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Abstract: Atmospheric polarization mode supports the polarization navigation application by virtue of the "«"
feature containing the solar meridian information. However, due to the limitation of the physical characteristics of
the acquisition device, the surrounding environment of the acquisition location and the occlusion of thin clouds, the
obtained atmospheric polarization information is partially distorted and the accuracy of the solar meridian is
reduced. In order to solve this problem, this paper proposes an atmospheric polarization pattern generation network
based on neighborhood constraints. The network mines the continuity of atmospheric polarization pattern
distribution, increases the constraints of reconstruction process through multi-step neighborhood feature reasoning,
and accurately generates global atmospheric polarization information from local effective polarization information. In
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addition, according to the physical characteristics of the atmospheric polarization mode, the angle loss of solar

meridian is proposed to further improve the accuracy of the solar meridian. In this paper, experiments are carried

out on the measured atmospheric polarization data, and compared with other latest methods. The experimental

results show the robustness and superiority of this method.

Keywords: atmospheric polarization mode;

polarization information reconstruction;

neighborhood feature

reasoning; solar meridian feature constraint; meridian angle loss; deep learning
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Fig. 1 Polarization angle distribution of the atmospheric polarization under different occlusions
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Fig. 2 Network structure of the atmospheric polarization mode generation based on neighborhood constraints
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Fig. 3 Schematic diagram of the binary mask update for the area recognition
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Fig. 5 Angular error results of the solar meridian under different masking types
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Table 1 Quantitative analysis of the results of different reconstruction methods
Mask type
Method A B C D
Context Enconder 0.858 0.853 0.816 0.819
PConv 0.881 0.873 0.823 0.827
SSIM PRVS 0.864 0.864 0.826 0.832
NCAPG without NFR 0.860 0.856 0.819 0.820
NCAPG 0.879 0.872 0.844 0.851
Context Enconder 25.87 24.48 21.59 22.21
PConv 26.23 26.56 21.76 22.74
PSNR PRVS 26.85 25.79 22.51 23.55
NCAPG without NFR 25.91 24.53 21.54 22.13
NCAPG 27.36 26.72 23.13 24.48
Context Enconder 0.045 0.067 0.088 0.079
PConv 0.038 0.064 0.085 0.076
MSE PRVS 0.036 0.057 0.080 0.071
NCAPG without NFR 0.043 0.066 0.087 0.081
NCAPG 0.034 0.053 0.073 0.062

B K PH T2 2R AR 20 R A8 B AR A (NCPAPG without
APCC) X RUSF AR 384 14 [ T2 e 2k 1) R S 4l 15 B,
AT ER (FE 1) A B T, R BRI 19 =
RANmHRAF 2 TR IR 32 5 B ) & sl i 75 5 e /b
BRI K BH - R R i 20 SR 2R 0350, R K FH
T RAFE LA R X A BUAE A . 4] 9 JRIH Rhas
RE, B AT NZE B 3R R 10% . 20% .
30%. 40% F1 50% XS K AUmARME R . 56 =172
AT DR A FRAHEZ A (NCAPG without
APCC) IWEAEE I, 5417 /& NCAPG without APCC
FEER S R MIRE A 22, 25 14T NCAPG
(ISR, HANTTHe NCAPG AL 5 B RR
TR = 22

XF LB 9 g s = AT RER HATAS R T A SR
BH 27 LR R AIE 24 R AR D] A SR DX Sl A s AR A1 FE FL
AR S7 e = s e e Sil N R B i S
R A A7 LA s B AR . RS, A
T E R 40% ) R PH 27 42 0 B R B S g L
FEREFE T AL Hly 50% AU T4, EHIX
BEAE R R A P AR A o AR SCRE AR HLAT R BH 14 A
JEVR N Z L HEM A HEATAE E , A A L L
1 40% F1 50% b S AG 25 R T At B0 B b ) K FH 1
LRHIHR . XFELIA] O H AR IUA T R A TEE SR, T
2R AL N, e T AR 7 Hh 50% B
B> R BH T 4R 2 R AR R 5 B S I RS AR AR U
ZSE,

RANMIA A AR BT, X R4

PR BT A I R . I, A SO B )
PR N B9 BEREAT T PRAN, SR TR A
P2 0 R R PH -/ AR R e e i AR R,
SERRAC I AR R S EAAS R A ) A B R T R
A SENE FH 0 AR B PP BT, AR EE R 25 1
A R ZE A RN 2 PR

MEHEIE T LU, AR SRR B
MRS LU T, A OB ) AR 45 R — BT
SR REIR 2 /N, PConv BRI . — 10 R 2%
A H 2 2] T RS IRBE A B se i, HoAE s
BB KR WIS B PE . 58 2 hXt e
NCAPG without APCC 1 NCAPG FJ LAF i, KFHF
PERFFIE LA 25 AT DA S AR X R RS = B
TERI2E ST BE T, b 245 A0 R T A PR R R 25 %
A HE B2 B s, 0 A B 4R TR ARASOR IR (f37) 2 e 4
i 40% F1 50%) LA B4 25 5 AR, SEanah
WER T ASOr gt A 2R KU IRGE R, H
KIHFFLA IR (K HFFERE 2 R g B 1)
AE 5 4 51 A 4 s R AR5 2 1 K BH 7 4k
Kz
3.7 itit

ARSCTERE SRR RABE S8, 2% 7 H
S NI TA BRAE A R AU R A A il M 28 OG T L
PR A FIRT A RAE L, TRARSCE S
PRIE KA1 A BE A AL A, (RS [ BB A S 1)
EPERERFEI . QIR 10 o, RS A, AR R BUE,
NIt Sy A S 244 B A J RS AR EHR ) SSIM 4543

210423-11


https://doi.org/10.12086/oee.2022.210423

FEET, %5, B T/, 2022, 49(6): 210423 https://doi.org/10.12086/0ee.2022.210423

MRS L 10% BRI LI 20%  EHEIERA L 30%  HEMETIA L LE 40% RN L L 50%

Eneil ‘ ‘ ‘
&
& q q q
# »
N
NCAPG without APCC ‘,
FAYLE R /
9 . “»
PSNR 38.12 PSNR 37.73 PSNR 36.15 PSNR 34.56 PSNR 33.52
SSIM 0.9746 SSIM 0.9596 SSIM 0.9425 SSIM 0.9213 SSIM 0.9032
NCAPG without APCC
EREE RS R E I 22

NCAPG 451

PSNR 38.56 PSNR 37.82 PSNR 36.52 PSNR 35.43 PSNR 34.79
SSIM 0.9754 SSIM 0.9603 SSIM 0.9516 SSIM 0.9368 SSIM 0.9205
r—— - [ | T == = |
| | | | I | |
NCAPG T4t | | | || [ | |
SR 2% | Il || | | |
| | || ] | |
. B ] ] N J
B9 KREFFEAHRENLER
Fig. 9 Constrained ablation results of the solar meridian
A2 TR EMF R RGSMRA LR ES
Table 2 Comparison of navigation angle errors of different reconstruction methods
Coverage/%
Method 10 20 30 40 50
PConv 3.23° 3.51° 4.26° 5.13° 6.95°
PRVS 3.02° 3.36° 3.94° 4.97° 6.23°
DeepFillv2 2.84° 3.15° 3.79° 4.62° 5.96°
NCAPG without APCC 2.61° 3.01° 3.67° 4.45° 5.42°
NCAPG 2.56° 2.78° 3.14° 3.51° 4.25°
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A generative method for atmospheric polarization
modelling based on neighborhood constraint
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Network structure of atmospheric polarization mode generation based on neighborhood constraints.

Overview: Atmospheric polarization mode has important application value in the field of the autonomous navigation
because of its stable meridian characteristics. However, its acquisition is limited by the physical characteristics of the
acquisition device and is easy to be blocked by the surrounding environment of the acquisition location and thin clouds,
resulting in the reduction or disappearance of the local atmospheric polarized light between the acquisition device and
the shelter (buildings, trees, thin clouds, etc.). When capturing the atmospheric polarization information, it often
produces the degradation of the atmospheric polarization characteristics in irregular areas and destroys the overall
structure of the atmospheric polarization mode. As a result, the accuracy of its meridian decreases. To solve this
problem, this paper proposes a neighborhood constrained atmospheric polarization mode generation network, which
combines the neighborhood constraint characteristics of the atmospheric polarization information. It carries out multi-
step neighborhood feature reasoning through the neighborhood feature repair module, and gradually propagates the
continuous distribution characteristics of the atmospheric polarization information to the missing region, so as to
increase the feature constraints in the reconstruction process. In addition, this paper further puts forward the constraint
condition on the physical characteristics of the atmospheric polarization mode - Solar meridian angle loss. The solar
meridian feature that generates atmospheric polarization information is extracted by the solar meridian feature
constraint, and compared with the solar meridian feature of the real atmospheric polarization mode, so as to guide the
generation process and improve the meridian accuracy of reconstruction results. Finally, because the acquisition of
atmospheric polarization modes is limited by time, space and the number of the acquisition equipment, it is difficult to
directly obtain the local atmospheric polarization modes under different conditions at the same time. Therefore, this
paper proposes a binary mask data set containing four distribution types, which combined with the measured global
atmospheric polarization data. It can also simulates the local effective atmospheric polarization information under
different conditions and improves the diversity of local atmospheric polarization mode data. In this paper, experiments
are carried out on the measured atmospheric polarization data and compared with other latest methods. The
experimental results show the robustness and superiority of this method.
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