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Abstract. With the rapid development of modern society, the measurement and control requirements of key 
variables of air conditioning test technology are also increasing. When the parameters of HVAC system are 
measured and controlled, there are a large number of sensors and instruments used. When sensor failure or 
measurement error distortion occurs, the air conditioning system cannot operate normally and automatically. 
At the same time, some variables in the test parameters cannot be directly collected by the sensor. In order to 
solve these problems, researchers have focused on soft measurement technology in recent years, which 
provides a good breakthrough for the measurement and control of air conditioning system test parameters. 
This paper expounds the application of soft measurement technology in HVAC system. 

1 Preface 

In HVAC system testing, it is often encountered that the 
controlled variables of key parameters cannot be measured 
online, or can be measured online. However, due to some 
sensor failures, the feedback data is inaccurate and 
difficult to control. For similar problems, the traditional 
solution is to control the factors that can better reflect and 
affect the controlled variables, in order to achieve the 
purpose of controlling the controlled variables. However, 
with the development of modern science and technology, 
the industrial process control system is becoming 
increasingly complex, and the required output variables 
are difficult to be detected by conventional detection 
techniques. Therefore, the idea of soft measurement is 
proposed [1]. 

As a development direction of indirect measurement, 
soft measurement technology is a research hotspot of 
modern detection. When some parameters cannot be 
directly collected by the sensor, the main output variables 
that are difficult to detect can be estimated according to 
the correlation between the relevant process variables in 
the system through the easily detected process auxiliary 
variables. Using soft measurement technology can not 
only reduce the instrument, but also bring great 
convenience to system installation and maintenance. At 
the same time, the soft measuring instrument has 
incomparable advantages in realization, universality, 
flexibility and cost. Therefore, it is of great significance to 
correctly understand the application of soft measurement 
technology in HVAC system testing. 

 
 
 

2 Soft-sensing technology  

2.1. The basic principle of soft measurement 
technology  

Soft sensor technology should be applied to real time 
estimation, fault redundancy, intelligent correction and 
multiplexing in industrial process.It is the use of easy to 
measure the process variables (called auxiliary variables 
such as pressure, temperature, etc.) and the process 
variables to be measured (called the dominant variables, 
such as product distribution, material composition) 
between the mathematical relationship (soft measurement 
model), through a variety of mathematical calculation and 
estimation, using the form of software to realize the 
measurement of the process variables. Obviously, soft 
measurement is to construct a soft measurement model 
with easy-to-measure variables as independent variables 
and dominant variables as dependent variables, and obtain 
the value of dominant variables with computer software 
through various complex mathematical calculations and 
estimates [2]. At present, the main way to solve the 
problem is to use computer system to calculate the 
unmeasurable variables from the measured variables in the 
process. Figure 1 shows the relationship between the input 
and output of the soft sensor model used in the process 
control system and the input and output of the object. 
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Fig. 1 Input and output of soft-sensing model in process ontrol. 

2.2 Establishment of mathematical model for 
soft measurement of air conditioning system 

The basic principle of soft measurement technology is 
based on the relationship between some process variables 
and other variables in the process, using computer 
technology, according to some easily measured auxiliary 
variables, calculate the dominant variable. The calculation 
is carried out according to the mathematical model 
between the auxiliary variable and the dominant variable 
[2]. The core of soft measurement technology is to 
establish the mathematical model of the object. The 
quality of the object mathematical model is directly 
related to the calculation results of the soft sensor. Soft 
sensor technology can be divided into mechanism 
modeling and experience modeling according to its 
modeling methods. The combination of mechanism 
modeling and empirical modeling can accommodate the 
advantages of both and complement the disadvantages of 
each. Modeling by combining mechanism with experience 
is a practical method, which is widely used at present. 

Parameter detection is to achieve optimal control of the 
system. Therefore, the establishment of mathematical 
model of soft measurement technology in HVAC system 
should not only consider the main factors affecting the 
performance of soft measurement, but also determine to 
adopt reasonable and more realistic methods according to 
the requirements of control and the actual detection 
requirements of parameter changes. 

3 Application of soft sensor technology 
in HVAC system test  

3.1 Application of soft sensor technology based 
on fuzzy control in HVAC system test 

3.1.1 Fuzzy control of chiller 

Because the refrigerating capacity of refrigeration and air 
conditioning system is realized by adjusting the refrigerant 
circulation of chillers. The refrigerant circulation is 
usually controlled by electronic expansion valve, the 
purpose is to ensure that the refrigerant capacity and heat 
load match, so that the evaporator outlet refrigerant 
superheat stability in a certain range. However, the 
thermal inertia of the electronic expansion valve 
temperature sensing system is large, and the hysteresis 
phenomenon is serious, which leads to the poor 
performance of the control system, and even the 

phenomenon of unstable control and out of control. And 
the refrigeration system has the characteristics of large lag 
and nonlinear, there are many uncertain external factors, it 
is difficult to establish an accurate mathematical model. At 
present, the control field is still a large number of PID 
control mode: PID parameter selection and adjustment 
inconvenience is still a common problem. Because fuzzy 
control introduces human logic thinking mode, the fuzzy 
controller has certain adaptive control ability and strong 
robustness and stability, so it is especially suitable for the 
actual system without accurate mathematical model [3]. 
The schematic diagram of the fuzzy controller for the 
chiller is shown in Figure 2. 

 

Fig. 2 Schematic diagram of fuzzy controller for chiller. 

3.1.2 Fuzzy control of terminal equipment 

Because the load of the air-conditioned room is always in 
change, an experienced operator can always control the 
temperature of the room in a relatively stable state through 
various methods. The operator obtains information from 
the instrument and the display, analyzes and judges 
according to the existing experience, and makes control 
decisions. This process does not go through accurate 
calculation and rigorous reasoning, is a fuzzy reasoning 
decision-making process. Fuzzy control is to imitate the 
thinking mode of human brain to control. Therefore, the 
soft sensor technology based on fuzzy control method can 
be used to adjust the room temperature. The fuzzy control 
system diagram is shown in Fig. 3. 

 

Fig. 3 Schematic diagram of fuzzy control system. 

The indoor temperature is measured by the 
temperature sensor, and the digital quantity T 
corresponding to the measured temperature value is given 
by the input channel A / D conversion. The computer 
compares T with the set value S ( digital quantity ), and 
obtains the digital quantity e of temperature deviation, and 
calculates the temperature change rate e '. e and e ’ are used 
as the input of control variables. After fuzzification, the 
control outputs U1 and U2 are obtained by looking up the 
table, which corresponds to the increment of cooling 
capacity and air volume of the system at this time. The 
change of cooling capacity is realized by adjusting the 
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cold water flow through the electric proportional control 
valve, and the fan air flow is realized by adjusting the fan 
speed by its voltage regulating circuit. 

At present, in the HVAC system test, there are many 
detection variables in the air conditioning system. In order 
to control the system, data acquisition and processing is 
the basis. Without the corresponding sensor data 
acquisition, there is no strong evidence in the process of 
online control. The soft measurement technology based on 
fuzzy control can be used as the research direction of air 
conditioning system parameter information acquisition. It 
can not only reduce the number of instruments, but also 
avoid the setting of complex detection points, which 
brings great convenience to the installation and 
maintenance of the system. Therefore, the application 
research of fuzzy control technology in the field of central 
air conditioning has been deepened, and the control target 
parameters have developed from single temperature 
control to the control of comfort index. In terms of control 
strategy, it develops from simple fuzzy control based on 
query table method to intelligent fuzzy control. 

3.2 Application of soft sensor technology based 
on artificial neural network in HVAC system test 

Artificial neural network is a simplified model of human 
central nervous system. It is an operational processing 
system composed of many simple, highly interconnected 
processing units (called neurons) that process information 
in the form of dynamic responses to external input. 
Because artificial neural network has the functions of self-
learning, associative memory, self-adaptation and 
nonlinear approximation, the soft sensor based on 
artificial neural network can directly establish the model 
according to the input and output data of the object without 
a priori knowledge of the object. This model has strong 
on-line correction ability and strong robustness, and has a 
good application effect for nonlinear and large lag systems. 

The soft sensor method based on neural network 
mainly uses the powerful modeling ability of neural 
network to describe the relationship between auxiliary 
variables and dominant variables by using neural network 
instead of the conventional mathematical model, and 
completes the mapping from measurable information 
space to dominant variables. This kind of method is to take 
auxiliary variables as the input of artificial neural network 
and dominant variables as its output, and solve the soft 
measurement problem of unmeasurable variables through 
network learning. For example, Gibson has successfully 
developed an.ga (genetic algorithm) optimal energy 
manager for on-line operation of building central cooling 
system, which makes HVAC equipment run dynamically 
and optimally. Darrell D. Massie implemented ANN 
adaptive and predictive control strategies in the central 
HVAC system [4]. 

 
 
 
 
 

3.3 Application of soft sensor technology in VAV 
air-conditioning system 

3.3.1 Adopts soft sensor technology to automatically 
adjust VAV system 

In the HVAC system test equipment, VAV air conditioning 
box is the most critical equipment in the HVAC system, 
and its control principle is mostly the use of air volume 
sensor and temperature sensor signals through the 
regulator to the frequency converter, the frequency 
converter to adjust the VAV parameters. This control 
technology is difficult to achieve ideal results due to 
sensor fault or measurement error. So we adopt soft 
measurement technology, using computer software 
technology, the blower of the frequency converter control 
signal and the valve opening as auxiliary variables, the 
room air output as the dominant air volume, artificial 
neural network is adopted to establish the mathematical 
model of soft measurement between the dominant and 
auxiliary variables directly influences the precision of the 
mathematical model of soft measurement result.  

Due to the change of blower inverter control signal to 
send air volume is larger, the influence of the soft 
measurement technology in alternative air flow sensor into 
actual operation, in order to further improve the 
performance of the variable air volume air conditioning 
system, using the technique of feedforward control, to 
offset from the blower inverter control signal changes 
affect delivery.Fig. 4 shows the neural network used for 
soft sensor. 

 

Fig. 4 Neural network for soft measurement. 

3.3.2 Dynamic detection of VAV air conditioning 
system is carried out by soft sensor technology 

The soft-sensing technology is used to monitor the 
operation of air volume sensor in the air conditioning box, 
and the actual measured value of the air volume sensor is 
compared with the results obtained by the soft 
measurement in the operation process of the variable air 
volume air conditioning. When the deviation between the 
two reaches or exceeds a certain degree (such as 10 %), it 
can be considered that the air volume sensor fails and an 
alarm signal is generated. At the same time, the soft 
measurement technology is used to replace the air volume 
sensor for actual operation, that is, in the case of air 
volume sensor failure, the variable air volume air 

3

E3S Web of Conferences 261, 01013 (2021) https://doi.org/10.1051/e3sconf/202126101013
ICEMEE 2021



conditioning system can still ensure good operation 
performance. As shown in Fig. 5. 

 

Fig. 5 The flow chart of soft measurement technology 
monitoring air volume sensor. 

Because the change of the control signal of the fan 
inverter has a great influence on the air supply volume, 
when the soft sensor is used to replace the air volume 
sensor in the actual operation, we can use the feedforward 
control technology to further improve the operation 
performance of the VAV air conditioning system. This 
method can counteract the influence of the change of the 
control signal from the fan inverter on the air supply 
volume. Fig. 6 shows the schematic diagram of the air 
volume control loop with feedforward control. 

 

Fig. 6 Schematic diagram of air volume control circuit with 
feedforward control 

4 Conclusion 

With the progress of science and technology and the 
continuous improvement of people ' s comfort 
requirements for HVAC, the combination of measurement 
technology and control technology provides guarantee for 
the optimization control system of indoor environment. 
The application of advanced test technology represented 
by frequency conversion technology and fuzzy control 
technology in the field of HVAC has also attracted more 
and more attention. HVAC testing technology has 
gradually developed into the field of industrial process 
control technology. In recent years, the combination of 
artificial neural network technology with frequency 
conversion and fuzzy technology in soft measurement 
modeling has made rapid development in the field of 
HVAC testing technology. 
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