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High-speed photopolarimeter based on a linear neural network
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Abstract: A novel high-speed photopolarimeter is presented,in which a incident light is divided into
multiple beams by a special metallic grating that can generate both reflective diffraction and transmis-
sion diffraction. The light fluxes of the four 1st order diffracted beams are linearly converted into four
electrical signals by a photoelectric conversion circuit. A multilayer linear neural network model is set
up whose inputs are the electrical signals, and outputs are the Stokes parameters of the incident light.
The mapping relationship between the electrical signals and the Stokes parameters can be determined
by training the neural network. After the electrical signals are measured, the unknown Stokes param-
eters of the incident light can be calculated via a trained neural network. The testing results show that
the mean deviation of the measured and theoretical Stokes parameters is less than 2% at A=632. 8§ nm.
This instrument is compact,easy to install and characterized by fast response, high precision and dam-
aging-free in working states.
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Fig. 1  Schematic diagram of G-DOAP based on a

neural network
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Fig. 2 Schematic diagram of optics system of G-
DOAP. P:Polarizer, D:Detector
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Fig.3 Polarization state generator
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Tab.1 Input and hopeful output of standard sample data
B 2 NG o9 2 iy i A/ H i R 00 e e /B Stokes B8

iy (V) i1 (V) i, (V) iy (V) So 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 1
20 45 0 0.1388 0.2269 0.3629 0.0122 1 0 —1
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Fig. 4 Learning curve of training process
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Tab. 2 Theoretical Stokes parameters and computing Stokes parameters of the testing light

F 5 Q) I 2 f1 i A/ HRL s 2R 5 o I 2 i i /315 B Stokes 8K it Stokes ZH
YN 1, (V) (V) i, (V) 43(V) So S, S, Ss S, S, S, S,
1 10 2.5 0.0653 0.0606 0.7196 0.3356 0.9993 0.9627 0.1049 —0.2746 1.0000 0.9623 0.0842 —0.2588
2 10 12.5 0.1155 0.0139 0.7171 0.5065 0.9996 0.8949 0.4417 0.0644 1.0000 0.9029 0.4210 0.0872
3 10 22.5 0.1706 0.0168 0.6330 0.6582 0.9999 0.6269 0.6535 0.4057 1.0000 0.6409 0. 6409 0.4226
4 10 32.5 0.2077 0.0676 0.5077 0.7666 1.0001 0.2802 0.6461 0.6860 1.0000 0.2988 0. 6409 0.7071
5 10 42.5 0.2096 0.1420 0.4004 0.8218 1.0002 0.0206 0.4169 0.8809 1.0000 0.0368 0.4210 0.9063
6 10 52.5 0.1768 0.2049 0.3595 0.8248 1.0002 —0.0349 0.0750  0.9691 1.0000 —0,0226 0.0842 0.9962
7 10 62.5 0.1245 0.2271 0.4038 0.7857 1.0001 0.1401 —0.2235 0.9412 1.0000 0.1485 —0.2120 0.9659
8 10 72.5 0.0771 0.1993 0.5123 0.7207 0.9999 0.4616 —0.3421 0.7997 1.0000 0.4699 —0.3290 0.8192
9 10 82.5 0.0547 0.1332 0.6395 0.6363 0.9997 0.7929 —0.2257 0.5472 1.0000 0.7912 —0.2120 0.5736
10 10 92.5 0.0678 0.0614 0.7207 0.5409 0.9996 0.9676 0.0722  0.2350 1.0000 0.9623 0.0842  0.2588
11 10 102.5 0.1077 0.0180 0.7203 0.4344 0.9995 0.9114 0.4082 —0.1024 1.0000 0.9029 0.4210 —0.0872
1210 112.50.1550 0.0232 0.6389 0.3170 0.9995 0.6503 0.6321 —0.4331 1.0000 0.6409 0.6409 —0.4226
13 10 122.50.1860 0.0762 0.5134 0.1970 0.9994 0.3044 0.6365 —0.7167 1.0000 0.2988 0.6409 —0.7071
14 10 132.50.1842 0.1516 0.4046 0.0917 0.9993 0.0427 0.4199 —0.9127 1.0000 0.0368 0.4210 —0.9063
15 10 142.50.1504 0.2147 0.3623 0.0223 0.9992 —0.0163 0.0875 —1.0011 1.0000 —0.0226 0.0842 —0.9962
16 10 152.50.0999 0.2366 0.4060 0.0079 0.9991 0.1545 —0.2069 —0.9741 1.0000 0.1485 —0.2120 —0.9659
17 10 162.5 0.0566 0.2053 0.5178 0.0614 0.9991 0.4807 —0.3200 —0.8319 1.0000 0.4699 —0.3290 —0.8192
18 10 172.50.0427 0.1365 0.6406 0.1758 0.9992 0.7972 —0.1971 —0.5925 1.0000 0.7912 —0.2120 —0.5736
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