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Full polarization super-resolution imaging method based on feature fusion
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2. Jianghuai Advance Technology Center, Hefei 230000, China)

Abstract: To address the inherent limitations of traditional division-of-focal-plane polarimeters, namely low spatial resolution and an
inability to acquire complete polarization information, this paper presents a hardware-software co-designed full polarization super-
resolution imaging system. On the hardware side, a dual-channel, common-aperture full polarization imaging system was developed to
simultaneously capture a low-resolution division-of-focal-plane linear polarization image and a high-resolution circular polarization image
in a single exposure. Compared to conventional full polarization imaging systems, this design simplifies the system architecture, reduces
costs, and eases assembly and alignment. To process the unique mixed-resolution data from this camera, a complementary feature-fusion-
based full polarization super-resolution network was designed. This model employs a dual-branch architecture that simultaneously
processes the two captured images for feature extraction. The high-resolution circular polarization image serves as precise guidance, and
a feature fusion module enables effective integration of the low-and high-resolution features. To ensure feature alignment between the two
branches, pixel-level registration is performed on the images from both detectors before super-resolution reconstruction, guaranteeing a
spatial displacement error of less than one pixel. A loss function incorporating physical constraints is introduced to ensure the physical
accuracy of reconstructed angular parameters, such as the angle of polarization and ellipticity of polarization. This process achieves high-
quality reconstruction of full polarization parameters, including intensity, degree of polarization, angle of polarization, and ellipticity of

polarization. On a real-world dataset, the peak signal-to-noise ratios of the four reconstructed polarization feature images improved by
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0.106 dB, 0.302 dB, 0.117 dB, and 1.085 dB, respectively, while the structural similarity index measure improved by 0.002,

0.008, 0.006, and 0.014. In the field exploration experiments, this system effectively identified the unmanned aerial vehicle targets in

complex scenes, verifying its significant advantages in target detection.
p , ying gl g g
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Fig. 1 Full polarization super-resolution network structure
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Fig.2  Division of focal plane polarization image diagram
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Fig.4 Feature fusion module
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Fig. 8 Prototype of the full polarimetric camera
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Fig. 12 Comparison of SO image reconstruction results in the real scene
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Fig. 13 Comparison of DoP image reconstruction results in the real scene
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Fig. 14 Comparison of AoP image reconstruction results in the real scene
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Fig. 15 Comparison of EoP image reconstruction results in the real scene
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Table 2 Comparison of PSNR and SSIM of each super-resolution methods
S0 DoP AoP EoP

Ttk
PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM
Bicubic 35.438 0. 895 18.572 0.497 10. 634 0.310 23.923 0. 705
PSRNet 40. 241 0.923 23.632 0.679 12. 885 0.374 25.741 0. 825
PDCNN 38. 670 0.904 22.037 0.693 12.072 0.353 26.790 0. 801
Forknet 39. 682 0.914 21.329 0. 676 11.935 0.378 26. 937 0. 866
SRCNN 37.489 0.903 21.273 0. 659 11.437 0. 327 24.514 0. 827
ESRGAN 37.827 0.912 21. 180 0. 664 11.992 0. 341 25.735 0. 846
A3 40. 347 0. 925 23.934 0.701 13. 002 0. 384 28. 022 0. 880

2 IR B ( degree of linear polarization,, DoL.P) &1 15 A0 4 i
PRI (DoP) KI5, SEEZE R ANIE 16 Fis

(a) Lefhdic BE 1R
(a) DoLP image

K16 Axfidifs S7EIC APLERIN b i R F X L

Fig. 16  Comparison of the application of full polarization

(b) &fmIRE (DoP) BB
(b) DoP image

information in unmanned aerial vehicle detection
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M2 BEHLEE AR Rl B 4y f B DA 11 B R
M3 BETUAS B 4 P 249 o4 % R B, 8 FE R A 45 2 R

Loss), ;. o

R3 HMIBEBUER

Table 3 Quantitative results of ablation studies

SO DoP AoP EoP
WiReS
PSNR/dB SSIM PSNR/dB PSNR/dB SSIM PSNR/dB SSIM
Ml 37.974 0. 905 21.327 0. 625 11.571 0.341 24.709 0. 830
M2 40. 315 0.920 23. 890 0. 692 12. 875 0.372 27. 864 0. 869
M3 39.552 0. 906 22.358 0. 636 11.944 0. 346 24.852 0. 841
M4 40. 347 0. 925 23.934 0.701 13. 002 0.384 28.022 0. 880
BT M1 BAEISE 25 HR [FRMA  HERZERL PR EARCR,

R L M2 SRS W ] 5 ) 3 3 e i TS vk FE 0 R A
[RV4FAE 22 18] B ELAMA: ; M3 A5 U 46 IE 1 49y B0 240 OS2
PE, M4 WAERTA fE bR EIHUS T iRAEIERE , X R BIASC
F 0 RO 5 |5 A R B2 SR P R A R
HMNE {875 FPSRnet BE% 52 31 24 iy e 10 1) 42 i 41 14 50

R T B0 ARSI 45 A4 A | AR SO % 451 2% ok B 45 43
FACEE HEAT T HUBME ST, LATE A AR S 80 PR 00 A5 BRI
H T AoP Fll EoP 11445 5 1 BEAE, H AT J& W M Al 7
P AL G0 Y 2 P IR B 0 2K pR LR R, TR L X AoP Al
EoP AT 29, N [RIALEE R AoP Il EoP 7T
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