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Recognition of defects in CFRP/Al honeycomb structure by
multi-structure morphology-PCNN

Bu Chiwu Liu Tao Zhao Bo Li Rui

(School of Light Industry, Harbin University of Commerce, Harbin 150028, China)

Abstract:In the process of preparation and long-term service, CFRP/Al honeycomb structure is prone to debonding, delamination,
ponding and other defects, so it is very important to detect its state by infrared thermal wave nondestructive testing technology. And In
the process of collecting the infrared thermal image sequence of CFRP/Al honeycomb structure defects, there is a large background
noise, which easily leads to low detection efficiency and poor contrast. In order to improve the defect detection effect, principal
component analysis (PCA) algorithm is used to reduce the dimension of defect feature information of the infrared image sequence after
background removal, which can effectively filter out the uneven background noise in the infrared image sequence. Combined with multi-
structure morphology and PCNN hybrid algorithm, the defect area is extracted by image enhancement and image segmentation. The
experimental results show that the proposed method can further filter out the uneven background noise of the infrared image, improve the
defect area extraction effect, and effectively improve the defect detection rate.
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Fig.1 Thermal imaging data conversion from 3D sequence to

2D A matrix in order to apply singular value decomposition,
and finally the 2D U matrix is converted into a 3D

matrix containing empirical orthogonal functions
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Fig.3 Schematic diagram of the structure of the aluminum

honeycomb panel and the actual preparation diagram
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Table 1 Depth and diameter of simulated defect holes

of aluminum honeycomb specimen

Defect simulation Depth/ Diameter/
hole ( ] 3) mm mm
Al A2 A3 0.6 8.10,12
B1 B2 B3 4.5 8.10,12
C1.C2.C3 4.7 8.10.12
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Fig. 4 Infrared thermal images at different frequencies

3 BRSO

223 PCA SRAL S Bk FE AL ~ A3 51l s ]
BanE s Fras, MWE S AT LA H 2 4k BT Y Bk 51
Al~A3 F 52 M2 i, 48 PCA S EAb L)
CLAMAMG AR 5] 1 52 B A9 B T — 8 R Ak 3
FIPE 4 b b 2 5 Y BB 15 S PR AL PR S Y it e b b 2R i
K XTHLEEAR B T b

12¢

— KT RES
1.0 ——-PCARHEEES

0.8

0.6

Contrast

0.4

02

Bl's  PCA SYIRALFHFTJR A h O R B X
Fig. 5 Comparison of defect center point data before and

after PCA algorithm processing
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Fig. 6 PCA algorithm processing result graph
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Table 2 Measurement diameter and error ratio of

defect area in image segmented by PCNN

Defect simulation  True diameter/ Measuring error

hole (& 7(b)) mm Diameter/mm ratio/ %
Al 8 9.5 18.75
A2 10 11.75 17.5
A3 12 13.25 10. 42
B1 8 7.75 3.13
B2 10 10.75 7.5
B3 12 12.25 2.08
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Fig. 8 Processing results of K-means and PSO algorithm
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