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Abstract: As a large-scale power-consuming device, how to reduce the energy 

consumption of central air-conditioning is very practical. It is necessary to improve the 

energy efficiency of the whole central air-conditioning system and reduce the energy 

consumption of the whole system. This requires research on energy-saving control of 

central air-conditioning systems. In this paper, by analyzing the physical mechanism 

of energy consumption of central air-conditioning and combining with the historical 

data of the actual use of central air-conditioning in a shopping mall, we obtained the 

quantitative relationship between various parameters of central air-conditioning 

through data analysis, and based on this, established the corresponding optimal 

control model and solved it. First, we preprocessed the measured data and processed 

the outliers in the data. Then, we use the speed of the three devices as the decision 

variable, and establish the optimization model using the system efficiency and energy 

consumption as the performance indicators. Based on the formula of the system 

efficiency and power consumption obtained at the beginning, the constraint conditions 

are established, and the optimal control strategy at different times is obtained by 

solving the optimization model cyclically. Compared with the original data, the energy 

consumption of the optimal control strategy is reduced by 14.13% on average. Finally, 

considering the influence of the state parameters of the three controllable variables 

on the objective function, the system efficiency and power consumption are optimized 

by adjusting the state parameters, and the power consumption is reduced by 18.77% 

on average. 

 

Keywords: Optimization; central air conditioner; multiple regression; energy-saving. 

 

1. Introduction 

With the improvement of living standards, people's requirements for indoor livable 
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environment are getting higher and higher, which leads to the increasing energy 

consumption of buildings and attracts the attention of management departments and 

the public [1]. In the context of global warming and air-conditioning technology 

advancement, large buildings have generally begun to use central air-conditioning 

systems to regulate and control indoor temperature and humidity, especially in the 

process of advancing the construction of “smart cities” by the central government [2]. 

How to realize the intelligent control and energy saving optimization of central air-

conditioning system has become one of the important research topics of smart city 

construction [3]. Moreover, the research on the optimal control strategy of central air-

conditioning systems has provided important guidance for many fields such as 

environmental protection, people's livelihood and energy. As is shown in the Figure 

1[4], it is a diagram of the operation mode of a central air conditioner.  

 

 

Figure 1. Central air conditioning operation diagram 

Due to the large energy consumption of the central air-conditioning system installed 

in practice, some researchers try to introduce the optimal control theory into the 

system control in order to reduce the operating cost of the system to the greatest 

extent and minimize the energy consumption [5-7]. For example, Kaya previously 

studied the minimum energy consumption control method for HVAC systems [8], and 

Braun have achieved optimal control of air conditioning chilled water systems and 

chillers [9-10]. Considering the high nonlinearity of the air conditioning system and 

the strong coincidence between temperature and humidity, Zhu Xiaodong studied the 

problem of the control of the variable air volume air conditioning system using the 

relative gain analysis method [11]. The most striking is the application of fuzzy control 

in the air conditioning automatic control system [12-13]. For example, Panasonic, 

Mitsubishi and other companies have applied fuzzy control technology and achieve 
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success in the field of home air conditioners and central air conditioners [14-15]. There 

are also someone using fuzzy controllers and self-learning fuzzy controllers to conduct 

in-depth research on the control system of air conditioning units, and get better 

simulation results [16-17]. For example, based on the multi-input and multi-output 

characteristics of air-conditioning units，Albert analyzed the dynamic characteristics 

and energy consumption of air conditioning units with fuzzy controllers and PID 

controllers [18-19]. The results show that the fuzzy control based on expert experience 

rules has better control effect and lower energy consumption than PID control [20]. 

There are a large number of researches on air conditioning systems based on fuzzy 

control in China [21-25]. 

In Section 3.2, we use the rotational speed of three kinds of equipment as the decision 

variable, and establish the optimization model with system efficiency and energy 

consumption as performance indicators. A model of the relationship among cooling 

load, power consumption, system efficiency, controllable variables and uncontrollable 

variables is established in turn. According to the operation time of central air-

conditioning, outdoor temperature, outdoor humidity, cooling load and equipment 

status information, the optimal control strategy of controllable variables (cooling pump 

speed, condensate pump speed and cooling tower fan speed) was obtained through 

analysis, so as to minimize the total power consumption and maximize the efficiency 

of the system. In section 3.3, we analyze the optimal control of all equipment status 

variables based on the operating time of the central air conditioner, outdoor 

temperature, outdoor humidity, cooling load and controllable variables (cold water 

pump speed, condensate pump speed and cooling tower fan speed), so as to minimize 

the total power consumption and maximize the efficiency of the system. 

 

2. Data analysis and preprocessing 

2.1 Outlier processing 

In the process of collection and transmission of measurement data, individual data 

may be inconsistent with reality or lost due to environmental interference or human 

factors, and such data is called outliers [4, 26]. In order to ensure the objective 

authenticity of the data and make the analysis results have higher reliability, it is 

necessary to eliminate the outliers in the original data in advance. 

In addition, whether it is manually observed data or data acquired by the data 

acquisition system, it is inevitable to superimpose "noise" interference (reflected on 

the curve graph is some "burrs and spikes"). In order to improve the data quality, it 

is necessary to smooth the data (de-noise interference). We used the data smoothing 

method to deal with the outliers in the original data, including box method, Gaussian 

window method and exponential method. 
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The basic formula of the exponential smoothing method is: 

                                                           (1) 

Where 𝑆𝑡 is the smoothed value of time t; 𝑦𝑡 is the actual value of time t; 𝑆𝑡−1 is the 

smoothed value of time t-1; α is the smoothing constant, which has a value range of 

[0, 1]. 

This data is derived from the operational data of the central air conditioning in a mall. 

Taking the data of the cold water pump speed column as an example, the data is 

processed to obtain the following figures. 

 

 

Figure 2. Raw data 

 

Figure 3. Box method smoothing data 

 

Figure 4. Gaussian window method smoothing data 

1· (1 )t t tS y S  −= + −
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Figure 5. Index method smoothing data 

 

2.2 Multiple regression analysis 

In this section, we will explore the relationship among cooling load, system efficiency, 

power consumption, controllable variables and uncontrollable variables in air 

conditioning systems and their reliability tests. Firstly, the working principle of the air 

conditioning system is expounded and the relationship among cooling load, system 

efficiency, power consumption, controllable variables and uncontrollable variables is 

explained from the physical point of view. Then, the coefficients of controllable and 

uncontrollable variables model are solved by data analysis method, and the 

relationship between various indexes in the system is obtained. Considering that the 

other losses of the central air conditioner during use are relatively large, the physical 

theoretical model does not directly indicate the relationship of various indexes and 

there is still a large error. Therefore, the central air conditioning physical model in this 

paper is only for reference. We will establish a multiple regression model based on the 

physical model to analyze the relationship between each variable and the power 

consumption of central air conditioner [27-30]. 

Through analysis, the relationship among the cooling load of the central air 

conditioning system, the controllable variables and uncontrollable variables is obtained 

as follows: 

41.369 49.738 0.377

3.111 3.995 0.172

0.289 0.078 169.038

chr chs ch

cws cwr cw

chw ct

L t t v

t t p

p p

= − +

− + +

− + −

                          (2) 

Where L is the cooling load of the system.𝑡𝑐ℎ𝑟 is the water temperature flowing into 

the cooling device. 𝑡𝑐ℎ𝑠 is the water temperature flowing out of the cooling device. 𝑣𝑐ℎ 

is the water velocity flowing into and out of the cooling device. 𝑡𝑡𝑤𝑠 is the water 

temperature flowing into the condensing device. 𝑡𝑐𝑤𝑟 is the water temperature flowing 

out of the condensing device. 𝑝𝑐𝑤 is the rotational speed of the condensate pump. 

𝑝𝑐ℎ𝑤 is the rotational speed of the cold water pump. 𝑝𝑐𝑡 is the rotational speed of the 

cooling tower. 

Among them, the goodness of fit R2=0.994 and the fitting effect is very good, 
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indicating that the relationship among the system cooling load, the controllable 

variables and uncontrollable variables is reliable. 

In addition, the relationship among power consumption, controllable variables and 

uncontrollable variables is as follows: 

15.112 22.615 0.179

2.456 3.026 0.01

0.007 0.176 0.203

164.068

chr chs ch

cws cwr cw

cw chw ct

S t t v

t t v

p p p

= − +

+ + +

+ + +

−

                                 (3) 

Where 𝑆  is the power consumption of the system. 𝑡𝑐ℎ𝑟  is the water temperature 

flowing into the cooling device. 𝑡𝑐ℎ𝑠 is the water temperature flowing out of the cooling 

device. 𝑣𝑐ℎ is the water velocity flowing into and out of the cooling device. 𝑡𝑡𝑤𝑠 is the 

water temperature flowing into the condensing device. 𝑡𝑐𝑤𝑟 is the water temperature 

flow out of condensing device. 𝑣𝑐𝑤 is the water velocity flowing into and out of the 

condensing device. 𝑝𝑐𝑤 is the rotational speed of the condensate pump. 𝑝𝑐ℎ𝑤 is the 

rotational speed of the cold water pump. 𝑝𝑐𝑡 is the rotational speed of the cooling 

tower. 

The goodness of fit of model (3) is R2=0.990, which indicates that the model can also 

reflect perfectly the relationship among power consumption, controllable variables and 

uncontrollable variables. 

According to the data and working principle of the central air conditioning system, the 

relationship among system efficiency, power consumption and the cooling load of the 

system can be obtained as follows: 

S
E

L
=                                                     (4) 

Where E is the system efficiency; S is the system power consumption; L is the system 

cooling load. 

 

3. Central air conditioning optimization model construction 

3.1 Description of the problem 

On the one hand, based on the operational characteristics of central air-conditioning, 

we will establish models of the relationship among cooling load, power consumption, 

system efficiency, controllable variables and uncontrollable variables. On the other 

hand, according to the time, outdoor temperature, outdoor humidity, cooling load and 

equipment status information during the operation of central air-conditioning, the 

optimal control strategy of controllable variables (cold water pump speed, condensate 

pump speed and cooling tower fan speed) will be obtained through analysis, so as to 

minimize the total power consumption and maximize the efficiency of the system. 

Furthermore, according to the value of running time of central air-conditioning, 

outdoor temperature, outdoor humidity, cooling load and controllable variables (cold 
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water pump speed, condensate pump speed and cooling tower fan speed), the optimal 

control strategy of all equipment state variables was obtained through analysis, so as 

to minimize the total power consumption and maximize the efficiency of the system. 

 

3.2 Optimization model using equipment rotational speed as decision variable 

Figure 6 shows the control principle of a central air conditioning system. Among them, 

the value of system cooling load is fluctuating [31-32]. To change the value of system 

cooling load from one minute to the next minute, some controllable variables need to 

be controlled, and finally the optimal control strategy for each minute is obtained. 

 

Figure 6. Control principle of central air conditioning system 

According to the system efficiency expression (4), the system power consumption is 

proportional to the system efficiency, and its meaning is the power consumption of 

per unit system output power. Since the system efficiency needs to be as small as 

possible, the optimal control strategy can be solved by establishing an optimization 

model with the lowest system power consumption. 

1 41.369 49.738 0.377 3.111 3.995 169.038chr chs ch cws cwrf L t t v t t= − + − + − +                 (5)

2 15.112 22.615 0.179 2.456 3.026 0.01 164.068chr chs ch cws cwr cwf t t v t t v= − + + + + −             (6) 

Substituting (5) into Eq. (2) and substituting (6) into Eq. (3), the obtained relation is 

as follows: 

2 0.007 0.176 0.203cw chw ctS f p p p= + + +                        (7) 

1 0.172 0.289 0.078cw chw ctf p p p= − +                                 (8) 

Where L is the cooling load of the system, S is the power consumption of the system, 

𝑝𝑐𝑤 is the speed of the condensate pump, 𝑝𝑐ℎ𝑤 is the speed of the cold water pump, 

𝑝𝑐𝑡 is the speed of the cooling tower. 

As shown in (9), the minimum power consumption of the system is the objective 

function, where f2 is the value calculated by Eq. (8). 𝑝𝑐𝑤 is the rotational speed of the 
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condensate pump, 𝑝𝑐ℎ𝑤 is the rotational speed of the cold water pump, and 𝑝𝑐𝑡 is the 

rotational speed of the cooling tower, which are the variable of the objective function. 

2min 0.007 0.176 0.203cw chw ctS f p p p= + + +                       (9) 

The rotational speeds of the cold water pump, the condensate pump and the cooling 

tower are constrained by their range of values. The constraint type is as shown in (10), 

where 𝑝𝑐𝑤, 𝑝𝑐ℎ𝑤 and 𝑝𝑐𝑡 are the rotational speeds of the condensate pump, the cold 

water pump, and the cooling tower. 

0 , , 100cw chw ctp p p                                 (10) 

The rotational speeds of the cold water pump, the condensate pump, and the cooling 

tower are constrained by the cooling load, and the constraint type is as shown in (11), 

where 𝑓1 is the value calculated by the Eq. (5). 

1 0.172 0.289 0.078cw chw ctf p p p= − +                    (11) 

An optimization model for optimizing power consumption is established based on the 

objective function and constraints: 

2min 0.007 0.176 0.203cw chw ctS f p p p= + + +                       (12) 

s.t. 

1

, , 100

, , 0

0.172 0.289 0.078

chw cw ct

chw cw ct

cw chw ct

p p p

p p p

f p p p





 = − +

                       (13) 

Where S is the power consumption of the system; 𝑝𝑐𝑤 is the rotational speed of the 

condensate pump; 𝑝𝑐ℎ𝑤 is the rotational speed of the cold water pump; 𝑝𝑐𝑡 is the 

rotational speed of the cooling tower. 

The solving result of the model is the optimal control strategy of the controllable 

variable. Through the MATLAB software solution, the 88840 group optimized 

controllable variables are obtained. Substituting the controllable variable into Eq. (3) 

and comparing it with the actual power consumption (Figure 7), it can be seen that 

the optimal control strategy has a certain optimization effect on the power 

consumption. In order to verify whether the optimization strategy of the controllable 

variable optimizes the power consumption of the system, we compare the total power 

consumption in the data table with the optimized total power consumption. It is found 

that after using the optimal control strategy, the total power consumption of the 

system is reduced by 14.13%. 

The obtained controllable variables are substituted into Eq. (4) to obtain the optimized 

system efficiency. The optimized efficiency is then compared with the actual system 

efficiency (Figure 7). The average efficiency of the optimized system decreased by 

18.47%. 

Based on the data on December 20, we used algorithm to optimize the control of the 

central air conditioning under given conditions, and obtained the rotational speed, 
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system efficiency and total power consumption of each device on December 20.Part 

of the data is shown in the Table 1. 

 

  

Figure 7. Comparison of the value of the system power consumption  

optimization with the actual value 

 

Figure 8. Comparison of optimized system efficiency and raw data 
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Table 1.  Rotational speed, system efficiency and total power consumption under 

optimal control strategy (partial data) 

Time 
Cold water 

pump speed 

Condensate 

pump 

speed 

Cooling 

tower fan 

speed 

Optimized 

system 

efficiency 

Optimized 

power 

consumption 

12/20 

0.00 
1.6977 14.3784 99.5847 48.76 32.9764 

12/20 

0.01 
2.1233 77.1115 78.1134 57.29 38.4228 

12/20 

0.02 
1.6451 45.1476 90.5516 51.54 35.2961 

12/20 

0.03 
2.5855 93.3259 71.6275 57.03 40.0537 

12/20 

0.05 
0.0267 31.2967 60.8018 56.46 39.4541 

12/20 

0.06 
0.2239 40.1142 97.0350 48.64 33.4227 

12/20 

0.07 
1.0575 84.4849 93.4936 50.28 35.4908 

12/20 

0.08 
4.9545 26.5183 98.7828 56.94 38.3837 

12/20 

0.09 
2.0946 91.3227 95.7394 53.37 35.7711 

 

3.3 Optimization model when the decision scalar is all device state variables 

The central air conditioning system generally includes three sets of cooling devices, 

two cooling towers, three condensate pumps and four cold water pumps. The actual 

operating data of the central air conditioner selected in this paper only contains two 

sets of cooling devices, two cold water pumps, three condensate pumps and two 

cooling towers (generating energy consumption), and the remaining one cooling 

device and two cold water pumps are standing ready for use. The power consumption 

of the system can be obtained according to the power consumption of the cooling 

device, the cold water pump, the condensate pump and the cooling tower. The 

relationship model was obtained by regression analysis of consumed power, 

controllable variables and uncontrollable variables of cooling device, cold water pump, 

condensate water pump and cooling tower. The objective function and constraints are 

established by combining the above relational model and the expression of power 

consumption, and then the model formula is solved. 



Volume 6 Issue 8 2019 

   21 

By analyzing the data of central air conditioning, another formula of power 
consumption can be obtained as follows: 

9

1

i

i

S w
=

=                                        (14) 

Where S is the power consumption of the system; 𝑤𝑖 is the consumed power of each 

component of the system. 

 

1

2

13.073 19.453 0.129 15.812 15.164 0.045 0.221 0.756 0.205 131.43

25.919 39.433 0.044 16.636 10.085 0.044 0.266 0.664 0.216 48.664

chr chs ch cws cwr cw cw chw ct

chr chs ch cws cwr cw cw chw ct

w t t v t t v p p p

w t t v t t v p p p

w

= − + + − + + − − − −

= − + + − − + + + −

3

4

5

0.488 0.927 0.006 0.19 0.096 0.002 0.018 0.664 0.009 4.149

0.234 0.643 0.001 0.474 0.369 0.001 0.004 0.076 0.007 3.347

0.904

chr chs ch cws cwr cw cw chw ct

chr chs ch cws cwr cw cw chw ct

chr

t t v t t v p p p

w t t v t t v p p p

w t

= − + + − + + + + − −

= − + + − − + + + +

= −

6

7

0.937 0.007 0.604 0.546 0.007 0.038 0.064 0.003 2.421

0.915 0.868 0.003 0.864 0.874 0.002 0.083 0.004 2.808

0.159 0.135 0.002 0

chs ch cws cwr cw cw chw ct

chr chs ch cws cwr cw cw chw

chr chs ch

t v t t v p p p

w t t v t t v p p

w t t v

− + − + − + − −

= − + − − + + + + +

= − + +

8

9

.202 0.208 0.001 0.002 0.003 0.432

1.46 1.63 0.003 1.362 1.537 0.001 0.027 0.017 0.118 7.883

1.309 1.288 0.003 1.042 1.199 0.00

cws cwr cw cw chw

chr chs ch cws cwr cw cw chw ct

chr chs ch cws cwr

t t v p p

w t t v t t v p p p

w t t v t t

− − − − −

= − + + − − − + + +

= − + + − + 1 0.049 0.021 0.084 3.689cw cw chw ctv p p p














 − + + +

    (15) 

Where 𝑤1 is the power consumed by the first cooling device at time t, 𝑤2 is the power 

consumed by the second cooling device at time t, 𝑤3 is the consumed power of the 

first cold water pump at time t, and 𝑤4 is the consumed power of the second cold 

water pump at time t, 𝑤5 is the power consumed by the first condensate pump at time 

t, 𝑤6 is the power consumed by the second condensate pump at time t, 𝑤7 is the power 

consumed by the third condensate pump at time t, 𝑤8 is the power consumed by the 

first cooling tower at time t, 𝑤9 is the power consumed by the second cooling tower 

at time t. 

The goodness of fit R2 of the nine models in Eq. (15) is shown in Table 2. The results 

show that the nine models are generally reliable. 

Table 2. The goodness of fit of nine models 

Serial number R2 

1 0.842 

2 0.715 

3 0.836 

4 0.684 

5 0.941 

6 0.975 

7 0.599 

8 0.586 

9 0.619 

As shown in Eq. (16), the minimum power consumption of the system is the objective 

function, where 𝑤𝑖 is the value calculated by Eq. (17), and 𝑦𝑖 is the status information 

of the equipment system. The value of 𝑦𝑖 is 1 in the open state and 0 in the closed 

state. 
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9

1

min i i

i

S w y
=

=                                       (16) 

The value of the device status information 𝑦𝑖  must be guaranteed to be only 0 or 1, 

and the constraint is established as shown in Eq. (17). 

(1 ) 0i iy y− =                                         (17) 

It must be ensured that at least one group of two sets of cooling devices, two cold 

water pumps, three condensate pumps and two cooling tower equipment are working. 

As shown in Eq. (18), constraint are established, where 𝑦1 and 𝑦2 are the switch state 

of two sets of cooling devices. 𝑦3 and 𝑦4 are the switch state of two cold water pumps, 

𝑦5,𝑦6 and 𝑦7 are the switch state of three condensing water pumps, 𝑦8 and 𝑦9 are the 

switch state of the two cooling towers. 

1 2

3 4

5 6 7

8 9

1

1

1

1

y y

y y

y y y

y y

+ 


+ 


+ + 
 + 

                                (18) 

The optimization model is established according to the objective function and 

constraints: 

9

1

min i i

i

S w y
=

=                                 (19) 

s.t. 

1 2

3 4

5 6 7

8 9

(1 ) 0

1

1

1

1

i iy y

y y

y y

y y y

y y

− =


+ 



+ 
 + + 

 + 

                                  (20) 

Where S is the power consumption of the system; 𝑤𝑖 is the consumed power of each 

component of the system; 𝑦𝑖 is the device status information, of which the value is 1 

when the state is open, and the value is 0 when the state is closed; 

Since the model is a mixed integer nonlinear programming problem, it is usually 

difficult to solve it. Therefore, it is necessary to simplify the model to ensure the 

optimal solution of the model can be obtained. Next, we separate the mixed integer 

constraint parts into a nonlinear optimization problem. 

Since the model has 9 switches, there are 29 = 512 cases if the specific cases of each 

switch are not considered. As required in the paper, at least one of each type of 

equipment is kept in operation when the central air conditioner works, so the 

dimensionality of 512 cases need to be reduced and there are 3 × 3 × 3 × 7 = 189 

cases. In this way, we can analyze each switch case separately, and compare the 
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power consumption of each method and select better results, so as to obtain the 

relative optimal control strategy. 

The advantage of this method is not only that the coding difficulty is greatly reduced, 

but also the time complexity is well reduced. A mixed integer nonlinear problem is 

transformed into a nonlinear problem. 

The established optimization model is solved by MATLAB, we take the variable data of 

December 20, such as time, outdoor temperature, humidity, cooling load, cold water 

pump rotational speed and cooling tower fan rotational speed as known quantities, 

and obtain the optimal control strategy through simulation algorithm. Partial data is 

shown in Table 3, and the comparison of power consumption of the optimal control 

strategy and the actual power consumption is obtained (Figure 8). It can be concluded 

that the total power consumption of the system decreased by 18.77% on average. 

 

Figure 8. Comparison of optimized power consumption and actual power 

consumption 

Table 3. Device state under optimal control strategy(partial data) 

Time 

Cooling 

equipment 

Cold water 

pump 
Condensate pump Cooling tower 

① ② ① ② ① ② ③ ① ② 

7:50 1 0 0 1 0 0 1 1 0 

7:51 1 0 0 1 0 0 1 1 0 

7:52 1 0 0 1 0 0 1 0 1 

7:53 1 0 0 1 0 0 1 1 0 
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7:54 0 1 0 1 0 0 1 1 1 

7:55 0 1 0 1 0 0 1 1 1 

7:56 0 1 0 1 0 0 1 0 1 

7:57 1 0 0 1 0 0 1 0 1 

7:58 0 1 0 1 0 0 1 0 1 

7:59 1 0 0 1 0 0 1 0 1 

The optimal control strategy of equipment status information is substituted into Eq. 

(4) to calculate the optimized system efficiency, which is compared with the system 

efficiency in the raw data (Figure 9). It can be concluded that the system efficiency 

has dropped by an average of 18.67%. 

 

Figure 9. Comparison of optimized system efficiency and raw data 

It can be seen from the comparison of power consumption and system optimization 

data with the raw data that the optimal strategy of equipment status control 

information obtained by the optimization model has certain optimization effects to the 

system. 

 

4. Conclusions and prospects 

The running efficiency of central air-conditioner is closely related to the rotational 

speed of cold water pump, condensate water pump and cooling tower fan. These 

three variables can be controlled in the central air-conditioning system. In this paper, 

under the premise of stable room temperature, the optimization control idea is 

adopted to regulate these three variables to maximize the efficiency of the system. 
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On this basis, the objective function is added to minimize the power consumption rate 

of the whole system. The specific values of the three controllable variables are 

obtained through calculation, and the system efficiency of the whole central air-

conditioning system is maximized, and the power consumption of the system is lower 

than the previous one. 

As the current central air-conditioning system in China is designed to meet the 

maximum demand of users, its power consumption generally accounts for more than 

50% of the total power consumption of the entire building, which is not only inefficient, 

but also causes serious energy waste. In this paper, the operating process of the air 

conditioning system and the characteristics of energy consumption of each link of the 

equipment are analyzed. The operation methods of the on-line optimization system 

are proposed, which can reduce the energy consumption of the system. For the 

modeling problem of central air conditioning system optimization, we use the 

rotational speed of three kinds of equipment as the control variable and use system 

efficiency and energy consumption as performance indicators to establish the 

optimization model. According to the system efficiency formula and power 

consumption formula obtained in section 3.2, the constraints are established, and the 

optimal control strategy is obtained at different times by solving the optimization 

model cyclically. Compared with the raw data, the energy consumption of the optimal 

control strategy is reduced by 14.13%. Based on the conclusions in section 3.2, 

considering the influence of the state parameters of the three controllable variables 

on the objective function, the system efficiency and power consumption are optimized 

by adjusting the state parameters. Through a series of analysis, the mixed 0-1 

nonlinear programming model is established. In the process of solving the problem, 

we use the idea of dimensionality reduction to reduce the dimensionality of the model 

and transform it into a nonlinear programming problem. The time complexity of the 

model is optimized to the space complexity. Four constraints are given in 3.3, and 

then we add them to the model. The model is solved by a similar idea to achieve a 

relatively optimal result under switch control. Then by switch control, we get a 

relatively better result of the problem. After the comparative analysis of the original 

conclusion, it is found that our control strategy can save energy. 

 

References 

[1] Chen, Q.; Wang, Y.F.; Xu, Y.C.: A thermal resistance-based method for the optimal design 
of central variable water/air volume chiller systems. Applied Energy, vol.139, p.119–130. 
(2015) 

[2] Zeng, Y.; Zhang, Z.; Kusiak, A.: Predictive modeling and optimization of a multi-zone 
HVAC system with data mining and firefly algorithms. Energy, vol.86, p.393–402. (2015) 

[3] Ling F.: Comprehensive Energy Efficiency Optimization of Central Air Conditioning System 
Based on Heat Transfer Model (Ph.D. Thesis. Zhejiang University, China 2012).p.5 



Volume 6 Issue 8 2019 

   26 

[4] Montgomery R.: Fundamentals of HVAC Control Systems. (2008) 
[5] Leephakpreeda, T.: Grey prediction on indoor comfort temperature for HVAC systems. 

Expert Systems with Applications, vol.34, no.4, p.2284-2289. (2008) 
[6] Darure, T.; Puig, V.; Yamé, J.; Hamelin, F.; Wang, Y.: Distributed Model Predictive Control 

applied to a VAV based HVAC system based on Sensitivity Analysis. IFAC-Papers Online, 
vol.51, p.259–264. (2018) 

[7] Dos Santos Coelho, L.; Askarzadeh, A.: An enhanced bat algorithm approach for reducing 
electrical power consumption of air conditioning systems based on differential operator. 
Applied Thermal Engineering, vol.99, p.834–840. (2016) 

[8] Seem, J.E.: A new pattern recognition adaptive controller with application to HVAC 
systems. Automatic, vol.34, p.969–982. (1998) 

[9] Bi, Q.; Cai, W. J.; Wang, Q. G.: Advanced controller auto-tuning and its application in 
HVAC systems. Control Engineering Practice, vol.8, no.6, p.633-644. (2000) 

[10] Bingchang M.; Guozong Y.; Application of Parameter Self-tuning Fuzzy Controller in 
Central Air Conditioning Control System. Control theory and application. vol.16, no.1, 

p.25-29. (2009) 
[11] Xiaodong Z.; Xiangling L.: An Improved Fuzzy Identification Algorithm Based on Clustering. 

Journal of Harbin University of Science and Technology. vol.8, p.50-53. (2003) 

[12] Gao, Z.; Trautzsch, T. A.; & Dawson, J. G.: A stable self-tuning fuzzy logic control system 
for industrial temperature regulation. IEEE Transactions on Industry Applications, vol.38, 

no.2, p.398-424. (2002) 
[13] Kusiak, A.; Xu, G.: Modeling and optimization of HVAC systems using a dynamic neural 

network. Energy, vol.42, p.241–250. (2012) 
[14] Guo, Y.; Tan, Z.; Chen, H.; Li, G.; Wang, J.; Huang, R.; Liu, J.; Ahmad, T.: Deep learning-

based fault diagnosis of variable refrigerant flow air-conditioning system for building 

energy saving. Applied Energy, vol.225, p.732–745. (2018) 
[15] Gao, H.; Koch, C.; Wu, Y.: Building information modelling based building energy modelling: 

A review. Applied Energy, vol.238, p.320–343. (2019) 
[16] Badescu, V.; Staicovici, M.D.: Renewable energy for passive house heating: Model of the 

active solar heating system. Energy Building, vol.38, p.129–141. (2006) 
[17] Li, T.; Alavy, M.; Siegel, J.A.: Measurement of residential HVAC system runtime. Building 

Environment, vol.150, p.99–107. (2019) 

[18] Kusiak, A.; Li, M.; Tang, F.: Modeling and optimization of HVAC energy consumption. 
Appling Energy, vol.87, p.3092–3102. (2010) 

[19] Raich, A.; Çinar, A.: Statistical Process Monitoring and Disturbance Isolation in Multivariate 
Continuous Processes. IFAC Proc., vol.27, p.451–456. (2017) 

[20] Shahnazari, H.; Mhaskar, P.; House, J.M.; Salsbury, T.I.: Modeling and fault diagnosis 
design for HVAC systems using recurrent neural networks. Computers and Chemical 

Engineering, vol.126, p.189–203. (2019) 
[21] Rahman, M.M.; Rasul, M.G.; Khan, M.M.K: Energy conservation measures in an 

institutional building in sub-tropical climate in Australia. Applied Energy, vol.87, no.10, 

p.2994–3004. (2010) 
[22] Yingxu, W. Y. W.; Guofan, L. G. L.: A fuzzy controller with self-adjusting parameters and 

its application. Industrial Heating, vol.2, p.1494 - 1496. (2004) 
[23] Shiyong Y.: Fuzzy control, neural control and intelligent control theory. (1998) 

[24] Aiguo W.; Chunyan D.; Xiaoqiang S.: Application of Parameter Self-optimizing Fuzzy 
Controller in Central Air Conditioning Temperature Control System. Chinese Engineering 
Science. vol.11, p.84-87. (2004) 

[25] Jang, J.S.R.: Neuro-fuzzy modeling and control. Proc. IEEE, vol.83, no.3, p.378–406. 
(1995) 

[26] Wittenmark B.: Adaptive control: Implementation and application issues. Springer Berlin 
Heidelberg.vol.1, p.102-120. (1989) 



Volume 6 Issue 8 2019 

   27 

[27] Gunay, B.; Shen, W.; Newsham, G.: Inverse black box modeling of the heating and cooling 
load in office buildings. Energy Build, vol.142, p.200–210. (2017) 

[28] Faizollahzadeh Ardabili, S.; Mahmoudi, A.; Mesri Gundoshmian, T.: Modeling and 
simulation controlling system of HVAC using fuzzy and predictive (radial basis function, 

RBF) controllers. Journal of Building Engineering. vol.6, pp.301–308. (2016) 
[29] Jiang, Q.; Chen, J.; Hou, J.; Liu, Y.: Research on building energy management in HVAC 

control system for university library. Energy Procedia, vol.152, p.1164–1169. (2018) 
[30] Horowitz, S.; Mauch, B.; Sowell, F.: Forecasting residential air conditioning loads. Applied 

Energy, vol.132, p.47–55. (2014) 

[31] Porowski, M.: The optimization method of HVAC system from a holistic perspective 
according to energy criterion. Energy Conversion Management, vol.181, p.621–644. (2019) 

[32] Xi, X.C.; Poo, A.N.; Chou, S.K.: Support vector regression model predictive control on a 
HVAC plant. Control Engineering Practice, vol.15, p.897–908. (2007) 

 
 


