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Atmospheric polarization mode generation method based
on high-frequency perception
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Abstract: Atmospheric polarization mode are stable natural attributes with widespread applications in navigation, detection, and other
fields. However, due to the influence of natural environments and surrounding structures, the polarization information obtained at the
same time is often local and discontinuous, impacting its practical use. Existing methods mainly focus on repairing large-scale images of
atmospheric polarization mode, resulting in limited accuracy in restoring high-frequency signals and causing edge blurring. To address
this issue, this paper proposes a method of soft segmentation and synthesis for polarization information, which avoids the loss of high-
frequency signals by redundantly segmenting and synthesizing the polarization information, thereby mining the high-frequency signal
features in each local region. Additionally, based on the spatiotemporal continuity of atmospheric polarization mode, reasonable inference
is made to ensure consistency between the reconstructed information and the real information, thereby generating complete and continuous
atmospheric polarization information. Experimental results demonstrate that this method effectively reconstructs missing polarization
information in atmospheric polarization mode. In practical reconstruction experiments where cloud interference exceeds 40%, the
proposed method shows a 26% improvement in SSIM and a 12% improvement in PSNR compared to other methods.
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Fig. 1 Comparison of atmospheric polarization

information in different scenarios
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Fig.2 Framework of reconstruction network for atmospheric polarization mode based on high-frequency perception
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Fig.3 Soft segmentation and soft synthesis
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Fig. 4 Reconstruction process presentation

RSO KA AR BE 5 TP2245 gk i I TE = K
SMwRAF B, 23 i T £ 1T 48 A Bl AL P A5 i
£ DA KR SR AR A 2= KA IR Eidis B2 i VR 1 52 1
HERRAE K FOINTERE 18 = K3 (5 2 18 A7 ml 47
PESEES A AL 51 AT A8 bR . 45 #4 AH 2L (structural
similarity , SSIM ) FIGAE {5 M 1L ( peak signal-to-noise ratio,
PSNR) , 7EASCEREG 1, Z5 R AH AP SSIM e (i {5 W L
(PSNR) B, I8 W e g 4 9 KU iR A5 8 5 56 15 8
DRI i L= € O S SRR A Nl R R

(L P L

iODODH D
) &EEDBA
OPDODH IO

T

ECHEAE HP B S 20 B K AR KA I IR A5 X 1A
A, NI IR A LR B 2 2 S e (R ), e 34
PR mBRAR S, BT LA 5t filt FH i ML 3 SR A 40U 2= 175 100
TR RIS, ARSI EALE R 5 (a) FiR,
Pl rpa] LA 380 o) 04 R i B A5 =X 5 5 1 i 4 17 B AH
UEE 5, IF H. SSIM HJ#5 0. 92, PSNR #4314 32, BIf#i7E
e Jn— 4R IR AU L T 409% 1Y HA B A Ao X s
B IS LR, FARSE 5L SSIM Fl PSNR Y75 209K 7T LA
B 0.923 #0132 61, kB H I R AR IREI ST A TR
LR G WIS O A ImiR 15 2,

FEXFIX 5 4RSS 2 P 4 AR 4 SR 4 1) HoAth
i ) B AT 25 R A1 300 4 AR 11 LS DU IS, DAt
e B BB, A 25 J2 X R A PR A 2 T, K
P R A R AR Xk A SCH A W 45, HAGZ5 R anEl S
(b) 7R, B A a] LAZE 30 BVl 46 ol T B0 S48 o A A 45
SRAKER 5 LS O = B AR AL, I ELAE T 4 AT
B0 SSIM AP FR7E 0. 94 LA I PSNR #3575 34 DI I %
Ji — L HE R AT 50% 15 &0 T SSIM 47534 %) 0. 933,
PSNR 5% 32. 25, U BH 76 {8 FH B SEHE AR 0 T R 4
B EAREREAA I

T8 DA PRl R TR R A 7 ) R S iR 15 B
PRSI RT LAAS A SCT 4 S 1% 54 I 2% 1T DL #E 22 T30
PR PR B P S U Bk i w5 B T8 &2, AR
BB 0o FIE I H 5 LS KA IRAT 2 2548 AR AL
B WOUE T A S I 45 1 A PR 5 B T AT

SSIM=0.959 SSIM=0.948 SSIM=0.961 SSIM=0.952 SSIM=0.923 SSIM=0.956 SSIM=0.951 SSIM=0.941 SSIM=0.949 SSIM=0.933
PSNR=35.14 PSNR=34.28 PSNR=34.56 || PSNR=33.89 PSNR=32.61 PSNR=36.78 PSNR=35.42 PSNR=34.89 PSNR=34.42 PSNR=32.25
(a) BEHLIEREE M 45 2R (b) A E LR

(a) Random mask reconstruction results

(b) Realistic mask reconstruction results

K5 AT PR AR 5 B A S

Fig.5 Feasibility experiment for atmospheric polarization information reconstruction

3.2 IMEFFHRSREREREN
SIS T 5 A1 A e ) T AR 2 =
PR R Pk K8, 3 2 ) 5 5K ] B I )/ T

20 min BT IRAT B IET, T B ARl i 220 4 < A

PRA S T P ARRAR TC R UM iR K b o = SR s
PR, A SCHEA MBI )E , BRI 4R 6



455 UL 9 R U PRARE 2 A 7 vk 23 -

SSIM=0.936 SSIM=0.911
PSNR=32.63 PSNR=31.61

K6 ARz Z8A 0T SR

Fig. 6 Reconstruction results under different

SSIM=0.959
PSNR=35.14

SSIM=0.945
PSNR=35.78

SSIM=0.942
PSNR=33.67

cloud coverage noise interference

M 6 H AT LAR B, 24 25 2 T AR I R | J5iAs 58
BRI B 2B T I RERE RS2 T
PSR 00 FIE , TELRIE A SO A F AL 1Y 28 45 4
B  JRASAE W1 o0 FIEREWS Wos ok, MK
R i Bl IR 2024 = 2 40 BN R I, B Ry
KRR A5 B 5 S8 KA IR 15 B AR 0L vy, O HL
SSIM Al PSNR L REIA FI4 5 A7 5 (H 2 25 2 2 I 7 1
BHINR 5 , A ME B 5 AL A B TR, (B4
AEF oo FIE LA B F/F 2k, SSIM F1 PSNR 43 5] {7 45 7E
0.92 132 Dk,

S ESHE 4R b X 3 20 43 0 AFAE B SR R L
S SN AT 5 SRS BN 58 B B R AU R BN, B
T FHAE RS BRI B 14 7 A1 1y M P 40 X, 16 AR SC
HAY 5B R R EER NI 7 s

M7 Rl DU 2, 72X 3 R a0 b R T
40%IH LT A SCI MK TH T ARSI RS X 388 115 8
BOASELFH B AU PR 5 R LA S SE B oo FIETF H
SSIM 7l PSNR WLHREARIFTE 0. 92 LUK 31 LI B A S
P2 A A AN A LAY U R R B A P YIS I
3.3 EEMEEERIL

Ry TS UEAR SCHR A Y 18 T R AR 118 R PR A
A 8T iR A7 L A AT 55 A O e, T T AR
SOT RS G TITE IR 7 A I AT S A = X
AR 3¢ Bk B Criminisi % 45 5 35, STIN B 2% ( spatial-
temporal transformer networks) \NCAPG M 4% ( atmospheric
polarization mode based on neighborhood
constraints ) LA A APGNL ( generating
polarization mode based on non-local information) A~
DU AR AR A5 L F AL S 36 v 5 AR SO 2% R 47 X0 L,
AL FEH 5 FiOAR[F] 2 2 TR L 4 RS i 15 2 B A

generation

atmospheric

) e )(x)
& |
L L U1

SSIM=0.926
PSNR=32.68

SSIM=0.921
PSNR=31.95

SSIM=0.945
PSNR=35.78

K7 BSR4 R

Fig. 7 Reconstruction results under different

consturctions and trees noise interference

DL WIS b A T A SE S 25 S 8 Nk 1 FiR

M8 Fige 1 e nl LA 2, Y = )2 T
FUET 20% e, A SC I 4516 52 45 5 5 HoAh i 46 3¢ T8
A A 22 B 5 EE: X 2 )23 T AR 04 T 1S K F] 20% ~ 30% B,
Crinimisi Il APGNL M B2 H =2 T El o FEH
rRC DM T TE 32 26 B 78 3 11 00 T, (IR AR SCI 45
50T AR FAS SE AT 55 5 A2 T AR TH FLGE 30% ~ 40% i, A%
S L8 AT AT LA H AR SE 3L 11 00 FIE LI oAt 9 2%
I T oo B4 A T AL S 40% L) EZ2 5, R
A A S 2% REAS B0 M T A 1 o0 FIE 2k, T HL 25
Fr )2 77 EOERF & SE BRI R K R IR1E B .

Wi F 3204 T A X B S, AR S e B R TR
KT 40% 2 145 TR 2 M M 4 aa A I ) LA K23 5 40 )
PIREfra i T s gk 2 iR,

FE 2 0] AR BIAR SCHy vk A B B S840 T HAth R
2 ) T3 R R T R U AME E AL AR SCR AT T
FAAEGE e R TR W] i S 400, Bt UM 38T oAb i A
HMh S B TREE 2 > D5, AR SCM KB A Tl B s e
3.4 HERSEIS

AT S E R AU MG ST RN S B BRG EAE
AR SC TR A T AR A9 KA I AR A 2 A i 0 8% v
B ER | AL A e 3 4L R LI 5 1 N AL
R G BUERA AR A0 e AU X 4%, 55 2 4 AN
BTN LA 2% ER ol FH i URR RN, 5 3 AN
O e RN g D 2 AER A O B G L, F X 3 A
Y i P R Ty = R N W 7 7 W o R £
S SR AT T HE T 4 4 A R 25 5 1HAE Y SSIM
F1 PSNR 1543, Ir i3 8dis an 2k 3 i .



<24 . S [ I I Ve 3

10%LA P =2

10%~20%2 /2

40% LA 72 || 30%~40%Z 2 || 20%~30%% B

K8 A fEOL T AFE I & E AT

—

Fig. 8 Comparison of different methods reconstruction results under cloudy conditions
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Table 1 Quantitative comparison of each method reconstruction results ( PSNR/SSIM )

Proportion of Cloud Area

ik Under 10% 10% ~20% 20% ~30% 30% ~40% Over 40%
Crinimisi 0.884 0.853 0.798 0.723 0.632
STTN 0.933 0.931 0.915 0.912 0.838
SSIM NCAPG 0.937 0.935 0.892 0.905 0.856
APGNL 0.937 0.935 0.892 0.905 0.856
Ours 0.959¢ 0.945¢ 0.942¢4 0.9364 0.9114
Crinimisi 31.68 31.04 29.51 27.96 26.73
STTN 30. 38 30.26 30. 09 29.61 27.29
PSNR NCAPG 32.35 32.02 30. 66 29. 69 26. 43
APGNL 32.35 32.02 30. 66 29. 69 26. 43
Ours 34.14¢ 34.78¢ 33.67¢ 32.63¢ 31.61¢4
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Table 2 The reconstruction speed comparison
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Table 3 The result of ablation experiments
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10% LT 0.954 35.02 0. 955 35.02 0. 955 35.10 0. 9594 0. 005 35.1440. 12
10% ~20% 0.943 35.58 0. 944 35.65 0. 945 35.69 0.94540. 002 35.7840.20
20% ~30% 0.925 31.81 0. 930 32.85 0.934 32.89 0.94240.017 33.6741.86
30% ~40% 0.910 30. 16 0.918 31.26 0. 925 31.92 0.93640. 026 32.6342.47
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