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Objective: The application of genetic algorithm in the design of the Internet of
Things platform of heat energy collection system is launched, and the value of the
application of the Internet of Things control platform of genetic algorithm in the
heat energy collection system is analyzed to verify its effectiveness and superiority.
Method: Firstly, the design of the basic framework of the Internet of Things is de-
veloped, mainly on the acquisition and processing module and the communication
module of the framework. Then, genetic algorithm is used to make statistics of the
system nodes in the heat energy collection system, and establish the optimization
function of heat energy conversion rate based on genetic algorithm. Then, the op-
timization function is used to design the control circuit to improve the flexibility of
the control circuit. Finally, the system developed in this study is verified by exper-
iments. Results: After the application of three platforms to control the heat energy
collection system, the heat energy conversion rate is higher than that of the pre-
vious platform, and the platform controlled thermal energy conversion rate is the
highest. Moreover, the real-time energy consumption is the smallest. Conclusion: It
is found that the application of genetic algorithm in the Internet of Things platform
of the heat energy collection system can effectively optimize the heat energy con-
version rate, and the real-time work energy consumption is also very low, which
improves the heat energy standardization rate, has certain application value, and
can better improve the energy source rate.

Key words: genetic algorithm, heat energy collection system, Internet of Things,
heat energy conversion rate

Introduction

In order to effectively reduce heating energy consumption, improve energy efficiency,
and promote behavior energy conservation, the state actively promotes the thermal measure-
ment transformation project of public institutions, including the transformation of thermal mea-
surement equipment at the building end of public institutions and the construction of real-time
monitoring platform for energy consumption based on Internet of Things (IoT) technology by
management departments. Through the transformation of thermal measurement lines and equip-
ment and climate compensation technology, the flow of each heating building is dynamically
balanced, and the room temperature is adjusted and balanced. The indoor heating environment
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quality is improved, and at the same time, the consumption of heat energy in the transition is
effectively avoided [1, 2]. On the other hand, based on the IoT technology, the heat metering
data at the building end is collected to the energy consumption management organization in
real time, which can intuitively and real-time monitor the actual energy consumption status of
each energy consumption unit and the intactness of metering and control equipment, realize
the information balance between the regulatory authority and the energy consumption unit,
and ensure that the metering facilities are in good condition and in the optimal energy-saving
state, and excessive energy consumption and failure equipment can be warned in time. Through
on-line real-time interaction with room temperature control equipment, active time-division
temperature control, time-division heating and time-division heat preservation can be realized
[3, 4]. In addition, relying on the platform to process, analyze and graphically display energy
consumption data, the summary statistical analysis results of energy consumption data can be
released at any time, so as to provide policy, constructive and scientific guidance for the man-
agement department to adjust energy conservation policies and models. While analyzing the
effect of the implementation of the thermal metering transformation project, formulating energy
conservation and emission reduction policies, providing efficient, easy-to-use and advanced
means for the management department, the comprehensive goal of strengthening the energy
consumption management of public institutions, improving the level of energy conservation
operation management, and improving the awareness of energy conservation of the whole re-
gion’s public behavior is achieved [5-7].

With the advantages of low consumption and environmental protection, heat energy
collection system has been widely used in electric power, machinery, electronics and other
fields [8-10]. In order to further improve the heat energy conversion rate of the heat energy col-
lection system, the control platform of the IoT of the heat energy collection system will gener-
ate [11, 12]. The control platform of the IoT has the advantages of low cost, good control effect
and simple control process, which is a common control implementation scheme [13]. However,
the selection of the IoT basic framework is so much that the energy consumption of the IoT
control platform of the heat energy collection system is high, and the heat energy conversion
rate of the heat energy collection system cannot be effectively improved [14]. For this reason,
scientific research organizations are committed to designing a control platform of the IoT with
low energy consumption and strong ability to improve the thermal energy conversion rate of the
thermal energy collection system. Previous researchers designed the control platform of the loT
based on the extreme dynamic programming. This platform focuses on the extreme dynamic
programming with low energy consumption, and uses it in the IoT control platform to improve
the heat energy conversion rate of the heat energy collection system. However, extreme dynam-
ic programming is more complex and requires more time and money.

In this study, the control platform of the IoT is designed and developed by applying
genetic algorithm to the heat energy collection system. The acquisition and processing module
and communication module in the framework system are developed and designed. Then, the
genetic algorithm is applied to establish the thermal energy conversion optimization function,
which is applied to the control circuit. Finally, the comparative experiments of heat energy
conversion rate of three different platforms are carried out to verify the effectiveness and supe-
riority of genetic algorithm in the design of the IoT platform of heat energy collection system.
Experiments show that the control platform based on genetic algorithm can effectively reduce
the energy consumption of the system, and also can improve the thermal energy conversion rate
of the thermal energy collection system. This study is of great significance to the development
and reuse of energy and energy conservation management.
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Method
Design of IoT basic framework

In this experiment, genetic algorithm is applied to design the basic framework of the
IoT. The application of genetic algorithm can effectively reduce and optimize the energy con-
sumption of the platform, and can further provide the basic hardware support for the control end
of the IoT. The heat collection system and the IoT control platform can be connected. Among
them, the main function of the basic framework of the IoT is to collect and process the thermal
data in the thermal energy collection system, and can effectively link and interact the data of
the thermal energy collection system and the network. In this study, the framework of the loT
system is mainly designed from the construction of two modules.

Acquisition and processing module

The hardware structure ofthe IoT acquisition and processing module is shown infig. 1.
When designing the basic framework of the [oT, WMNBM14s and STM32F103 are used as
the core hardware. Each hardware plays a different role. Among them, WMNBM14s chip
is used to collect the data and information in the thermal data system, and is responsible
for connecting the communication modules in the processing module. The main function of
STM32F103 is to process the data and information in the thermal data system. In the design
of the whole module, the working energy consumption of the applied components is relative-
ly low, which can meet the requirements of the initial design. In the figure, it can be seen that
WMNBM14s chip is connected with thermal energy collection system and communication
module by using asynchronous transceiver. The WMNBM14s chip and STM32F103 chip

are connected through serial peripheral inter-

face (SPI). The SPI, as a communication in- Thermal energy collection system
terface, has the nature of full-duplex. Through

this interface, the two chips are connected SPI

with each other and the data transmitted by General 4 _
each other are read and called. Among them, ai?’:,f&gcgf S [ STM32F14s chip [ STM32F103 chip
STM32F103 chip can effectively analyze, dis- 1

assemble and process the data, which is not
only efficient, but also relatively low energy
consumption. This chip will transmit data
and information the communication module
through WMNBM 14s chip.

Communication module of loT
basic framework

Figure 1. Structure of acquisition and
processing module

Communication module

In this study, the main function of the communication module is to transmit the
data processing results of the collection and processing module to the control end of the IoT,
and then feedback the results through the control instructions. This kind of feedback has a
direct nature, and there is no need for other auxiliary methods or tools. The ultimate goal of
feedback is the controlled area of the thermal energy collection system. As can be seen from
fig. 2, in the process of designing communication module, BCM43362 wireless chip is mainly
used as the core element of communication module. The supporting components of communi-
cation module mainly include user node, software development kit and core firewall, which can
help BCM43362 wireless chip and communication control protocol. The main advantages of
this chip are good compatibility and stability, relatively less energy consumption, and can well
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handle the complex communica-
tion work. Among them, the com-
munication support component
p— — mainly has four different commu-
agmchonous [— | Usernode | | development g | o nication mterfac;s, which can help
reduce the working pressure of the

chip, avoid the chip thermal dam-

BCM43362 Wireless chip

Joint test team General input age, and also effectively reduce the
interface and output .
energy consumption of the com-
Figure 2. Structure of communication module munication module.

Design of IoT control terminal

In this study, when designing the control end of the IoT, the main optimization algo-
rithm is genetic algorithm. The main function of genetic algorithm is to optimize the thermal
energy conversion rate. The main principle is to input the optimization function of heat energy
conversion rate of genetic algorithm and the result of heat energy data processing into the con-
trol circuit at the same time. After that, the control instructions in the control circuit are made.
The basic framework of the IoT will provide further feedback on control instructions. The final
feedback destination is to the controlled area of the thermal energy collection system.

Optimization function of heat energy
conversion rate based on genetic algorithm

In this study, by following the basic steps and using the advantage constraint heat
energy collection system of genetic algorithm, the heat energy conversion rate is optimized.
Firstly, genetic algorithm is applied to the statistics of system nodes in the heat energy
collection system. The main characteristic of this kind of system node is to affect the thermal
energy conversion rate of the system, which will cause the conversion rate of the system to be
too low. Therefore, in this experiment, the optimization set of thermal energy is constructed and
represented by maxf:
max f =[1,(x) f,(x)...f, ()] (1)
The system node is represented by f,(x). A system node in the equation is taken as
the key objective of this optimization. In the research, in order to make the genetic algorithm
can effectively optimize the overall control performance of the control platform of the IoT of
the heat energy collection system, the threshold F of the key optimization project should meet:

09<F<l 2)

The P, is used to express the real-time thermal energy conversion rate of F. Then, the
system nodes in the key optimization project are taken as the center points. The remaining n — 1
system nodes in maxf are arranged in order around the center of the circle. The effective nodes
in the system are represented by m. When the thermal energy collection system is working, the
nodes in the process of thermal energy conversion are represented by k. Then, genetic algorithm
is applied to optimize the thermal energy conversion rate:

‘IOJ<PM <min(l,K+10j 3)

m m

By inputting the optimization functions of the aforementioned three genetic algo-
rithms into the heat energy collection system, the heat energy data can be optimized reasonably
and effectively.

max[O, k
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Design of control circuit

In this experiment, the control circuit is designed. Each controlled area of the heat
energy collection system has its own control scheme, so it has high requirements for the con-
trol circuit, which requires a lot of flexibility. Only with high flexibility can different types of
thermal data be analyzed and processed. After analyzing the data, according to the previous
analysis results, the control instructions of the system are reasonably formulated. The control
circuit designed for the system is shown in the fig. 3. According to the fig. 3, the four interfaces
in the IoT communication module will be connected with the interfaces in the control circuit.
This connection method can classify the data information after processing and parsing. Through
classification, the workload of system analysis can be reduced, so that the efficiency of system
analysis can be improved. After classification, the data will be collected together, and then
further enlarged to complete the analysis work. The optimization function of the thermal energy
conversion rate of the genetic algorithm applied in this study will reach the function generator
through the interface of the working group. Then, the functional converter will complete the
optimization of the thermal converter.

The control circuit will give the control Ri R2 R4
instructions of each corresponding area D1 3
according to the completed optimization

results. Then, the reverse amplifier will asyﬁi;;;'ous —— .
further reduce the signal of the control S D2 r‘—‘ 2
command to the original state. After that, sl & | Forward ampli er s
the asynchronous transmitter is used to : D3 g
transmit the signal to the communication | merace | = | Function generator A
module in the [oT. The last step is to

use the controlled area of the system to L

control the signal information. Figure 3. Control circuit

Experimental analysis results

In this study, the verification of the research system is completed through experi-
ments. Through the application of the platform of this experiment, Scrum platform and extreme
static programming platform, the control of the IoT is completed for the heat energy collection
system. The weather is suitable for the experiment. From 10 a. m. to 3 p. m. there is always
sunlight on the heat collection system.

In this study, firstly, under the condition
of no application of any platform, the solar ther-
mal energy is collected by the thermal energy
collection system. In the process of experiment
collection, the temperature and humidity of the
laboratory need to be adjusted in real time. The
time is every other hour, and a total of five times
of collection are carried out. Among them, the
temperature is 23 °C, 25 °C, 27 °C, 29 °C, and
32°C, respectively. The humidity is 43% RH, 0l
52% RH, 58% RH, 61% RH, and 68% RH, re- 23 25 27 29 32
spectively. The heat energy conversion results of Temperature [°C]

the collected heat energy system are shown in  Figure 4. Thermal energy conversion rate
the fig. 4 without platform control
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As can be seen from the previous figure, without using any platform, with the increase
of temperature and humidity, the thermal energy conversion rate of the thermal energy collec-
tion system will be higher and higher. When the temperature is 32 °C and the humidity is 68%
RH, the thermal energy conversion rate is the highest, 82.5%.

In this experiment, by using the platform of the research, Scrum platform and extreme
static programming platform, the heat energy collection system in the experiment is controlled
by the IoT. The results of the thermal energy conversion rate of the thermal energy collection
system after the application platform control are shown in the fig. 5.

From the fig. 6, it can be seen that after the application of three platforms to control
the heat energy collection system, it is found that the heat energy conversion rate is higher than
the heat energy conversion rate controlled by the previous platform, which has been greatly im-
proved, about 90% higher than the previous platform. However, among these three platforms,
in this study, the thermal energy conversion rate controlled by the platform in this study is the
highest. At 32 °C, the thermal energy conversion rate is 96.7%, which is the most effective and
superior.

According to fig. 7, the real-time working energy consumption of these three plat-
forms is on the rise. Among them, the real-time energy consumption of the extreme static pro-
gramming platform is the largest, followed by

I Scrum platform -
[ Extreme static programming platform the Scrum platform. However, the real-time
100 £ This research platform : energy consumption of the control platform

based on genetic algorithm is the lowest. It
can be seen that the control platform of the loT
based on genetic algorithm can save energy
very well, and has a wide range of application
value.

Discussion

The emergence and development of heat
energy collection system effectively reduces
the loss of energy and promotes the develop-
ment of environmental protection in China.

Thermal energy conversion rate [W]

23 25 27 29 32
Temperature [°C]

Figure 5. Thermal energy conversion rate after
application of control platform
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Figure 6. Trend chart of thermal energy
conversion rate after application of control Figure 7. Real time energy consumption of
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Now, because of its unique quality, the heat energy collection system has been applied in var-
ious industries and fields. The application of the IoT control platform can effectively reduce
energy consumption and promote the realization of the system work. This year, the application
of [oT control platform is more and more extensive, but there are also many shortcomings. The
selectivity of its basic framework is relatively large, which leads to the high energy consumption
of the [oT control platform of the heat energy collection system, and cannot effectively improve
the heat energy conversion rate of the heat energy collection system. Therefore, it is very
important to study the new control system of the [oT.

Based on this, in this study, the control platform of the IoT based on genetic algo-
rithm is designed. The WMNBM14s and STM32F103 are used in the infrastructure of the
IoT platform to collect and process the thermal data collected in the thermal energy collection
system. Then, the control circuit is used to classify and analyze the data processing results, and
optimize the conversion rate of the thermal energy, and then send out the control instructions
to the corresponding control area. Through the wireless chip BCM43362, the sustainable and
efficient control of the controlled object can be realized. The experimental results show that,
without using any platform, the heat energy conversion rate of the heat energy collection system
will be higher and higher with the increase of temperature and humidity. After the application
of three platforms to control the heat energy collection system, the heat energy conversion
rate is higher than that of the previous platform, which is about 90% higher than that of the
previous platform. The thermal energy conversion rate of the platform is the highest and the
real-time energy consumption is the smallest. The results show that the energy consumption of
the platform is low, and the efficiency of the heat energy conversion and collection system can
be significantly improved.

Conclusion

Applying genetic algorithm to the control platform of the IoT can improve the heat en-
ergy conversion rate of the heat energy collection system, and the real-time energy consumption
is also very small. The system developed in this study is compared with the other two systems,
and it is found that the control platform of the IoT based on genetic algorithm has certain ef-
fectiveness and superiority, which can be widely used in the thermal energy collection system.
However, in this study, in the development and design of the control system, only from the two
aspects of communication module and acquisition and processing module, only the genetic
algorithm is applied to the control circuit of the IoT control terminal, without considering the
whole system. Moreover, only one optimization algorithm is applied. In the future research, it
is necessary to give full play to the role of genetic algorithm, combined with other optimization
algorithms, to further improve the control performance of the system.
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