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Nonlinear Network of Measuring Transverse Modes in a Laser Beam

Shen Jinhua Wang Shiyu Cai Defang
(School of Technical Physics, Xidian University, Xi’an, Shaanxi 710071, China)

Guo Zhen Wen Jianguo

Abstract The distribution of transverse modes of the laser, especially the ratio of fundamental mode is proposed to
evaluate laser beam quality, and the measuring method is studied. The beam spot images captured by a CCD detector
are input into a nonlinear network which bases on the Hopfield network principle. The dynamics steady state is
obtained by computing the energy function of the network and performing training arrangement. The proportion of
all ranks of transverse mode in the steady state is the measurement result. During the experiment, a laser diode-
pumped solid-state laser was used to emit laser beam, and the captured beam spot images were input into the

nonlinear network after image processing, and the proportion of fundamental mode was 69%. The results were used
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to compose a new spot digital image, and the relative error compared the original image was 3. 53%.
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Fig. 1 Structure of the network
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Fig. 2 Variation of the error function F versus the

fundamental mode radius w
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Fig. 3 A beam spot image captured by CCD (a) and its

three-dimensional (3D) intensity distribution (b)
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Fig. 4 Beam spot image after image processing (a) and
its 3D intensity distribution (b)
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Table 1 Normalized power coefficients of transverse

modes components

Ioo o I Iy Lo I
0.69 0. 00 0. 06 0.07 0. 00 0. 00
ISO IOS 112 IZI IZZ
0. 06 0. 00 0. 00 0.01 0.10
0.8 -
\| —-—-radial intensity
0.7 of input image
—— radial intensity
0.6 of output image
» 05
‘B
£ 04
=i
— 03
0.2
0.1
0.0 b=
0.0 0.5 1.0 1.5
X /mm

5 Z Mg ab TS G UGB RS AR GBI R
(e 1 i 5
Fig. 5 Comparison of the radial intensity distribution
between the input spot image and the output spot

image of the network
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