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Abstract: The detection model of sky polarization based on image as a new navigation technology, has a relatively good
stability and high research value. In order to improve the accuracy and reliability of the polarization mode measurement
and continuous measurement, it constructs a set device of polarized light detection based on image’s real-time synchro-
nous acquisition. Besides, it has carried on the preliminary research on sky light polarization mode detection and naviga-
tion, according to the detection method and formation mechanism of polarized sky light. It has high research value in the

measurement of polarization distribution of the sky.
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1. INTRODUCTION

Research shows that the sky polarized light distribution
pattern of relative stability, contains a wealth of infor-
mation, mainlyreference to the polarizationdegree and angle
of polarization, and it has far-reaching significance
for air navigation. Ants and other insects can perceive the
sky polarized light intensity and the distribution pattern of
direction [1]. At present, many scholars have done a lot of
researches on the sky polarization [2-7]. The detection meth-
ods of sky light polarization distribution pattern include the
main point source type and image type. The scholar from
Lapland of Finland, Jozsef Gal [8], and the Swiss scholar,
Rudiger Wehner [9], made a navigation sensor based on the
point source and the feasibility of polarized light. Brines and
Gouldl Mo probed the polarization state at a point in the sky
using Polari meter. Horvath proposed a measurement method
of the whole sky polarized light [10, 11]. Zhu Jinkui research
group at Dalian University of Technology built the sky po-
larized mode detection device. They detected the sky polar-
ized mode and applied it to robot navigation, which is based
on point source type. Guan Guixia, Yan Le of the Peking
University [11] and Cui Yan of Dalian University of tech-
nology proved the existence of a stable model of the sky
polarization using the distribution model of skylight polari-
zation image type test [12]. But now the detection mode used
is mainly the point source type. Image detection has started
to be used in recent years with the development of digital
technology and lower cost. Image detection is a new method
for detecting sky light polarization distribution pattern. There
are less researchers in this field who can realize area meas-
urement with high stability. According to the forming mecha-
nism and detection methods of polarized sky light polarization
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mode, imitating the design scheme of polarization detection
instruments at home and abroad, this paper puts forward de-
sign of a device based on a set of image’s real-time synchro-
nous acquisition of the sky polarized light detection, and has
carried on the preliminary research on sky light polarization
mode detection and navigation.

2. THE DETECTION MECHANISM OF POLARIZED
LIGHT

Under cloudless conditions, atmospheric scattering is
mainly the Rayleigh scattering, which means scattering of
the light is mainly partially polarized light, when the sky has
a relatively stable polarization mode in a fixed time and
space, and hence it is a Rayleigh model. According to this
model, there are two relatively distinct symmetric lines in the
sky polarization distribution: one is the Line of maximum
polarization degree, which makes a great circle, its angle
from the sun point or the anti-solar point is 90° degree angu-
lar; the other is Solar meridian which, makes a connection
between the sun and the anti-solar point; in the symmetric
line, the polarization angle is vertical.

Rayleigh model well explains some of the characteristics
of polarized light’s distribution in the sky. However, through
the observation and study of the sky polarized light distribu-
tion, we found that the polarization distribution is not strictly
based on the degree of polarization and the sun line maxi-
mum radial symmetry. As shown in Fig. (1), there are a large
number of irregular regions even in cloudless weather.

This irregular region provides abundant characteristic in-
formation. The present studies have considered that the sky
polarization distribution is polarization degree of a position
and distribution of polarization direction. And the sky has a
relatively stable polarization mode in a fixed time and space.
There are a large number of irregular regions in the sky po-
larization distribution, which has the features of rich infor-
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mation. The sky polarization distribution model we detected
is the sky polarization distribution with the local characteris-
tics.

Fig. (1). All-sky observation map of polarization mode.

Since the polarization mode of the sky is stable for a
short time, the change in the polarization pattern observed in
the sky is caused by the change in the position and angle of
the observer. The relationship between the sky polarization
distribution pattern map and the locations of the observer is
shown in Fig. (2). The Fig. (2) shows the outer side of the
sphere, which is the celestial sphere; internal ball represents
the earth; the red circle is the solar meridian; the largest de-
gree of polarization is the blue curve line which is at a 90°
degree angle between the sun point and the anti-solar point;
the sun's orbit is yellow curve; the moving trend of the sun is
from East to West; and the gray area is the observation area
relative to the observer position.
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Fig. (2). Schematic diagram of the sky polarization distribution.

The sky polarization distribution can be achieved by add-
ing the polarizer in front of the camera. The celestial sphere
radius, R, can be calculated through the calibration experi-
ment. Usually, the more the resolution of the image is, the
greater its value, and the higher its positioning precision is.
Polarized light is represented by the Stokes vector, which is
usually written as follows:
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Where I is non-polarized light intensity; Q and U are re-
spectively two linearly polarized lights of different direction;
V is a circularly polarized light. Usually the circularly polar-
ized component is negligible in the instrument detection
range, in any small xOy coordinate plane; Light intensity
observed in the angle o along with the axis of X is the direc-
tion that can be expressed as (2):

I(o)= %(1+ Ocos(2a)+Usin(2ax)) ©)

Using the formula (2), according to the Stokes vector
from different azimuth o, we can measure 3 linearly polar-
ized light intensities in different o angles, which can be cal-
culated from the 3 I of the four Stokes parameters, I, U and
Q. Because V is negligible, the intensity polarization of P and
polarization azimuth angle ® can be obtained as follows:

p=N& Y QZ; U 3)

1 U
Q= Earctan(éj 4

Although the distance is distant between the sun and the
observation location, yet it’s not sensitive to the change of
the position of Observation. In order to obtain enough infor-
mation about the characteristics of the sun, high resolution
telemetry function camera has been used in this project. In
this way, the acquired image data is very large, which will
significantly affect the real-time performance of the system.
So we need to study the appropriate modeling method in
order to obtain the sky polarization distribution pattern dia-
gram required for selecting the attention mechanism and
sparse perception.

3. THE DESIGN OF DETECTION DEVICE

Component detecting device is composed of a computer
processing system and mechanical structure, as shown in
Fig. (3). The 3 sets of identical polarization image acquisi-
tion systems have their mechanical structure composed of a
base, a camera bracket, color filters and polarizes [1-3].
Among the three, the camera fixed on the bracket is in con-
nection with the base, that is every camera with a Gigabit
Ethernet interface is in connection with computer processing
system by a network cable respectively. Polarized light
source is composed of a polarizing film and optical filter.
With the visible light which containing polarization compo-
nent in the sky through the blue filter into a blue light, which
is then passed through the linear polarizer, and then respec-
tively through lens optical system of projector to the imaging
sensor. The different pixels show different brightness levels
giving the corresponding pixel inspection light after partial
intensity. Image acquisition system with three cameras hav-
ing axes-parallel to each other, and the projection at the bot-
tom of the equilateral triangle, which the shorter the distance
the better. The measuring light of the detection system actu-
ally uses solar light as the light source. However, since the
sun is distant, based on the edge length of central axis of
equilateral triangle, the distance between the sun and the
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observation point is compared, but it is not worth mention-
ing. So, the deviation of light direction and angle of light
entering the three cameras’ lens can be ignored. The light
entering the three cameras’ lens can be seen as parallel light
rays. According to the Stokes principle requirements, linear
polarizer and polarization of polar angle must meet the fol-
lowing conditions:
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Fig. (3). Schematic diagram of detection device.

Therefore, the equation (5) can satisfy the Stokes princi-
ple requirement as long as the proper position of 3 sets polar-
izing film is setting up of the detection device. Because the
direction of polarization on specific locations for a certain
period of time and the sky observation point for sunlight are
certain at the same time, their image acquisition is possible
with the detection device respectively. Its strength is equiva-
lent to 3 measuring value of light intensity on different linear
polarization angles about Stokes vector. By the equations
(2), (3) and (4), the degree of polarization P and polarization
angle ¢ can be obtained. For the convenience of the calcula-
tion, 3 sets of polarization of polar angle are respectively 0°,
30°, 45°. The equation (6) obtained according to the formula

(2):
1(0) =%[1+Qcos(0°)+U5in(0°)]

1(30°) = %[1 +Qcos(60") +U'sin(60") | (6)

1(45°) = %[1 +Qc0s(90°) + Usin(90) |
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By solving the equation (6), the Stokes vector can be ob-
tained by which the solution of polarization angle and degree
of polarization parameters, such as the field of view of each
point, is calculated. The light intensity I (a) required to ex-
perimentally measure the calibration and real-time measure-
ments, is obtained. The information of sky polarization dis-
tribution model embedded with the detection device, is ob-
tained at the same time. The traditional error of polarized
light polarization information acquisition device is effective-
ly avoided. Three cameras that are tightly integrated ensure
the synchronization of information acquisition, meet the
measurement requirements and have higher practicability.

4. EXPERIMENT

The study used a full sky polarization measurement
method, refer to Fig. (3). In principle, we manufactured a
measuring device for which Nikon D7000 digital camera
was selected as a sensor coming with a high-speed network
interface. Fisheye lens are installed before digital code cam-
era. Moreover, polarization sheet is installed in front of the
camera. The computer system is connected to the camera
through the switch and high-speed communication interface.
Before measuring, turn off the light source for Zero drift
before the calibration experiment is performed in the labora-
tory. Stability of polarized light source is obtained by a line-
ar polarizer. Multiple sets of data are obtained through mul-
tiple measurements. A set of data is measured when the de-
tection device rotates 10° around the fixed position, and each
data set contains a data of 3 images. In order to reduce the
random noise pixel, based on the camera calibration, 9 pixels
were selected in the central position of the original region
extraction, for the measurement of light intensity. By calcu-
lating their average value, the light intensity value I(n) is
determined, the same as the polarized light intensity of cor-
responding position and time. As shown in Fig. (4), the
curve changes represent the average light intensity, which is
calculated for each set of values. The strength has a regular
change with the position of the light source and the acquisi-
tion system (The angle is about to the left rotating 90
°degrees between the starting position and the light source;
In turn it rotated to 360 °, measured 1with every clockwise
rotation 10°). That is when the angle is 90° and 270° respec-
tively, it is equivalent to the largest polarization scattering
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Fig. (4). Variation curves of average light intensity value.
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Outdoor experiments were performed at 4 p.m. in the af-
ternoon. During the experiment, the sky is clear, and the il-
lumination is good with a little white clouds. Before the ex-
periment, we choose a lens direction for the reference direc-
tion; the other lens polarizing direction and the angle of inci-
dent light were adjusted to meet the angle’s requirements.
Synthetic image of simultaneously acquired 3 polarization
images measuring device is shown in Fig (5). Fig. (6) shows
the intensity of polarization diagram obtained by calculating
the result of 3 polarization images. The data of some exper-
iments is shown in Table 1. The results show that the polari-
zation mode is in accord with Rayleigh scattering law. In
order to perform calibration of error measurement equip-
ment, the latitude and longitude is determined using GPS
devices. Then the actual polarization information can be ob-
tained by calculation. It means that polarization of azimuth
Angle is calculated. The practical results of the experiment
show that error range is more than +0.5°. But the experi-
ments prove that the measuring method is feasible, and has
further research value.

Fig. (6). The intensity of polarization.

Table 1. Result of Experiments

Intensity of

. 3.42 2.95 3.34 2.23 4.09 8.32
polarization (%)

Polarization
azimuth angle of | -8.69 | -23.5 | -60.9 | 24.0 53.5 8.94
calculated (°)

Polarization
azimuth angle of | -9.60 | -24.4 | -59.9 | 23.1 54.4 9.14
measured (°)
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CONCLUSION

According to the principle of the sky polarized light dis-
tribution, we made a detecting device based on skylight po-
larization pattern image. The detection experiment is per-
formed based on local feature of skylight polarization pat-
tern. Compared with the traditional [1-14] measurement
method, it not only has advantage of being fast and conven-
ient, but also it is applicable to research in space navigation
technology. The study has made the certain exploration and
measurement of the sky polarization distribution, it has high-
er feasibility and further research value. Due to the limited
conditions, of course, the experiment failed to highlight the
regional continuity model of polarization information.
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