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Prediction of Hit/Miss under Different Detection Conditions
through Eddy Current Pulsed Thermography

SUN Jiwei, SUN Hao, XIE Min, LI Hongjiang, DENG Dongdong, CAO Tao
(China Huayin Ordnance Test Center, Huayin 714200, China)

Abstract: Eddy current pulsed thermography is an emerging nondestructive testing technique that has
been widely used for flaw detection in metallic materials. Typically, its performance is evaluated through
hit/miss analysis. However, the traditional method of analyzing hit/miss requires considerable
experimental data, which is time-consuming and expensive. In this study, a model-assisted method based
on back-propagation neural networks (BPNNs) for hit/miss prediction was developed to minimize the need
for additional experimental tests. Thirty sets of metal specimens with fatigue cracks of different lengths
were fabricated; 15 experimental groups were subjected to different detection conditions. Subsequently,
three sets of the probability of detection (POD) curves were plotted, and the effects of the different
detection conditions on the POD were analyzed. Finally, a prediction model of the hit/miss based on the
BPNN was constructed, and the hit/miss prediction was realized. The results showed that under different
detection conditions, the proposed framework could complete the hit/miss prediction with an error of zero.
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Table 1 Crack lengths and numbers

No. Length/10°mm | No. Length/10~° mm
S1 419.91 S16 6577.41
S2 1707.41 S17 6629.00
S3 1986.66 S18 6740.50
S4 2181.48 S19 6983.00
Ss 3454.42 S20 7071.50
S6 3474.50 S21 7275.00
S7 3898.49 S22 7507.79
S8 4639.50 S23 7930.00
S9 4866.00 S24 7948.20
S10 5263.50 S25 8014.54
S11 5374.71 S26 8014.54
S12 5477.50 S27 8537.50
S13 5624.33 S28 9143.00
S14 6559.11 S29 9301.36
S15 6570.00 S30 9453.00
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Table 2 Main parameters of test

Excitation Excitation Lift-off
time/ms intensity /%  distance/mm
100 60 10
200 60 10
300 60 10
400 60 10
500 60 10
200 20 10
200 40 10
200 60 10
200 80 10
200 100 10
200 60 4
200 60 7
200 60 10
200 60 13
200 60 16
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Fig.3 Thermal image of a crack region
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Table 3 Estimation of POD model parameters under different

excitation time

Excitation times/ms

Parameters 100 200 300 400 500
i 4125 22.10 14.29 9.32 5.77
o] 1.84 1.35 1.60 1.13 1.01
aso 4125 22.10 14.29 9.32 5.77
ago 43.62 2383 1635 10.77 7.07
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Table 4 Estimation of POD model parameters under

different excitation intensity

Intensity/%
Parameters
40 60 80 100
] 46.80 26.24 22,10 1846 14.90
o 1.72 1.42 1.35 1.34 1.30
aso 46.80 26.24 22,10 1846 14.90
a9 48.11 27.97 2383 2097 16.21
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Table 5 Estimation of POD model parameters under different

lift-off distance

Lift-off distance/mm

Parameters
7 10 13 16
it 30.00 27.24 22,10 39.57 4021
o 2.49 2.36 135 299 394
aso 30.00 2724 22,10 39.57 4021
agg 3291  29.01 23.83 4287 4326
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Fig.5 POD curves under different excitation intensity
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Best Training Performance is 0.01998 at epoch 165
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