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ABSTRACT: In order to improve the efficiency of central air conditioning, save energy and 

reduce emissions, the design of variable air volume (VAV) automatic control system for central 

air conditioning is studied. Firstly, the principle and method of VAV control system of central 

air conditioning are studied and analyzed. Secondly, aiming at the problem of poor self-

learning adaptability of the traditional VAV control system of central air conditioning, it is 

proposed that the BP neural network based on intelligent algorithm can be used to improve it. 

Finally, the performance of the VAV automatic control system of central air conditioning 

improved by intelligent algorithm is tested. The results show that the VAV of central air 

conditioning mainly depends on the adjustment of terminal controller. BP neural network can 

be used to modify the linguistic value universe and the corresponding membership function of 

the terminal controller algorithm, which makes the output of the control algorithm more perfect, 

thus improving the intelligent degree of the VAV control system for central air conditioning. The 

test results of the improved VAV control system show that the anti-interference ability and the 

ability to reduce energy consumption have been significantly improved, and the transition time 

of the system has also been significantly reduced, which proves the effectiveness of the improved 

algorithm. It is hoped that this research can provide some reference for improving the VAV 

automatic control system of central air conditioning and improving the energy saving and 

emission reduction efficiency of the air conditioning system. 

KEYWORDS: BP neural network; Intelligent control algorithm; Variable air volume 

automatic control system 

 

1 INTRODUCTION (HEADING 1, 

TIMES NEW ROMAN 12 POINTS, 

BOLD, LEFT, ALL CAPS) 

The development of artificial intelligence 

technology promotes the development of intelligent 

control technology. In the process of use, the 

demand of central air conditioning for energy 

consumption is relatively large. Therefore, the 

intelligent control system is introduced into the 

management process of central air conditioning, and 

the purpose is to reduce the energy consumption of 

central air conditioning in the use process. The 

variable air volume (VAV) control of central air 

conditioning system is one of the key control 

projects. In recent years, with the continuous 

development of science and technology, people 

apply fuzzy control technology to the control 

process of central air conditioning system. Some 

scholars have solved the lag problem of air 

conditioning system by applying artificial neural 

network algorithm and fuzzy control technology to 

the terminal controller of VAV central air 

conditioning (Meng et al., 2015). At present, 

although great progress has been made on the 

research of the intelligent control technology of 

central air conditioning system, most of the research 

results still have some problems. For example, they 

only exist in the research stage of laboratory testing, 

and cannot really be applied to the actual production 

and life. In daily life, the central air conditioning 

system based on PID algorithm is common. In this 

case, the VAV control system of central air 

conditioning is studied. 

Firstly, the principle and operation process of 

VAV central air conditioning system are analyzed 

and introduced. Secondly, the terminal control 

system of central air conditioning is improved by 

fuzzy neural network (FNN) algorithm. Finally, 

through the simulation of two kinds of daily life, the 

improved VAV automatic control system of central 

air conditioning is compared and analyzed. 

2 METHOD 

2.1 VAV central air conditioning system 

Air conditioning system refers to the equipment 

to meet people's demand for indoor temperature and 
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humidity in a certain range. Generally, the air 

conditioning system is composed of working area, 

air treatment part, cold and hot medium 

transmission and distribution, cold and heat sources 

and so on. The air conditioning system can be 

divided into three types: air system, water system 

and refrigerant system according to the media type 

of temperature control room (Li et al.,, 2018). After 

the indoor temperature and humidity are treated by 

the air system to meet the standard, the air is 

transported to each working area through the air 

supply pipeline, so as to realize the control of 

indoor temperature and humidity. Water system air 

conditioning system is to treat water to a certain 

temperature, and then sent it to each work area 

through the water supply pipeline, so as to achieve 

the temperature control of each work area. 

Refrigerant air conditioning system is to change the 

cold and hot medium of the air conditioning system 

into refrigerant, and regulate the air parameters 

through the refrigerant. 

Air conditioning system controls the temperature 

generally through the following two methods. (1) 

fixing air supply intensity and changing the 

temperature and humidity of the air supply; (2) 

fixing the air supply temperature of the air 

conditioner and changing the air supply intensity 

(VAV air conditioning system) (Si et al., 2018). 

VAV air conditioning system detects indoor 

temperature changes through temperature sensors. 

When the air parameters in the room change, the 

parameters of the air valve at the end of the control 

system are changed, so that the air volume into the 

room is improved, which matches the load required 

in the room, and keeps the indoor environment 

within the preset range. The relationship between 

air volume of air conditioning system and indoor 

temperature and humidity can be expressed by the 

following equation: 

  
  

        
 

  

         
  (1) 

In the above equation, X represents the air 

volume delivered in unit time, Wq is the total heat 

waste heat, Ws is the sensible heat waste heat, In is 

the air enthalpy value in the room, Is represents the 

air enthalpy value sent into the room by the air 

conditioning system, ρ refers to the air density, c is 

the specific heat capacity of the air, Tn is the 

temperature of the room, and Ts is the air 

temperature sent into the room by the air 

conditioning system. 

VAV air conditioning system can be divided into 

air supply system, supply and return air matching 

system and fresh air system. The air supply system 

is mainly used to manage and adjust the air 

parameters in the air conditioning area. The air 

supply volume of the target air conditioning area is 

adjusted by coordinating the running speed of the 

fan and the opening and closing degree of the air 

valve at the end. Air supply system is the core 

system of VAV air conditioning system. The supply 

and return air matching system is mainly to 

maintain and adjust the indoor and outdoor air 

pressure so that the indoor air pressure is slightly 

higher than the outdoor air pressure, so as to reduce 

the interference of the outdoor air to the indoor air, 

and reduce the unnecessary energy consumption of 

the air conditioning system. The fresh air system 

mainly deals with the indoor air to ensure air quality 

and provide comfortable and healthy air (Jiang et 

al., 2019). 
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Figure 1. Air conditioning system based on PID terminal control 
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The working principle of air supply system in 

VAV air conditioning system is as follows. The 

temperature and humidity sensor is used to detect 

the indoor temperature, and the detection results are 

sent to the controller. The controller calculates the 

temperature difference and temperature difference 

change rate by the detected temperature value and 

sampling time, and then judges the results and sends 

the regulating signal to the air valve at the end of 

the controller. The air valve adjusts its opening and 

closing angle according to the signal to control the 

air supply volume of the air conditioning area. 

When the end of the air valve to adjust their own 

supply air volume will also lead to changes in 

system load. The central system of air conditioning 

maintains the temperature of the air conditioning 

system by adjusting the fan speed. 

At present, the common terminal controller of 

air conditioning system is designed based on PID 

algorithm. The control block diagram is shown in 

Figure 1. 

2.2 Improvement of VAV automatic control 

system 

2.2.1 Fuzzy control system 

Fuzzy control principle: Human's operating 

experience for complex and changeable systems is 

extracted, summarized and simulated. The process 

of fuzzy reasoning is realized by fuzzy controller, 

and then the controlled system is controlled to 

replace human operation (Yan et al., 2018). With 

the continuous development of computer 

technology, the control theory occupies an 

increasingly important position, and has been able 

to replace human operation to a certain extent, 

saving manpower and material resources. 

The fuzzy control system consists of sensor, 

generalized controlled object and fuzzy controller. 

The framework of fuzzy control system is shown in 

Figure 2. 
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Figure 2. Frame diagram of fuzzy control system 

 

Among them, the fuzzy controller includes 

several operation steps such as fuzzification, fuzzy 

rules and defuzzification. Fuzzification is mainly to 

defuzzy the precise value obtained by the sensor. 

The main function of fuzzy rules is to complete 

fuzzy reasoning. There are mainly rules composed 

by a series of if…then sentences. Based on the 

fuzzy quantity and fuzzy set after fuzzification, the 

defuzzification operation is to defuzzy the output 

fuzzy quantity after fuzzy reasoning, so that it can 

be turned into accurate value for output, so as to 

complete the precise control of the machine. 

2.2.2 BP neural network 

BP neural network is a kind of feedforward 

artificial neural network, which is composed of 

three network layers, i.e. input layer, hidden layer 

and output layer, as well as the activation function 

between network layers. BP neural network can 

reduce the back propagation of error and modify the 

weight of nodes. When the neural network is 

modified, the actual output value of the neural 

network is compared with the expected output 

value, the weight is repeatedly modified, and the 

neural network is continuously trained to make it 

tend to be stable (Amalraj et al., 2015). In the 

process of designing BP neural network, the most 

important thing is to determine the hidden layer and 

the number of nodes in the hidden layer. 

Compared with the traditional control algorithm, 

BP neural network has stronger ability to deal with 
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nonlinear function, and has strong self-adaptive 

ability and self-learning ability. 

2.2.3 FNN 

When the weight coefficients in the neural 

network are fuzzy or have the ability to receive 

fuzzy signals, it is named FNN (Das et al., 2020). 

Both fuzzy logic and neural network are knowledge 

in the field of artificial intelligence. They have 

different starting points and have their own 

advantages and disadvantages. They can be 

combined to complement each other, so that a 

system has the ability of fuzzy control, self-learning 

and self-adaptive. According to the different 

combination methods, it can be divided into three 

types. The first one is to fuzzy the weights of BP 

neural network. The second method is to defuzzy 

the input value of neural network. The third method 

is to combine the first method with the second 

method to defuzzy the weight and input value of 

neural network. In the air conditioning system, the 

temperature variable of the air conditioning system 

is taken as the input of the neural network after 

being fuzzed by the fuzzy system. The output value 

of the neural network is input into the fuzzy system, 

and the decision is made by the fuzzy system. At 

the same time, the weight of the neural network is 

adjusted to enhance the learning ability of the neural 

network, and then the fuzzy system is used to 

defuzzy its value to obtain a clear control target and 

control it. In this system, the input and weight are 

all fuzzy values. 

The terminal air volume regulation part of VAV 

air conditioning system can be considered as a 

nonlinear system, and its environment is 

changeable, such as air temperature. Therefore, the 

fuzzy controller can make the system have better 

control effect. The system flow of VAV control by 

fuzzy system is shown in Figure 3. 
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Figure 3. Flow chart of VAV control system based on fuzzy system 

 

The temperature sensor in the air conditioning 

system receives the air temperature from the room, 

compares the temperature with the set temperature 

of the room, calculates the temperature difference 

between the two, and calculates the temperature 

change rate according to the time of collecting 

temperature. The fuzzy controller is used to classify 

the results discretely and make them fuzzy. 

According to the corresponding rules of the 

knowledge base, the fuzzy controller will carry out 

fuzzy inference to get the decision, and defuzzy the 

result, so as to get the accurate value and output (Lu 

et al., 2019). 

2.3 Design of VAV control system for 

central air conditioning based on fuzzy 

control system 

Central air conditioning is a huge and complex 

system. The terminal control system of VAV air 

conditioning system is mainly designed. Based on 

the existing VAV central air conditioning, the 

design framework of its terminal control system is 

shown in Figure 4. 

As can be seen from Figure 4, the design 

framework mainly includes six parts: terminal 

display and control, sensor, controller, output 

driver, communication part and upper computer. It 

mainly includes hardware system and software 

system design. The software system is mainly 

located in the terminal controller and the upper 

computer. 
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The design of the hardware system mainly 

includes seven parts: sensor, MCU, optocoupler, 

key, LED display, CAN bus and relay. The 

structure of the hardware system is shown in Figure 

5. 
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Figure 4. Design framework of terminal control system of VAV air conditioning system 
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Figure 5. Structure frame of terminal controller hardware system 
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Figure 6. Flow chart of improved terminal control based on FNN 

 

When using FNN to design the terminal system, 

it is mainly responsible for the control of FNN, 

which mainly receives the current temperature, 

temperature change rate, air valve opening and 

closing degree and other parameter values. After 

fuzzy treatment of temperature and temperature 

change rate, the final output value is obtained 

through forward calculation of neural network and 
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deblurring (Sharifian et al., 2018). The control flow 

of FNN is shown in Figure 6. 

A large amount of data will also be generated, 

so it is necessary to establish a database to store the 

data of terminal controller execution. MySQL 

database is selected. The database is a kind of 

relational database, which supports most operating 

systems and different programming languages. 

2.4 Performance test of VAV automatic 

control system 

This experiment is carried out in the condition of 

central air conditioning intelligent laboratory. In the 

design and transformation, it is only necessary to 

change the original PID control terminal controller 

to FNN terminal controller, and the other parts of 

the central air conditioning remain unchanged. By 

comparing the use efficiency of the two controllers 

before and after the change, the differences between 

them can be analyzed. 

Two rooms of the same size are selected for the 

test, and the test room area is about 60 square 

meters. Among them, there is an air supply outlet, a 

display screen and control device in the test room. 

When the air conditioning system is running, the 

operating parameters of each system can be viewed 

through the display screen to ensure that all 

conditions of the two rooms are the same except 

that the terminal controllers used are different. 

3 RESULTS AND ANALYSIS 

In order to verify the energy-saving effect of 

VAV automatic control system for central air 

conditioning based on FNN, firstly, the daily use of 

central air conditioning is simulated. Then, the 

situation of people entering and leaving in daily life 

is simulated, to ensure that the two rooms of 

personnel access times, access time, opening and 

closing time is the same, and the air conditioning 

operating conditions are the same. By observing the 

power consumption of the electric energy meter, the 

energy saving situation of the two kinds of air 

conditioning systems is determined. The analysis 

results are shown in Figure 7. 

 
Figure 7. Relationship between power consumption of different air conditioning systems and times of personnel 

access 

 

It can be seen from Figure 7 that when the two 

experimental conditions are the same, the power 

consumption of the two types of air conditioners is 

relatively close at first. With the increase of the 

number of people in and out, the power 

consumption gap between the two gradually 

widens. It can be seen that with the increase of the 

number of personnel in and out, the power 

consumption of both is on the rise. However, the 

power consumption of air conditioning system 

controlled by FNN is lower than that of PID 

controller, which indicates that the energy saving 

effect of central air conditioning system based on 

FNN algorithm is better than that of PID controller, 

and it has better adaptability to complex and 

changeable situations. 

Then, the energy-saving situation of the two 

systems under different temperature difference 

conditions is analyzed. The other conditions are 

kept completely consistent, and the temperature is 

adjusted constantly, so that the difference between 

the set temperature and the current temperature is 
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increasing. The energy saving situation of the two 

systems under this condition is analyzed, and the 

analysis results are shown in Figure 8. 

 
Figure 8. Relationship between power consumption and temperature difference of different air conditioning 

systems 

 

As can be seen from Figure 8, with the increase 

of temperature difference, the difference of power 

consumption between the two gradually increases. 

The power consumption of the central air 

conditioning system based on FNN terminal 

controller is less. Although the difference between 

the two is relatively small, with the growth of time, 

after continuous accumulation, the difference 

between the two will be very large. The energy 

saving advantage of central air conditioning system 

based on FNN terminal controller is very 

prominent. 

4 CONCLUSION 

The design method of VAV automatic control 

system for central air conditioning is analyzed and 

discussed. First, the principle and method of VAV 

control system of central air conditioning are 

studied and analyzed. It is found that the VAV of 

central air conditioning mainly depends on the 

adjustment of terminal controller. Then, FNN is 

used to improve the poor self-learning adaptability 

of the traditional VAV control system. FNN 

algorithm can modify the language value universe 

of the terminal controller algorithm and its 

corresponding membership function, making the 

output of the control algorithm more perfect, thus 

improving the intelligent degree of the VAV control 

system for central air conditioning. Finally, FNN 

algorithm is used to improve the terminal controller 

of central air conditioning. Two kinds of daily life 

are simulated, and comparative analysis and 

experiment are carried out on the improved VAV 

automatic control system of central air conditioning. 

Through experiments, it is found that the energy-

saving effect of the central air conditioning system 

with improved terminal controller based on FNN 

algorithm is better than that of the traditional PID 

terminal controller, which proves that the algorithm 

has excellent energy-saving effect and can improve 

the efficiency of energy saving and emission 

reduction of central air conditioning system. 

The terminal controller of central air 

conditioning is improved by using FNN algorithm, 

and the VAV automatic control of central air 

conditioning is realized. However, the central air 

conditioning itself is a huge and complex nonlinear 

system, and any part of the change may cause the 

change of system parameters. It is hoped that in the 

follow-up study, the influence of time, pressure and 

other parameters on the system can be analyzed. 

Then, the application of BP neural network 

algorithm has achieved certain results, but the 

algorithm is easy to fall into the local optimal 

problem. It is hoped that other neural network 

algorithms can be used to improve the current 

deficiencies in the follow-up research. 
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