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Research on vibrothermography detection and recognition method of

metal fatigue cracks based on CNN

Lin Li', Liu Xin', Zhu Junzhen?, Feng Fuzhou®’

(1. College of Locomotive and Rolling Stock Engineering, Dalian Jiaotong University, Dalian 116000, China;
2. Department of Vehicle Engineering, Army Academy of Armored Forces, Beijing 100072, China)

Abstract: Traditional methods of detecting and recognizing metal fatigue cracks by ultrasonic infrared thermal
images mainly extract relevant thermal characteristics of infrared thermal images through image processing
algorithms and match crack characteristics. This process is tedious and the recognition rate is low. Additionally,
the effective characteristics need to be manually selected. Taking the advantages of active thermography and
Convolutional Neural Network (CNN) in metal structure testing and automatic defect recognition, a
vibrothermography crack detection and recognition method based on CNN was proposed. The specimens (metal
platesin this work) were tested and thermal data sets were obtained by the proposed CNN-based
vibrothermography. The designed convolutional neural network was applied to the feature extraction, recognition
and classification of vibration-induced infrared thermal images with different crack sizes. In addition, the
proposed method was compared with two common image classification network models and support vector

machine. Experimental results show that the designed convolutional neural network can recognize and classify
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metal fatigue cracks with an accuracy of 100% on the experimental data sets, which is better than other network

models and support vector machine, and can effectively detect and recognize metal fatigue cracks.

Key words: vibrothermography;

classification
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Tab.1 Crack and optical measurement length of

15 kinds of metal specimens

Number of test piece Crack length/um

01 5374.71
02 5477.40
03 5624.33
04 6570.00
05 6629.00
06 7275.00
07 7507.79
08 7930.00
09 8537.50
10 9143.00
11 9301.36
12 9453.00
13 3474.50
14 3898.49
15 0
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Fig.4 Crack-free infrared thermal images
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Tab.2 Description of network model parameters designed in this article

Layer Description Layer Description
input 224x224x3, images with conv 3 32 3x3x16 convolutions with
P "zerocenter" normallization - stride[1 1] and padding[1 1 1 1]
conv 1 8 5x5x3 convolutions with relu 3 Relu
- stride [1 1] and padding[0 0 0 0] -
2x2 max pooling with
relu_1 Relu maxpool_3 stride [2 2] and padding[0 0 0 0]
Cross channel normaillization
crossnorm_ | with 5 channels per element fc 1 512 fully connected layer
2x2 max pooling with
maxpool_I stride [2 2] and padding [0 0 0 0] relu_4 Rel.U
16 3x3x8 convolutions with o

conv_2 stride [1 1] and padding[2 2 2 2] dropout 30% dropout

relu 2 Relu fc 2 15 fully connected layer
crossnorm 2 Crc.)ss channel normaillization Softmax Softmax
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224x224x3 512
A 223%223x8 ]
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Fig.6 Structure diagram of convolutional neural network designed in this article
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Tab.3 Results of different batch size recognition rate

Batch size Accuracy Time/s
32 99.3% 296
64 100% 206
128 95.4% 188
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Fig.7 Curves of training results
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Final conv activations

Softmax activations
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Fig.9 t-SNE visualization of test set based on network model
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ZAF TR J1 15 kg, W SR B 40%, WD ) (R]
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Tab.4 Metal plate specimen and optical measurement

of crack size

Number of test Crack Number of test Crack
piece length/pum piece length/pm
A 9453.00 F 6577.41
B 9301.36 G 6629.00
C 9143.00 H 6740.50
D 8537.50 I 6983.00
E 8014.54 J 7275.00
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Fig.10 Prediction results of a crack

4.2 AIMERIE
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Tab.5 Crack recognition and classification by

different algorithms

Algorithm Accuracy Time/s
CNN designed in this article 100% 206
Alexnet 99.6% 236
Googlenet 98.9% 326
SVM 95.3% 1154
5 & i

SCrpB X A LD A R B i b PR R SR
U AR, 48 1 T —FhEE T CNN Y 5 s 3 57 R L
A LA AERE I 55 IR 5 vk, 1T R SRS
BB 73 K HERR B E] 100%. J A LLAMA
P J5 Ak B K RS A sh U R BT 4R 1 T —E Y
2% [ AR LT 458

(1) Bt x5 i 9 57 SR SORG I -5 900 ) TR, 47 i

1 75 3 AT (] s 0t 22 b 2480 L K JC R B 2 AR R 5k
TN, BUE T CNN H 3hiH 51 7= 20 MRS
My AT

(2) XA [R] 75 2T A0 52 3 25 A1 B AR AT R 21 AR AR
BT S BE, 25 R, BT CNN KSR HL A TR
e TR, SR T O I AT AT R 4 R A
Bk

(3) HH H Alexnet F 2% | Googlenet ¥ £ Al 37 4 1]
AL (SVM), BETFHY CNN U 3 5 5

S 3k
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