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The paper aims to study the identification and diagnosis of infrared thermal fault
of airborne circuit board of equipment, expand the application of intelligent algo-
rithm in infrared thermal fault diagnosis, and promote the development of com-
puter image processing technology and neural network technology in the field of
thermal diagnosis. Taking the airborne circuit board in the boiler plant as the re-
search object, first, the sequential analysis method was selected to collect the tem-
perature changes during the operation of the circuit board. Second, on the basis
of convolutional neural network, the program was written in Python, and the Relu
function was used as the activation function establish the thermal fault diagnosis
method of the on-board circuit board of the boiler plant equipment based on the
convolutional neural network model. Third, based on the support vector machine
intelligent algorithm, genetic algorithm was used to optimize the parameters, and
combined with the grey prediction model, the infrared thermal fault diagnosis
scheme of the circuit board of the multistage support vector machine boiler plant
equipment was constructed. The results showed that the accuracy of the model
after 6000 iterations was stable between 0.92-0.96, and the loss function value
was stable at about 0.17. After the optimization of genetic algorithm, the accuracy
of thermal fault diagnosis based on support vector machine model was optimized.
Compared with grey prediction model, the accuracy of support vector machine
model for fault diagnosis was higher, mean square error value was 0.0258, and the
correlation coefficient was 91.55%. To sum up, the support vector machin model
shows higher accuracy than grey prediction model, which can be used for thermal
Sfault diagnosis.

Key words: support vector machine, infrared thermal fault, sequence analysis,
convolutional neural network, boiler plant equipment

Introduction

In recent years, with the rapid development of computer information technology, im-
age data plays a more and more important role in the production and life. Hence, the devel-
opment of computer vision technology which uses computer to process image is emphasized
[1, 2]. Computer image processing technology, also known as image processing technology,
uses computer tools to analyze and process images. Its main contents include image compres-
sion, enhancement, and restoration, as well as image matching, description, and recognition.
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The common processing methods include image coding, image enhancement, image digiti-
zation, image restoration, image segmentation, and image analysis. Different from the visual
recognition, the recognition and reading of image in computer vision technology is completed
by using various visual devices to convert the perceptual image into discrete pixels and form a
matrix. Meanwhile, the computer cannot understand all the information contained in the image.
Based on this, using deep learning to extract image features has become a hot research direc-
tion [3-5]. The emerging neural network technology can simulate the interaction between the
biological neural system and the real world, and has achieved some research results in the fields
of artificial intelligence and pattern recognition. At present, neural network is applied to image
processing to achieve the continuous research on image feature extraction and image semantic
analysis [6].

Infrared technology applies infrared radiation engineering research projects. It main-
ly studies the whole process of the generation, transmission, and reception of infrared radia-
tion [7, 8]. Infrared detection technology is used to detect the infrared radiation intensity, and
then converts it into quantitative temperature data, and applies the effective computer big data
technology to realize the mining and detection of potential information [9, 10]. The wavelength
range of infrared is about 10 times that of visible light, the wavelength range of infrared is
0.75-1000 um, and the wavelength range of visible light is 0.38-0.75 um. Thus, the infrared
emitted by an object contains more and more detailed information than visible light, and the
performance of an object can be better detected from the perspective of infrared radiation. In
the application of infrared detection technology, the most widely used detection equipment
is infrared thermal imager. With the help of photoelectric effect, thermal effect, and other
principles, the detection equipment realizes the process of converting infrared radiation into
electrical signal which is easy to measure, and converts the collected radiation intensity into
corresponding infrared thermal image. At present, infrared detection technology has been
applied in many fields, such as fault diagnosis and non-destructive testing. After collecting
the infrared thermal image, the infrared thermal imager presents it in pseudo color image
aided by computer. When an object has a fault or is damaged, the change of its infrared radi-
ation can be clearly seen in the infrared heat map. The fault reason and damage type can be
found by establishing the infrared temperature model according to the different fault or dam-
age conditions. The infrared detection technology can complete the non-destructive testing
without contacting the production equipment, and find the fault. In the process of equipment
operation, infrared detection technology can complete the real-time detection of abnormal
heating, so diagnosis and maintenance can be carried out as early as possible. In the process
of equipment operation, the boiler plant will also cause thermal radiation and short circuit
fault of electric heating plate, while the infrared thermal imager can detect the circuit board
in the equipment on the premise that the equipment continues to operate. Compared with
the traditional detection method, it has significant advantages, which is necessary to further
explore [11, 12].

Starting from the thermal diagnosis of the airborne circuit board of the boiler plant
equipment, this paper initially establishes the infrared thermal fault diagnosis (TFD) method of
the electric heating board based on the sequence analysis method. In addition, the infrared TFD
scheme of the circuit board is proposed based on convolutional neural network (CNN) com-
bined with Python language and Relu activation function. Moreover, the infrared TFD scheme
of the circuit board based on support vector machine (SVM) is constructed through parameter
optimization, to provide some reference for the application and development of computer im-
age processing and neural network technology in thermal diagnosis.
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Methods
Sequence analysis

The sequence analysis method, for the analysis and detection of equipment fault diag-
nosis, collects the temperature sequence of the normal and stable operation of the equipment,
puts each temperature value collected into the database as a sample, and establishes a standard
data sample database, thus completing the diagnosis and detection of the fault [13]. This meth-
od is applied to the fault identification and analysis of the airborne circuit board of the boiler
plant equipment. The specific operation is: collect all the temperature values of the airborne
circuit board from power on normal operation, show the temperature change in temperature
rise curve on the time axis, collect the temperature rise data for many times, and establish the
corresponding standard data sample library. Collecting the change data of all the temperature
series aims to prevent the fault missed diagnosis and judgment caused by single time sampling,
and to eliminate the accidental problems in the data collection.

The convolutional neural network

The CNN is developed based on neural network, which is mainly composed of input
layer, convolution layer, pooling layer, slice layer, fusion layer, full-connection layer, and acti-
vation function, and each layer has specific functions [14]. The infrared TFD algorithm based
on CNN consists of three parts: input layer, invisible layer, and output layer. In the input layer,
all the input data information will be integrated into a 1-D vector, in which the initial structure
of the input image and data can be preserved; in CNN, the convolution layer is the vital compo-
nent, which can realize the feature extraction of the image. The pooling layer mainly samples
the features extracted in the convolution layer, which can reduce the dimension of the feature
value and prevent over fitting. The Relu function is the main activation function used in CNN.
The slice layer is used to cut the image, and to learn a certain independent area separately. The
fusion layer is used to fuse the feature information learned from the sliced image or convolu-
tion kernel. The full-connection layer is mainly used to re-fit the extracted feature, which can
reduce the lack of extracted feature information. In CNN, the convolution kernel is calculated
and the Relu activation function is shown:

c(vy)=z(xy)g(x.y)=mQ z(x=my=n)g(mn) (1)

where z is the input data corresponding to the 2-D image, g — the convolution kernel, and
(m, n) — the indicates the size of the convolution kernel:

f(y)=max(0,) )

The SVM intelligent algorithm

The SVM algorithm, originated from statistical learning theory, is an intelligent ma-
chine learning (ML) algorithm with very good generalization, which has been widely used in
system classification, regression analysis, system state recognition, and other related fields [15].
The SVM algorithm has excellent performance and strong generalization ability. When facing
the high-dimensional sample data, it will not make the calculation process complex. It has sig-
nificant advantages in ML problems related to small samples. For the small sample problem, it
has a unique theoretical system, which can achieve the effect of minimizing the upper bound
of generalized error under the condition of minimizing structural risk. The kernel function is
introduced to realize the mapping from the collected data to the high dimension. The linear clas-
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where w;, is the weight connecting the characteristic space and the output, b — the bias, and

T — the stable working temperature of the circuit board device in the boiler plant equipment.

Results and discussion
Infrared thermography fault diagnosis by sequence analysis

In the establishment of the infrared thermal fault system for the airborne circuit board
of the boiler plant equipment, the infrared thermal imager is the core component of the com-
plete detection system. The sequence analysis method is selected to collect the temperature
sequence of the airborne circuit of the equipment in the boiler plant in the normal operation
time stage, and the temperature value of every 1 second during the heating process of the
circuit board. Taking this as the database sample,

Temperature [°C]
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the curve between the normal circuit board and
the circuit board to be tested is fitted. Figure 2
shows the change of the data fitted.

Figure 2 shows that when the airborne cir-
cuit board of the equipment works normally, the
fitting curve corresponding to the circuit board to
be tested is very close to that in the standard data-

base. While in contrast, when the airborne circuit
board of the equipment is in fault, the matching
rate between the fitting curve of the circuit board
to be tested and the fitting curve in the standard
database is very low. Thus, the fault condition of
airborne circuit board can be judged.

The sequence analysis method can be used to transform the thermal fault information
into time series, which transforms the fault diagnosis to the data analysis. The sequence analysis
method has strong practicability, and can analyze and detect the infrared thermal radiation fault.
However, in the application of sequence analysis, it is necessary to collect data every second
in the working state of airborne circuit board, which involves too much data information, so
it will make the analysis of thermal fault complex. In addition, the huge amount of data must
also contain some interference analysis data. The mixture of fault information and interference
information will lead to errors in the thermal fault analysis of airborne circuit board, resulting
in wrong judgment. In view of the shortcomings of the sequence analysis method, for all the
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Figure 2. Sequence analysis of airborne
circuit board
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temperature data information, it needs to establish a method to extract the characteristic param-
eters for realizing the fault information mining. Therefore, it is essential to seek other solutions
to realize the fault diagnosis and prediction of the airborne circuit board of the boiler plant
equipment, which needs to be concerned and focused on.

Infrared thermal fault
identification based on CNN

Tensor flow is a kind of deep learning devel- —>— Loss function
opment framework with simple code, convenient os}

deployment, and good balance. Linux_x86 operat-
ing system is selected to complete the construction
of CNN. The 64 X 64 parameter input is used to
preprocess the pictures in the training set, write
programs in Python programming language, and o2 |
use Relu function as the activation function com-

plete the construction of CNN model. In the model 00 —5— 05002000~ 5000 6000
training, the training accuracy is output once ev- Iteration times

ery 200 times, and the corresponding model train- Figure 3. Training results of CNN model
ing process is shown in fig. 3.

The training process of CNN model suggests that after 6000 iterations, the accuracy of
the model has been stable between 0.92-0.96, and the corresponding loss function is basically
stable around 0.17. The fault model based on CNN can realize the classification and recognition
of thermal fault of circuit board in boiler plant equipment.

At present, CNN is one of the most important methods in image recognition and
classification. Compared with the traditional algorithm, CNN is based on the learning method.
Through the training, even for the objects with high surface similarity, it can achieve accurate
classification and recognition. Moreover, the migration characteristics of CNN can replace the
last layer of the trained CNN, thus identifying other similar objects through training. In the
identification of the thermal fault of the circuit board in the boiler plant equipment, the tradi-
tional algorithm marks the location of each circuit board in the equipment that may produce the
thermal fault by selecting the marking method, and then uses the prepared template to match
in the actual diagnosis process. This method is not only cumbersome to implement, but also
difficult to achieve accurate matching with the template. The CNN is applied to the infrared
TFD and prediction of the circuit board of the boiler plant equipment. The network composed
of many neurons is connected with each other. After collecting the temperature information of
the normal working state and fault state of the airborne circuit board, the training set is formed
according to the causes of the fault. Through the combination of forward learning and back
propagation, the result of training neural network model is achieved. The collected temperature
data is input into the corresponding input layer neurons, and then through the propagation of
network weights to the hidden layer and output layer for establishing the relationship between
the input information and output information and outputting the fault devices and correspond-
ing fault causes.

06

04

Infrared TFD of multistage SVM

According to different eigenvalue attributes, the infrared TFD model of the circuit
board of the SVM boiler plant equipment is constructed, and then the SVM model of data fu-
sion is established to form a higher-level infrared TFD model of the electric heating board of the
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SVM boiler plant equipment. The temperature value of the circuit board is returned to the TFD
model of all levels of SVM in turn, and the extracted feature sample data is trained by using the
standard information base. Additionally, the linear indivisible problem is decided by the optimal
hyperplane, then the penalty coefficient, p, and
100 | kernel function coefficient, &, of the SVM mod-
%Br el are optimized by using genetiic algorithm

Fitness

90 - (GA). Based on the multi-level SVM algorithm
& model, the TFD method of electric heating
80 A plate in boiler plant is established. Finally, the
—=u— Average fitness . . R
Br —— Optimal fitness thermal fault is predicted by grey prediction,
or and the error level is measured by mean square
&r error (MSE). The changes in the optimization
60

process of the corresponding GA are shown in

>r fig. 4. Based on the grey prediction, the thermal

0 0 4 & 8 100 failure prediction of the electric heating plate

Evolutionary algebra of the boiler plant equipment is shown in fig. 5.

Figure 4. Parameter optimization based on GA  The thermal failure prediction results based on
the SVM model are shown in fig. 6.
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Figure 5. Comparison between actual value and Figure 6. Thermal fault prediction results of
predicted value under grey prediction model circuit board based on SVM model

The data shows that after the optimization of GA, the penalty coefficient, p, in SVM
model changes to 24.083, and the kernel function coefficient, &, changes to 19.709, so the accu-
racy of TFD reaches the optimization state. By measuring the average error level of SVM mod-
el by MSE, the error produced by the grey prediction model is not large, and the corresponding
MSE value is 0.0695. The temperature in the prediction shows a rise first, and continues to
maintain a linear rise after passing through the inflection point, which is not in line with the
actual situation, so the prediction of infrared thermal fault is not well realized. In contrast, the
MSE between the actual value and the predicted value is 0.0258, the correlation coefficient is
91.55%, and the accuracy of thermal fault prediction is higher.

The GA optimizes the parameters by evolving the selected sample population the opti-
mization. It only preserves the parts with high adaptability in the population, and then continues
to complete the evolution, while generating new individuals through mutation and hybridiza-
tion. Hence, it improves the accuracy of the TFD model based on multi-level SVM algorithm.
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The grey prediction theory defines the random process accompanying the state change as the
grey process changing in the time domain. It relies on the transformation of grey quantity to find
the change rule in the time series, and then realizes the mining of information and the predic-
tion of unknown data. However, the change of temperature is complex, high-dimensional, and
non-linear, which makes the grey prediction model difficult to predict the infrared thermal fault.
The TFD and prediction method based on SVM model takes the collected temperature as the
research object and does not need to establish complex mathematical model. This multi-level
SVM model-based TFD has high accuracy and is consistent with the actual trend of change. It is
expected to play a role in the prediction of the aging degree and service life of the circuit board
of the boiler plant equipment.

Conclusions

Based on the thermal energy diagnosis of the airborne circuit board of the boiler plant,
this paper studies the application of computer image processing and neural network technology
in it. According to the sequence analysis method, a preliminary diagnosis scheme for the infra-
red thermal fault of the airborne circuit board of the boiler plant is established. The scheme of
infrared TFD for airborne circuit board based on CNN is established. Based on the SVM intel-
ligent algorithm and the parameters optimized by GA, the infrared TFD scheme of multi-level
SVM airborne circuit board is put forward.

Through analysis and observation, it is found that the sequence analysis method has
strong practicability and can analyze and detect the infrared thermal radiation fault, but the
amount of data information involved is too large, which will lead to errors in the thermal fault
analysis of the airborne circuit board. In the infrared TFD of airborne circuit board based on
CNN, after a certain number of iterations, the accuracy and loss function value of the model are
stable in a proper range, which can realize the classification and identification of thermal fault
of circuit board in boiler plant equipment. In the multi-level SVM fault diagnosis, the param-
eter optimization of GA improves the accuracy of fault diagnosis, and the SVM model shows
a higher accuracy than the grey prediction model, which is expected to play a positive role in
predicting the aging and service life of the circuit board of the boiler plant equipment.

References

[11 Xu, Y., et al., A New Method of Computer Image Processing and Detection Based on AHP Analysis,
Journal of Computational and Theoretical Nanoscience, 13 (2016), 7, pp. 4368-4372

[2] Mu, Z. H., The 3-D Reconstruction Algorithm of Weld Pool Surface Based on Computer Vision Technol-
ogy, Open Petroleum Engineering Journal, 81 (2015), 1, pp. 434-439

[3] Nykaza, E. T., et al., Deep Learning for Unsupervised Feature Extraction in Audio Signals: Monaural
Source Separation, The Journal of the Acoustical Society of America, 140 (2016), 4, 3424

[4] Wang, Z., et al., Deep Learning Based Monitoring of Furnace Combustion State and Measurement of
Heat Release Rate, Energy, 131 (2017), July, pp. 106-112

[5] Shaofei, W., A Traffic Motion Object Extraction Algorithm, International Journal of Bifurcation and
Chaos, 25 (2015), 14, 1540039

[6] Yan,R., Shao, L., Blind Image Blur Estimation Via Deep Learning, [EEE Transactions on Image Process-
ing, 25 (2016), 4, pp. 1910-1921

[71 Xu, Z., et al., Three-Point-Bending Fatigue Behavior of AZ31B Magnesium Alloy Based on Infrared
Thermography Technology, International Journal of Fatigue, 95 (2016), Feb., pp. 156-167

[8] McHugh, T., Pan, Z., Innovative Infrared Food Processing, Food Technology, 69 (2015), 2, pp. 79-81

[9] Xu, Z., et al., Minimum Detectable Gas Concentration Performance Evaluation Method for Gas Leak
Infrared Imaging Detection Systems, Applied Optics, 56 (2017), 10, pp. 2952-2959

[10] Shaofei, W., Study and Evaluation of Clustering Algorithm for Solubility and Thermodynamic Data of
Glycerol Derivatives, Thermal Science, 23 (2019), 5, pp. 2867-2875



Yu, G., et al.: Thermal Energy Diagnosis of Boiler Plant by Computer ...
3374 THERMAL SCIENCE: Year 2020, Vol. 24, No. 5B pp. 3367-3374

[11] Labeur, L., et al., Infrared Thermal Imaging as a Method to Evaluate Heat Loss in Newborn Lambs, Re-
search in Veterinary Science, 115 (2017), Sept., pp. 517-522

[12] Bernard, V., et al., Infrared Thermal Imaging: A Potential Tool Used in Open Colorectal Surgery, Minerva
Chirurgica, 72 (2017), 5, pp. 442-446

[13] Zhao, X., et al., Identification and Characterization of a Novel 2,3-Butanediol Dehydrogenase/Acetoin
Reductase from Corynebacterium crenatum SYPAS-5, Letters in Applied Microbiology, 61 (2015), 6,
pp. 573-579.

[14] Ferreira, A., Giraldi, G., Convolutional Neural Network Approaches to Granite Tiles Classification, Ex-
pert Systems with Applications, 84 (2017), Oct., pp. 1-11

[15] Min, W., et al., A New Approach to Track Multiple Vehicles With the Combination of Robust Detection
and Two Classifiers, IEEE Transactions on Intelligent Transportation Systems, 19 (2018), 1, pp. 174-186

Paper submitted: December 18, 2019 © 2020 Society of Thermal Engineers of Serbia
Paper revised: January 21, 2020 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: February 8, 2020 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions



