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Context

Scanning Photothermal Radiometry

Very precise (0.5 pm) But quite slow (1 h per image)
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In this presentation: Acceleration of ~ 6X using undersampling techniques
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Modulated Photothermal Radiometry (MPtR)

Laser IN

Stefan-Boltzmann law
M =eoT*

For input periodic laser heating
Ilaser = Acos(2mft)

And small AT

_ > Emittance OUT AM = 4e0Tj ATy cos2nft + o)
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Modulated Photothermal Radiometry (MPtR)
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MPtR Frequencies

Freq. In
op = ﬁ :
Mirrog B I e
Sig. Ref.
Sensor
Ge Window

F. Crouau

Lock-in amp

QIRT 2026

Sig. Out

A



SPR
o
Scanning Photothermal Radiometry
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Sample studied: Carbon fibre - Aluminium matrix

Aluminium
matrix

oo g

(a) Schematic (b) Amplitude (a.u.)

Figure: Reference image 40x40 points (1600) @ 6kHz, time ~ 1h
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Sample studied: Carbon fibre - Aluminium matrix
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(a) Schematic (b) Amplitude (a.u.)

Figure: 160 random points within 40x40 (1600) @ 6kHz, time ~ 10min

F. Crouau QIRT 2026



Undersamp
o

Compressive Sensing

Objective:

Solve an inverse problem y = Hx

With basis change x = W& ¢ dtcs min
And € sparse

Minimising using a {;-norm promotes sparsity ;
(ie. sets values to 0)

&= mgnuH\Ifé = ylla + Allélh
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Compressive Sensing

Objective:

Solve an inverse problem y = Hx - C fs fes,max
With basis change x = W&

dtcs mi
And & sparse S min

Minimising using a ¢;-norm promotes sparsity
(ie. sets values to 0)

&= min IHWE = ylla + Alllh
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Radial Basis Functions interpolation

Objective:

Find x from a set of measurements y at known positions u;
ie. y; = x(u;)

A(lur =) A(uz —u1l) -+ A(un —wal)\ [ w1

A(lur —uz|)  A(uz —uzl)  ---  A(un —u2l) || w2
y= . . . . .

A(lug _ unl)  A(uz - unl) - A(un - unl) w'N

Find weights w;, then x = ), w;A(lu — u;)
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Radial Basis Functions interpolation

Objective:

Find x from a set of measurements y at known positions u;
ie. y; = x(u;)

A(lur =) A(uz —u1l) -+ A(un —wal)\ [ w1

A(lur —uz|)  A(uz —uzl)  ---  A(un —u2l) || w2
y= . . . . .

A(lug _ unl)  A(uz - unl) - A(un - unl) w'N

Find weights w;, then x = ), w;A(lu — u;)
RBF Interpolation RBF Approximation

y=Aw y=A+ADw
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Undersamp Results Conclusion
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(a) Schematic (b) Amplitude (a.u.)

Figure: Reference image 40x40 points (1600) @ 6kHz, time ~ 1h
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Sampling ratios
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Sampling ratios

Results
oe

In this study:

m Both methods allow for a significant reduction in the number of points
m RBF is better in this application

Is this still true with noisy data?
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Noise levels

Less
Noise
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Noise levels

Results
oe

In this study:
m All methods are quite sensitive to noise

m Adding a regularisation parameter to the RBF problem helps with denoising

Now, can we use this gain of time to scan at multiple frequencies?
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Intro SPR

Multiple frequencies scan

T .

Acquisition

Mult. fréq.
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Multiple frequencies scan
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Random Sampling
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Conclusion

For 1 frequency, 50 x 50 image: 1 h — ]. Omin
For 10 frequencies, 50 x 50 image: ]. Oh — 1 h4:0 (Detector autonomy of ~ 8h)

Applicable to a lot of point-by-point methods!

ISmoother images are usually better
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Conclusion

Thank you!

Any questions?
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