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Data Processing Method for the Division-of-Amplitude Photopolarimeter
Based on an Artificial Neural Network
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Abstract  The division-of-amplitude photopolarimeter (DOAP) is a sensor that can rapidly determine the
polarization state of the incident light. A data processing method for the DOAP based on an artificial neural network
(ANN) was presented. A multilayer feedforward neural network model was set up whose inputs are the electrical
signals produced by an electronics system of the DOAP, and outputs are the Stokes parameters of the incident light.
The mapping relationships between the electrical signals and the Stokes parameters can be determined by training the
neural network., After the electrical signals were measured, the Stokes parameters of the incident light can be
calculated via the neural network which has been trained. The total root-mean-square deviation of Stokes parameters

is 1. 9%. The testing results show that the data processing method based on the neural network is slightly better

)

than that based on the matrix operation on the aspects of measuring precision.
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Fig. 1 Schematic diagram of the principle of the
G-DOAP using a metallic grating

Py ~P; ; polarizer; Dy ~Ds: detector
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Table 1 Input and hopeful output of the sample data for training

Sample  6/C)  Q /() Input Hopeful output

i /V 0w /V i /V is /V S, S S, S;
1 0 0 0.0534 0. 0695 0.7279 0.4381 1 1. 0000 0. 0000 0
2 10 10 0.0988 0.0237 0.7273 0. 4707 1 0.9397 0. 3420 0
3 20 20 0. 1505 0.0020 0. 6828 0. 4986 1 0. 7660 0. 6428 0
4 30 30 0.2029 0.0052 0.5998 0.5174 1 0. 5000 0. 8660 0
5 40 40 0. 2487 0.0345 0. 4885 0.5234 1 0.1737 0. 9848 0
6 50 50 0.2833 0. 0865 0. 3630 0.5182 1 —0.1737 0. 9848 0
7 60 60 0. 3019 0.1536 0. 2392 0.5021 1 —0. 5000 0. 8660 0
8 70 70 0.3028 0. 2297 0.1292 0.4772 1 —0. 7660 0.6428 0
9 80 80 0. 2845 0. 3037 0. 0481 0. 4456 1 —0.9397 0. 3420 0
10 90 90 0. 2508 0. 3686 0.0053 0.4134 1 —1. 0000 0. 0000 0
11 100 100 0.2057 0.4147 0.0055 0. 3825 1 —0.9397 —0. 3420 0
12 110 110 0.1542 0.4379 0. 0495 0. 3556 1 —0. 7660 —0.6428 0
13 120 120 0.1017 0.4338 0.1313 0. 3374 1 —0. 5000 —0. 8660 0
14 130 130 0. 0557 0.4048 0.2414 0. 3300 1 —0.1737 —0. 9848 0
15 140 140 0.0216 0.3531 0. 3663 0. 3334 1 0.1737 —0. 9848 0
16 150 150 0.0028 0. 2849 0. 4910 0. 3478 1 0. 5000 —0. 8660 0
17 160 160 0.0023 0.2089 0. 6026 0. 3731 1 0. 7660 —0. 6428 0
18 170 170 0.0195 0.1344 0. 6850 0.4043 1 0.9397 —0. 3420 0
19 0 45 0.1646 0.2113 0. 3674 0. 8251 1 0 0 1
20 45 0 0.1388 0.2269 0. 3629 0.0122 1 0 0 —1




92 T = # P 34 %
£2 MR RREHHTERHMPEEH
Table 2 Computing and hopeful output of the testing polarization light
Sample  6/()  Q/() . . Input- . Computing output Hopeful output
w/V  a/V i /V s /V So S Ss Ss So S1 Ss Ss
1 0 32.5 0.1931 0.1265 0.4474 0.8265 1.000 0.155 0. 388 0. 894 1.000 0.179 0. 383 0.906
2 10 32.5 0.2090 0.0686 0.5052 0.7749 1.000 0.272 0. 647 0.703 1.000  0.299 0.641 0. 707
3 20 32.5 0.2182 0.0285 0.5469 0.6783 1.000 0.357 0.831 0.418 1.000 0.383 0.821 0.423
4 30 32.5 0.2196 0.0121 0.5648 0.5527 1.000 0.395 0.913 0.089 1.000 0.421 0.903 0.087
5 40 32.5 0.2135 0.0204 0.5583 0.4084 1.000 0.383 0.889 —0.259 1.000  0.408 0.875 —0.259
6 50 32.5 0.1995 0.0536 0.5281 0.2644 1.000 0.324 0.754 —0.581 1.000 0.346 0.742 —0.574
7 60 32.5 0.1807 0.1059 0.4778 0.1412 1.000 0.225 0.533 —0.827 1.000 0.242 0.520 —0.819
8 70 32.5 0.1581 0.1728 0.4138 0.0509 1.000 0.098 0.245 —0.979 1.000 0.109 0.235 —0.966
9 80 32.5 0.1354 0.2448 0.3433 0.0064 1.000 —0.043 —0.069 —1.010 1.000 —0.037 —0.079 —0.996
10 90 32.5 0.1148 0.3143 0.2754 0.0110 1.000 —0.180 —0.376 —0.926 1.000 —0.179 —0.383 —0.906
11 100 32.5  0.0990 0.3724 0.2170 0.0652 1.000 —0.298 —0.636 —0.728 1.000 —0.299 —0.641 —0.707
12 110 32.5 0.0895 0.4117 0.1769 0.1613 1.000 —0.379 —0.819 —0.444 1.000 —0.383 —0.821 —0.423
13 120 32.5 0.0879 0.4281 0.1579 0.2888 1.000 —0.418 —0.902 —0.104 1.000 —0.421 —0.903 —0.087
14 130 32.5 0.0945 0.4202 0.1639 0.4335 1.000 —0.409 —0.877 0.241 1.000 —0.408 —0.875 0.259
15 140 32.5 0.1078 0.3876 0.1932 0.5729 1.000 —0.351 —0.745 0.556 1.000 —0.346 —0.742 0.574
16 150 32.5 0.1266 0.3351 0.2432 0.6962 1.000 —0.251 —0.525 0.807 1.000 —0.242 —0.520 0.819
17 160 32.5 0.1493 0.2675 0.3078 0.7856 1.000 —0.123 —0.233 0.957 1.000 —0.109 —0.235 0.966
18 170 32.5 0.1721 0.1955 0.3787 0.8309 1.000 0.019 0.081 0.988 1. 000 0.037 0.079 0.996
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Table 3 Computing output of the Stokes parameters of the
testing light by using matrix method

Computing output

Sample
So S S. S;
1 0.999 0.155 0. 388 0. 890
2 0.999 0.271 0. 647 0.698
3 0.999 0. 357 0.831 0.414
4 0.999 0.395 0.913 0. 085
5 0.999 0.383 0.889  —0.264
6 0.999 0.324 0.754  —0.585
7 0.999 0.225 0.533  —0.833
8 0.999 0. 098 0.245  —0.983
9 0.999 —0.043 —0.069 —1.014
10 1.000 —0.180 —0.376  —0.927
11 1.000 —0.298 —0.636 —0.728
12 1.000 —0.379 —0.819 —0.446
13 0.999 —0.418 —0.902 —0.110
14 1.000 —0.409 —0.877 0.239
15 0.998 —0.351 —0.746 0. 550
16 0.998 —0.252 —0.525 0.799
17 0.997 —0.123 —0.234 0. 947
18 0.998 0.018 0.081 0.979
18 , }
AS, =—=3>1S,—S;|, i=0,1,2,3 (6)
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