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Application of cusp catastrophic theory in image segmentation of

infrared thermal waving inspection

Wang Dongdong, Zhang Wei, Jin Guofeng, Yang Zhangwei, Tian Gan
(602 Office, The Second Artillery Engineering University, Xi“an 710025, China)

Abstract: Image segmentation is the key technique to achieve the quantitative identification in the thermal
waving inspection. An image segmentation method was advanced based on the cusp catastrophic theory
according to the characteristics of discontinuous change between the region with defect and without defect
in thermal images. The amplitude and phase of the image were computed at first, then the model of the
cusp catastrophic was established and the corresponding transform of coordinate was studied, the variable
of the system was dealt with unitarity. The salutatory dots were signed based on the judicative formula of
the cusp catastrophic model after the unitariness, the framework of the salutatory dots was picked up to
realize the segmentation of the thermal waving images through the operation of the expansion and fill. At
last the experiments were carried out to prove the feasibility of this method.
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Tab.1 Potential function of the elementary catastrophic form and the unitary formula

Type of model Postural variable Manipulative variable Potential function Unitary formula
3 1/2
Fold catastrophe 1 1 Fx)=x +ux X, =uU
4 2 1/2 /3
Cusp catastrophe 1 2 f(x)=x +ux +vx X,=u X, =V
; 5 : ; I ;
Swallowtail catastrophe 1 3 f(x)=xi Fur FVE wx X, =u' Z,XV =vm,xw =w
6 4 B 1/4 1/3 1/4 1/
Butterfly catastrophe 1 4 f(x) =x"+x ux +vx Fwx X, =t X, =u X, =V X =W
Hyperbolic umbilic catastrophe 2 3 f(x,y) =)c3 + y3 +WXy—ux—vy
Elliptic umbilic catastrophe 2 3 fley)= x - xy3 +w( X+ y2 )—ux+vy
Parabolic umbilic catastrophe 2 4 flx,y)= y4 o y+wx2 + [:\'2 —ux—vy
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Fig.1 Diagrammatic sketch of cusp catastrophic model
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Fig.2 Flow diagram of the thermal waving image segmentation
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Fig.5 Glass fiber composite specimen with debond defects
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Fig.6 Original image of the thermal waving test
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Fig.7 Pretreatment of the thermal waving inspection images
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Fig.8 Results of the catastrophic dots of pixel in image
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Tab.2 Quantitative identification results of defects

FE R

(unit: mm)

Defects Parameters ~ Diameter Perimeter  Area
Real value 20 62.8 314
Fig. 10(a) Metrical value  18.52 57.17  278.74
Error 7.4% 8.9% 11.23%
Real value 30 94.2 706.5

Big  Metrical value  32.39 101.96  781.12
Error 7.98%  8.24% 10.56%
Real value 20 62.8 314
Fig. 10(b) Mid  Metrical value  21.71 638.28  347.68
Error 8.56%  8.73% 10.73%
Real value 10 31.4 78.5
Small Metrical value  10.94 34.51 87.81

Error 9.38%  9.90% 11.86%
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