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Development of measurement techniques by image 
processing for aerospace components inspection



Shearography Inspection

• Quantitative defect size and morphology
characterization in aerospace composites: code 
optimization and validation



Algorithm developed during the first year of 
PhD course: a brief recap

1. Localized shear computation

(1)

(2)

(3)



2. Wavelet Transform Scanning on the
unwrapped phase map
• Entropy based-threshold for image
binarizing and centroid detection
• Definition of a set of lines passing
through the centroid (1 degree-pitch)
• Deduction of the phase profiles along
the scanning lines by a sub-pixel
interpolation
• Computing the wavelet transform for
each profile.
• Extracting the significant singularity of
the wavelet representative of the edge
of the profile (Mexican Hat Wavelet)
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Algorithm developed
during the first year of 
PhD course: a brief recap



Optimization implemented during the 
second year of the PhD Course
• Study of the input parameters for main singularities estimation in the Structural

Intensity distribution as to provide a code standardization

Minimum excess mass m0

The strenght of each mode of a
generic density distribution (like
Structural Intensity) is measured as its
mass, denoted by each of the shaded
areas in the figure, lying between the
considered local maxima and either
the corresponding local minima, or
the thresholding parameter λ0, not
considered in the prior version of the
code.



Experimental optimal value for the set of images 
processed during the 1st year Universal optimal value

0,008 TBD

 A set of 14 different images has been considered to evaluate the m0 effect on the
defect size estimation. m0 value has been changed for each image in a range of [0.001;
0.01] using 0.001 pitch (140 tests)

Optimization implemented during the 
second year of the PhD Course
Minimum excess mass m0



Optimization implemented during the 
second year of the PhD Course
Minimum excess mass m0

Globally 0.003 is the value
corresponding to the best
diameter estimation, moreover it
is related to the smallest standard
deviation of results, providing an
higher detection robustness.



Optimization implemented during the 
second year of the PhD Course
Thresholding parameter λ0

The aim is to provide ad automatic method to determine this value.
Such a threshold was automatically set by cutting the phase profiles using a mask larger
than the bounding box containing the clustered defect, and taking the minimum value of
the outer modes as 𝜆𝜆0.

Bounding box 
used for masking

𝜆𝜆0

Even if this mode respects
the minimum excess mass
requirement, it will not be
considered as a defect
boundary

Optimization implemented during the 
second year of the PhD Course
Thresholding parameter λ0



(a) Results obtained not using the adaptive 
threshold

(b) Results obtained through adaptive threshold 
selection

Optimization implemented during the 
second year of the PhD Course
Thresholding parameter λ0



Code validation and comparison with prior
code version results
Validation on a PVC specimen

Shearography Vernier Caliper
Mean diameter [mm] 24.01 24.00
Standard deviation [mm] ± 0.08 ± 0.05

The accuracy related to the previous method applied on a PVC specimen used for 
calibration was 1.25%, compared to the 0.04% reached for the same panel through 

the optimized code.

    

Pixels

P
ix

el
s

 

 

100 200 300 400 500 600

100

200

300

400

500

600



Validation on composite panel: comparison with old results and with Ultrasound
scanning ones

Code validation and comparison with prior
code version results
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• 0.2 mm pitch non-contact ultrasound scanning, using electro-capacitive air-coupled ultrasonic transducers
(central frequency around 200 kHz, active area 19 mm) in transmission mode



(a) Ultrasound Inspection (b) Threshold selection-lacking code (c) Improved code by adaptive threshold 
selection and right excess mass value

Validation on composite panel: comparison with old results and with Ultrasound
scanning ones

Code validation and comparison with prior
code version results

Ultrasound 
Inspection

Shearography Inspection
(Threshold selection-lacking code)

Shearography Inspection
(adaptive threshold selection)

Area                         [mm2] 633 730 630
Equivalent diameter [mm] 28.4 30.49 28.3 ± 0,1

An accuracy of 0.3% has been definitely obtained with respect to the 7.3% of the non-optimized algorithm.
Furthermore, the morphological aspect of the defect is rebuilt in a more confident manner, which is very
relevant for repair operations.



Implementation of a Matlab application



Implementation of a Matlab application



Implementation of a Matlab application



Thermography Inspection
• Feasibility study of Thermoelastic technique on a 

3D printed- titanium alloy bracket
• Stress analysis (TSA) 
• Displacement and strain field analysis (Optical Flow)



Optical Flow Analysis
• The hypothesis of brightness constancy is not valid!!!

• The formula must be evaluated frame by frame (no mean image!)

 Selection of a Region Of Interest (ROI)
 Evaluation of mm/pixel ratio
 Frequency extraction
 Displacement calculation by Horn-Schunck optical flow
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Optical Flow Analysis
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Triangulation laser data

Optical flow results
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Optical flow results
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Optical Flow vs FEM Analysis
Displacement fields

Horizontal displacement [mm] at t=1.00 s
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Vertical displacement [mm] at t=1.00 s
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Equivalent strain [mm/mm] at t=1.00 s
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Optical Flow Analysis
The highest equivalent strain is revealed in the 
layer where the component usually breaks!

Mask application



Optical Flow Analysis

Stress Map [°C]
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Future work
Shearography
• Matlab application completion
• Other test campaigns on different materials to furtherly check the code 

performances

Thermal Imaging
• Optical Flow method enhancement and validation on a basic component
• Stress calibration
• Other test campaigns on different conditions to furtherly check the code 

performances



Thanks for your attention
PhD Student Gloria Allevi

Curriculum Mechanical Measurement for Engineering and Space
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