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The vigorous development of Internet-related technologies such as big data, the loT,
and cloud computing has brought intelligent central heating networks’ intelligent
upgrade opportunities. The article discusses the current situation of the urban cen-
tral heating system and its intelligence and analyzes the new characteristics of the
intelligent central heating network under the new situation. Because of the existing
central heating system’s existing problems, we have designed a complete set of sys-
tem architecture and heating networks’ application plans.
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Introduction

The intelligent central heating network has not yet formed a consistent definition. If
you want to define its concept more comprehensively, you need to fully consider the devel-
opment and changes of technology and describe the intelligent central heating network’s new
characteristics from both connotation and extension. The connotation of the intelligent central
heating network includes the following aspects:

Firstly, the intelligent central heating network has advanced and flexible heating sys-
tem transmission and distribution technology. The standard heating transmission and distribu-
tion system are difficult to adapt to the rapidly expanding heating area. Under the new situation
that new energy is prioritized for power generation and grid connection, heating units’ power
generation is subject to grid dispatching. The heating fixed power mode is about to be broken,
requiring the heating network. It has strong adaptability to the fluctuation of heat source load.
Driven by a new heating and energy-saving technologies such as waste heat utilization, geo-
thermal utilization, and solar energy, the current central heating transmission and distribution
system are also required to have greater flexibility. Maintaining the central heating system’s
advanced and flexible structure is an essential cornerstone for realizing an intelligent central
heating network. Secondly, the intelligent central heating network has an automated basis for
heat transmission and distribution [1]. Heating power transmission and distribution automation
is a necessary condition for an intelligent centralized heating network. This is because the
heating power transmission and distribution automation integrate the real-time operation of the
heating network, heating network structure, equipment, users, and geographic graphics to form
a complete heating power transmission and distribution automation system. Thirdly, the intel-
ligent central heating network, is integrated into the communication system of the Internet. For
heat transmission and distribution network, the system architecture must be facing the Inter-
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net. With the development of Internet technology, especially the rapid development of mobile
Internet technology, the technology ecology of terminal interconnection has been completely
changed. The integration of heat transmission and distribution automation terminals into the
Internet system is the only way. Fourthly, the ubiquitous sensors and measuring devices of the
intelligent central heating network. A large number of sensors and intelligent measurements
are sufficient to ensure the acquisition of system operating parameters, equipment operating
status, wide-area measurement network, flexible protection system, etc., and provide trust-
worthy and reliable static, and dynamic data of the heat transmission and distribution network,
which is suitable for various intelligent applications provide necessary information. Fifthly, the
intelligent dispatch and regulation behavior of the intelligent central heating network. Intelli-
gent behavior is one of the core characteristics of the intelligent central heating network [2].
Due to the emergence of cloud storage and big data processing, the heat load forecast is more
accurate, and it becomes possible to analyze and obtain a precise adjustment model, which
makes heating control and adjustment more intelligent. Sixthly, the unified heating network
system data model of the intelligent central heating network. Including the hydraulic model
and thermal model of the heating network and mapping the heating network’s physical model
to a standard data model so that relevant data sources are related in a practical, structured and
transparent way. Seventhly, smart heating network equipment management. The visibility of
the primary and secondary heating network is maximized through graphical and geographic
information technology so that the operation and operation of the heating network system can
be visualized. Simultaneously, it is supplemented by smarter and more comprehensive analysis
applications to achieve high efficiency for the central heating network. Orderly management
reduces management difficulty.

Design of fuzzy controller for heating network

The extension of the intelligent central heating network includes the following four
aspects:

— Integrated regulation of heat source, heating network and users, heating network and heat
source, heating network and heat users to achieve a certain degree of information through
intelligent terminals, networks and unified data interfaces. Interactive, and according to the
integration of the three-terminal data of heat source, heating network, and user, finally, re-
alize integrated adjustment.

— The heat network transmission and distribution network is equipped with heat storage de-
vices. The cogeneration heat source unit as the primary heat source, it can be connected to
new heat sources such as waste heat, solar energy, and geothermal energy and can realize
intelligent control and control centered on the heat network.

— Scheduling, heating on demand, providing good thermal energy quality, and heating reli-
ability. Monitor, diagnose, and respond to thermal energy quality, analyze and calculate the
heat used by different users and heat transfer characteristics of different buildings, to meet
different users’ needs for thermal energy quality and high reliability standards.

— Construction of refined production control system. Establish a risk management and con-
trol system for the central heating network to predict the risks in operation in advance,
improve the heating network’s asset utilization rate, and reduce operating costs. Establish
an effective and linked optimization design system to form online analysis and statistics for
production command, asset management, workflow management, operation, maintenance
management, and operation status monitoring [3].
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The heating network system in the heating network remote control system is a rela-
tively complex controlled object, which can be described by the second-order pure lag model:

Ko
T (M

ST+ Hys+1
where K is the amplification factor, 7d — the pure lag time, and H, and H, — are time constant.

Through the empirical method, the coefficients in the model are tuned, and the mathematical
model representative of the heating network system is obtained:
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. The' fuz;y controller used in this des1gn D v, | e
is a multi-variable 2-D fuzzy controller with accelerator
dual input and a single output, as shown in Y,
fig. 1. The two input variables of the controller -
are the temperature difference, W), of the sec- Fuzzy
ondary supply and return water and the tem- controller = >
perature deviation change rate, Wp, the output ol encation | Quzdrotor
variable is the opening V' of the proportional | contol e
solenoid valve [4]. ,

We divide the temperature difference,
Wp, into seven fuzzy sets, namely {FD, FZ,
FX, L0, ZX, ZZ, ZD}, and the corresponding
physical states of the temperature sampling values are, respectively {beyond the lower limit of
the set range, far lower at the lower limit of the setting range, slightly lower than the lower limit
of the setting range, within the setting range, slightly higher than the upper limit of the setting
range, much higher than the upper limit of the setting range, and exceeding the upper limit of
the setting range}. The domain of W), is defined as {-3, -2, —1, 0, 1, 2, 3}. The membership
degree of the temperature difference ), obtained is shown in tab. 1.

Figure 1. Block diagram of 2-D fuzzy
controller structure

Table 1. Degree of membership of temperature difference W),

Fuzzy set Domain
-3 -2 -1 0 1 2 3
FD 0.0 0.0 0.0 0.0 0.0 0.5 1.0
Fz 0.0 0.0 0.0 0.0 0.5 1.0 0.5
FX 0.0 0.0 0.0 0.5 1.0 0.5 0.0
LO 0.0 0.0 0.5 1.0 0.5 0.0 0.0
zX 0.0 0.5 1.0 0.5 0.0 0.0 0.0
77 0.5 1.0 0.5 0.0 0.0 0.0 0.0
ZD 1.0 0.5 0.0 0.0 0.0 0.0 0.0

Similarly, the paper divides the temperature deviation change rate W into even fuzzy
sets, namely {FD, FZ, FX, L0, ZX, ZZ, ZD}. The corresponding physical state of the tempera-
ture deviation sampling value is {beyond the lower limit of the setting range, far lower than the
lower limit of the setting range, slightly lower than the lower limit of the setting range, within the
setting range, slightly higher than the upper limit of the setting range, far above the upper limit
of the setting range, and exceeding the upper limit of the setting range}. The domain of W) is
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{-3,-2,-1, 0,1, 2, 3}. The membership degree of temperature deviation change rate WP ob-

tained is shown in tab. 2.

Table 2. The W, membership degree of temperature deviation change rate

Domain
Fuzzy set
-3 -2 -1 0 1 2 3
FD 0.0 0.0 0.0 0.0 0.0 0.5 1.0
FZ 0.0 0.0 0.0 0.0 0.5 1.0 0.5
FX 0.0 0.0 0.0 0.5 1.0 0.5 0.0
LO 0.0 0.0 0.5 1.0 0.5 0.0 0.0
ZX 0.0 0.5 1.0 0.5 0.0 0.0 0.0
77 0.5 1.0 0.5 0.0 0.0 0.0 0.0
ZD 1.0 0.5 0.0 0.0 0.0 0.0 0.0

The article divides the opening degree, V, of the proportional solenoid valve into 5
fuzzy sets, namely {OF, OB, OM, OS, CL}, and the proportional solenoid’s corresponding
physical states valve are {full open, wide open, half-open, slightly open, and shut down}. The
domain of V'is {0.0, 0.5, 1.0, 1.5, 2.0}. The membership degree of opening V of the proportion-

al solenoid valve is shown in tab

3.

Table 3. Degree of membership of proportional solenoid valve opening V'

Domain
Fuzzy set

0.0 0.5 1.0 1.5 2.0
OF 0.0 0.0 0.0 0.5 1.0
OB 0.0 0.0 0.5 1.0 0.5
oM 0.0 0.5 1.0 0.5 0.0
(ON 0.5 1.0 0.5 0.0 0.0
CL 1.0 0.5 0.0 0.0 0.0

This design uses the triangle membership function commonly used in engineering as
the fuzzy control system subset’s membership function. It has the advantages of simple calcu-

lation and small memory usage:
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The fuzzy control rules formulated according to the actual operating experience on-
site are shown in tab. 4, a total of 49 items. If the temperature sampling value is far below the
setting range’s lower limit, and the temperature deviation sampling value is far lower than the
setting range lower limit, the proportional solenoid valve is fully opened. The temperature sam-
pling value is slightly lower than the lower limit of the setting range, the temperature deviation
sampling value is slightly lower than the lower limit of the setting range, and the proportional
solenoid valve is half-open [5]. We can use the maximum membership method to de-fuzzify the
fuzzy set obtained by fuzzy inference.
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Table 4. Fuzzy control rules

W,

Wp
FD FZ FX

LO zX 77 ZD

FD OF OF OF

OF OF OF OF

FX oS oS oS

oS OS oS OS

LO OS oS OS

CL OS OS OS

zX oS oS oS

oS (ON oS (ON

V4 OB OB OB

OB OB OF OF

ZD OF OF OB

oM OB OB OF

Architecture design of intelligent central

heating network based on the cloud computing platform

The intelligent central heating network adopts a four-layer structure: the processing
system and equipment layer, information layer, management, control layer, and decision-mak-

ing layer [6]. Mainly include the following:

Process system and equipment layer

The processing system and equipment
layer’s design is based on the traditional
central heating network with a heat storage
system, making the heating network more
flexible, more adaptable, and accepting
more diversified heat sources. As shown in
fig. 2.

The bottom layer also needs to include
smart sensors and various smart devices [7].
The equipment is distributed in the heat stor-
age system, heat source station, primary and
secondary network, remote heat station, ther-
mal users, and the external environment, as
shown in fig. 3.

Information layer

The information layer includes the data
collected by the sensor network and the mod-
els and calculation results generated by each
control management system, including vari-
ous forms of structured and unstructured re-
al-time data and historical data. As shown in
fig. 4.

Control layer

The management and control layer is
established to include the heating network
production and operation monitoring system,
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heating network energy consumption anal-
ysis system, heating customer service sys-
tem, heating network charging management
system, heating network GIS system, heat-
ing network integrated management system,
heating network hydraulic balance analysis
system, and equipment maintenance. System
and other integrated management and control
systems, and the core functions of the control
layers are shown in fig. 5.

Integrated intelligent adjustment of
network sources

The management and control layer
builds a heat storage system to automati-
cally track the heat exchange station’s ad-
justment changes, maintain the stability of
the first network, and ensure the heating
quality and heating safety. The heat source
side can automatically adjust the heat sup-
ply according to the actual heat load on the
user side to achieve precise heat supply ad-
justment. On the heat source side, build a
multi-heat source system, including solar
heating, distributed energy station heating,
etc. The established heat storage system
co-operates with the cogeneration unit’s
heat source to adjust the heat load to avoid
excessive heating and realize energy saving

[8].

Primary network hydraulic intelligence
analysis

The management and control layer
establishes a hydraulic analysis system and
carries out the technical transformation of
the primary network pipe-line to co-ordi-
nate with the pipe-line network’s hydraulic
adjustment.

Intelligent adjustment system of heat
exchange station

The management and control layer
adds a station-one optimized intelligent ad-
justment system to provide heat on demand
according to the ambient temperature.
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Unconventional thermal user intelligent control

The control layer adds balance valves and intelligent regulating valves. The intelli-
gent adjustment system for conventional heat users adds an intelligent adjustment valve with
adjustable flow, adds a balance valve, efc. It carries out energy-saving transformations for hot
users and solves uneven heating and cooling between hot users, thereby reducing the overall
excessive heating. As shown in fig. 6.

Flow meter
Supply temperature sensor
Return temperature sensor

Intelligent temperature control
systemn for thermal users

Users install smart indoor thermometers,
and most of them realize household heat meter-
ing, as shown in fig. 7.

Thermal
load

Decision-making layer

- Heat
calculator

Figure 7. Household heat metering system

The decision-making layer contains var-
ious data mining algorithms based on decision
trees and association analysis as the top-level
design of the intelligent central heating network to provide decision support for the lower-level
management and control system and enterprise decision-makers. The primary data mining tasks
that need to be implemented at this stage include analysis of the heat transfer characteristics
of buildings in different regions based on thermal user room temperature detection and mete-
orological mass data mining; based on thermal user necessary information, massive operating
history data, user room temperature data and meteorological data precise prediction of heat load
by analysis; establishment of heating quality analysis and audit model based on user payment,
room temperature feedback information and pipe network operation data; find the best based on
real-time historical data of hydroelectric heating energy consumption, real-time historical data
of pipe heating operation and meteorological data and optimal economic operation strategy [9].

Big data analysis

After completing the cloud computing
platform, a large number of online application
software systems will generate a considerable
amount of data [10]. These data include both

layer

Application

structured data and unstructured data. The
types and types of data are involved. How to
effectively use and ensure the safety of the heat
network. The intelligent heating network's real
goal is to positively impact scheduling, man-
agement, and operation [11]. Therefore, these
complex and logically related data are further
analyzed and mined to form a series of mathe-
matical models to guide and dispatch the oper-
ation of heat sources, heat networks, and heat
stations to achieve energy saving, downsizing,
and increasing efficiency.

Knowledge
layer

OWL ontology
Description
o /— \ it
reasoners
Data extraction and cleansing API

RDB k > :
structured Semi-structured Unstructured Linked
data data data data

.m@)B

Triple store

Data layer

Figure 8. The structure of the supporting
platform for heat supply big data analysis

See fig. 8 for the prominent data analysis support platform structure. We adopt the
method of big data analysis, which can produce the correlation between multiple irrelevant
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data, and then effectively intervene in the heat network scheduling. For example, the curve
relationship between complaint rate, weather, user room temperature, and other conditions and
heating temperature can be calculated, and the output result can be changed by adjusting a par-
ticular condition arbitrarily until a satisfactory solution is obtained.

Conclusion

This article discusses the current situation of the urban central heating system and
its intelligence and analyzes the new characteristics of the intelligent central heating network
under the new situation. The basic process system of central heating is constructed layer by
layer, and a complete set is designed. The system architecture and application scheme of the
intelligent central heating network.
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