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Application of digital detail enhancement technology in pulsed
thermography NDT
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Beijing Institute of Technology, Beijing 100081, China)

Abstract: Pulsed thermographic image has the disadvantages of low —contrast, fuzzy —edge, and non —
uniformity of illumination for the defect detection, thus, a defect determination method which combines
digital detail enhancement (DDE) technology with maximum entropy multi —threshold segmentation
method was proposed for the improvement of pulsed thermographic image. Firstly, the contrast between
defects and the background was improved significantly after the image was processed with digital detail
enhancement algorithm optimized with adaptive contrast enhancement (ACE) algorithm, and reducing
the influence of illuminative non —uniformity on defect recognition. Secondly, the target defects with
maximum entropy multi —threshold segmentation method optimized with genetic algorithm, and the
contours of each defect with eight neighborhood method to get the contour pixels in a certain sequence.
Finally, based on the sequential contour pixels, the perimeter and the area of each defect could be
estimated respectively with Euclidean distances formula and Green’s theorem. The experimental result

shows that this method is feasible to estimate defect size quantitatively, and digital detail enhancement
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technology could improve the defect detectability of pulsed thermographic system in a certain extent.
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Fig.1 Processing procedure of digital detail enhancement

technology
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Fig.2 Image segmentation procedure of multi—threshold
method using maximum entropy optimized with

genetic algorithm
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Fig.3 Processing procedure of eight neighborhood

contour tracking method
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Fig.4 Structure diagram of experimental specimen (a)

and picture of the experimental specimen(b)
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Tab.1 Performance index of thermal

imaging system

Parameter Specification
Pixel pitch/pm 30 x30
Spectral response/pum 3.7-4.8
Operating temperature 90 k typical
Signal output 1 or4
Window modes 320%256

Pixel output rate Up to 6.6 MHz per output

Frame rate Up to 320 Hz full frame rate

Average NETD/km 8
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Fig.5 Original AGC image (a) and image enhanced by PHE
(b), Homomorphic filter(c) and DDE(c), and a sketch

of target area and background area (e)
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Tab.2 CNR for image processing methods

Method CNR

AGC 1.92

PHE 1.07
Homomorphic filter 2.56
DDE 3.18
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Fig.6 Multithresholding result of original AGC image (a),

homomorphic—filtered image (b) and DDE (c) image
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Fig.7 Contours of defect samples
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Tab.3 Quantitative estimation results of defect sizes

Defect  Geometric feature Estimation/pixel Estimation Real value Error
Perimeter/mm 114.57 84.73 78.54 7.88%
! Area/mm?* 927 507.08 490.87 3.30%
Perimeter/mm 71.11 52.60 47.12 11.63%
? Area/mm?* 363 198.56 176.71 12.36%
Perimeter/mm 56.14 41.52 40 3.8%
3 Area/mm?® 222 121.44 100 21.44%
Perimeter/mm 93.25 68.97 62.83 9.77%
! Area/mm? 571 312.34 314.16 0.58%
r Perimeter/mm 76.18 56.35 47.12 19.59%
7 Area/mm?* 381.50 208.68 176.71 18.09%
Perimeter/mm 109.15 80.73 78.54 2.79%
o Area/mm?* 799.5 437.33 490.87 10.9%
~ Perimeter/mm 113.88 84.23 78.54 7.24%
( Area/mm?* 796 435.42 490.87 11.2%
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