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Fig. 1. Sketch of polarization direction measurement sys-

tem based on the spatial modulating of vector light field.
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Fig. 2. Typical intensity distribution of the spatial modu-
lated vector light field: (a) The calculated pattern in the-
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Fig. 3. Intensity modulated curves with different radii in ex-
perimental image (R = 50, R = 250, R = 450, R = 650, R =
850 pixels).
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Fig. 5. The sinogram and the intensity distribution of Radon transform: (a) The sinogram of Radon transform; (b) the intensity dis-

tribution of zero integral distance in Radon transform.
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Table 1.  Comparison of the calculation results by using four algorithms with the data in the same location.

fS v SR/ (°) BRIRZE/(%) FHRZE/(0) WREREZ/(°) FEZRINA] /s
RadonZF4f 128.9380 0.0085 0.0026 0.0036 69.6582
s 2 129.1450 0.0060 0.0048 0.0015 0.2997
(R v 129.0090 0.0080 0.0032 0.0040 0.4783
PEHGAR A I 129.0310 0.0050 0.0050 0.0050 0.8909

2 DURMBETTIERNT 15 DR AR B AT L
Table 2.  Comparison of the calculation results by using four algorithms in 15 rotation angles.

(=W FEEEA /() HRIRZE /() FHIRE /() PRiE2E/(°) SEHRERT /s
RadonZsft 0.9920 0.0800 0.0160 0.0228 67.1860
St A ) 2k 0.9960 0.0100 0.0040 0.0063 0.3019
Ry 0.9960 0.0100 0.0040 0.0063 0.4335
R EPS walll 0.9967 0.0100 0.0045 0.0067 0.8810
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Abstract

Polarization is an important property of electromagnetic waves, and measuring their polarization properties
fast and precisely is a very important issue in many applications, such as skylight polarization navigation,
optical activity measurement, imaging polarimetry, spectroscopic ellipsometry, and fluorescence polarization
immunoassay . The polarization measurement method based on vector optical field modulation and image
processing is a new type of spatial modulation polarization detection technology. The key step of this technique
moving to practical application is determined by effective polarization measuring algorithms with high speed
and accuracy. In order to find out the method of fast and precisely calculating polarization direction, the
principle of polarization direction measurement based on vector optical field and spatial modulation is
introduced briefly, and the basic characteristics of the spatially modulated intensity distribution images are
analyzed. According to the properties of spatially modulated image, we propose and implement four different
polarization direction calculation methods, which are the Radon transform, intensity modulation curve
detection, radial integration, and image correlation detection, and also introduce their working principles and
physical thoughts elaborately. To compare the detailed performances of these four algorithms, an experimental
setup is constructed to collect the images and perform the algorithm verification, and the stabilities, speeds and
accuracies of the four algorithms are compared. The research results indicate that all the four methods can
achieve their stable and reliable polarization direction detections. The three methods, intensity modulation
curve detection, radial integration and image correlation detection, can achieve the polarization direction
measuring accuracy better than 0.01° . The intensity modulation curve detection and radial integration have
relatively fast calculation speed and the best comprehensive performances , and are the most promising methods

to realize real-time and high-precision polarization measurement.
Keywords: polarization direction measurement, vector optical field, spatial modulation, image processing
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