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Fig. 1 Flow chart of fault detection algorithm for air conditioning refrigeration system
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Fault Detection for Air Conditioning Refrigeration Systems Based on
Multivariate Fluctuation Feature Fusion
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Abstract:

Objective The fault detection results of the selected parameters require effective fusion to obtain comprehensive system detection results to accu-
rately monitor faults occurring during the operation of the air-conditioning and refrigeration system. Considering the nonlinear and non-Gaussian
variation characteristics of temperature and pressure in the selected parameter variables, extracting the abnormal fluctuation characteristics of the
air-conditioning and refrigeration system from individual variables becomes the primary problem addressed. Because single-variable monitoring
data are susceptible to wild values, noise, and other disturbances, relying only on a single variable to detect faults in the air-conditioning system
can produce inaccurate results. Therefore, integrating the fluctuation characteristics of multiple related variables of the air-conditioning and refrig-
eration system based on the abnormal fluctuation characteristics of each variable using appropriate methods to obtain the overall fault detection re-
sults of the system, becomes another problem addressed in this study. Therefore, this research proposes a multivariate fluctuation fusion-oriented
fault detection method for air-conditioning and refrigeration systems based on the research concept of “single-variable first, and then overall”.

Methods This study proposed a fault detection method for air conditioning and refrigeration systems based on the fusion of multivariate fluctua-
tion features. First, the abnormal fluctuation characteristics of a single variable were extracted through prediction and smoothing techniques to
achieve the Gaussianization of non-Gaussian variables and obtain fault detection evidence that reflected the fluctuation characteristics of the vari-

able. Second, the nonlinear correlation among multiple variables in the air conditioning system was captured using the distance correlation coeffi-
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cient (dCor). Finally, the evidential reasoning rule with dependent evidence (ERr—DE) method was utilized to fuse the fluctuation characteristic
evidence of multiple related variables in the air conditioning system to obtain the overall fault detection results at the system level. The main inno-
vations of the study included 1) the proposed fluctuation feature extraction method for non-Gaussian univariate variables based on prediction and
smoothing techniques, which achieved the Gaussianization transformation of monitoring data for non-Gaussian variables in the air conditioning
system, extracted the fluctuation features of univariate variables, and provided the basis for fault detection at the univariate level, and 2) the adop-
tion of a correlation evidence inference method to effectively fuse fluctuation features of multiple relevant variables in the air conditioning system
to obtain overall fault detection results at the system level, which provided a new solution for fault detection in air conditioning and refrigeration
systems.

Results and Discussions This study verified the effectiveness of the proposed method through experiments and analyzed its advantages in detect-
ing system faults at different levels. It also provided a basis for optimizing the operation and maintenance management of air conditioning and re-
frigeration systems. In this study, fuzzy inference theory, deep learning, and confidence rule base methods were selected as comparative ap-
proaches for fault monitoring. Compared to fuzzy inference theory and neural network theory, the diagnostic accuracy improved by 15.75% and
13.75%, respectively. Compared to the confidence rule base method, the accuracy improved by 30.75%. Therefore, the comparison experiments
indicated that the performance of the diagnostic model based on the ERr—DE method was superior to other methods. In addition, the method pro-
posed in this study not only obtained fault detection results for individual system variables but also fused them to generate overall fault detection
results for the system. This capability allowed system managers to comprehensively understand the fault status of the system at different levels.
Specifically, the single-variable fault detection results were utilized to detect early signs of system abnormalities, providing alarms for front-line
duty personnel. In addition, the fused overall fault detection results were utilized to assess the overall operational status of the system, which pro-
vided a basis for decision-making when optimizing system operation and maintenance strategies.

Conclusions This study proposes a new fault detection method for air-conditioning and refrigeration systems. The method is based on prediction
and smoothing techniques to extract the fluctuation characteristics of the system’s single-variable time series. On this basis, the ERr—DE model is
employed to achieve effective fusion of evidence generated by the refrigeration system’s multi-correlation variables and to obtain the overall fault
detection results of the system. The proposed method is applied to a fault detection experiment of a certain type of air-conditioning refrigeration
system to verify its effectiveness. The obtained results enable system operation and maintenance managers to understand the fault status of the
system at different levels, providing a reliable decision-making basis for early abnormal alarms and the overall operation and maintenance of the
system.

Key words: air conditioning refrigeration system; fault detection; fluctuation feature extraction; evidence reasoning rule with dependent evi-

dence; feature fusion
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