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Reconstruction of Photo-Thermal Depth Profiles of Multilayer
Media Based on Particle Swarm Optimization

Chen Zhaojiang Fang Jianwen Liu Shiqing
(College of Mathematics, Physics and Information Engineering, Zhejiang Normal University ,

Jinhua . Zhejiang 321004, China)

Abstract A one-dimensional photothermal model of multilayer media is established based on thermal-wave
impedance method, and the particle swarm optimization (PSO) method and total variation (TV) regularization are
employed to reconstruct the depth profile of thermal properties of the multilayer media by the analysis of the surface
photothermal signals. In the proposed method, the multilayer media is discretized into a series of virtual layers with
the same thickness, the depth profiles of thermal properties of the multilayer media are represented in the form of
particle, and the optimized thermal parameters are obtained by the particles’ searching in the solution space. The
numerical results demonstrate that the algorithm presented in this paper is very effective, and suited to
reconstructing thermal conductivity or thermal diffusivity profiles of a multilayer media with unknown number of
layers. It is also proved that the algorithm is stable even with noise disturbance. Moreover, the simulation results
also show simultaneous profile reconstruction of thermal conductivity and thermal diffusivity is feasible by using the
inversion method.
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Table 1 Physical parameters chosen in the simulation

for a multilayer media in Fig. 2

Layer Thermal Thermal
Layer . . .
N thickness /  conductivity / diffusivity /
o.
mm (Wem 'eK™1) (m*es )
1 0.0625 50.0 1.35X107°
2 0.125 20.0 5.41X107°
3 0.0625 100. 0 2.70X10°°
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Fig. 3 Reconstruction results of a thermal conductivity depth profile based on PSO optimization.

(a) L-curve for

regularization parameter selection; (b) simulated phase signal and fitted result; (c¢) reconstructed profile for different

noisy data; (d) phase sensitivity coefficients analysis
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Table 2 Physical parameters of the multilayer media used in Fig. 3

Layer Thermal conductivity / Thermal diffusivity / Product of density and heat
Layer No. thickness /mm (Wem '-K™1) (m?+s™ 1) capacity /(10° Jem *«K™ ")
1 0. 05 50.0 1.35X10°° 3.70
2 0. 05 20.0 5.41X10°° 3.70
3 0.15 80.0 2.16X107° 3.70
4 0.10 35.0 9.47X10°°¢ 3.70
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Fig. 4 Reconstruction results of a thermal conductivity profile using different virtual layer number.

(a) N=5; (b) N=6; (¢c) N=15, 20 and 22; (d) fitness function value versus iteration number
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Table 3 Physical parameters of the multilayer media used in Fig. 5

Layer Thermal conductivity / Thermal diffusivity / Product of density and heat
Layer No. thickness /mm (Wem '-K 1) (1077 m?es™1) capacity /(Jem ?«K™")
1 0.05 80. 0 4.0 2.0X10°
2 0. 05 20.0 8.0 2.5X10°
3 0. 10 60.0 2.0 3.0X10°
4 0.05 30.0 5.0 6.0Xx10°
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