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Fig.1 System of spectrum—modulated polarization detection
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Fig. 3 The modulated spectrum in the optical path difference domain
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Polarization Spectrum Measurement Technology Based on Intensity
Modulation

LI Hui, XUE Qingsheng, BAT Haoxuan, LI Zijian
(School of Physics and Optoelectronic Engineering, Department of Information Science and Engineering, Ocean
University of China, Qingdao 266100, China)

Abstract: As one of the common methods to measure polarization information, intensity modulated

polarization spectrum measurement technology has the advantages of high real-time performance and high
time resolution, and is widely used in many fields. In this method, the stokes vector of the target light is
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modulated to the carrier signal of different frequencies by the intensity modulation module, and the spectral
information of each element is modulated to the channel of different frequencies by the Fourier transform,
finally, the polarization spectrum is obtained. Although the technique of intensity modulated polarization
spectroscopy is simple and effective, there are still spectral overlap to varying degrees, which makes the
Stokes parameters between channels interfere with each other and affects the accuracy of spectral reduction.
At the same time, to meet the requirements of wide—band detection, on the basis of a certain spectral
resolution of the spectrometer, the thickness of the intensity modulation module delay is rationally designed
to reduce the interval between channels in the optical path difference domain, so as to achieve the purpose
of wide—band operation range. Secondly, by increasing the thickness of the delayer, the modulation
information generated by the polarization module is collected with a high—resolution spectrometer to achieve
a wide—band detection range. Based on using high resolution spectrometer to realize the requirement of
wide band detection, aiming at the shortage of overlapping between different channels in the optical path
difference domain of the current intensity modulated polarization spectrum measurement technology, the
generation of aliasing error in optical path difference domain is analyzed. The influence of different toe-
cutting functions on the measurement error of intensity—modulated polarization spectrum is studied by using
windowed interpolation FFT transformation. Firstly, the theoretical analysis of intensity modulation
polarization spectral measurement technology is carried out to analyze the relationship between the design
of the retarder thickness in the polarization module and the spectral resolution of the spectrometer. And the
design relationship between the two delayers is introduced to complete the design of the intensity
modulation module. Secondly, according to the design index of the intensity modulation module, the
process of demodulating and recovering the intensity information of the incoming light and the information
using different toe—cutting functions is simulated. The distribution of different channels in the optical path
difference domain is analyzed under different toe—cutting functions. The polarization spectrum information
of different channels is restored, the four Stokes vectors are normalized, and the calculation of polarization
degree and error analysis are completed. Finally, the intensity modulated polarization spectrum
measurement system is simulated by ZEMAX software, and the polarization module is adjusted and
installed according to the simulation model. At the same time, the polarization spectrum measurement
device is built with high resolution spectrometer, parallel light tube and other devices, and the polarization
spectrum measurement experiment is carried out. During the experiment, before demodulation of the
metering light, it is necessary to calibrate the reference light and calculate the demodulation coefficient
required in the process of demodulation. Analyze the correctness of the demodulation coefficients according
to the principle of polarization spectrum measurement to eliminate the influence of installation and
adjustment errors on the demodulation work. At the same time, the source spectrum of the unmodulated
halogen lamp was measured and compared with the recovery result as reference light to verify the accuracy
of polarization spectrum recovery under different toe—cutting functions. The results show that choosing the
appropriate toe—cutting function according to the design index of the polarization spectral measurement
system can reduce the spectral leakage effect caused by the truncation of light intensity information, reduce
the aliasing information between different channels in the optical path difference domain, and improve the
accuracy of polarization spectral recovery. The maximum error of polarization of linear polarized light with
different toe—cutting functions is reduced from 0.059 3 to 0.001 4, and the polarization is close to 1. The
above research provides an important reference for eliminating the “ring” effect caused by spectral aliasing in the
process of intensity~modulated polarization spectrum measurement.

Key words: Measurement technique of polarization spectrum; High resolution spectrometer; Toe—cutting
function; Windowed interpolation FFT transformation algorithm ; Spectrum leakage effect
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