business model innovation under networking in Internet of
Things,” EURASIP Journal on Wireless Communications and
Networking, vol. 2018, no. 1, 2018.

[2] X. Deng, R. Sun, H. Yang, J. Nie, and W. Wang, “Data trans-
mission method of pasture internet of things based on oppor-
tunistic network,” Transactions of the Chinese Society for
Agricultural Machinery, vol. 48, no. 2, pp. 208–214, 2018.

[3] Y. X. Wei, “Study on the application of internet of things-
based intelligent microscope in blood cell analysis,” Journal
of Computational and Theoretical Nanoscience, vol. 14, no. 2,
pp. 1199–1203, 2017.

[4] P. M. Kumar, U. Gandhi, R. Varatharajan, G. Manogaran,
R. Jidhesh, and T. Vadivel, “Intelligent face recognition and
navigation system using neural learning for intelligent security
in internet of things,” Cluster Computing, vol. 22, no. 4,
pp. 7733–7744, 2017.

[5] L. Jie, Y. Wei, Z. Nan, X. Yang, H. Zhang, and Z. Wei, “A sur-
vey on internet of things: architecture, enabling technologies,
security and privacy, and applications,” IEEE Internet of
Things Journal, vol. 4, no. 5, pp. 1125–1142, 2017.

[6] Z. Lv, Y. Han, A. K. Singh, G. Manogaran, and H. Lv, “Trust-
worthiness in industrial IoT systems based on artificial intelli-
gence,” IEEE Transactions on Industrial Informatics, vol. 17,
no. 2, pp. 1496–1504, 2021.

[7] Z. Lv, “Security of internet of things edge devices,” Software:
Practice and Experience, vol. 51, no. 12, pp. 2446–2456, 2021.

Smart agricultural remote monitoring management system

Parameter settings Equipment controlEnvironme
ntal data

Equipment
control

Notification

Historical
data

Upper limit Lower limit

Temperature 20 30

Humidity 35 50

Illuminance 3000 7500

Carbon dioxide
concentration 200 700

Skylight
Outer

shading

Save Reply to default
settings

Inner
shade Humidifier

Blower Heater

CO2
generator Fill light

Save Implement

Figure 14: The display page of remote equipment operation of the intelligent agricultural system.

12 Wireless Communications and Mobile Computing



[8] M. D. Alshehri, F. K. Hussain, and O. K. Hussain, “Clustering-
driven intelligent trust management methodology for the
internet of things (CITM-IoT),” Mobile Networks & Applica-
tions, vol. 23, no. 3, pp. 419–431, 2018.

[9] J. Wan, S. Tang, Q. Hua, L. Di, C. Liu, and J. Lloret, “Context-
aware cloud robotics for material handling in cognitive indus-
trial internet of things,” IEEE Internet of Things Journal, vol. 4,
pp. 2272–2281, 2017.

[10] P. Sundaravadivel, E. Kougianos, S. P. Mohanty, and M. K.
Ganapathiraju, “Everything you wanted to know about smart
health care: evaluating the different technologies and compo-
nents of the internet of things for better health,” IEEE Con-
sumer Electronics Magazine, vol. 7, no. 1, pp. 18–28, 2018.

[11] J. J. P. C. Rodrigues, X. Wang, A. K. Sangaiah, and M. Sheng,
“Guest editorial special issue on integrated computing: com-
putational intelligence paradigms and internet of things for
industrial applications,” IEEE Internet of Things Journal,
vol. 5, no. 3, pp. 1572–1574, 2018.

[12] L. Yuqing, L. S. Jiajia, C. Shouqi, and X. Bowen, “Design and
application of monitoring system for crab breeding base based
on internet of things,” Transactions of the Chinese Society of
Agricultural Engineering, vol. 34, no. 16, pp. 205–213, 2018.

[13] C. Man, L. Guo, Y. Gao, and Y. Zhang, “Wisdom farm internet
of things software design and selection program,” in Interna-
tional Conference in Communications, Signal Processing, and
Systems, pp. 791–798, Singapore, 2020.

[14] I. D. I. Saeedi and A. K. M. Al-Qurabat, “Perceptually
important points-based data aggregation method for wire-
less sensor networks,” Baghdad Science Journal, vol. 35,
p. 0875, 2022.

[15] A. K. M. Al-Qurabat, Z. A. Mohammed, and Z. J. Hussein,
“Data traffic management based on compression and MDL
techniques for smart agriculture in IoT,” Wireless Personal
Communications, vol. 120, no. 3, pp. 2227–2258, 2021.

[16] J. Lin, Z. Shen, A. Zhang, and Y. Chai, “Blockchain and IoT
based food traceability for smart agriculture,” in Proceedings
of the 3rd International Conference on Crowd Science and
Engineering, pp. 1–6, Singapore, 2018.

[17] I. D. I. Saeedi and A. K. M. Al-Qurabat, “A systematic review
of data aggregation techniques in wireless sensor networks,”
Journal of Physics: Conference Series. IOP Publishing,
vol. 1818, no. 1, article 012194, 2021.

[18] M. Al-Qurabat and A. Kadhum, “A lightweight Huffman-
based differential encoding lossless compression technique in
IoT for smart agriculture,” International Journal of Computing
and Digital System, vol. 11, no. 1, pp. 117–127, 2022.

[19] A. K. M. Al-Qurabat and A. K. Idrees, “Distributed data aggre-
gation protocol for improving lifetime of wireless sensor net-
works,” Qalaai Zanist Scientific Journal, vol. 2, no. 2,
pp. 204–215, 2017.

[20] C. Baglivo, D. Mazzeo, S. Panico et al., “Complete greenhouse
dynamic simulation tool to assess the crop thermal well- being
and energy needs,” Applied Thermal Engineering, vol. 179, arti-
cle 115698, 2020.

[21] H. G. Mobtaker, Y. Ajabshirchi, S. F. Ranjbar, and
M. Matloobi, “Simulation of thermal performance of solar
greenhouse in north-west of Iran: an experimental validation,”
Renewable Energy, vol. 135, pp. 88–97, 2019.

[22] N. Ahmed, D. De, and I. Hussain, “Internet of Things (IoT) for
smart precision agriculture and farming in rural areas,” IEEE
Internet of Things Journal, vol. 5, no. 6, pp. 4890–4899, 2018.

[23] X. Jin, K. Chen, Y. Zhao, J. Ji, and P. Jing, “Simulation of
hydraulic transplanting robot control system based on fuzzy
PID controller,” Measurement, vol. 164, article 108023, 2020.

[24] J. Zhang and L. Guo, “Theory and design of PID controller for
nonlinear uncertain systems,” IEEE Control Systems Letters,
vol. 3, no. 3, pp. 643–648, 2019.

[25] M. Garuti, M. Langone, C. Fabbri, and S. Piccinini, “Monitor-
ing of full-scale hydrodynamic cavitation pretreatment in
agricultural biogas plant,” Bioresource Technology, vol. 247,
pp. 599–609, 2018.

[26] M. Mafa, S. Malgas, A. Bhattacharya, K. Rashamuse, and B. I.
Pletschke, “The effects of alkaline pretreatment on agricultural
biomasses (corn cob and sweet sorghum bagasse) and their
hydrolysis by a termite-derived enzyme cocktail,” Agronomy,
vol. 10, no. 8, p. 1211, 2020.

[27] C. Nitsos, L. Matsakas, K. Triantafyllidis, U. Rova, and
P. Christakopoulos, “Investigation of different pretreatment
methods of Mediterranean-type ecosystem agricultural resi-
dues: characterisation of pretreatment products, high-solids
enzymatic hydrolysis and bioethanol production,” Biofuels,
vol. 9, no. 5, pp. 545–558, 2018.

[28] M. Amer, M. Nour, M. Ahmed, S. Ookawara, S. Nada, and
A. Elwardany, “The effect of microwave drying pretreatment
on dry torrefaction of agricultural biomasses,” Bioresource
Technology, vol. 286, article 121400, 2019.

[29] N. Kumar, S. K. Yadav, and D. S. Yadav, An Approach for Doc-
uments Clustering Using K-Means Algorithm, Innovations in
Information and Communication Technologies (IICT-2020),
Springer, Cham, 2021.

[30] C. Li and B. Niu, “Design of smart agriculture based on big
data and Internet of things,” International Journal of Distrib-
uted Sensor Networks, vol. 16, no. 5, 2020.

[31] O. Wilkins, C. Hafemeister, A. Plessis et al., “EGRINs (Envi-
ronmental Gene Regulatory Influence Networks) in rice that
function in the response to water deficit, high temperature,
and agricultural environments,” The Plant Cell, vol. 28,
no. 10, pp. 2365–2384, 2016.

[32] P. Nie, T. Dong, Y. He, and F. Qu, “Detection of soil nitrogen
using near infrared sensors based on soil pretreatment and
algorithms,” Sensors, vol. 17, no. 5, p. 1102, 2017.

[33] J. Yue, G. Yang, and H. Feng, “Comparative of remote sensing
estimation models of winter wheat biomass based on random
forest algorithm,” Transactions of the Chinese Society of Agri-
cultural Engineering, vol. 32, no. 18, pp. 175–182, 2016.

13Wireless Communications and Mobile Computing


	Remote Monitoring and Management System of Intelligent Agriculture under the Internet of Things and Deep Learning
	1. Introduction
	2. Methodology
	2.1. Analysis of Greenhouse Planting Requirements
	2.2. Factor Control of the Greenhouse Environment
	2.3. The Design of an Intelligent Agriculture System Based on IoT
	2.4. Design of a Greenhouse System Controller Based on the Fuzzy Adaptive PID Algorithm
	2.5. Noise Data Removal Based on the Furthest Priority Strategy for the k-Means (FPKM) Algorithm
	2.6. Establishment of the Data Management System
	2.7. The Data Set of the Test

	3. Results and Discussion
	3.1. Analysis of the Results of Noise Data Removal Based on the FPKM Algorithm
	3.2. Greenhouse Planting Demand Analysis
	3.3. Greenhouse Environmental Factor Control Device
	3.4. Background Design and Database Analysis
	3.5. Performance Analysis of the Greenhouse System Controller
	3.6. The Data Display and Remote Control Interface of the Intelligent Agriculture System

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

