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Measurement error analysis and validation of the angle of polarizer

for channel-type polarization remote sensor

Fan Huimin, Qiu Zhenwei, Yuan Yinlin, Kang Qing, Hong Jin
(Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: The core component of the polarization measurement of the channel —type remote sensor is
usually the similar, that is, the polarization detection is carried out by using the analyzer in different
polarization direction. The relative angular error of different polarizers is an important element affecting
the measurement accuracy of polarization. Firstly, the influence of relative angle error among the angle of
polarizer on the accuracy of polarization measurement was analyzed. Secondly, the error sources in the
measurement process were simulated and analyzed. According to the simulation results, the specific
experimental parameters and methods were designed to verify the simulation results. Finally, the
comparison of experiment results, which validated the measurement reliability, show that the maximum
average deviation between the measured polarization degree of the system and the reference value of the

reference source with variable polarization degree (VPOLS-Il) is 0.735 3%, and the maximum average
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deviation from the CE318 measurement is 0.036. The experimental results satisfy the real polarization

measurement accuracy requirement,

which indicates the method of polarization analysis direction

measurement is reasonable and provides a powerful support for the high precision calibration of the

polarization sensor.
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Fig.1 Optical basic principle of polarization detection system of

channel-type polarization remote sensor
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Fig.2 Sensitivity analysis of relative angle error among the angle

of polarizer in polarization degree
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Fig.3 Schematic diagram of the angle of polarizer measurement
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Fig.4 Stability measurements results of the light source and the

noise figures of MATLAB simulation
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different noises and sampling intervals
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Tab.1 Signal to noise ratio and measurement

results of standard deviation

870 nm-P1 870 nm—-P2
SNR Standard er.ro.r of SNR Standard er.rO.r of
phase deviation phase deviation
639.001 0.044 52 783.708 0.03523
634.841 0.044 81 704.606 0.040 38
634.727 0.044 82 570.156 0.049 74
629.275 0.045 21 543.54 0.052 17
616.629 0.046 13 542.567 0.052 27
616.522 0.046 14 539.413 0.052 57
616.511 0.046 14 515.515 0.053 53
606.462 0.046 9 432.729 0.065 54
599.74 0.047 43 430.519 0.065 88
549.583 0.050 79 427.84 0.066 29
526.399 0.053 47 427.721 0.066 31
499.674 0.055 89 410.278 0.06913
417.228 0.067 47 385.265 0.070 04
348.674 0.081 72 353.558 0.082 85
324.626 0.089 1 309.324 0.094 71
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Tab.2 Sampling interval and measurement results

of standard deviation

Low SNR High SNR
Standard error Standard error
Span/(° Span/(°
pan/(%) of phase deviation pan/(*) of phase deviation
0.5 0.011 05 0.5 0.002 19
1 0.015 69 1 0.003 13
2 0.022 32 2 0.004 38
5 0.03543 5 0.007 08
10 0.050 69 10 0.009 98
15 0.062 52 15 0.012 49
20 0.073 79 20 0.014 82
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Fig.6 Variance of sampling interval and angle deviation
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Tab.3 Comparison between polarization degree of
the reference of VPOLS-II and

the measured value

490 nm 670 nm 870 nm
P&
Py IPy=Pd° Py [Py—Pcl Py [Py—Pcl
0 0 0 0 0 0 0

5% 4.90% 0.09% 4.73% 0.27% 4.56% 0.44%
10% 10.05% 0.06% 9.84% 0.16% 9.86% 0.14%
15% 15.03% 0.03% 15.01% 0.01% 14.82% 0.18%
20% 20.21% 0.21% 20.07% 0.07% 19.62% 0.38%
25%  25.25% 0.25% 25.09% 0.09% 24.634% 0.37%
30% 30.38% 0.38% 30.15% 0.15% 29.70% 0.30%
45%  45.61% 0.61% 45.53% 0.53% 45.12% 0.12%

Mean 0.204% 0.16% 0.241%

Variance 0.043% 0.030% 0.024%

In the table, a: designed degree of polarizer; b: measured

degree of polarizer; c: deviation between designed degree of

polarizer and measured degree of polarizer.

A58 kG B IR I o ELA (iR DU A RE T 1Y)
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0.61% , 3411 2% 4 0.204% ; 670 nm % Bt 22 15 Fl
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Tab.4 Polarization degree comparison with system measurement and CE318
DOLPa CE318-DOLP Deviation
Time
490 nm 670 nm 870 nm 500 nm 675 nm 870 nm 490/500 670/675 870/870
17:55:28 0.515 0.351 0.217 0.490 0.347 0.302 0.025 0.004 0.085
18:03:49 0.533 0.363 0.230 0.477 0.350 0.258 0.056 0.013 0.028
18:10:09 0.548 0.375 0.241 0.503 0.387 0.266 0.045 0.013 0.025
18:14:28 0.559 0.384 0.249 0.511 0.376 0.282 0.048 0.008 0.033
18:19:51 0.575 0.406 0.258 0.515 0.376 0.242 0.061 0.030 0.016
9:28:07 0.218 0.196 0.142 0.187 0.143 0.130 0.031 0.053 0.012
9:36:00 0.208 0.186 0.132 0.181 0.136 0.120 0.027 0.050 0.012
9:38:31 0.253 0.183 0.124 0.177 0.132 0.114 0.076 0.050 0.009
9:43:17 0.194 0.174 0.115 0.173 0.130 0.111 0.021 0.044 0.003
9:48:22 0.184 0.169 0.110 0.168 0.124 0.107 0.016 0.045 0.003
9:54:36 0.173 0.171 0.099 0.161 0.120 0.101 0.012 0.051 0.001
9:57:17 0.171 0.171 0.096 0.157 0.116 0.097 0.014 0.055 0.001
Mean 0.036 0.034 667 0.019

In the table, a: the channel-type polarization remote sensor measured degree of polarizer.
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