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PCA-based spatial-temporal adaptive denoising of DoFP video

for microgrid polarimeters

Li Ning'?, Zhao Yonggiang'?, Pan Quan'?

(1. Research & Development Institute of Northwestern Polytechnical University, Shenzhen 518057, China;

2. School of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Division of focal plane (DoFP) polarization imaging detector are composed of integrated micro-
polarizer array on a focal plane array sensor, which make the DoFP polarimeters capture the polarization
information real-time. However, it is difficult to perform the DoFP demosaicking and reconstruct the
polarization information due to noise. A PCA —based spatial-temporal adaptive denoising method was
presented to work directly on the DoFP videos. For each DoFP patch to be denoised, similar patches
were selected within a local spatial-temporal neighborhood. The principal component analysis was
performed on the selected patch to remove the noise. The spatial-temporal information of DoFP video
was used to construct the sample patches. The proposed method worked directly on the DoFP video
without explicit motion estimation. And then a fast bilateral filtering algorithm was used to remove the
residual noise in different polarization channels of DoFP images. The experimental results on simulated
and real noisy DoFP sequences demonstrate that the proposed denoising method can significantly reduce
the noise-caused polarization artifacts and outperform other denoising methods.
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Fig.1 DoFP block to be denoised in a frame
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Fig.2 Comparison of different denoising methods in simulated data of building scene
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Fig.3 Comparison of different denoising methods in simulated data of car scene

ER Sy 1 AR 2 PR, S g ROHL B, 14
F 7 H M B EE R, SOh AR A TE W
FhPEO 3645 T AR I T A HAb 5 2
x 1 mHENEEPSNR £ £
Tab.1 PSNR results on two synthetic data

PBM3D PCA PCA-m VPCA VPCA-m

Sy 33.0379 39.5358 38.574 3 39.8027 38.4292
Building
DoLP 24.2569 30.928 7 31.6255 31.8629 33.2720

So 37.8308 39.7342 39.9494 40.3338 41.2095
Car
DoLP 31.5762 36.2584 36.3308 37.8965 38.459 0

x 2 WARMEESSIM & R
Tab.2 SSIM results on two synthetic data

PBM3D PCA PCA-m VPCA VPCA-m

So 0.8804 0.9015 0.8957 0.9012 0.9115
Building
DoLP 0.4030 0.9457 0.9659 0.9454 0.967 4
So 0.8898 0.9353 0.9508 0.9380 0.964 6
Car
DoLP 0.7459 0.9200 0.9416 0.9390 0.966 9

X 25 AR L ) iz AT IR A], SCH AL PCAL 25 16
SRV E R AE S PCA B4k BB KR 1R R AL
T, B2 5% B i 1] S 2% B2 W o O ([m'T+m°]T) ,
i PCA 5335 B A T AR A S5 AR, (HR SO LA
PCA 2 W50 15 Al 22 WiCE o T H S 0 2R 46 I 0 4
SR, BT LAAH X T FE 50 22 RO I A] o 70 3R A M 7 25 B B
B, SO AP AR 1 R DR S Ui 08 e SRk I I AR R B R
et O(T), M T PCA 5k 4 e 7 25 B 30 3k 4k 2 %

PCA B3, 2 I FE R S BT . 55 —J7 1, PBM3D 2%
MR AR R T (8 KR BMIBD & MR B8 1 i i Y B[]
HAPER Ry OT), BT LIS 8w o B BE%
640xA480 (14 452 485 45 % 2 M B30 0k Bf ) AR HEAT T EE
1T H 8k Intel (R) Xeon (R) CPU E3-1225 v6 @
3.30GHz,64 GB W17, £ Hik s AT I [ I35 3 Fis .

*® 3 HiZETRIEX

Tab.3 Running time comparison

PBM3D PCA PCA-m VPCA  VPCA-m

Time/s 0.8 37.7 139.4 96.5 99.2

23 HEHE

5 S 4 1 7 52 MRS 9% 7 152 DoLP LI K
TR A T U B B RS R R AR
IMX250-MZR i #E AHHL , 43 ¢ R 2 448 %2 048 , i §5i
9 35 Wi/s. T G R 3 3 M PO A L 8 e
4 4R B AU 4 B L 30 7 — 2B T 58N B e L A
T 3 R S

o=a\/amN) 3" 5T Wi ) 6)

S o F R 2 /N BT AR A4 B S
U 4 7R L AT L% B0 - SC o BT o 22 M SR O T A
JURMSE 2 o 3 21 51 B 2 S0 RCHR A IR )
R % 149 4345 57 T 20 91 R B 0 15 R BLIE 17 R 4 . AT L
WU 50 Wi/s, 4y B 512640, 1 B B 8~
14 um, 2 W 25 L AN L 5 7 , SC e B o R T 1L 7
I L UF 119 22 45 52

1026001-5



LMok T AR
% 10 # www.irla.cn % 48 %

(a) J5L46 ME 7 1R % (b) PBM3D % (c) PCA H ik (d) PCA-m 53 (e) 3¢ VPCA ik (f) 3¢ VPCA-m 5%
(a) Original noisy images (b) PBM3D (c) PCA (d) PCA-m (e) Proposed VPCA  (f) Proposed VPCA—-rn
&l 4 i 037 55 w] DL St Dk B L S 43 4 T T D i 11 45 2 M 2 SR e L

Fig.4 Comparison of different denoising methods in real DoFP image of fish scene in visible waveband
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Fig.5 Comparison of different denoising methods in real DoFP image of moving cars scene in long wave infrared waveband
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