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ABSTRACT
Defect characterization is an essential step of nondestruc-

tive testing which aims to determine the shape and the size of a
defect once detected. The characterization of small defects re-
mains difficult because their shape may not be resolved using
imaging algorithms. This paper introduces a probabilistic char-
acterization method based on multi-view Total Focusing Method
(TFM) and an ultrasonic forward model. The measured intensi-
ties of the defect in the images act as a signature, which is com-
pared against a database of reference defects. Using Bayesian
inference, the reference defects which most credibly explain the
measured signature are retrieved.

Keywords: defect characterization, ultrasonic array, ultra-
sonic non-destructive testing.

1 INTRODUCTION
Defect characterization is an essential step of nondestruc-

tive testing which aims to determine the shape and the size of a
defect once detected. In ultrasonic testing, this can typically be
achieved for larger defects by analyzing the tip diffraction and
the specular reflection echoes, or in the context of ultrasonic ar-
ray imaging, by directly measuring the size of the indication in an
image. However, the characterization of smaller defects, where
these echoes are indiscernible or the shape cannot be resolved
in an image, remains difficult. Previous work for characteriz-
ing small defects has considered defects close to an array that
can be probed over a range of angles to extract a portion of the
scattering matrix of the defect [1, 2]. However, the geometry of
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many practical applications precludes this approach. In the cur-
rent work, a probabilistic model for the characterization of small
defects based on the multi-view total focusing method (TFM)
imaging algorithm is introduced. Multi-view TFM exploits in-
ternal reflections and mode conversions of ultrasonic waves in
a specimen to produce independent images [3]. The intensities
of the defect in the multiple views act as a signature, which is
compared against a database of reference defects generated with
a model. Following previous work [2], ellipses are used as refer-
ences defect to model both void/inclusions (almost circular) and
crack-like defects (thin ellipse). Using Bayesian inference, the
ellipses that most credibly explain the measured signature are re-
trieved.

2 MATERIALS AND METHODS
The inspection configuration shown in Fig. 1 approximates

the inspection of the fusion face of a weld. The ultrasonic array is
inclined relative to the top surface of the specimen to ensure good
generation of longitudinal and transverse waves. Using multi-
view TFM algorithm, 21 images of the specimen are produced
to localize the defect; Fig. 1 shows as an example the rays corre-
sponding to one of these multiple views. The core assumption of
the characterization method is that the defect amplitudes in the
TFM views are obtained from the data model

xxx = mmm(l,r,ϕ)+ εεε, (1)

where xxx is the vector of measured amplitudes in dB (one scalar
per view), mmm(l,r,ϕ) is the vector of theoretical amplitudes in dB
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FIGURE 1. INSPECTION CONFIGURATION. THE SHOWN
RAYS CORRESPOND TO THE VIEW TL–L, WHERE L STANDS
FOR LONGITUDINAL AND T FOR TRANSVERSE.
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FIGURE 2. ELLIPSE PARAMETRIZATION: MAJOR LENGTH l,
ASPECT RATIO r, ORIENTATION ϕ

for an ellipse whose parametrisation is shown in Fig. 2, and εεε

is a zero-centred noise vector. The theoretical amplitudes are
calculated with a ray-based semi-analytical ultrasonic forward
model [4, 5]. Using Bayes’s theorem, the likelihood of a ellipse
given a measurement is

f (l,r,ϕ | x) = f (x | l,r,ϕ) f (l,r,ϕ)∫
f (x | l,r,ϕ) f (l,r,ϕ)dl dr dϕ

, (2)

where f (x | l,r,ϕ) is the likelihood associated with Eqn. (1), and
f (l,r,ϕ) is the prior distribution on the ellipses, which reflects
prior knowledge (if any) about the defects of interest. In this
study, the prior distribution is uniform for all three parameters:
between 0.1 and 1.0 for the aspect ratio, between 0.1 and 4.0 mm
for the major length and between−180◦ and 180◦ (which covers
all angles by symmetry) for the orientation. The most credible
ellipses, i.e. the ellipses which explain the best the measurements
under the data model above, are retrieved by randomly drawing
from this posterior distribution.

3 RESULTS AND DISCUSSION
Three defects are considered: (a) a side-drilled hole (diame-

ter 0.4λL, where λL is the wavelength of the longitudinal wave
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FIGURE 3. CHARACTERISATION RESULTS FOR SDH
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FIGURE 4. CHARACTERISATION RESULTS FOR CRACK

in the specimen); (b) a rectangular notch (1.2× 0.4λL); (c) a
crack (length 0.5λL). The two first datasets were obtained ex-
perimentally; the third one with finite-element simulation with
Pogo solver [6].

Figures 3, 4 and 5 show each a hundred ellipses randomly
sampled from the posterior distribution in Eqn. (2). The approx-
imate shape and orientation of the true defects are overall recov-
ered in the three cases. The exact shape of the crack and the
notch cannot be recovered because they are not ellipses; how-
ever the physical dimensions of the credible ellipses match the
actual defects’ ones. For the notch, this leads to a few clusters of
possible solutions.
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FIGURE 5. CHARACTERISATION RESULTS FOR NOTCH
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