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Abstract

The mechanism and characteristics of spectral polarization imaging technique are presented. The
present research and developing trend of spectral polarization remote sensing are introduced. A
novel method of spectral polarization imaging technique is discussed, which is based on static in-
tensity modulation adding with double refraction crystal spectrometer. The static intensity mod-
ulation consists of two retarders and one polarizer. The double refraction crystal is used to gener-
ate interference image. The spectral and four Stokes vectors information can be obtained only by
one measurement. The method of static intensity modulation is deduced in detail and is simulated
by computer. The spectropolarimeter experimental system is also established in the laboratory.
The basic concept of the technique is verified.
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1. Introduction

The intrinsic value of spectral polarization is remote sensing detection. Spectral polarization detection can obtain
polarization information of high spatial resolution, high spectral resolution and polarization information. Spec-
tral polarization detection can provide characteristic of objective. Spectral polarization remote sensing detection
technology has significant applications value in the fields of atmospheric sounding, underwater detection, as-
tronomical observation, resource investigation and military [1]. The summary of spectral polarization remote
sensing method is presented, including the spectral polarization detection method, the mechanism and characte-
ristics of polarization detection, and the expression of polarization light. It is an important developed direction
based on the static intensity modulation adding with double refraction crystal spectrometer. The basic concept of
the technique is verified based on simulation and experiment.
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2. Summary of Spectral Polarization Detection
2.1. Spectral Polarization Detection Method

(1) Linear polarization measurement using polarizer

The measurement equipment is composed of optical system, polarizer, light filter and CCD. Using different
filter can obtain different spectral image. Currently there are two measurement methods: using one camera and
using three cameras. If using one camera, the image of linear polarization can be obtained by rotating the pola-
rizer. One-camera system has the merits of simple configuration and small size, but it can’t achieve real-time
polarization image. Three-camera system has the merit of achieving real-time polarization image, but it has
complex configuration and big size.

(2) Polarization modulation method

Polarization modulation method can be classified as two types: polarization device rotating and phase mod-
ulation. Polarization device rotating: the phase of incident light is modulated by rotating the 1/4 waveplate and
the polarizer. Stokes vector can be solved by the intensity of different modulation state. Phase modulation: Elec-
tro-Optical phase modulator is used instead of the 1/4 waveplate. Phase is modulated by varying the voltage ap-
plied across the phase modulator. There is no mechanism rotating during measuring but the real-time polariza-
tion image can’t be achieved. The electric noise and the modulation error seriously influence the detection pre-
cision. Precise calibration is needed before measuring. With the use of LCTF/AOTF can obtain spectral infor-
mation.

(3) Static intensity modulation

Basic concept of the technique [2]: the incident light is modulated by two retarders and one polarizer, and
then the light signal is obtained by the spectrometer. The retardation of the two retarders is different and the
proportion is about 1:2 or other numbers. The Stokes vector of each spectral band can be solved based on fre-
quency domain algorithm. There is no mechanism rotating during measuring.

2.2. Mechanism and Characteristics of Polarization Detection

The direction and magnitude of electric vector of polarized light change regularly. Any polarized light can be
expressed by two linear polarized light of orthogonally oscillating and correlative phase [3]. The sunlight is iso-
tropic. The vertical and horizontal components of the reflective light change after the sunlight irradiates the earth
object. Then the light will become partial polarized light or polarized light [4]. The polarization state of the ref-
lective light could be influenced by surface configuration of object, texture and incident angle of light. Further-
more, the thermal radiance of object also has polarization effect. The characteristic of object can be obtained by
the change of light polarization and thereby distinguishing object could be more effective.

Compared with traditional optics and radiation remote method, polarization detection method has three merits
[5]: polarization detection can solve some problem which can’t be solved by traditional method, such as the
problem of the particle distributing of cloud and aerosol; polarization detection can achieve high resolution
without detecting exact radiation; the radiation measurement data and the polarization information can be ob-
tained simultaneously.

2.3. Expression of Polarization Light

There are two methods to express polarization state of light: Jones vector and Stokes vector. Jones vector is used
to express complete polarization light; Stokes vector can express any polarization state and its parameters are all
real numbers. It is convenient to measure the parameters of Stokes vector. Stokes vector is used frequently in the
field of polarization remote sensing. The expression of Stokes vector is (normalized) [6]:
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where:
| =total light intensity
Q = intensity difference between horizontal and vertical linearly polarized components
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U = intensity difference between linearly polarized components oriented at +45
V = intensity difference between right and left circular components

@

where:

P = degree of polarization (DOP)

@ = azimuth of the major axis of a polarization ellipse

P is a real number between 0 and 1. P =0 indicates non-polarized light; P =1 indicates complete pola-
rized light. 0<P <1 indicates partial polarized light. Even if the light intensity changes, P and ¢ don’t

change:
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3. Development of Spectral Polarization Remote Sensing Technology

©)

The domestic research of spectral polarization remote sensing technology started late. Many problems of theory
and experiment are needed to be researched. The typical product is multi-band polarization CCD camera de-
signed by Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences. The camera has three
parallel optics systems which synchronously collect polarization images of 0, 60, 120 degree. Linear polariza-
tion information can be obtained. Four spectral bands are 443, 555, 665, 865 nm and the bandwidth is 30-50nm.
Characteristic of the instrument: the focus is 200 mm, the detector is 1024 x 1024 area array CCD, data quanti-
zation is 12 bits [7].

The research of spectral polarization remote sensing technology is mature in many other countries. Some re-
search institutions and companies have desighed many polarization detection instruments. For example, there
are US Army Research Laboratory (ARL), Centre National d'Etudes Spatiales (CNES, France) and Ball Aero-
space & Technologies Corp.

A compact, lightweight, robust, and field-portable spectropolarimetric imaging system was developed at ARL.
It operates in the 400 to 900 nm region with a bandwidth of 10 nm at 600 nm. This automated imager is de-
signed using a tellurium dioxide (TeO,) acousto-optic tunable filter (AOTF) as an agile spectral selection ele-
ment and a commercial nematic liquid crystal variable retardation (LCVR) plate as a tunable polarization selec-
tion device with an un-cooled charge coupled device (CCD) camera. Image acquisition with both spectral and
polarization features facilitates significant improvement in target detection [8].

POLDER of CNES is composed of polarizer and light filter. It can detect global radiation and polarization
information of aerosol and cloud. There are nine spectral bands (443 - 1020 nm). Three bands (490, 670 and 865
nm) are polarization channels, six bands are radiation channels [9].

The BATC Stokes imaging polarimeter was designed by Ball Aerospace & Technologies Corp. The polari-
meter employs electro-optic modulators to acquire full Stokes vector spectral image (LCTF: liquid crystal tuna-
ble filter, LCVR: liquid crystal variable retarders) [10].

4. Novel Method of Spectral Polarization Detection

The novel method of spectral polarization imaging technique is based on static intensity modulation adding with
double refraction crystal spectrometer. The static intensity modulation consists two retarders and one polarizer.
The double refraction crystal is used to generate interference image (Figure 1).

The interference image is detected by area CCD and the digital signal can be obtained. The digital signal is

auto correlative function C(h). C(h) is made up of A (h), A (h—(L,-L)), and A, (h-L,). L, and
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L, is the optical path difference (OPD) of retarder 1 and retarder 2. @, (o) and @, (o) is the retardation of
retarder 1 and retarder 2 (o is wave number). F{ } means Fourier transform. S (o), S,(o), S,(c) and
S, (o) can be calculated by:

F{/’n(h)}{ﬂx%(a) (@)
F{A[(h—(L-L)]}= Ee‘x[”’z("”’l‘”ﬂ}x [s,(c)+ixS, (o)} ©)
A (0-L)) = 3¢ [si(0) ®

The method of static intensity modulation is simulated by computer. S, (o), S,(c), S,(c) and S,(o)
is simulated as shown in Figure 2. The signal C(h) is simulated as shown in Figure 3. S (o), S,(o),

S,(o) and S,(o) can be calculated by function (4)-(6). The simulation RMS error of DOP is about 1% as
shown in Figure 4.

The experimental system is also established in the laboratory: the static intensity modulation adding with the
spectrometer. The basic concept of the technique is verified.

Retarder:1 $ Retarder:2 $ polarizer § spectrometer

static modulation

incident light > Optical system

Figure 1. Basic concept of static intensity modulation.
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Figure 3. Simulation of signal C(h).
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Figure 4. Simulation error of DOP.

5. Conclusion

A novel method of spectral polarization imaging technique is discussed, which is based on static intensity mod-
ulation adding with double refraction crystal spectrometer. The imaging system can obtain spectral and polariza-
tion information. The advantages of the imaging system are compactness, low mass, no moving parts, and no
electrical control. The system structure and basic theory are introduced. The experimental system is established
in the laboratory. The basic concept of the system is verified. The simulation RMS error of polarization degree
detection is about 1%. The image data captured by the system can be applied to object identification and object
classification.
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