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Solar meridian determination based on fused polarization patterns

SU Hang® ZHANG Su?" FU Qiang* ZHAN Jun-tong® LI Ying-chao' WANG Chao' ZHOU Jun*
1. Institute of Space Photonics Technology, Changchun University of Science and
Technology, Changchun 130022, China
2. School of Optoelectronic Engineering, Guilin University of Electronic Technology, Guilin 541000, China
* Corresponding author E-mail: susiezhang21@126.com

Abstract: To address the issues of high noise and low accuracy in solar meridian extraction using a single
polarization mode, we propose a dual-polarization mode fusion method. First, the method preprocesses the
polarization field using the interquartile range method. Then, by combining the mirror symmetry of the de-
gree of linear polarization with the anti-symmetry of the polarization angle and applying complex domain
transformation along with radial-azimuthal segmentation analysis, the method fuses global and local polariza-
tion features. Finally, temporal filtering is applied based on solar motion law and the neutral point constraint,
further improving extraction accuracy. Experimental evaluations under diverse conditions demonstrate that
the complete pipeline achieves mean relative errors of 0.02 (sunny), 0.051 (cloudy), 0.053 (fog), and 0.017
(dust) against the astronomical solar azimuth references, substantially outperforming single-feature methods.
This study not only provides a polarization-based heading reference for autonomous systems, but also offers
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a scalable computational paradigm for integrating global and local polarization features.
Key words: polarization image skylight polarization pattern sun meridian navigation
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Fig.1 Flowchart of sun meridian polarization fusion al-
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Tab. 1 Specific parameters of the acquisition device

Model TRI050S-QC

Sensor Sony IMX250MYR

Polarization camera

Pixel size/umxpm 3.45(H)x3.45(V)
Resolution/px 2448x2048
Model CA3580B
Fisheye lens Field of view/® 152
Focal length/mm 35

R E TSR AR AR BT R 255 1l
TR BEMAR 2 R KR T 2R
PRI ST IR 2,

2
Tab.2 Summary of field measurement conditions

Date year/month/day Latitude and longitude °N/°E Weather
2024/10/30 43.8356/125.3231 dust
2025/9/2 43.8281/125.3078 fog
2025/9/3 43.8281/125.3078 cloudy
2025/9/10 35.7686/120.0303 sunny
4
4.1
4.1.1
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Tab. 3 Polarization patterns under dust weather

Time h/min  DOLP polarization pattern ~ AOLP polarization pattern

270° 270°

13 40

14 10

14 40

15 10

15 40

16;10

901
3
Time h/min  DOLP polarization pattern ~ AOLP polarization pattern
HN = . HE = .
0 0.25 0.50 0.75 1.00
Legend boLP

Mirror symmetry axis ~ Anti-symmetry axis Direct fusion axis  Filtered fusion axis

4
Tab. 4 Polarization patterns under fog weather

Time h/min  DOLP polarization pattern ~ AOLP polarization pattern

270° 270°

225° 315°

8'55 180° 0°

135° 45°

N .
0 0.25 050 0.75 1.00
Legend boLP

Mirror symmetry axis ~ Anti-symmetry axis Direct fusion axis  Filtered fusion axis
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Tab.5 Polarization patterns under cloudy weather

Time h/min  DOLPpolarization pattern ~ AOLP polarization pattern

270° 270°

7:00
270° 270°
7:30 180°
135°
270° 270°
800  180°(,
135° <
270° 270°
8:30 180°

135°

5

Time h/min  DOLPpolarization pattern ~ AOLP polarization pattern

270° 270°

9:00
9:30
10:00
10:30
N a
0 0.25 0.50 0.75 1.00
Legend poLp

Mirror symmetry axis ~ Anti-symmetry axis Direct fusion axis  Filtered fusion axis
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Tab.6 Polarization patterns under sunny weather
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Fig. 6 Relative error comparison of DOLP mirror sym-

metry, AOLP anti-symmetry, DOLP+AOLP direct
fusion, and DOLP+AOQLP filtered fusion under dif-
ferent weather conditions. (a) Dust; (b) fog; (c)
cloudy; (d) sunny
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Tab.7 Mean relative errors of each algorithm under
different weather conditions

Method
DOLP mirror AOLP anti- DOLP+AOLP DOLP+AOLP

Weather

symmetry  symmetry  direct fusion filtered fusion
Dust 0.026 0.021 0.016 0.017
Fog 0.076 0.057 0.055 0.053
Cloudy 0.061 0.080 0.062 0.051
Sunny 0.021 0.025 0.023 0.020
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Tab.8 Mean relative errors of solar meridian extrac-
tion by different methods

Literatures
[14] Least  [16] Ellipse Hough  This

Weather [13] Improved

Harmony search  Square Transform paper

Dust 0.024 0.150 0.035 0.017
Fog 0.085 0.207 0.043 0.053
Cloudy 0.206 0.154 0.094 0.051
Sunny 0.052 0.089 0.024 0.020
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