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Abstract To realize a fast and reliable thickness measurement of multilayer coatings based on terahertz technology,
an adaptive teaching-learning-based optimization algorithm was proposed. In this algorithm, the standard Kent
chaotic mapping was improved to increase the initial population diversity. Moreover, the teaching and learning
phases were enhanced based on step adjustment optimization and suboptimal individual optimization to achieve
improved optimization accuracy and efficiency of algorithm. Then, the proposed algorithm was combined with a
theoretical model for measuring multilayer sample thicknesses with terahertz waves. A method for determining the
thickness of the coatings was developed. Finally, multilayer coatings were prepared and terahertz nondestructive
testing experiments were performed. Results show that the efficiency of the proposed method is twice that of the
global optimal algorithm. The thickness, refractive index, and extinction coefficient of the multilayer coatings can
be obtained quickly in a single measurement in only ~50 s. The relative error of the measured multilayer coating
thickness is within 1. 5%, and the maximum standard deviation is no more than 1. 7 pm. Based on the terahertz

measurement signal, the proposed method can be used to efficiently, accurately, and reliably determine the thickness of
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multilayer coatings.
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Number of
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Table 2 Measurement parameters of sample 1 under the adaptive TLBO algorithm
Layer Refractive index  Extinction coefficient — Actual thickness /um  Measured thickness /pm Relative error /%
Layer 1 1. 44 0. 048 9241.1 92.541.48 0. 54
Layer 2 Unknown 116. 8
#* 3 AR TLBO Fik TR 2 il 2%
Table 3 Measurement parameters of sample 2 under the adaptive TLBO algorithm
Layer Refractive index  Extinction coefficient — Actual thickness /um  Measured thickness /pm Relative error /%
Layer 1 1. 45 0. 048 9241.1 93.341.61 1. 41
Layer 2 Unknown 103. 8
Layer 3 1. 46 0. 050 9241.1 93.341.54 1. 41
Layer 4 Unknown 129. 6
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Table 4 Thickness results of sample 1 under the three algorithms

TLBO Adaptive TLBO Method in Ref. [20]
Actual
Layer . Measured Relative Measured Relative Measured Relative
thickness /pum
thickness /um  error /%  thickness /pm  error /%  thickness /um  error /%
Layer 1 92+1.1 94.241.68 2. 39 92.5+1.48 0. 54 92.741.55 0.76
Layer 2 Unknown 113.1 116. 8 118.9
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Table 5 Thickness results of sample 2 under the three algorithms

TLBO Adaptive TLBO Method in Ref. [20]
Actual
Layer C Measured Relative Measured Relative Measured Relative
thickness /pm
thickness /um  error /%  thickness /pm  error /%  thickness /um error /%
Layer 1 92+1.1 94, 441. 84 2.61 93.3=£1.61 1. 41 93.441. 66 1.52
Layer 2 Unknown 104. 5 103. 8 103. 1
Layer 3 92+1.1 94,8+1.71 3. 04 93.3+1.54 1. 41 93.3+1.62 1. 41
Layer 4 Unknown 128. 4 129. 6 130. 4
F6 SHEEHIGETTAER U 13 BR B 18 () AR SR UOR 2 - TC A

Table 6 Time consumption of the three algorithms

in a single run unit: s

Sample TLBO  Adaptive TLBO Method in Ref. [20]
Sample 1 40,4 48. 3 118.3
Sample 2 40. 6 49.7 119.1
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Fig. 13 Signal of TBC sample. (a) THz measurement signal of TBC; (b) comparison of measurement

signal and simulation signal of TBC
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Table 7 Results of TBC’s thickness under the three algorithms

TLBO Adaptive TLBO Method in Ref. [20]
Actual
Sample . Measured Relative Measured Relative Measured Relative
thickness /pm
thickness /um  error /%  thickness /pm  error /%  thickness /um  error /%
TBC 305. 3 312.2+1.77 2. 26 301.1+£1.52 1. 38 300.4+1.56 1. 60
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Table 8 Measurement parameters of TC under the adaptive TLBO algorithm

o o . Actual Measured Relative error of
Sample Refractive index  Extinction coefficient ) ) .
thickness /pm thickness /pm thickness /%
TC 4. 90 0.072 305.3 301.1+1.52 1. 38
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