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Crack Depth Profiling in Metallic Structures through ACFM Data using Type-
Il Fuzzy Logic System
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ARTICLE INFORMATION ABSTRACT

One of the major issues in the industry is inhomogeneity depth profiling in the metallic structures before
they reach the border of demolition. Fuzzy logic based methodologies, due to their ability to describe
the complex issues with empirical nature such as non-destructive testing, are used for this purpose and
usually provide acceptable results. But empirical rules and also extracted data from non-destructive
testing methods mainly have high degree of uncertainty and therefore Classical fuzzy methods, which
are based on exact membership grades and Type-I membership functions, are incapable of dealing with
them. Therefore, they cannot deal with noisy environments and also do not represent a good
performance for accurate depth estimation of unknown cracks. In this paper, to allocate uncertainty to
rules and membership functions, the type-1l fuzzy logic system is used to solve the inverse problem of
crack profile depth estimation. Also, Alternating Current Field Measurement (ACFM) signals are used
for sizing the depth of crack profile. Then, experimental results of the proposed method are compared to
the other state of the art methods in the presence of different level of noise and different types of cracks.
The results show the superiority of the proposed method to the other methods.
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Table 1 Evaluation of changes of UMF and LMF when the number of
training data is 12

Ot S Sl 9 %953

%RMSD > UMF LMF UMF LMF
0.90974 0.1 0.01 0.1 0.01
0.88732 0.2 0.1 0.2 0.1
0.88731 0.3 0.2 04 0.2
0.88727 0.5 0.3 0.6 0.3
0.88729 0.7 0.2 0.5 04
0.88725 0.7 0.5 0.9 0.5
0.88729 0.9 04 1 0.6
0.88729 0.9 04 1 0.7
0.88729 0.9 04 1 0.8
0.88729 0.9 04 1 0.9
0.88729 0.9 04 1 0.99
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Table 2 Evaluation of changes of UMF and LMF when the number of
training data is 5

S oSike =T $%9)9

%RMSD k> UMF  LMF  UMF  LMF
0.79797 0.1 0.01 0.1 0.01
0.74705 0.2 0.1 0.2 0.1
0.74470 0.3 0.2 0.3 0.2
0.74403 0.4 0.3 0.4 0.3
0.74375 0.5 0.4 0.5 0.4
0.74360 0.6 0.5 0.6 0.5
0.74350 0.6 0.5 0.7 0.6
0.74344 0.7 0.6 0.8 0.7
0.74340 0.8 0.7 0.9 0.8
0.74338 0.9 0.8 1 0.9
0.74327 1 0.9 1 0.99
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Fig. 10.(a) Depth estimated by different methods for a symmetrical
double-hump crack with 12 training data
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Fig. 10.(b) Depth estimated by different methods for a symmetrical
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Fig. 10.(c) Depth estimated by different methods for a symmetrical

double-hump crack with 5 training data
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Table 3 % RMSD Values in the estimation of the crack depth profiles shown in fig. 10, 11
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13.96 11.96 10.22 9.95 8 5.22 EFAA
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Fig. 11.(c) Depth estimated by different methods for an asymmetrical
double-hump crack with 5 training data
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Fig. 12 Depth estimated by different methods for an asymmetrical
double-hump crack with the length of 45 mm
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Fig. 11.(a) Depth estimated by different methods for an asymmetrical

double-hump crack with 12 training data
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Fig.15 Depth estimated by different methods for anomaly triple-hump
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Fig.13 Depth estimated by proposed method for an asymmetrical
double-hump crack with the length of 45 mm in the presence of noise
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Fig.14 Depth estimated by different methods for an asymmetrical
double-hump crack with the length of 45 mm

alagSsd S5 lp it sla by, bawg oo 03 resd Gee 14 JS&
255> 50 fadkedd Jsb a4 o)lEl

45 Job 4 o)liiel ailagSgs S5 Ges ez ;0 URMSD olis 4 Jguz

R 5> 50y sk
Table 4 %RMSD Values in the estimation of the asymmetrical-hump
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%RMSD

095
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SNR(dB)

72 13.1 19 w e,
6.88 478 3.82 36 IT2FLS
1953 1766 1551  14.96 GFAA
1713 1433 1341 1236 EFAA
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26.81 26 2456 2439 RBF
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