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Multiple Mueller Matrices Measurement by Polarization
State Modulators

Zhang Shenfei Wang Chunhua Yu Qingyang Lei Junping
(Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University,
Shanghai 200072, China)

Abstract Three-stage Mueller matrices measurement by polarization state modulators is presented theoretically,
and the method is verified by experiment. Through the establishment of system equations, the Mueller matrices of
optical device under test can be solved by least squares algorithm. The scheme which is based on system estimation
theory is different from the method of measuring the input/output states of polarization with an in-line polarization
state analyzer. The Mueller matrices and physical polarization parameters can be obtained in just one experiment.
The standard deviations of measured retardances of optical components are 0.0012, 0.0018 and 0.0040, respectively. In
addition, the simulation of uncertainty and the error accumulation of the system are discussed in detail. There is
error accumulation effect in the cascaded system, and the result is consistent with the experimental data.
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Fig. 1 Rotating wave plate scheme for the estimation of polarization parameters by polarization state modulators
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Fig. 2 (a) Experimental setup for measuring cascaded Mueller matrices; (b) 14-SOP sequences needed in the experiment
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Fig. 3 Dispersion of Mueller matrices elements measured
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Table 1 Mueller matrices and their decompositions of QWP, HWP and pigtail under test respectively

M, ..(HWP) M, ..(QWP) M, .. (pigtail)
FLO000  0.0395 —0.0041  0.05507 10000 —0.0119 —0.0037 —0.0185 10000 0.0144 —0.0104  0.0054
0.0001 —1.0139 —0.0586  0.0113 0.0198  1.0168 —0.0530  0.0690 | |—0.0049  0.5951 0,027 —0.8028
Mo 0.0493  0.0287 —0.9686 —0.0276 00238 —0.0419  0.0481  0.9811| |—0.0180  0.1340 —0.9759  0.0547
10,0280  0.0281 —0.0351 —0.9524] L—0.0003 —0.0368 —0.9936  0.0244) L—0.0043 —0.8097 —0.1261 —0.5844
r1. 0000 0 0 07 1..0000 0 0 0 1.0000 0 0 0
0 0.9958 —0.0891  0.01%4 0 0.9915  —0.1079  0.0732 0 —0.5474 0.7335 —0.4028
Mice 0 —0.087 —0.9954  0.0332 0 —0.088  0.0428 0.9967 0 —0.1629 0.3787  0.9111
L o 0.0164 —0.0348 —0.9993] 0 —0.1107 —0.9932 0.0350 0 0.8209 0.5644 —0.0878
8/ 177.7976 88.0132 128.9222
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Fig. 4 Retardances of QWP and HWP by extracting from
the Mueller matrices decomposition (birefringence
matrices)
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Fig. 6 Standard deviation of (a) simulated Mueller matrices and (b) physical polarization parameters
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