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Application of Neural Networks in Design of Q-Switched Laser
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Abstract An optimized design model of Q-switched lasers is established with neural networks (NN). Obtain the
laser outputs with the numerical solution for the rate equations when given cavity parameters and pumping
parameters, and these data will form the training set of neural networks. A back-propagation (BP) neural network is
established after being trained based on the relationship between the laser structure parameters, pumping parameters
and laser outputs. A quick design of Q-switched laser with the network to predict the laser structure parameters and
pumping parameters according to required laser outputs can be made while the training time is 2.96 s for computer
configuration of Pentium 4 2.4 GHz. Test data and experimental results show that the design standard deviation of
peak output power, beam quality and pulsewidth are respectively 3.1% , 3.4% and 5.8% . The results give good
agreement and the errors are small.
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Table 1 Network training errors

n 4 5 6 7 8

9 10 11 12 13

0 0.3142 0. 2875 0. 2883 0.1292

0.0847

0.0758 0.0858 0.0808 0.0716 0.0662
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Table 2 Paramters of samples
Peak output Beam Laser pulse Pumping Cavity Pumping beam
power /kW quality width /ns power /W length /mm radius /mm
1 77.007 2.089 6. 300 29.940 75.000 0.519
2 88. 154 2.089 6. 300 33.333 75.000 0.539
3 76.516 2.100 5. 880 27.073 70. 000 0. 486
4 53.690 2.096 6.432 20. 000 67.000 0.442
5 42.177 2.088 6. 240 16. 667 65. 000 0. 424
6 28.758 2.058 6. 600 11. 670 55. 000 0. 388
7 20. 328 2.026 5.874 8. 469 44,500 0. 367
8 13.593 1. 938 5.676 5. 832 31.531 0.343
9 97. 354 1. 849 5.988 26.162 62.375 0. 441
10 100. 493 1. 643 5. 520 22.586 57.500 0.393
11 116. 286 1. 360 5. 683 20.510 52.625 0.353
12 104. 116 1. 202 5.683 17.549 52.625 0. 327
13 47.169 1.130 6.115 8. 829 50. 960 0.262
14 56.930 1.478 6.132 12. 045 51.100 0.308
15 49.713 1. 603 6.115 11. 638 50. 960 0.317
16 51.909 1.821 5. 940 14. 144 55. 000 0. 356
17 13.593 1. 938 5.676 5.832 31.531 0.343
18 102.999 2.046 8.222 47.218 84.700 0. 657
19 53.690 2.096 6.432 20. 000 67.000 0.442
20 101. 021 2.075 6. 600 40. 261 78.571 0.592
21 87.498 2.040 8. 505 43.561 88.594 0. 649
22 97.700 2.117 4.723 26.698 65. 600 0. 484
23 91.659 2.126 4. 539 26.667 63.048 0. 459
24 80. 316 2.079 7.543 33.282 78.571 0.551
25 69.302 2.044 8.505 35.788 88.594 0. 601
26 80. 252 2.041 8.533 40. 665 88. 889 0.633
27 47.051 2.039 9. 600 26.764 88. 889 0. 546
28 45.706 2.108 5.295 14. 588 55.160 0. 387
29 49. 664 2.072 7.543 23.249 78.571 0. 494
30 13. 487 1.252 5.443 3.237 22.680 0. 246
G, BARMZITH 13 MRZEE/N RN 3.2.3 M KaE

B AN 1k 5 005 B A T L K 0 5% U Y
ZIOUBHBERN 9.
ERTE LY AR LR PN

3 BP %454 &

Fig. 3 Illustration of structure of BP network

WZAELPE M 245 1 BP Bk A 6, e
FR 35 7 1 2 9 1 i 1 THT PTRB AT 22 A JR B AR /N AL T
HAE S50 (B A ] X3 et 28 iy, X (4%
ME LA S5 0T R e B — A G 38 1 2 ) B TR A
Sk V38 DX 3T T T B — A BOR ) A ) U LAY
TIAC S5 JE 5 i A L At DX 3 i 3R AR v Al i D0 i
BN A S SR AN 2 BN 4 A FR e,

PRI R F ek itk ) BP 480325 2 3l i 7 vk (MOBP)
MOBP &4 2y 2 0 A 21 fi ol F B, 30 2 UF B B2
1 sl R ALy Yo SR R AR 2 ) L o
Y FE O F1 1 Z () B 2 A A5 1, T B0 0B i e %
HARGIR . SOy B BRIME R0, 9.8 T R UE1F £
RN HEAT T Z2 WIS B2 A WIE AL N



650 i

37 &

Hh e 0 AL SR PR L B 2 I e A R R Y 4%
3.2.4 WM& %

i 1 R 2 20 R AR I 25 0 2% T Bk Bl BIL 26 7 45
ZIN B AL 2 1 38 e S A2 ) I 2 TE R E AR
IR F g FARI A RN 2R, A H AR — B iR /D
Py vk 225 CH bR ME 5 96 B i 0 18 09 22 8 19 7
FD AN FGZAA /N T R 1R 2 e FRAR A 45 R .

T 3 8 PO R O 18 TS R AR 2 s il
GREA . FEAH I FRAE 10~120 kW Z [i] . 't
NPT AEL 1~2 Z A, Jk op 58 BEAE4. 5~9 nsZ[H],
K R A B i 28 0 4 e B AT I 25

gk # b, M2 0 H AR Z 8k 3 frs,
Training epochs NIl Zx {5, Training goal &l 25
F bR » Learning rate Y% 3 s B . & 4 Jo A 57 0 U1
izl . B4 Al U5 IR 25 Al k9. 74 X107,

3 MEEESH

Table 3 Parameters of the neural network

Training goal
10!
ZN A Matlab #it 28 X 46 T 24 76 il & H
Pentium 42.4 GHz, 512 M N 17 i1 & 0L R, ¥ Bt
2.96 s LGk 122 ML S I N3 s P iz
P22 I 2% 1) 25 R Al R, T DAE A PR 301 B dE
%4

Training epochs
300

Learning rate

0.1

— train

Performance

"0 10 20 30 40 50 60 70 80 90 100
Epochs
04 2
Fig. 4 Training curve
AN 5Tk REAR DR ie 8 s ELKS B e v i VIl kg
P14 R % XoF H A\ 5 4 0 A T 100 i o 7 B[R] R 0. 48 s,
3.3 MLk
EINES I BUE X8 10 A5 GREAAR
() P RO 85 B 11 T8 T SR RO Ty 38 ok o 5
AR 5T a7 A I (R B A 20 I 25 0 1) I 45 1 e A
Uity » FH R 265 14 Bt iy R R DA 2] 4% BT 0000 71 38 4k
S5 HiE S8
Al 2 R AT By e T I [ - A7
1 O #8005 B0 H BB R 4 B (B HFRED .
ST 3 T 22 R O 25 07 5o 5 A7 A

HUREREE S

Table 4 Training results

Input and target parameters

Forecasting laser parameters

Peak output power /kW Beam quality Laser pulse width /ns Pumping Cavity Pumping
Test Target Test Target Test Target power / length /  beam radius /
value value value value value value w mm mm
1 100 100. 5 2.0 2.07 8.0 7.85 42.2 81.8 0. 61
2 95 91.9 2.1 2.04 5.2 5.59 29.3 66. 5 0.49
3 85 84. 3 2.0 1.99 9.0 8. 81 44. 3 91.8 0. 66
4 85 84.4 2.1 2.02 6.0 6.09 30. 8 72.5 0.52
) 55 56.5 2.1 2.17 6.0 5.72 18.9 62.3 0.42
6 35 36.7 2.0 1. 96 6.0 6.51 14.6 58.9 0. 40
7 100 100. 1 1.7 1. 68 5.5 5. 60 23.3 58.3 0. 40
8 115 107. 6 1.3 1. 27 5.5 5. 66 18.8 52.4 0. 34
9 90 90. 6 2.0 1. 90 6.5 6.93 31.2 72.2 0.51
10 100 98.0 1.9 1.99 6 5. 40 28.0 64.3 0. 46
5 BUMGER S5 RO 1
Table 5 Contrast between the forecasting results and the experimental data
) ) Network forecasting results
Network inputs Experimental outputs of laser . )
(as experimental inputs)
Peak output Beam Laser pulse Peak output Beam Laser pulse Pumping Cavity ~ Pumping beam
power /kW quality width /ns  power /kW quality width /ns power /W length /mm radius /mm
1 120 1.8 6.0 115 2 5.5 30 62 0.5
2 35 2.2 6.5 34 2 6.5 16 65 0.4
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