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a large~basis ef photoacous ases obtay om a theoretical S1 n-type model 1n the range of 20Hz to 20kHz. The advantages
of using a phase neural n rk with high a d precision in prediction depending on the number of epochs are presented,
a s analyze applic@tron o d ssian noise to the network in order to better predict the experimental
hotoacoustic si lysts of a theoreti hotoacoustic model with a phaseaneuralﬂnetwork is demonstrated. ;
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W ST orks wit rtain %o The networks had 72 neurons 1n the input layer, the By increasing the percentage of noise, the
Sa1ID \ahi\ € ¢ ragdom number of neurons in the hidden layer was 50, and the network trains for a shorter time (reduces
expected ragge of Gaussian nots a number of output neurons was the same, 3, and the number of epochs), which leads to
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parameter chalbas 1f > 1-5)% was  represents the semiconductor parameters DT, arand /. faster termination of training.
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| Fig 1. Max and average % parameter prediction error for thermal diffusivity p_ . expansion o,
eSS Of 830“ AL, 1 1 -t and 12 H and thickness 7 from 110 phases of photoacoustic signals (I test) taken from the data-base before

WETC ‘;_"wf ured V lth ali OPCN training with different % noise level.
photoacoustregell.

t I: The\network with the lowest noisedevel (0) has the lowest error and that the errors tend to increase with the increase of the noise level.
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Fig 2. Max and average % parameter prediction error for thermal diffusivity [ ). - expansion o

and thickness 7 from 24 random phases of photoacoustic signals (II test)

Table 4. Prediction of three parameters by phase neural networks (with certain % noise level) and
relative % prediction error of three samples . PNN prediction of Dy 5 PNN prediction of oy PNN prediction of /
PNN Sample no.1 (830um) Sample no.2 (417um) _ Sample no.3 (128um) o - 5 I [um]

parameters D™ a [ D™ ANN JA D ANN JANN

O7 a7

I [pm] . [ [pm] —— 30
—a— 330 =10 e 4177
—— 417 & —— 128

unit 10°m’s™  10°K"  10’zm  107m’s™  10°K™ 10%zm  107m’s™  10°KT 10%m
0% 9.0011 2.6003 8.2997 8.9958 2.6020 4.1689 11.7889 2.2092 1.4795
Rel % error 0.0127 0.0135 0.0030 0.0464 0.0785 0.0265 30.9883 15.0313 15.5833
1% 9.0131 2.5980 8.3060 9.0610 2.5849 4.1845 9.8674 2.5442 1.3610
Rel % error 0.1457 0.0777 0.0761 0.6780 0.5819 0.3777 9.6194 2.1460 6.3307
2% 9.0009 2.5875 8.2861 9.0930 2.6061 4.1931 10.2581 2.5214 1.4117
i Rel % error 0.0099 0.4800 0.1666 1.0341 0.2357 0.5538 13.9786 3.0199 10.2928
/,=830um 3%RGN  9.0196 25876 8.3133  9.0642  2.6045 4.1918  9.0941  2.6609 13422
[ =417pm Rel % error 02183 04766  0.0394 07130  0.1749 05226  1.0450 23427  4.8579 Noise level. %
4% 8.9949 258092 B.1578 8.9099 2.6194 3.9900 8.8366 2.6089 1.2998
Rel % emror  0.0569  0.7338 17136 1.0010  0.7477 43163 18158 03425 15488 1g 3. Relative errors %. predictions of three parameters: a) thermal diffusivity D™, b) linear expansion ™ and
5 3 : 5% 9.0141 2.5802 8.3038 8.9779 2.5904 4.1616 8.8399 2.6157 1.2026
O (L “Rel%emror 01566 07605  0.0460 02459 03692 02023 17782 06030 60439 [ ¢) sample thickness /A | for three different thicknesses 830, 417 and 128 pm.
Modulation frequency, f, |Hz| -
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—— 83()
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Relative % Error
Relative % Error
>y

Noise level. % Noise level. %

[,=128um

Test on experimental stages of photoacoustic signals. Predictioh errors on samples with thicknesses of 830 and 417 mm are <1% and are independent of the level of
added noise )

The phase network without added noise shows a large error (15-30)% of the parameter prediction. By adding noise, the prediction error drops to optimal (<2.5%)
for networks (3.4)% noise.

analysis shows that plasma thick samples can be characterized by a phasic neural network. For plasma thin samples, phase network prediction errors are large and
can be improved by adding Gaussian noise’” The networks are trained faster<and the prediction errors show that the optimal noise 1s (3.4)% corresponding to the
uncertainty of the experimental phase measurement .
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