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Abstract. The mathematical model which describes dependence of optically induced temperature variations on modulation frequencies of incident laser beam is derived. By analysis of the model it is shown that measured photothermal frequency response involves information about magnitude and shape of depth variations of the sample absorption coefficient. The neural network for photothermal optical depth profilometry is suggested and
developed. The numerical simulations have been carried out for suitably chosen optically
gradient samples. It has been demonstrated that the suggested algorithm has high accuracy
and low noise sensitivity with a short reconstruction surface time. Also, the algorithm
doesn’t demand the special computer resources.

1. INTRODUCTION
Photothermal (PT) methods are based on direct or indirect recording of surface
temperature variations that arise from the generation and transfer of heat produced
as a consequence of the absorption of laser radiation of modulated intensity by a
sample, see Terasina et al. The key to depth profiling by the PT effect is that the
distance of propagation of the light induce thermal waves is controlled by varying
the modulation frequency. But reconstruction of the optical depth structure from
PT responses hasn’t been easy at all, see Power 2002 and Harata and Sawada
1989. In recent years, PT techniques have found wide applications in the depth reconstruction of the thermal transport properties while the depth profiling of the
optical absorption coefficient in a laser irradiated sample (via the depth profile of
heat flux deposited in the sample by light absorption) has been less commonly
studied inverse problem although there are many problems of practical interest in
which the sample is thermally homogeneous, and yet the optical absorption varies
continously with distance from the surface. The reasons seems that the solving of
optical inverse problem is too complicated and time consuming to do with microcomputer, and calculated results of depth profiles are easily diverted at deep val147
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ues and are too sensitive to the noises which are inevitably contained in the original data measured.
In this paper, the mathematical model which describes dependence of optically
induced temperature variations on modulation frequencies of incident laser beam
is derived. Here is observed connection between surface temperature variations
and depth-dependent optical absorption coefficient. By analysis of the direct model, the neural network for PT optical depth profilometry is suggested and developed. Using this network, spatial profiles of optical absorption coefficient for several suitable chosen samples are determined and accuracy and noise sensitivity of
the suggested algorithm are discussed.
2. SOLUTION OF THE DIRECT FT PROBLEM FOR OPTICAL
INHOMOGENEOUS STRUCTURES
Optical and thermal properties are observed on the thermally homogeneous and
optical transparent structure, and its optical absorption coefficient varies continuously with the depth from the initial value γ0 on the surface to the value γ1 on
the depth d (presented in Fig. 1). The system is excited by plane electromagnetic
waves, so a one-dimensional profile of temperature change in the material, along
the depth axis z, is considered. Also, we assumed the constant efficiency with
which the optical energy absorbed by the solid is converted to heat via nonradiative processes, η ( x) = η 0 .
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Figure 1: Schematic representation of the observed model.

It is derived expression for surface temperature variations when the optical absorption coefficient is varying randomly by PT system equation evalution, see
Galovic et al.
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Differencial signal is given by expression

D(0, ω ) = ( J1 (d ) + J 2 (∞ ))
⎧az + γ 0 , 0 ≤ z < d ⎫
⎬ , differencial signal is
γ 1, z ≥ d ⎭
⎩
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3. NEURAL NETWORKS

By the analysis of the direct model for optical gradient structures it is shown that
the three-layer perceptron arhitecture of neural network can be used. Neural
network is designed to have three input neurons, each for modulation frequency,
magnitude and phase of PT response respectivelly, fifteen neurons in the hidden
layer and only one output neuron. Applied learning algorithm is back propagation.
Back propagation is an iterative learning procedure that adjust weights to
minimize the mean square error between the actual output and the desired output.
This algorithm requires a continous differentiable nonlinear activation function, in
our case that is tangent hyperbolic, see Furundzic et al. 1998.
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Figure 2: Schematic representation of the suggested neural network for photothermal optical depth profilometry.

The network has been trained on 20% of the total data set from different frequency ranges. It is achieved identification or determination of parameters of the
model (weight matrix). Verification accomplished model is achieved on the rest
80% values of input data set, and the error on this test sample is negligible (0.2%).
On the Fig. 3 is shown five values of reconstructed optical profile.
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Figure 3: Reconstruction results of the optical depth profile by neural network.

Practical importance of this model is in it’s ability of generalization solving on
hole range values of optical absorption coefficient. Described neural network is
accomplished in softwear package MATLAB and computing are preferred on
standard notebook. Reconstruction of all five profiles after training neural network
has been continuance for less than fifteen minutes.
4. CONCLUSION

In this paper has been shown that neural networks have excellent characteristics
for optical profile reconstruction from measured PT response and significant
advantages compared to the classic approach in the obtained computer resorces
and processing data time. For this purpose has been used well determinated
artificial sample whose optical absorption coeficient varies linearly to a depth d, in
which reaches its constant valy. The developed neural network can be easily
extended and trained to perform optical profile reconstruction due to general
solutions direct PT problem for optical inhomogenous environment, which is
derived in the second section of this paper.
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