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ABSTRACT: The paper is to conduct research on the Variable Air Volume (VAV) air-

conditioning control strategy, and promote the development and application of intelligent 

algorithms in VAV air-conditioning system control. Then, it is necessary to meet the needs of the 

energy-saving and comfort of the VAV air-conditioning system, expanding the development and 

innovation of the intelligent building system. The study starts with the control mode of the 

conventional air conditioning system. First, the traditional PID control and neural network 

control modes are used to simulate the operation of the air conditioner. The characteristics of 

traditional PID control and neural network control are analyzed and compared. Second, a 

decoupling control algorithm based on the neural network is used to construct a VAV central 

air-conditioning temperature and humidity control strategy for a multi-variable VAV central 

air-conditioning system to evaluate the control effect. Finally, the BSA-optimized BP neural 

network is applied to the establishment of the PMV index prediction model, and the BSA-

optimized fuzzy PID control is used to construct the thermal comfort control strategy of VAV 

central air-conditioning system. The results of MATLAB7.0 simulation analysis show that the 

traditional PID has the characteristics of long transition time and slow convergence in 

temperature control. The neural network control transition time is relatively short and the 

convergence speed is relatively fast. But both have issues of overshoot and energy consumption. 

The PMV prediction model constructed by BSA-optimized BP neural network can achieve the 

expected convergence effect, significantly improve the shortcoming of low accuracy of BP 

neural network prediction, and can be used in real-time control systems. The fuzzy PID 

controller optimized by BSA is effective for the thermal comfort control of the VAV central air-

conditioning system. 

KEYWORDS: Fuzzy PID; Neural network; BSA; Variable Air Volume air conditioning 

system; Control strategy 

 

1 INTRODUCTION 

The introduction will contain the general aspects 

of the research, the objectives and the methodology. 

The text style is Normal, written in Times New 

Roman font, 11 points, justified and with a 5-mm 

indentation on the first line. 

The predecessor of the VAV air-conditioning 

system is the constant air volume (CAV) air-

conditioning system. The CAV air-conditioning 

system is designed based on the maximum load. 

The air supply volume does not change with the 

load change [1]. Compared with the CAV air-

conditioning system, the VAV air-conditioning 

system shows a higher level of advance. It is 

designed according to the transient load, and most 

time of the work is in part of the working state. 

Therefore, the energy-saving effect is obvious and 

the advantages of reducing energy consumption are 

significant. Also, the application potential in 

intelligent building systems is huge [2]. When the 

indoor air parameters change, the VAV air 

conditioning system adjusts the tail valve to make it 

fully fit the room load change and control the room 

temperature within a predetermined range. The 

VAV air-conditioning system is mainly composed 

of four main parts: air treatment device, terminal 

system, air supply apparatus and related automatic 

control system. Among them, the terminal system 

and related automatic control system can meet the 

demand for indoor air conditioning by regulating 

the air supply volume, which determines the pros 

and cons of overall performance. Also, they have 

the characteristics of large lag, time variability, and 

variability. The temperature, total air volume, fresh 

air volume, and return air matching in the air-

conditioning area are its main control content. The 

VAV air-conditioning system keeps the air supply 
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temperature stable and adjusts the indoor air supply 

to achieve the purpose of effectively reducing the 

total air supply and installed capacity of the air-

conditioning system, thereby reducing energy 

consumption and saving costs. 

In the traditional VAV air-conditioning control 

system, the PID control mainly uses the end control 

algorithm, which is one of the earliest developed 

control strategies. Due to its simple operating 

principle, wide application range, good robustness, 

and high reliability, it has occupied a large market 

utilization rate in current system applications [3, 4]. 

However, for an industrial system control 

environment with time-varying nonlinearity, 

uncertainty, and diversity, such as the VAV air-

conditioning system, PID control has the problems 

of poor parameter tuning and poor adaptability, 

resulting in large resource consumption in practical 

applications. The fuzzy control algorithm is derived 

from the development of intelligent algorithms. 

With the help of fuzzy mathematical theory, the 

purpose of the control system is achieved by 

imitating human experience and thinking. No more 

system variables are needed to achieve the required 

effect. It has a wide range of applications and is 

equally applicable to the control of complex 

systems. Compared with traditional control 

algorithms, it has faster response speed and stronger 

anti-interference ability. In the control of complex 

systems, fuzzy control is undoubtedly an effective 

method [5, 6]. Combining conventional PID control 

and intelligent fuzzy control can have both 

advantages, that is, strong self-adaptation, self-

learning, and self-organizing capabilities. It can 

realize parameter online tuning without relying on 

controller parameters. Neural networks (NNs) are 

mathematical models of algorithms derived from 

the development of intelligent algorithms. 

According to the complexity of the system being 

controlled, by adjusting the connections of a large 

number of internal nodes, the results of information 

processing are finally achieved [7, 8]. NNs have 

self-learning and self-adaptation capabilities, which 

can rely on pre-input-output data to analyze 

potential laws. Using the latest input data to deduce 

the output results according to the law, the control 

system calculation can be optimized. Combined 

with other intelligent control systems, it has 

reference value in tuning PID parameters [9] and 

making up for the shortcomings of PID control. The 

Bird Swarm Algorithm (BSA), which imitates the 

behavior of birds in the natural environment, is a 

new type of global optimization algorithm with 

stability and diversity. It is developed based on an 

information-sharing mechanism and search strategy 

[10,11]. Also, it can realize the optimization of 

conventional algorithms, thereby expanding the 

application in corresponding fields. 

Based on intelligent algorithms including global 

optimization BSA, this paper selects the control 

strategy of the VAV central air-conditioning system 

as the research object. By adopting conventional 

PID and neural network control modes to simulate 

air conditioner operation, a decoupling control 

strategy based on neural networks is established for 

the shortcomings of traditional temperature control 

strategies. The PMV prediction model is 

constructed with BP neural network optimized by 

BSA, and the fuzzy PID controller optimized by 

BSA is used to control the thermal comfort of the 

VAV central air-conditioning system. Then, a 

thermal comfort control strategy of the VAV central 

air conditioner is established, with a view to 

providing a certain reference for the development of 

intelligent algorithms in the field of intelligent 

building systems. 

2 METHODS 

2.1 Fuzzy PID control algorithm 

PID is a control algorithm often used in the 

traditional VAV central air-conditioning terminal 

controller [12]. The corresponding control 

algorithms are shown in equation， respectively. 

With the complexity of the environment of the 

control target system, the limitations of poor PID 

parameter tuning and poor adaptability lead to the 

inability to achieve the required control effect. By 

using fuzzy control suitable for complex systems to 

realize the parameter tuning of PID control, a fuzzy 

PID control algorithm based on fuzzy control is 

established. Fully combining the advantages of the 

two can achieve a better control effect. According 

to the constant change of the deviation e, fuzzy 

control is used to tun the parameters of the 

conventional PID control online. The corresponding 

structure of the fuzzy PID control is shown in 

Figure 1. 
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Figure. 1 Composition of fuzzy PID control structure 

 

2.2 Neural network decoupling control 

algorithm 

Decoupling control is one of the more effective 

methods in multivariable system control. The VAV 

central air-conditioning control system uses the 

neural network compensator as the introduction 

mode, which can perfectly decouple the input and 

output of the multivariable system. By effectively 

controlling the corresponding univariate of each 

subsystem after decoupling, it is ensured that all 

subsystems achieve the expected control purpose 

[13]. The decoupling control flowchart based on the 

neural network in this paper is shown in Figure 2. 

The corresponding neural network decoupling 

control algorithms are shown in equations, 

respectively. 
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Figure. 2 Neural network decoupling control process 
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Where: 
 u k

 represents the input value. W  

represents the matrix of coefficients to be found. B  

represents the correspondence matrix of pulse 

function. 0
A

 represents the sequence matrix of pulse 

function. k 1
U

  represents the input matrix before 

time k . D  represents the predicted output. 

   
0 k 1 w
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Where: 
 ky

 represents the output value. 

2.3 Algorithm optimization based on BSA 

BP neural network is a multi-foot feedforward 

neural network algorithm that is trained according 

to the error back propagation algorithm [14]. PMV 

index is a comprehensive index to evaluate whether 

the surrounding environment is comfortable for the 

human body. Aiming at the shortcomings of BP 

neural network in PMV value prediction, such as 

the slow convergence speed and low prediction 

accuracy, this paper chooses a global optimization 

BSA with fast convergence speed and higher 

accuracy to optimize it to establish a PMV 

prediction model with better effects. Using the 

characteristics of strong global search ability and 

good stability performance of the BSA algorithm, 

the initial weight threshold of the BP neural 

network is optimized. Each set of decision variables 

involved is included by the individual spatial 

position. The mean square error of the sample is 

used as the fitness function to judge the pros and 

cons of the corresponding spatial position. At the 

same time, the BSA algorithm is used to 

continuously update the individual spatial position 

to obtain the optimal solution of the problem to be 

optimized. Grid training is performed on the BSA-

optimized BP neural network, and the optimal PMV 

index prediction model will be obtained after the 

end. 

The parameters of the fuzzy PID controller are 

dependent on multiple debugging and experience. 

Therefore, a quantization factor (Ke) and scale 

factor (Kp, Ki, Kd) with a variety of the fuzzy PID 

optimized by the BSA algorithm are selected. The 

overall performance index is used as a fitness 

function to judge the pros and cons of the spatial 
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position, and the best solutions of the quantization 

factor and the scale factor are obtained. The process 

of the fuzzy PID control algorithm based on BSA 

optimization is shown in Figure 3. 

Start
BSA algorithm 

generating solution 

Update individual location 

with BSA algorithm 

Meet termination 

conditions 
End

Quantification factor and 

scale factor assignment 

Operation control 

system 

Performance index 

output 

YN

 
Figure. 3 BSA-fuzzy PID optimization algorithm control process 

 

3 RESULTS AND DISCUSSION 

3.1 Traditional temperature control 

strategy 

At present, the common air conditioning control 

system for temperature and humidity is the 

traditional temperature control, and the control 

parameters include temperature and humidity. The 

indoor initial temperature is set to 16°C, and the 

expected temperature value reaches 20°C by the 

VAV system control. For conventional PID control 

and neural network controller, MATLAB 7.0 is 

used for simulation analysis. Among them, the air 

conditioner operation diagram of the conventional 

PID control and neural network control mode 

simulation is shown in Figure 4. 
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Figure. 4 Simulation of air-conditioning operation under conventional PID and neural network control modes 

 

As can be seen from the above figure, the indoor 

temperature rises from 16°C to 20°C and reaches 

the target temperature. After the overall temperature 

rises and falls, the room temperature is kept in a 

stable state, and the total time consumed is 23 

minutes. In contrast, the same process under the 

control of the neural network mode consumes a 

shorter total time, approximately 10 minutes in 

duration.  

Simulation analysis results show that using 

conventional PID to control temperature, the entire 

change process shows a long transition time, slow 

convergence speed, and too large maximum 

overshoot. The heating process is accompanied by 

energy consumption. The need to control the 

expected temperature cannot be achieved quickly. 

In the neural network control mode for temperature 

control, the transition time of the heating process is 

shorter than that of the conventional PID control, 

showing a faster convergence speed. However, 

there are also two overshoots in the process at the 

same time, and this phenomenon will still cause 

resource consumption and waste. Therefore, no 

matter it is the conventional PID control mode or 

the neural network control mode, it has its 

shortcomings in the control of the VAV central air-

conditioning system, and cannot achieve the 

expected effect well. Thus, it is necessary to 

optimize or extend the conventional PID control 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 2/2020 

63 

algorithm and neural network control algorithm on 

this basis. 

3.2 Temperature and humidity control 

strategy of VAV air conditioner 

The central air-conditioning system is complex, 

which belongs to a multi-variable system in fact. In 

the control of its air conditioning system, 

temperature and humidity are the main control 

parameters. Aiming at the strong coupling 

phenomenon of temperature and humidity, the 

decoupling control algorithm based on neural 

network is used to realize the decoupling processing 

of temperature and humidity of the multi-variable 

central air-conditioning system. The temperature 

preset value and humidity preset value are changed, 

respectively. The initial temperature is set to 22°C 

and the initial humidity is set to 70%. Relying on 

MATLAB 7.0, the simulation analysis of 

decoupling control is completed, as shown in Figure 

5 and Figure 6. 
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Figure. 5 Temperature simulation curve for changing preset values of temperature and humidity 
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Figure. 6 Temperature simulation curve for changing preset values of temperature and humidity 

 

From the simulation analysis of the decoupling 

control of the temperature and humidity of the VAV 

central air-conditioning system, it is found that the 

time of entire process for reducing the room 

temperature from 35°C to 22°C is 9 minutes in 

total, and the total time of entire process for 

reducing the humidity from 92% to 70% is 7 

minutes. Both remain within a relatively stable 

range thereafter. In 15-18 minutes, the set value of 

the temperature is slightly changed to 25°C and 
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returned to the initial set value of 22°C. It is found 

that the temperature rises to the target temperature 

and quickly drops back. In contrast, the fluctuation 

of the humidity curve over the same period of time 

is minimal. Within the range of 22-25 minutes, the 

set value of the humidity is slightly changed to 76% 

and returned to the initial value of 70%. The 

controller's control of humidity also reaches the 

target value within a short time range and it quickly 

returns to the initial set value. In this section, the 

temperature curve has almost no fluctuations. 

The entire regulation process reflects that after 

the temperature reaches the target set value, the 

process of raising and dropping back the 

temperature within a specific time range has little 

effect on the humidity change. The humidity rising 

and dropping based on the same method have little 

effect on the temperature change. It can be seen that 

based on the neural network controller, the 

temperature and humidity of the VAV central air-

conditioning system can be reasonably regulated, 

and the decoupling effect is significant, reaching the 

expected result. Also, this decoupling control 

strategy has a very good effect on the realization of 

control objectives. From the perspective of system 

structure, the central air-conditioning system 

belongs to a multiple-input multiple-output mode, 

aiming at the shortcomings of the conventional PID 

control mode and the neural network control mode. 

Based on the decoupling control strategy 

established by the neural network, the temperature 

and humidity decoupling processing are 

implemented on the multi-variable central air-

conditioning system, which simplifies the multi-

variable system control and has a good effect in the 

VAV air-conditioning system control. After the 

temperature and humidity of the air conditioner are 

decoupled, the effective control of multiple 

independent operation loop modes can be 

completed, which is greatly significant in improving 

the operating efficiency and load capacity of the 

central air conditioning system. It helps to achieve 

precise control of the VAV air conditioning system 

and determine the optimal working state of the 

central air conditioner. It can also improve the anti-

interference ability of the air-conditioning system 

and achieve the stability of the VAV central air-

conditioning system control, to reach the synergistic 

effect of saving energy and improving comfort. It 

provides a good foundation for the application and 

development of intelligent building systems. Also, it 

is an effective method for maintaining the stable 

operation of the VAV central air-conditioning 

system. 

3.3 Thermal comfort control strategy based 

on PMV index 

The VAV control system has various impact 

factors, not just the two control parameters of 

temperature and humidity. The real-time changes in 

each impact index are monitored in real-time. The 

optimization of the BP neural network is completed 

by using BSA, and the PMV index prediction model 

is constructed. The air temperature and air velocity, 

which have a great influence on the PMV value and 

can achieve precise control, are used as the control 

variables of the thermal comfort control system. 

Based on the PMV prediction model, the BSA-

optimized fuzzy PID controller is used to control 

the thermal comfort by adjusting the air-

conditioning temperature and air velocity. The 

results obtained by MATLAB 7.0 simulation 

analysis are shown in Figures 7-8. 
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Figure. 7 Temperature simulation curve under PMV control 
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Figure. 8 Airflow velocity simulation curve under PMV control 
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Figure. 9 Simulation analysis of PMV value under PMV control 

 

It can be seen from the simulation analysis of 

PMV control that the fuzzy PID controller 

optimized by BSA is effective for the thermal 

comfort control of the VAV central air-conditioning 

system. The room temperature is stable in the range 

of 24-26℃, while the airflow velocity is stable in 

the range of 0.08-0.10m/s, and the PMV value is 

stable in the range of 0.49-0.51. 

It can be seen that the PMV prediction model 

constructed by the BP neural network optimized by 

BSA can achieve the expected convergence effect 

after a certain number of iterations. After 

optimization, the problems of low prediction 

accuracy and slow convergence speed of the BP 

neural network have been significantly improved. 

At the same time, the construction of the prediction 

model improves the problem of large computation 

in the conventional PMV calculation process and 

can be used in the real-time control system. The 

optimized fuzzy PID controller is efficient for 

improving indoor comfort, and thermal comfort 

meets ISO comfort standards. Thermal comfort is a 

state of consciousness in which the human body is 

subjectively satisfied with the current thermal 

environment. In addition to temperature and 

humidity, factors that affect the thermal comfort of 

the indoor environment include airflow velocity, 

average radiant temperature, human metabolic rate, 

and clothing thermal resistance. Traditional 

temperature control ignores the effects of other 
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factors. Thus, it cannot meet people's requirements 

for comfort. The PMV is a comprehensive index, 

and each relevant factor interacts and correlates. 

However, the factors involved in the human body 

are highly variable and unpredictable. There are 

couplings among other impact factors such as air 

temperature, relative humidity, airflow velocity, and 

average radiant temperature. The humidity has a 

relatively small effect on PMV values. At the 

current stage of development, precise control of the 

average radiant temperature is not yet achieved. 

Under comprehensive consideration, this paper 

takes temperature and airflow velocity as control 

variables and thermal comfort control based on the 

PMV index monitors the changes of various impact 

factors in real-time. Then, the PMV value is 

obtained by the prediction model, and various 

parameters under a reasonable combination of 

temperature and airflow velocity are adjusted. It can 

make the indoor environment comfortable and 

achieve the purpose of saving energy. 

4 CONCLUSIONS 

This paper starts from the traditional air-

conditioning control system based on the intelligent 

algorithm and studies the control strategy of the 

VAV central air-conditioning system. After 

comparing and analyzing the simulation operation 

of the air conditioner of the conventional PID 

control and neural network control, a decoupling 

control strategy based on neural network is 

established for existing shortcomings. Based on the 

BSA-optimized PMV prediction model, the air-

conditioning thermal comfort control strategy was 

constructed. 

From the results of MATLAB 7.0 simulation 

analysis, it is found that compared with 

conventional PID control, the VAV air conditioning 

system under the neural network control mode has 

the characteristics of relatively short transition time 

and fast convergence speed. However, both of them 

have the problem of overshoot and bring energy 

consumption. The decoupling control strategy based 

on neural network control realizes the reasonable 

regulation of the temperature and humidity of the 

VAV central air-conditioning system. The 

decoupling process improves the operating 

efficiency, load capacity and anti-interference 

ability of the central air conditioner, and has 

obvious results in terms of comfort and energy 

saving. The BSA-optimized fuzzy PID controller 

has achieved remarkable results in the thermal 

comfort control of the VAV central air conditioner, 

and the goals of energy saving and environmental 

comfort. 
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