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Abstract. Modulated thermotransmittance infrared imaging is a non-destructive
method for measuring thermal properties and temperature fields in semi-transparent
media. It differs from IR thermography as it does not require knowledge of the ma-
terial’s emissivity and can achieve spatial resolutions down to 10 pm/px. Through
this experimental tutorial, we propose to measure the heat diffusivity and the ther-
mal field in a glass wafer. After a brief description of the setup and the demodulation
technique, the analytical model of the temperature will be derived and used in an
inverse method to measure the borofloat thermal diffusivity.
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1 Introduction

In this tutorial work, the semitransparent materials under study are non-scattering at their
surface as their roughness is much lower than the illumination wavelength A € [2 — 6] pm,
and the reflectance at their surface is considered specular. All our samples are double-side
polished to remain in this working hypothesis. In addition, we use homogeneous materials,
whose scattering in the volume is negligible compared to the absorbance. We develop the
experiment mainly using a double-side polished glass wafer. In addition, these materials can
reflect or absorb a part of the incident light, as shown in Figure 1.

We present some contactless methods to measure temperature of semitransparent materials,
without coating them. First, we introduce the IRT applied to semitransparent media and the
associated issue to measure the temperature field. Second, we detail the principle of thermo-
transmittance.

—wWw» Proper emission

—— Incident flux
Semitransparent
medium Transmitted flux

Reflected flux

Figure 1: IR radiations interactions with a semitransparent medium.
IRT applied to semitransparent materials

Measuring temperature in semitransparent media using IRT is much more challenging than
in opaque ones. The proper emission comes from the two material surfaces, but also from
its volume. The emissivity is no longer defined for these materials: one uses the apparent
emissivity [1] or emittance [2]. In addition, it is essential to consider the radiations from the
environment, which are reflected, absorbed, and transmitted through the material [3].

Because of these challenges, IRT in semitransparent media is not yet widely used, although
several groups are interested in it and develop specific calibration processes. For instance,
some works measured the emittance, such as [3, 4, 5, 6], but the definition may vary from
one study to another, and not always take into account the direction of radiations. Other
works focused on thermal properties measurements of these materials, such as the thermal
diffusivity [7]. In this thesis work, we propose an alternative method that does not require the
knowledge of the emittance of the medium and allows to discriminate the signal of interest
from the radiation coming from the environment.

Thermotransmittance
We introduce the thermotransmittance phenomenon, by establishing the link between tem-

perature dependence of the transmitted light in non-opaque materials [8]. As a consequence,
to measure temperature using thermotransmittance, we need the proportionality factor: the
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thermotransmittance coefficient s (K~!). Unfortunately, there is no database on the coeffi-
cient . This property is often measured but mostly in the visible or NIR range [9].

Preliminary studies reported promising results in calibrating the thermotransmittance coef-
ficient for various materials across different spectral ranges, including mid-infrared [10] and
terahertz [11]. Additionally, works demonstrated the temperature dependency of absorbance
in water-ethanol mixtures within the near-infrared spectrum [12]|. As the thermotransmittance
signal is affected by both absorbance and reflectance variations (see section 2), it has potential
applications for diverse semitransparent media, providing either a measurement of thermore-
flectance, thermo-absorbance, or a combination of both. Finally, these studies showed that the
thermal dependency of absorbance/transmittance varies with the illumination wavelength. As
a result, it should be possible to differentiate several components of a semitransparent media
depending on their thermotransmittance coefficient behavior as a function of the wavelength,
provided the initial spectrum of each component is known.

However, the thermotransmittance coefficient in the mid-IR is usually weak, about 10=% K~1.
Therefore, it is essential to heat the sample sufficiently and use sensitive detectors (in the
work [10] AT = 120 K and detector with a dynamic range of 219).

The objectives of this tutorial are as follows:

1. to measure the thermotransmittance in a semi-transparent media from an IR beam;

2. to estimate the heat diffusivity in the bulk of the semi-transparent media.

2 Thermotransmittance working principle and modeling

This section describes the working principle of thermotransmittance. First, the transmitted
signal through a non-scattering media is detailed. Second, we introduce the thermal depen-
dence of this signal and present the working hypotheses.

Transmittance of a semitransparent material

When a monochromatic incident flux @ illuminates a semitransparent material, a part of the
flux is reflected at the material surface, and a part is transmitted through the sample [13]
depending on the reflectance coefficient Ry, as illustrated in Figure 2. As it passes through the
medium, the flux is attenuated by the attenuation coefficient oy (m~!) within the thickness
L, (m) of the material. At ambient temperature, the transmitted flux is written ®p = ®ly,
with I'g the transmittance of the material which is expressed in the following equation.

Ty = [1 _ RO]Qe— fOLZ ap(z)dz (1)

Expression of the thermotransmittance

Since the optical properties of a material vary with temperature, we express the equation 1
as a function of temperature in the general case, where both surfaces of the sample are not
necessarily at the same temperature.

Lz

[(T) = [1 — R(T1)][1 — R(Ty)] ¢ Jo " *(=T2)dz (2)

Volume

Surface 1 Surface 2

The thermal dependency of transmittance comes from both the reflectance and the attenuation
coefficient. At the first order, their temperature variations are expressed in the equations 3

Tutorial 16: Thermal imaging in semi-transparent media - page 4



METTTI 8 Advanced School Tle d’Oléron, France,
Thermal Measurements and Inverse Techniques Sept.24%" - Sept. 29", 2023

o DoRo

air
1 Do(1-Ro)

L, sample

Dolo

Figure 2: Illustration of a light beam path in a semitransparent medium.

and 4, with AT = T — Ty the temperature variation, kg the thermoreflectance coefficient
(K1), and kq the thermo-absorbance coefficient (K—1).

=
3
I

R()[l + KRAT] (3)
ao[l + RQAT} (4)

2
3
[

By injecting 3 and 4 in the expression 2 and linearizing the exponential term, the thermo-
transmittance relation at first order is given in the following expression.

AT(T L
(7) ~— Forr [AT) + AT] — apka AT(z)dz (5)
Iy 1 - Ry 0
reflectance absorbance

As a result, the reflectance part gives information about the temperature variations at the
surfaces of the sample, whereas the absorbance provides information on the temperature
gradient through the thickness. In this tutorial we limit the study to uniform temperature
along the material thickness (AT = ATy = (AT), = AT). The thermotransmittance has
therefore a simple expression:

AT(T)
1)

= KAT (6)

K is the thermotransmittance coefficient (K~1) which contains both absorbance and reflectance
thermal dependencies.

3 Modulated thermotransmittance imaging experimental setup

Figure 3 illustrates the experimental setup for modulated thermotransmittance imaging. The
thermal modulation of the sample has great advantage to increase the signal to noise ratio by
filtering the noise from images in order to detect the weak thermotransmittance signal.
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In the experimental setup, we use the IR source, the mechanical chopper for modulating the
source, the annular Peltier module for heating the sample, and an infrared camera as detector.
The double-demodulation is post-processed, and the operations are detailed in section 4.

IR Lamp + f. [ o
Monochromator Synchronization Annular Peltier
IR beam and Sample

Beam expander

IR beam + 2f,

proper emission .

Peltier &
Sample IR camera

Temperature
modulation, fr

Figure 3: Experimental setup for modulated thermotransmittance imaging measurement. The
insert illustrates the Peltier module with its dimensions.

Heating of the sample

The sample is heated using a ring-shaped Peltier module. The temperature at the edges of
the wafer is modulated at T'(t) = Tp + AT cos(2w frt), with Ty ~ 20°C, AT ~ 10°C. We will
choose the modulation frequency fr in the order of tens mHz for Borofloat wafer.

Infrared camera properties

We use an infrared camera as detector (FLIR SC7000). The camera has an Indium-antimonide
sensor composed of 256 x 320 pixels with a pitch of 30 um. The focal length of the objective is
50 mm, and the spatial resolution of the images recorded by the camera around 200 pm/pixel.
In addition, the camera spectral sensitivity range is A € [2.5 — 5.5] um. Figure 4 plots the
normalized spectral sensitivity of the acquisition system, which includes the spectral responses
of the camera, the lens objective, the air absorption, and the IR lamp emission. We are not
able to differentiate the different contributions with the available equipment. However, the
absorption peak at A = 4300 nm is the signature of the COg in the air [14]. In this tutorial,
polychromatic light integrated over the spectral range of the camera is used to increase the
SNR.

The signal measured by each pixel, Upix(t), is directly proportional to the total flux @i ()
it receives. Depending on the received flux, each pixel generates an electrical signal: Upix =
PpixProt, With ppix a proportionality factor specific to each pixel since they are all slightly
different (size, noise, offset, ...). To compensate for these differences, we perform a non-
uniformity correction (NUC) before starting the measurements [15]. The method consists in
taking several images of a black body covering the entire field of view of the camera. After
calculating the temporal and spatial average of the signal, a correction coefficient is applied
to each pixel. This operation is performed by the software of the camera (Altair).

In addition, the IR camera converts the voltage signal of each pixel in digital levels (DL).

Since the camera has a dynamic range of 14 bits, the pixel value is in the range |0 ; 2'4-1] DL.
If the incident flux is too intense, the pixel is saturated, and its value is theoretically 16 383
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Figure 4: Spectral sensitivity of the acquisition chain, measured by scanning the wavelength
with the monochromator. The peak around A = 4300 nm corresponds to the COg2 absorption.

DL. However, the upper limit of the camera operating range is 14 000 DL. Beyond that, the
incident flux and pixel value are no longer proportional, and the signal should be saturated.
In addition, below 2 000 DL, the camera does not operate optimally either. Therefore, always
be sure to work in the |2 000 - 14 000] DL range.

Finally, a Stirling cools the camera to a temperature of Toaym ~ 79 K. As long as the camera
is not properly cooled, the recorded signal is not stable enough. Figure 5 shows the drift of
the measured signal over time. We propose to determine this drift by placing an ambient
black body at 30 cm in front of the camera and regularly recording the measured signal. The
sensor is only stable after two hours of operation: the measured signal at ¢ = 200 min varies
by more than 5% compared to the beginning of the measurement. That shows the impor-
tance of letting the camera cool down for at least two hours before making the measurements.
Working with modulated signals reduces the impact of the camera drift on the results.
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Figure 5: Drift of the signal recorded by the camera over time, measured on a ROI of 50x50
pixels.
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Mechanical chopper settings

In this setup, the camera is synchronized with the mechanical chopper to record one frame
when the chopper cuts the IR beam, and another when the light passes through the sample
[16]. The only requirement for the chopper frequency f. is f. > fr to properly remove the
proper emission of the sample. We choose f. = 11 Hz, and the camera acquisition frame rate
is feam = 22 Hz. The output signal of each pixel of the camera is given in the equation 7:
the IR transmitted signal is only measured every other frame, at the frequency f.. C(t) is the
chopper rectangular wave function equals to 1 when the IR beam passes through the sample,
and 0 when it is cut. The next section presents the double-demodulation method, applied on
the images recorded by the camera.

Upix(t) = ppix [Polo(1 + KAT cos(27 frt))C(t) + E(T,t)) (7)
C(t) =0, when the chopper cuts the IR beam (])
C(t) = 1, when the IR beam passes through the sample (9)

4 Double-demodulation method applied on images

As mentioned in the introduction, we use the two-image method, subtracting the proper
emission thanks to the synchronization of the camera with the chopper.

The presented methods allow us to demodulate simultaneously the signal recorded by all the
pixels of the camera. We do not work in real time but post process the films recorded during
the experiment.

4.1 Proper emission subtraction: the two-image method

As mentioned, the camera is synchronized with the mechanical chopper to discriminate the
transmitted flux ®I'(¢) from the parasitic signal E(t). The camera successively records one
frame when the chopper lets the light passing through the sample (Uyy,) and another when it
cuts the light beam (Uyg). The frequency of the camera is feam = 2f. with f. the chopper
frequency, we define 7. = 1/f.. The difference between two consecutive frames results in
equation 10.

Uon (t) — Uogt(t + %) = poix®oLo[1 + KAT cos(27 f11)] + Ares (10)

The term A,es is the residuals of the parasitic radiations and noise measurement after the
subtraction: A = E(t) — E(t + % ). These residuals are negligible compared to the ther-
motransmittance signal, providing some conditions: the proper emission must be constant
between two consecutive frames, otherwise the residual Ayeg depends on the temperature, and
the source demodulation is not correctly performed. This is why the chopper frequency, fe,
is set much higher than the thermal frequency, fr. The first experimental measurement is to
check if the proper emission is correctly removed with the chosen frequencies (fr, f¢).
Figure 6 shows the two-image method on two consecutive images recorded by the IR camera,
when the IR flux passes through the sample (a) and when it is cut by the chopper (b). The
subtraction of the two images results in frame (¢). As mentioned in section 3, the camera
has a limited dynamic range of 14 bits. Since all the parasitic radiations are added to the
useful IR transmitted flux, the remaining signal after two-image subtraction may be weak. So,
we understand the interest of maximizing the IR flux compared to the unwanted radiations.
Several strategies are possible:
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Figure 6: Images of (a) IR transmitted beam with proper emission, Uoy (t), (b) proper emission
and parasitic radiations, Uyg(t + %), and (c) IR beam after proper emission subtraction,
Uon(t) — Uogt(t + ). (d) Hlustration of the two-image process.

o As we cannot influence the proper emission of the sample, we must operate on the IR
incident beam. One possibility is to concentrate its power. The higher the intensity
of the transmitted beam, the more we can decrease the integration time of the camera
and, thus, the component of the proper emission.

e The wavelength of the IR beam is chosen where the measured IR transmitted beam is
maximal. This wavelength depends on the camera sensitivity and the transmittance of
the sample.

e We can use an IR bandpass filter between the sample and the camera. That eliminates
the components of the proper emission outside the filter. The filter must be adapted to
the wavelength of the IR beam.

Using a filter generates paragsitic reflections, attenuates the transmitted IR beam, and must
be changed according to the wavelength. As a consequence, we will focus on the first two
points for the following. Finally, after the two-image subtraction, we get the signal Upix ir(t)
at the chopper frequency f..

UpiX,IR(t) = ppiX<I>0F0[1 + kAT COS(QWth)] + Aves (11)

4.2 Demodulation of the transmitted signal

A numerical demodulation is used to obtain the module and phase from the thermotrans-
mittance. A Fast Fourier Transform (FFT) algorithm in Matlab is employed to process the
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image. These, in each pixel of the image we obtain the module:
||AUpiX,[R(OJ = 27TfT)|| = ppixq)oroliAT, (12)
and the thermotransmittance phase

arg(AUpisr (w = 27 fr)) = ¢ (13)

These two quantities can be used to estimate the heat diffusivity, convective coefficient, or to
calibrate the thermotransmittance coefficient s over the spectral range of the camera. The
demodulation based on FFT requires to record at least 10 periods to ensure a sufficient spectral
resolution in the process data. The longer the experiments lasts, the better the precision of
the algorithm is.

5 Heat transfer modeling of a thin wafer in cylindrical coordi-
nates

This section studies the heat transfer in a thin silicon wafer heated at its edges by a ring-shaped
Peltier module. We calculate the temperature variation AT in the sample, and determine the
operating modulation frequency fr.

Sample

Peltier module

(a) gZ'r
To(t)
\'_/ Thermocouple
vz
0 Te(t) C h Tc‘(t)/ Sample Peltier module
Lz{ i &/ Peltier module ()
(b) A
z
+ > I
-To 0 ro

Figure 7: Illustration of the heat transfer problem. (a) 3D view of the Peltier module and
the sample heated to a modulated temperature T,(t). (b) Cross-sectional view with boundary
conditions. (c) Image of the Peltier module.

5.1 Solving the heat transfer equation

The shape of the heating system is important to let the incident flux ®¢ passing through the
sample. The sample and the Peltier module are positioned vertically. Figure 7 illustrates the
geometry of the problem with the boundary conditions. Let’s consider a sample of radius
7o (m) and thickness L, (m), of thermal diffusivity a (m?/s) and thermal conductivity k
(W/m/K). Due to the geometry of the wafer and the heating system, we use the cylindrical
coordinate system (7,1, z). As the sample is homogeneously heated at its edges, we do not
consider the azimuth coordinate ©): the temperature does not depend on the angle 4. The
final coordinate system is (r, z).

Boundary conditions
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The temperature is set to the modulated temperature T'(t) = Ty + AT cos(wrt) at the edges
of the sample (r = rg and r = —rg), with Ty the ambient temperature and wy = 27 fp
the angular frequency (rad/s). For symmetry reasons, at the position r» = 0, the radial flux
is assumed to be equal to zero. We impose convection losses at the surfaces z = 0 and
z = L,, with h being the convection coefficient (W/m?/K). The system of equations [14 to
19] expresses the heat transfer problem in cylindrical coordinates with boundary conditions
over time .

0T (r, 2,t) 19T (r, 2,1) n O*T(r, z,t) 191(r, 2,t) (14)
or? r o or 022 a0t
IR ZAGER ) —h(T(r,z =0,t) — Ty) (15)
0z z=0
_p 912t = (T (r,z =L, t) —Tp) (16)
0z L.
o1 (r, z,t) _0 (17)
or r=0
T(r=ro,z2,t)=T(r=—rg,z2,t) =Ty + AT (rg) cos(wrt) (18)
T(r,z,t=0)=Tp (19)

Linearization of convective losses

The borofloat thermal conductivity is about k£ ~ 1 W/m/K, its thickness is 500 pm and the
convection coefficient is approximately h =~ 15 W/m? /K for the vertical configuration used in
the experimental setup. This leads to a Biot number B; ~ 2.1072 < 1, which means that the
temperature is homogeneous in the sample thickness. As a result, the partial derivative with
respect to z can be linearized, as expressed in equation 21. We substitute this result in the
previous system of equations.

0T (r,z,t) OT (r,z,t)

T (r,z,t) o |, 0% |,
072 - L, (20)
2h
~ (T2 = Lo t) ~ T)) (21)

Temperature decomposition as periodic function

To solve the system, the temperature is decomposed into a constant and a term depending
on the angular frequency wr:

T(r,t) = Ty + AL (r,wr)e™T" (22)

With AT (r,wr) the complex temperature amplitude at the frequency fr. After substituting
the partial derivative with respect to z and the expression of T'(r,t), the previous system of
equations [14 to 19] becomes:
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AT (r,wr)  1dAT(r,wr) 2h _dwr
iz Trar gp ALnwr) = EAT(wr) (23)
dAT(rwr)| 0 (24)
dr r=0
|AT (r = ro,wr)| = |AL(r = —ro,wr)| = AT (ro) (25)

Solution of the system

The solution of the system is given in equation 26, with H = 2h/kL, the loss factor (m~2),
Ty and Ky the modified Bessel functions of first and second kind.

AT(r,wr) = ATy (m/Hﬂ"f) + BK, <m/H—i—iwaT> (26)

A and B are determined with the boundary conditions:

e At the center of the wafer, an adiabatic condition is assumed. As the function Cq(r)
tends towards co at r = 0, B must be equal to zero to satisfy equation 24.

e At the edge r = 19, the boundary condition gives: A = AT (ro)/Zo (row JH + 2%)

Finally, the complex temperature field as a function of the position r and the frequency fr is
expressed in equation 27.

AT () = AT PV L) 0

Two quantities are then extracted from this model, the phase ¢ = arg(AT(r,wr)) and the
normalized modulus ||AT(r,wr)||/|AT (R, wr)||.

6 Inverse methods

6.1 Minimization and objective function

The inverse method to estimated a is based here on the minimization between the calculated
phase from the model and the measured thermotransmittrance phase. The cost function to
be minimised takes into account the error bar on the phase measurements, and writes as

JI(a) = (¢ — ¢(a))"W (e — ¢(a)) (28)

where W is a diagonal weight matrix containing the standard deviation of the measurements
¢. FEach element of the diagonal of the matrix is computed as 1/03}.

A simple gradient method can be used to estimate a. Algorithms such as Levenberg-Marquardt
are recommended in Matlab. But here we propose to use the Gauss-Newton algorithm such
as

A = b+ [(SM)TWSHTHSMTW (S - d(dY)), (29)
where the S is the sensitivity of the parameter a on the phase. It is expressed as
_ 09(a)
S = P (30)

This quantity can be computed numerically using a finite difference scheme and by assuming
a small variation of the diffusivity, i.e. 1%.

The algorithm can be initiated with a heat diffusivity of 1 mm? /s as it is the order of magnitude
for glass wafer.
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6.2 Standard deviation

Once the diffusivity estimated, one can compute the associated standard deviation. From the
standard deviation on the heat diffusivity is straightforward as

0o = 0o/ [(S)TWS]1 (31)

with o, = \/J(a)/(N — 1) where N is the number of data points used to fit a. It is important
to note that this standard deviation takes only into account the deviation between the mea-
surement and the model, and the standard deviation on the measurements. However, several
others bias in the measurement (position of the wafer, non linearity in the Peltier module
during the heating...) can increase significantly this value.

7 Measurements

7.1 Experimental setting

Instructions to realise the thermal imaging in semi transparent media, and an estimate of the
thermal diffusivity of a Borofloat sample are as follows:

1. Turn on all the instruments and set the chopper chopping frequency to f. ~ 10 —12 Hz.
This value can be checked on the oscilloscope.

2. Set the waveform generator to trigger the camera. Two triggers need to be sent to the
camera: one when the chopper is close, one when the chopper is open. The camera
trigger needs therefore to be set at 2f. ~ 20 — 24 Hz.

3. Set the thermal modulation at 20 mHz with a voltage peak-peak value of 4 V. The
electronic card powering the Peltier module converts this signal in current at the rate
of 1 A/V. Use the second channel of the waveform generator to do so.

4. Once the periodic regime is established (after 10 min), record at least 10 thermal mod-
ulations to perform an accurate Fourier transform with at least a spectral resolution of
2 mHz.

7.2 Image processing

Once the set of a data is recorded, the data processing consists in two successive steps. First,
the proper emission and transmitted signal needs to be separated. The images when the
chopper is open and close are subtracted. A example of this signal are presented in Figure
8(a) and (b).

The variations of the transmitted signal over the recorded time is presented in Figure 8(c)
for two pixels. Pixel 1, close to the edge where the wafer is heated, clearly shows a peak to
peak modulation of 5 x 1073. Pixel 2, taken farther from the wafer edge, shows the same
modulation but attenuated and shifted. This behaviour is expected. It is important to note
here that a signal variation of only 1% is recorded at the maximum (pixel 1), corresponding
to a variation of 80 DL over 8000 DL. This illustrates the weakness of the signal and justified
the advanced metrology that needs to be used to be able to measure it properly.

The modulus of these signals, obtained by FFT, are presented in Figure 8(d). Two clear peaks

at 20 mHz can be observed, validating the good result of the method. Such demodulation
processing is extended to all the pixels of the images, and the fields at 20 mHz are extracted
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for the parameter estimation.
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Figure 8: Image processing. (a) proper emission. (b) transmitted signal. (c) transmitted
signal recorded during the experiment and divided by its mean. The location of the two
pixels is indicated in (b). (d) associated fourier transform of the signal shown in (c).

7.3 Results

The modulus and phase fields obtained at 20 mHz are presented in Figure 9(a) and (b),
respectively. Only the part of the image containing the IR beam (see Figure 8(b) for compar-
ison) can be exploited. The rest of the image is only noise.

Both the modulus and the phase decrease from the edge of the wafer toward the center (be-
tween 2 and 15 mm in the image). Several artefacts are visible in the images. They are
associated with the IR sensor itself, where small variations in the pixel reading by the camera

electronics can be seen here. Usually, such artefacts are not visible when measurements with
high SNR are performed.
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Figure 9: Image demodulation. (a) modulus of the thermotransmittance at 20 mHz. (b) the
corresponding phase shift. (c¢) phase shift along a wafer radius average in the white rectangle
in (b). (d) the corresponding modulus for the same location. A comparison with the model
is done in (c) and (d).

In order to fit the thermal diffusivity, the data in the white rectangle are extracted and aver-
aged along the vertical position (20 pixels) to obtain the phase versus the wafer radius. The
error bar in the experimental data are related to the standard deviation over the average 20
pixels. Equation 29 is used to estimate the thermal diffusivity. The convection coefficient is
taken to be 15 W/m? /K, the wafer has a thickness of 500 pm, and the thermal conductivity
of Borofloat is 1 W/m/K. The algorithm was able to converge in less than 10 iterations (see
Figure 10). The tolerance limits was set to 1076,

The result of the fit can be seen in Figure 9(c). Overall a good agreement between the model
and the data is observed, except when r > 8 mm where the IR sensor artefacts are visible.
The estimated diffusivity is a = (0.93 4+ 0.2) mm? /s which is typically in the expected range
for such glass wafer. A check on the modulus distribution is done through Figure 9, and here
again, a excellent agreement between the model and data is obtained.
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Figure 10: Convergence of the Gauss-Newton algorithm during the diffusivity estimation.

8 Conclusions

In this tutorial a new method to measure the temperature fields in semi-transparent media
was introduced. Thermotransmittance enabled a contactless measurement of the mean tem-
perature in semi-transparent media with the downside to be a very weak signal. Therefore, an
advanced metrology was carried out, based on a double modulation of the signal recorded by
the camera. Image processing in Matlab enabled to extract the thermotransmittance phase
and modulus which were successfully used for parametric estimation. More detailed on the
techniques can be found in the following publication [17].

Such technique can be extended to many other measurements ranging from optical properties
characterisation, thermal microscopy, thermal characterization of heterogeneous materials, to
3D temperature fields measurements.
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