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Abstract. With the development of the Internet, the development of the Internet of Things (1oT) has also
been promoted. The IoT is a network of “objects and objects connected.” The loT is based on cloud
computing platforms and wireless networks. It acquires data based on sensor groups and conducts
decision analysis to change the behavior control and feedback of objects, such as the greenhouse
monitoring system studied in this paper. The 10T has subverted the traditional agricultural production
model, from the agricultural farming model to the “smart agriculture” production-operation-sales model,
which provides a direction for the sustainable development of agriculture in China at this stage. Based on
the 10T and Zig Bee wireless sensor network technology, this paper designs a general scheme of an
intelligent greenhouse control system based on 10T technology. The greenhouse control strategy was
studied using 10T technology and fuzzy adaptive PID control algorithm. The experimental simulation was
carried out with MATLAB software. The simulation results show that the optimal control of greenhouse
temperature is achieved. The temperature in the greenhouse is always maintained at 16.5 °C -23.0 °C, and
the humidity value is always maintained at 68.2% RH-89.3% RH. The test verified that the paper can
achieve the expected effect for the greenhouse.

Keywords: cloud computing platforms, smart agriculture, fuzzy adaptive PID, Zig Bee, MATLAB
software

Introduction

The Internet of Things (IoT) is a new technology that connects every object in a
system to make it a whole. Integrating 10T technology into greenhouse control systems
can make greenhouse monitoring systems more intelligent and coordinated. The main
components of the 10T have the following parts. (1) Storage analysis (Buscheck et al.,
2012; Zakeri and Syri, 2015; Dickinson et al., 2017; Patle et al., 2019), the server can
receive and display the collected data in real time, and give corresponding processing
analysis according to different application environments to achieve effective decision-
making. (2) Network transmission (Wertheim et al., 2014; Hale et al., 2016; Choudhari
et al., 2018), in order to achieve remote operation of the IoT, the collected information
must pass through the sensor gateway and then transmitted to the remote server. (3)
Information collection (Timonen et al., 2014; Joseph et al., 2019), in the monitoring
area, we should deploy a variety of sensors to collect different data information in the
environment, and send data through the transmitting device to form a wireless network.
(4) Intelligent control (Kazmierkowski, 2014; Yoh-Han et al., 2016; Li et al., 2017;
Jurkowski et al., 2015) combines its module with other controllers to achieve system
control. After receiving the sent control command, different submodules will cooperate
with each other. (5) Environment (Yahya et al., 2018), the collection and transmission
of information is usually done through the environment, first of all, to perceive the
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surrounding environment, and then adjust the information through the corresponding
control equipment. 10T technology is the product of the development of new generation
information technology, and has been highly valued and widely used in wireless
communication applications.

The 10T is generally combined with Zig Bee wireless sensor network technology (
Espinosafaller, 2012), which is a short-range, low-rate wireless communication
technology. The name of Zig Bee comes from the body language of the bees. When the
bees find pollen, they will dance in a zig-zag motion. Through this splay, the message
of the pollen’s position and distance will be transmitted to the companion. It was
formerly known as “Home RF Lite” or “Fire Fly” communication technology for
wireless communication at close range (Yusof et al., 2015; Hithnawi et al., 2016;
Tianlei, 2019). Zig Bee has the characteristics of small size, low energy consumption,
short delay, large network capacity and strong stability. It can be easily integrated into
various devices and is suitable for various intelligent control areas (Zheng et al., 2018).
Zig Bee’s network/security layer is responsible for providing LG WPAN with Zig Bee
wireless network formation, network protection and information management services,
and defines some common application function interfaces, defining appropriate service
interfaces for the application layer to ensure stable operation of the MAC layer (Messo
et al., 2013; Jang et al., 2015; Kasim et al., 2019). The application framework layer
mainly contains application support layers, Zig Bee device objects, objects provided by
the manufacturer, and is used to provide some common application framework models
for Zig Bee applications (Fan et al., 2011; Nkwuda et al., 2019). Based on the loT
architecture, Zig Bee wireless sensor network technology has been applied to the
greenhouse.

The greenhouse is also called glasshouse. Its main function is to plant crops and to
maintain the function of heat preservation and light transmission. In the spring and
winter seasons, there are some crops that are not suitable for growing. The greenhouse
can artificially provide a growing environment for crops, which in turn increases crop
yields. The variety of greenhouses can be divided into many different types depending
on the roofing materials, lighting supplies, appearance and heating conditions. From the
structure of the greenhouse, it should be a confined space and able to maintain
temperature, while also having the function of facilitating ventilation and reducing
temperature. Today’s modern greenhouses use the computer control system to achieve
intelligent control of environmental factors in the greenhouse, which improves the
growth environment for crop growth. The greenhouse mainly uses sunshade materials to
build some or all of the outer shells, and can build corresponding greenhouses for their
crops in cold seasons or in climates where crop growth is not suitable (Messelink, 2014;
Snipen, 2015; Azeem et al., 2018).

The main factors affecting the growth and development of crops are: temperature,
moisture, light, air, biological factors, etc. (Vakilian and Massah, 2017). These factors
do not exist alone, but have a close relationship with each other. The growth of crops is
often affected by environmental integration. Crop growth is often affected by complex
environments. Among them, factors such as temperature and humidity are the most
important, and the stability of the greenhouse ecological environment is maintained by
controlling them to maintain the environment in which crops are suitable for growth.

Based on the 10T architecture and Zig Bee wireless sensor network technology
(Zhang et al., 2018a; Okpoli, 2019), this paper designs a general scheme of intelligent
greenhouse control system based on IoT technology. The application of IoT technology
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and fuzzy adaptive PID control algorithm combined with greenhouses to analyze the
characteristics of greenhouse environmental factors. Just as the above mentioned
temperature, moisture, illumination, etc. were verified, the main control parameters in
the greenhouse environment were determined. According to the control characteristics
of the main factors, the control schemes of various environmental factors in the
greenhouse were designed, and the corresponding mathematical models were
established. The greenhouse temperature control strategy was studied (Zhang et al.,
2018b; Sunny et al., 2018). The experimental test verified that the system design can
achieve the expected effect of the greenhouse. Then, based on the characteristics of non-
linearity and large hysteresis of greenhouse temperature, a fuzzy adaptive PID
controller is designed. According to the actual requirements of greenhouse temperature,
the PID parameters are adjusted online to achieve optimal control of greenhouse
temperature (Zou, 2018). The simulation results show that the algorithm has good
effectiveness in the temperature control process.

Proposed method
Fuzzy PID control algorithm

The greenhouse monitoring system is a group of 15 greenhouses and a complex
monitoring system for monitoring the environment. In terms of monitoring, there are
mainly indoor temperature, humidity and light. It is also necessary to monitor the multi-
parameter complex data such as moisture, pH and even air content in the soil,
temperature and humidity of plant foliage. In the control, there are many devices such
as fans, heating pipes, sunshades and humidifiers, which need to participate in the
environmental change process of the greenhouse.

The fuzzy PID control algorithm can adjust the scale factor, integral factor and
differential factor of the conventional PID control in real time according to the pre-
designed fuzzy rules to adjust the environmental parameters of the greenhouse. The
main core is the PID control method, and the fuzzy control is the method of
continuously adjusting the PID parameters.

In practical engineering applications, the most commonly used controller design is
the PID controller. It is mainly composed of the proportional coefficient kp, the integral
coefficient ki and the differential coefficient kq. The structure of the fuzzy PID
controller is shown in Figure 1.

Among them, r(t) is the set value of the system, y(t) is the actual measured value of

the system, e(t) is the difference between the system set value and the measured value

of the system, that is, the deviation, which is generally used as the input of the PID
controller, and its calculation formula (Eq. 1) is:

e(t)=r(t)-y(t) (Eq.1)

The output expression of the PID controller (Eq. 2) is:

)= K,e(t)+ K, [ e(e)ar K, dz_(tt) (Eq.2)
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In the above formula, Kp represents the proportional gain, K, represents the integral
gain, and Kp represents the differential gain. The PID controller adjusts the size of these
three parameters to meet the requirements of the control system. According to the fuzzy
control process, the precise quantity is transformed into the membership function of the
fuzzy set by means of quantization and fuzzification. Fuzzification, by definition,
converts the input space of the input domain observation into a mapping in the fuzzy
set, essentially finding the fuzzy set membership function of the numerical domain
corresponding to the concept.

——> | Fuzzy reasoning

Controlled
—_— | RN
%® PID regulator object

du )
dt

Figure 1. Fuzzy PID structure diagram

The tuning of PID parameters must consider the role and mutual influence of
proportional integral differential coefficients in different corresponding stages. The
traditional PID parameter adjustment experience shows that:

(1) When the deviation is large, a larger proportional coefficient should be taken to
ensure the acceleration response speed of the system; in order to avoid the differential
saturation caused by excessive deviation change, the control effect is out of range, and
the differential coefficient change should be made smaller; The system response is over-
adjusted, resulting in integral saturation, and the integral action should be removed,;

(2) When the deviation and deviation change rate are medium, take a small
proportional coefficient to prevent overshoot, and the integral differential coefficient
should take the median value;

(3) When the deviation is small, a smaller proportional coefficient should be taken to
ensure that no overshoot is generated, and a larger integral coefficient is taken to
improve the dynamic characteristics of the system. The differential coefficient becomes
smaller when the rate of change of the deviation is large, and becomes larger when the
rate of change of the deviation is small.

(4) When the rate of change of the deviation is large, the smaller the proportional
coefficient, the slower the response speed, and the greater the integral strain.
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Radial basis function (RBF) neural network data fusion

RBF network belongs to a multilayer forward network. When the BP network is used
for function approximation, the weight is adjusted by the negative gradient descent
method. This method of adjusting the weight has the disadvantages of slow convergence
and local minimum. Since the BP neural network corrects the weight by the gradient
descent method in the process of function approximation, this correction method has a
slow convergence speed and easily converges to the local minimum point, which has
certain limitations. RBF neural networks are superior to BP neural networks in terms of
approximation ability, classification ability and learning speed.

The most commonly used RBF is a Gaussian function with two adjustable
parameters, the center position and the variance b (the width parameter of the function).
When using such a function, there are three sets of tunable parameters (parameters to be
trained) of the entire network, that is, the center position, variance, and weight of the
output unit of each basis function. Usually, the number of nodes in the hidden layer is
selected as the number of training samples, and each node has a center vector of a RBF,
which is the input vector of the training sample. Its network structure is shown in
Figure 2.

N\ Y,
Xl
"0 Y
2
Xn
Y

Figure 2. RBF neural network structure

The transfer function of the hidden layer node is Gauss function: f(x) = exp(-
x2/b) = exp(-82K/b), where the parameter b controls the effect of the width of the bell-
shaped Gaussian curve.

The center value of the Gaussian function of each hidden layer node is

Cy :|CK1,CK2,...,CKn|, K =1,2,...N, and the net input of the hidden node is defined as

the Euclidean distance between the input X and the RBF center vector of the hidden
node (Eg. 3), namely:

2

S =X -C [ =X (x ~Cy;) K=12,.N (Eq.3)

i=1
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The output y, = (5, ) of the hidden layer node represents the extent to which the

input mode leaves the center of the RBF represented by the implicit node. The final
output layer of the network is a linear combination of the output of the hidden layer node.

N
The output of the node j is: Y, :ZWKJ. Z—0=W,-Z, where W, =|_W1 sz,...,WNJ-J
K=1

j ’

is the weight of the output layer and Z = [zl, Zyye zN] is the hidden layer output.

The learning process of the RBF network is divided into two phases. In the first stage,
the center value Cx and the normalization constant of the Gaussian kernel function of each
node of the hidden layer are determined according to all the input samples; in the second
stage, the weight of the output layer is obtained by the least square method according to
the sample.

In this paper, the RBF neural network model with soil temperature, humidity and soil
moisture change per unit time as inputs can effectively predict soil moisture trends and
deep soil water content.

Mathematical model of the controlled object

The greenhouse monitoring system is a complex system that comprehensively
monitors environmental factor changes and enables the actuator to automatically adjust in
real time to the required control algorithms.

In the environmental data monitored by greenhouses, the environmental factors
required to monitor crops are multifaceted. The greenhouse group used in this paper
consists of 20 large greenhouses. When the actuators act, the environmental parameters
change slowly. The greenhouse monitoring system is a multi-parameter, time-varying,
nonlinear and hysteresis system. When the system is large, it is inevitable that the external
interference factors will increase. The influence of interference factors should be
considered, and the parameters such as temperature and humidity, illumination and
carbon dioxide that are easy to monitor are directly controlled. The parameters of the
equipment that affect each parameter are changed in real time to achieve real-time
balance, so that the internal environmental parameters of the greenhouse can promote the
growth of plants. This project is a greenhouse group mainly planting peach trees. The
growth of peach trees is mainly affected by temperature. Therefore, this chapter takes
temperature as an example to illustrate, and other factors are referenced. According to the
actual experience of the subject, taking temperature as an example, in the greenhouse
temperature, the opening degree of the heating pipe plays the most important role in the
temperature inside the greenhouse. At the same time, the plastic film in the greenhouse
has the function of heat preservation and heat insulation, and the greenhouse will exhibit
convective heat transfer characteristics when the heat changes, and when the temperature
changes in a greenhouse, the plastic film has a function of heat storage. When the set
temperature value becomes lower and the valve opening degree of the heating pipe is
decreased, the hysteresis of slow heat dissipation is exhibited. Because of the large area of
the greenhouse, it shows a certain inertia, so it includes the inertia lagging link. Therefore,
the transfer function G(s) of the controlled object of the temperature control system of the
greenhouse is defined (Eq. 4) as the following form:

Ke™
G.. =
)" Ts+1

(Eq.4)
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The characteristics of the controlled object can be described by three parameters: K
(static gain), T (lag time), and T (time constant).

The static gain K refers to the ratio of the system output to the system input when the
system reaches a steady state. It does not change due to other changes. It is only related
to the controlled object and is a sign indicating the stability of the controlled object. The
larger the K, the worse the stability, and the smaller the K, the stronger the stability.

The lag time 1 represents a dynamic parameter describing the hysteresis, and it takes
a long time for the controlled quantity to change as the input variable changes.

The time constant T reflects the degree of change of the output variable from the
initial state to the steady state after the input signal is applied, reflecting the fast and
slow characteristics of the dynamic process of the controlled object (Lu et al., 2019).

Discretization algorithm

The idea of discretization algorithm is to discretize continuous attributes into
classification attributes, which provides an important way for the conversion between
different types of data. In practical applications, the data set to be clustered contains
both continuous attribute data and classification attribute data. But unfortunately, most
of the existing algorithms can only process the data of the classification attribute, or the
data of the classification attribute is more suitable than the data of the continuous
attribute. In order to adapt to this situation, it is required to discretize the data of
continuous attributes.

There are many advantages to the discretization of continuous attributes:
discretization results reduce the need for storage space in subsequent processing
algorithms; discretized data is the specification and simplification of the original data,
easier to understand and use; continuous attribute discretization method can be effective
to improve the accuracy of data analysis, thus enhancing the robustness to data noise.

Discretization of continuous attributes is a process of transforming quantitative data
into qualitative data (Deng, 2019). Firstly, several segmentation points are set in the
range of the continuous attribute, then the range of the continuous attribute is divided
into discrete intervals, each sub-interval corresponds to a discrete value, and finally the
original data is updated to a discrete value. The discretization problem is described as
follows:

A decision table is a knowledge expression system consisting of a quad

S=(U,AV, f), where U = {Xl,xz,..., xn} is the domain and A=CU/{d} is the property
set. C= {ai,az,..., am} and {d} are the condition attribute set and the decision attribute
set respectively, and CN{d}=®, V is a set of attribute value ranges, and f isa map
ofU x A—V , which represents the value of each object in U on each attribute.
Suppose that for a conditional attribute aeC and a value field of V, = [Ia, ra], where

there is a set of points I, =c§ <¢ <c; <...C, <Cg,, =T, then this set of points divides
the conditional attribute range into: V, :[cg,cf‘)U[cf‘,cg)U....U[c,f‘a,clf‘a+l). Here each
[C.‘"‘ o ) is called an interval, each cg, is called a breakpoint, and the set of all

i 'Y+l

breakpoints on the attribute a constitutes a breakpoint set Q% = {cfa}(l <k < m) of the
attribute a. The ultimate goal of discretization is to find a suitable set Q of breakpoints
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for all continuous properties. Therefore, Q =UQa(a € C) defines a new decision table
S*=(U,AV?, £°) and for vxeU, i<{0,.k ) fP(xa)=i < f(xa)elc,c,].

i+l

The process of discretization of continuous attributes is the process of dividing the
range of continuous attributes by using the selected breakpoints. Suppose that an
attribute has r attribute values, and then there are r —1 breakpoints on this attribute. As
the number of attribute values increases, the number of breakable points will increase
with the value of the attribute. The process of selecting breakpoints is the process of
merging attribute values. The discretization process of continuous attributes can reduce
information redundancy and reduce the size of data, thus reducing the requirement for
storage space. The discretization of the data can also reduce the complexity of
subsequent processing data.

Evaluating the success of a discretization algorithm can be considered from the
following three aspects: (1) The completeness of discretization. A successful
discretization algorithm needs to be able to discretize multiple continuous attributes
because the data set may contain more than one continuous attribute, so the
discretization algorithm must be able to handle all of the continuous attributes in the
data set rather than selectively processing some of the continuous attributes. (2) The
degree of simplicity of discretization results. The number of discretized intervals should
be as small as possible. If the number of breakpoints is too large, the recurrence of the
data processed by the subsequent algorithm will be increased. (3) The degree of
consistency of the data. Discretized results should maintain the original data as much as
possible, minimizing the rate of information loss.

Experiments

After completing the software design of the greenhouse remote intelligent control
system, the corresponding system debugging is carried out. The successful PC software
interface is connected with the corresponding hardware device to test each control
function module in the greenhouse to verify the feasibility of the overall system design.
This article uses a PC with Windows 10 operating system as the host, and the target is
the Tiny6410 development board. Firstly, you need to install the VMware10.0 virtual
machine on your PC and then install your own Linux system in the virtual machine.
Network training and simulation were carried out using the MATLAB software in the
computer to control the temperature, moisture, the concentration of CO. and
illumination intensity in the greenhouse environment. Compare the data collected by the
smart system sensor with the data measured by the humidity meter (Yi, 2018).

Discussion

This paper gives an overall framework considering the limitations of current
equipment, the structure of the greenhouse site, and the needs of reality. The greenhouse
site is mainly composed of data collection and video surveillance; the server is
composed of a data server, a video server and a server, and the three can be on the same
server; the client actually refers to the customer and the agricultural monitoring service
network that is open to the public (Zeng, 2018). The greenhouse site is connected to the
server through a mobile network, and the client and server interact through the Internet,
as shown in Figure 3.
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Figure 3. Overall system framework

The main environmental factors affecting crop growth in the microclimate
environment of greenhouses are temperature, humidity, solar radiation, and carbon
dioxide concentration (Shan, 2018). This test mainly collected detailed test parameter
values for meteorological conditions such as temperature, humidity, CO, concentration
and illumination intensity in the greenhouse. Among them, a routing node is set up
between each module, which can be regarded as a “data transmission transfer station”.
When the distance between the module and the coordinator is far, this may result in no
way to transmit data. At this time, the routing node plays a role of relaying, providing
convenient data transmission channels through the node to ensure the integrity of
system data transmission. Therefore, the setting of the node not only ensures the
stability of the system control process, but also increases the transmission distance of
the data (Zhang et al., 2017).

In order to verify the feasibility of the system, when collecting data on the
greenhouse environmental factors, before the experiment, taking into account the
accuracy of the reference values, it is necessary to accurately test each sensor module.
Various types of sensors are installed in different corners of the laboratory to ensure the
integrity of data collection anywhere in the laboratory. When detecting the received
data, in order to more intuitively observe the trend of the data, one of the sensors
collects the data interface, and the detected value obtained by the interface is compared
with the data collected by the actual engineering instrument, thereby verify the validity
of the data collection (Lu, 2018). During the interval of every half hour, data of 6
groups of different time periods are collected, and the collected data is detected, and the
average value of the data is compared with the actual collected data. The data
comparison results are shown in Tables 1 and 2.

According to the experimental data comparison analysis table, it can be seen that the
temperature sensor used in the laboratory has a temperature error range of + 0.3 °C
compared with the industrial meter, and the humidity sensor used in the laboratory has a
humidity error range of -0.6-1.1% RH compared to the industrial instrument. Through
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the comparison of experimental data, the temperature and humidity sensor measurement
error is within a reasonable range, and the data collected by the sensor can be verified to
have reliability characteristics.

Table 1. Comparison of light intensity data

Serial number

Temperature collected by

Temperature measured by the

Temperatu re error

the sensor °C temperature meter °C value °C
1 17.6 17.7 -0.1
2 19.2 191 0.1
3 20.4 20.6 -0.2
4 21.7 215 0.2
5 21.7 21.9 -0.2
6 23.2 22.9 0.3

Table 2. Comparison of humidity data

Serial Humidity collected by the Humidity measured by Humidity error value
number sensor %0RH humidity meter %oRH %RH
1 41.1 40.4 0.7
2 49.1 48.6 0.5
3 56.8 55.7 1.1
4 68.4 67.8 0.6
5 70.3 71.1 -0.8
6 76.5 77.2 -0.7

For the design of the illumination sensor, an LED light device is used to measure the
light intensity in the laboratory. Six sets of data were taken for analysis. The average of
the six sets of data was compared with the data collected by the light intensity
measuring instrument in the actual project. The results of the comparative analysis of
the light intensity data are shown in Table 3.

Table 3. Comparison of light intensity data

Serial Light intensity collected by Data measured by the Relative
number the sensor Lx illuminometer Lx Error Lx error %

1 1103 1099 4 0.36

2 1356 1321 35 2.58

3 2689 2660 29 1.72

4 4780 4705 75 1.57

5 6643 6556 87 1.31

6 12453 12343 110 0.88

From the comparison of the above experimental data, it can be seen that the light
intensity data collected by the sensors in the laboratory is between 0.36 and 2.58% than
the light intensity of the actual engineering light intensity equipment. Therefore, the
effectiveness of the data collected by this sensor is indicated.
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Similarly, the CO> data will also be valid, so the data acquisition is available, and
then the experimental results of the fuzzy adaptive PID controller are tested
experimentally, and the pre-designed control system is applied to the greenhouse for
experiments. In the aspect of temperature and humidity control, the fuzzy adaptive PID
control method is introduced. Since the humidity and temperature control design are
similar, the temperature is taken as an example for detailed design, and the illumination
is controlled by the upper and lower limit values.

For the regulation of temperature and humidity in the greenhouse, a half-year follow-
up test was conducted, and the test time was 08:30-15:00 every day. Through the
parameter setting module in the system, the crop is set to a temperature range of 19 to
23 °C and a humidity range of 60-90% RH. According to its variation in the growth
cycle, the ideal temperature setting is 20 °C, and the ideal humidity setting is 80% RH.
In the parameter setting module, the value of the greenhouse degree is determined, and
the value is input into the system, and after the corresponding saving process is
performed, the intelligent control module is operated. In the one-week tracking test, the
data collection interval is 30 min. The data collected on any day is selected for
experimental analysis. The changes in greenhouse environmental factor parameter
values are shown in Table 4.

Table 4. Indoor environmental parameter values

Serial Time Temperature | Humidity value _ Su_nlig.ht CO; concentration
number value °C %RH illumination Ix ppm
1 8:30 19.0 82.3 4312 1312
2 9:00 19.5 82.1 4641 1411
3 9:30 20.1 79.8 5123 1091
4 10:00 20.4 77.2 6001 901
5 10:30 20.7 78.8 9137 721
6 11:00 20.8 76.9 10011 901
7 11:30 21.2 77.8 12404 1047
8 12:00 215 80.9 13115 1109
9 12:30 22.1 82.6 10132 1216
10 13:00 23.0 79.3 11478 1110
11 13:30 224 77.8 10014 1921
12 14:00 21.1 76.9 9311 1104
13 14:30 20.1 80.2 8121 1114
14 15:00 19.5 83.1 7123 1220

It can be seen from Table 4 that the temperature value in the greenhouse is always
within the range of 16.5-23.0 °C in different time periods, and the humidity value is
always kept within the range of 68.2-89.3% RH. According to the data collected from
the outdoor, the indoor and outdoor temperature and humidity are compared, and the
indoor and outdoor temperature comparison results are shown in Figure 4.

The dotted line represents the outdoor temperature change, the solid line represents
the indoor temperature, and the blue line represents the temperature set value of 20 °C.
It can be seen from the analysis in Figure 4 that the error range between the indoor
temperature change trend and the set value can be kept within & 4 °C, while the indoor
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temperature is affected by the outdoor temperature. The increase of the outdoor
temperature causes the indoor temperature to increase. A sudden drop in the outdoor
temperature causes a decrease in the indoor temperature.
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Figure 4. Comparison of indoor and outdoor temperature

The indoor humidity comparison results are shown in Figure 5.

100 T T T T T T T T T T T T
——indoor
—0- outdoor
90~ _ —Set value| |
Q,
\\
-3
——t\\ /‘/ﬁ\
80 —
W ‘b\/ //
\\0-‘ //
L Teg -9 il
70 ~. -
ey, g
s A
60 - S 25 7
ST
50 - =
ar 1 1 1 1 1 1 1 1 1 1

Figure 5. Comparison of indoor and outdoor humidity

The blue straight line is set to 80% R, the dotted line is the outdoor humidity, and the
solid line is the indoor humidity. It can be seen from the analysis in Figure 5 that the
error range between the change of indoor humidity and the set value is kept at + 10%
RH, the error of humidity can be kept within the set ideal error range. The indoor
temperature is increasing when the outdoor humidity is lowered.

Through the comparative analysis of the experimental data, the fuzzy adaptive PID
control algorithm can respond to the environmental changes in the system in time, so
that the environmental factor control process can have good performance indicators and
meet the good control effect.

Conclusions

Greenhouse cultivation in agriculture has brought convenience to improve people’s
living standards, and has been rapidly promoted and applied. Environmental factors
such as temperature, humidity, light intensity, and CO2 concentration in the greenhouse
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planting environment have a great impact on crop production. Timely and effective
monitoring of these environmental factors will greatly promote production. At the
earliest, only the manual monitoring and control methods can be used for greenhouse
environmental management. With the development of automation technology and
computer technology, monitoring technology has gradually developed and is now
applied to the loT. In this regard, in the framework of the 10T, the Zig Bee node with
sensors is placed in the greenhouse to collect data, and the required environmental data
is collected in real time. The Zig Bee node self-organizes to form a wireless sensor
network, which is passed through the Zig Bee node. Control information is passed to the
controller of the actuator to control changes in environmental variables. It mainly
monitors environmental parameters such as temperature, humidity, CO2 concentration
and light intensity in greenhouses, as well as remote control of water pump, exhaust,
lighting and other equipment in the greenhouse. Finally, based on the characteristics of
the greenhouse environment, the mathematical model of the greenhouse was established
and the final model optimization was carried out. The mathematical model was
established in MATLAB, and the performance of the designed controller was verified
by simulation. The simulation experiments show that the fuzzy adaptive PID control
algorithm is superior to the conventional PID control algorithm and pure fuzzy control
algorithm in the dynamic performance index of system control, and is controlled by the
following greenhouse cultivation.

Temperature and humidity control strategy

For example, in the low temperature environment in winter, the principle of
controlling the temperature and then controlling the humidity should be followed. After
the indoor temperature has reached a certain level, then the humidity is adjusted to meet
the set requirements. If the humidity is high and the temperature is low, heating and heat
preservation are the main factors. The dehumidification operation can only be achieved
when the temperature rises to a specific value. In the summer when the temperature is
high, the principle of controlling the humidity and then controlling the temperature
should be followed. When the humidity is too low, you should turn on the humidifying
device. When the temperature is too high, you need to measure the relative humidity in
the room when you need to start the cooling device. The cooling device can only be
started when the humidity value is less than a certain setting range.

Light intensity control strategy

The ideal value of the light intensity in the greenhouse is 20,000 to 70,000 Ix. The
specific implementation scheme is: (1) When the light intensity is greater than 70000 Ix,
open the outer shade net and close the inner shade net; (2) When the light intensity is
between 20000 and 70,000 Ix, if the external shading is turned off, the inner shading
remains unchanged; if the external shading is turned on, the inner shading is turned off.
(3) When the light intensity is less than 20000 Ix, the inner and outer shade nets are
closed; (4) When the light intensity is below 5000 Ix and the time is between 8am and
17pm, turn on the fill light.

It can be seen that the Internet of Things will become a new “smart agriculture”
production-operation-sales model, which is subversive to the traditional agricultural
tillage. It is conducive to the sustainable development of agriculture in China at the
present stage.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8449-8464.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_84498464
© 2019, ALOKI Kft., Budapest, Hungary



Cai et al.: Designing an intelligent greenhouse monitoring system based on the internet of things
- 8462 -

Acknowledgements. The authors thank the editor and anonymous reviewers for their helpful comments
and valuable suggestions. This research was supported by Zhejiang Provincial Natural Science
Foundation of China under Grant No. LY15E080016 and funded by Beijing Key Lab of Heating, Gas
Supply, Ventilating and Air Conditioning Engineering (No. NR2015K07). Programs supported by
Ningbo Natural Science Foundation (No. 2016A610113).

Author contributions. Conceptualization: W. C.; Methodology: X. D. W.; Validation: W. C. and Q. T.;
Writing—original draft preparation: W. C.; Writing—review and editing: Q. T. and X. D. W.

Conflict of interests. There are no potential competing interests in our paper, and all authors have seen
the manuscript and approved to submit it to your journal. We confirm that the content of the manuscript
has not been published or submitted for publication elsewhere.

Declarations. Ethical approval and consent to participate: Approved. Consent for publication: Approved.
Availability of supporting data: We can provide the data.

REFERENCES

[1] Azeem, N., Arslan, C. H., Rashid, H., Sattar, A. (2018): Comparative study of hospital
waste management practices at different health care units in district Faisalabad for the
development of improvement strategies. — Earth Sciences Pakistan 2(2): 16-21.

[2] Buscheck, T. A., Sun, Y., Chen, M. (2012): Active CO; reservoir management for carbon
storage: Analysis of operational strategies to relieve pressure buildup and improve
injectivity. — International Journal of Greenhouse Gas Control 6(1): 230-245.

[3] Choudhari, P. P., Nigam, G. K., Singh, S. K., Thakur, S. (2018): Morphometric based
prioritization of watershed for groundwater potential of Mula River basin, Maharashtra,
India. — Geology, Ecology, and Landscapes 2(4): 256-267.

[4] Deng, Y. (2019): Numerical simulation of the effect of protection layer mining on the
underlying strata. — Acta Microscopica 28(1).

[5] Dickinson, J. S., Buik, N., Matthews, M. C. (2017): Aquifer thermal energy storage:
Theoretical and operational analysis. — Géotechnique 59(3): 249-260.

[6] Espinosafaller, F. J. (2012): A ZigBee Wireless sensor network for monitoring an
aquaculture recirculating system. — Journal of Applied Research & Technology 10(3):
380-387.

[71 Fan, C., Wen, Z., Wang, F. (2011): A middleware of Internet of Things (loT) based on
Zigbee and RFID. — IET International Conference on Communication Technology and
Application, pp. 732-736.

[8] Hale, G., Kapan, T., Minoiu, C. (2016): Crisis transmission in the global banking
network. — IMF Working Papers 16(91): 1.

[9] Hithnawi, A., Li, S., Shafagh, H. (2016): CrossZig: combating cross-technology
interference in low-power wireless networks. — International Conference on Information
Processing in Sensor Networks, IEEE Press.

[10] Jang, H. J., Park, C. Y., An, J. S. (2015): Effects of a 2 nm thick Al 2 O 3, buffer layer in
metal auxiliary electrode on lifetime and stable operation of large-area organic light
emitting diodes. — Organic Electronics 24: 51-56.

[11] Joseph, O. T., Adepoju, A. A., Olufemi, A. (2019): Biodiversity: overexploited but
underutilized natural resource for human existence and economic development. —
Environment & Ecosystem Science 3(1): 26-34.

[12] Jurkowski, T. P., Ravichandran, M., Stepper, P. (2015): Synthetic epigenetics—towards
intelligent control of epigenetic states and cell identity. — Clinical Epigenetics 7(1): 1-12.

[13] Kasim, S., Hassan, R., Zakaria, Z. (2019): Re-engineering in confinement method. —
Engineering Heritage Journal 3(1): 18-19.

[14] Kazmierkowski, M. (2014): Advanced and intelligent control in power electronics and
drives. — Industrial Electronics Magazine IEEE 8(3): 72-72.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8449-8464.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_84498464
© 2019, ALOKI Kft., Budapest, Hungary



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

Cai et al.: Designing an intelligent greenhouse monitoring system based on the internet of things
- 8463 -

Li, G., Miao, W., Jiang, G. (2017): Intelligent control model and its simulation of flue
temperature in coke oven. — Discrete and Continuous Dynamical Systems - Series S
(DCDS-S) 8(6): 1223-1237.

Lu, D., Feng, L., Jie, P. (2019): Solar cells various appearance defects automatic
simultaneous detection system of the greenhouses. — Acta Microscopica 28(1).

Lu, D., Huang, X., Zhang, G., Zheng, X., Liu, H. (2018): Trusted device-to-device based
heterogeneous cellular networks: a new framework for connectivity optimization. — IEEE
Transactions on Vehicular Technology 67(11): 11219-11233.

Messelink, G. J. (2014): Persistent and emerging pests in greenhouse crops: is there a
need for new natural enemies. — IOBC/WPRS Bulletin 102: 143-150.

Messo, T., Jokipii, J., Puukko, J. (2013): Determining the value of DC-link capacitance to
ensure stable operation of a three-phase photovoltaic inverter. — IEEE Transactions on
Power Electronics 29(2): 665-673.

Nkwuda, N. G., Theophine, M. A., Okogwu, O. I. (2019): Impacts of rock mineralization
and poor sanitary system on borehole waters quality and the health implications. — Earth
Sciences Pakistan 3(1): 10-13.

Okpoli, C. C. (2019): High resolution magnetic field signatures over akure and its
environs, Southwestern Nigeria. — Earth Sciences Malaysia 3(1): 09-17.

Patle, G. T., Sikar, T. T., Rawat, K. S,, Singh, S. K. (2019): Estimation of infiltration rate
from soil properties using regression model for cultivated land. — Geology, Ecology, and
Landscapes 3(1): 1-13.

Shan, P. F., Lai, X. P. (2018): Numerical simulation of the fluid—solid coupling process
during the failure of a fractured coal-rock mass based on the regional geostress. —
Transport in Porous Media 124(3): 1061-1079.

Snipen, L. G. (2015): Predicting plant height of greenhouse grown crops with a
polynomial growth rate model. — Biometrical Journal 40(3): 295-311.

Sunny, A. A., Omowumi, A., Chris, O. A. (2018): Improved magnetic data analyses and
enhancement techniques for lithological and structural mapping around Akure,
Southwestern Nigeria. — Earth Sciences Malaysia 2(1): 16-21.

Tianlei, W. (2019): Nonlinear control strategies and planning for underactuated overhead
cranes. — Engineering Heritage Journal 3(1): 09-12.

Timonen, J., Lédperi, L., Rummukainen, L. (2014): Situational awareness and
information collection from critical infrastructure. — International Conference on Cyber
Conflict IEEE, pp. 157-173.

Vakilian, K. A., Massah, J. (2017): A farmer-assistant robot for nitrogen fertilizing
management of greenhouse crops. — Computers & Electronics in Agriculture 139: 153-
163.

Wertheim, J. O., LeighBrown, A. J., Hepler, N. L. (2014): The global transmission
network of HIV-1. — Journal of Infectious Diseases 209(2): 304.

Yahya, N., Aziz, F., Enriquez, M. A. O., Aizat, A., Jaafar, J., Lau, W. J., Yusof, N.,
Salleh, W. N. W., Ismail, A. F. (2018): Preparation and characterization of Lafeo3 Using
dual-complexing agents for photodegradation of humic acid. — Environment &
Ecosystem Science 2(2): 30-34.

Yi, L. (2018): 3. Difference analysis of economic factors on per capita education level
between the ethnic provinces and the western region. — Argos 35(68).

Yoh-Han, P., Phillips, S., Sobajic, D. (2016): Neural-net computing and the intelligent
control of systems. — International Journal of Control 56(2): 263-289.

Yusof, K. H., Seman, N., Jamaluddin, M. H. (2015): Design of ultra wideband 3 dB
coupled-line coupler and 90° power divider with zig-zag-shaped slot for wireless
communication applications. — Wireless Personal Communications - An International
Journal 84(4): 2599-2611.

Zakeri, B., Syri, S. (2015): Electrical energy storage systems: a comparative life cycle
cost analysis. — Renewable & Sustainable Energy Reviews 42(C): 569-596.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8449-8464.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_84498464
© 2019, ALOKI Kft., Budapest, Hungary



[35]

[36]

[37]

[38]

[39]

[40]

Cai et al.: Designing an intelligent greenhouse monitoring system based on the internet of things
- 8464 -

Zeng, J. (2018): A cellular automata model to simulate micro-characteristics of tunnel
traffic flow. — Acta Microscopica 27(4).

Zhang, W., Yang, J., Fang, Y., Chen, H., Mao, Y., Kumar, M. (2017): Analytical fuzzy
approach to biological data analysis. — Saudi Journal of Biological Sciences 24(3): 563-
573.

Zhang, X. G., Liu, L. S., Wu, Y. H., Cui, Y. G. (2018a): Existence of infinitely solutions
for a modified nonlinear Schrodinger equation via dual approach, electron. — Differential
Equations 147: 1-15.

Zhang, X. Q., Liu, L. S., Zou, Y. M. (2018b): Fixed-point theorems for systems of
operator equations and their applications to the fractional differential equations. — Journal
of Function Spaces 2018.

Zheng, S. D., Zhao, W., Zhang, L., Li, J., X., Ashraf, M. A. (2018) Experimental study
on the influence of footstep motion on resuspension of particles in small box. Journal of
Intelligent & Fuzzy Systems. 35 (4): 4097-4105.

Zou, Y. M. (2018): Positive solutions for a fractional boundary value problem with a
perturbation term. — Journal of Function Spaces 2018.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8449-8464.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_84498464
© 2019, ALOKI Kft., Budapest, Hungary



