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Strain Measurement: Strain Gauge

Dimensional variation of the strain gauge change 
its resistivity
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Strain Gauges limitations

Aluminum foam stringeredpanel
PU foam

Corrosion onset

CFRP Composite
PCB Board



Why optical Methods?

ÅNo contact
ÅNo destructive
ÅHigh resolution
ÅHigh sensitivity

Which optical Methods?

Å Speckle Interferometry
Å Moirè Methods
Å Fringe Projection Methods
Å Digital Holography
Å Shearography
Å Photoelasticity
Å DIC
ÅвЮЮ

Interferometric Implementation

Non Interferometric Implementation

Every time we are looking for:
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Speckle Methods

P
P

Intensity?

Constructive/Destructive

Intensity?

Constructive/Destructive
Randomly determined



Principle of Fringe Analysis

Basic idea is the relationship between phase in the pattern and the quantity to be measured

Fringes Generated by Laser Interference

This express the light wavefront at a given instant t

Phase can be express as a function of the travelled path h(x,y)

h



Fringes Generated by Laser Interference

xĲƣќƚШƚƨƓƓŸƚĲШŰŸƽШƣŸШőċƻĲШƣƽŸШƽċƻĲŉƖŸŰƣШċŰĬШũĲƣќƚШĦċũũШƣőĲůШƖĲŉĲƖĲŰĦĲШċŰĬШƣĲƚƣШ

xĲƣќƚШůċťĲШƣőĲůШŔŰƣĲƖŉĲƖĲШŸŰШċШƚƨƖŉċĦĲ

Leading to an intensity

Principle of Fringe Analysis



Principle of Fringe Analysis

Where

We can set

We get the fundamental equation of the fringe analysis



Principle of Fringe Analysis

Background
Contrast Phase



Principle of Fringe Analysis

How I can extract the phase? PHASE SHIFTING

Three Step Phase Shifting



Principle of Fringe Analysis: one application

1 DPSS,l=532nm,P=25 mWlasersource
1 CCDcamera640x480;
1 Electronicallycontrolledcutter
1 PrecisionTranslationalstage
1 Compressedair cleaningsystem
1 PC

Speckle is a noise on the fringe pattern



Grid 1 Grid 2

All the methods allowing to exploit this effect, overlappingevenelectronically these two gridsare called
moiré

Moiré Principle



Moiré Principle



Å Geometric Moiré
Å Interferometric Moiré
Å Reflection Moiré
Å Shadow moiré

u=pNx v=pNy In plane displacement

w=KpNz Out of plane displacement

Moiré Method



p Âќ

ƓќӀыdp)/(d±p) d=moiré fringes distance

Moiré Method



Plane moiré Shadow Moiré

Moiré Method



u=pNx

Interferometric Moiré

Moiré Method



Fringe Projection Methods

If I subtract two phase map on the object and on the phase plane I get this:

Similar Triangles



DIC
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DIC

Foam Iosipescu

Stress Concentration Airbus

Clear Aligners

Iosipescu FOAM



DIC
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DIC

C(5,5,1,1)=0

Perfect Match!



DIC

C(5,5,1,1)=0

Best Match!



DIC



DIC current challenges and Machine Learning

Å Improve Computational Time going toward real time evaluation
Å Reduce error in calculating strain from displacement
Å Manage with issue at high deformation up to paint breaking

Ru Yang, Yang Li, Danielle Zeng, Ping Guo, Deep DIC: Deep learning-based digital image correlation 
for end-to-end displacement and strain measurement. Journal of Materials Processing Technology, 
302, 2022



DIC current challenges and Machine Learning

Three ideas:

Å Two separate net for Displacement and Strain

Å Displacement and Strain Calculated in the incremental way

Å Accumulated displacement is used to update the ROI


