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On multi-scale patch prior model with gradient histogram constraints
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Abstract: Patch prior model has achieved great success in image restoration, but due to the enforced locality
of the overall model, it tends to exhibit local artifacts and poor visual perception. A new image restoration
method integrating multi-scale patch prior and histogram prior is proposed in this paper. The original image
was filtered and down-sampled to maintain the scale invariance, and the same patch local model was applied
on multiple-scale images, by which the simplicity of the low-dimensional patch model was maintained and
the non-locality implemented in a large area of the image. The histogram global statistical prior was added
to the regular constraint, and the similarity between the restored image and the reference histogram was
measured by the Wasserstein distance. And the proposed model was solved by the theory of half quadratic
splitting and optimal transfer. The effectiveness of the proposed model is verified by experiments of image
denoising and deblurring in that our model has advantage over traditional methods in terms of both
objective quality assessments and visual perception.
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Table 1 Comparison of denoising results

o BM3D! EPLL™ MEPLLE! HOSVDTE MSDCT!H Ours

30 29.74/0.82 29.55/0.80 29.75/0.81 29.56/0.79 29.45/0.80 29.73/0.82
40 28.32/0.78 28.06/0.76 28.32/0.77 28.02/0.75 27.95/0.76 28.29/0.79
50 27.43/0.75 27.34/0.73 27.45/0.75 27.28/0.72 27.21/0.73 27.36/0.76
75 25.62/0.68 25.26/0.67 25.76/0.71 25.22/0.66 25.15/0.66 25.82/0.72

B 125 M s bR 225 30 1 B0 T 19 25 MR e ot o X6 Lb B AAR T v 1 32 UL BT 4f - HL7E SSIM #8451
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BT, VA HORS d5 4 1) PSNR B, {2 #4058 W8R8 25 MSDCT Jy v 7K T X 3 AH te MEPLL J7 3 58 8 3
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MSDCT/(27.94/0.793) EPLL(28.60/0.816) MEPLL(28.70/0.822) Ours(28.65/0.825)

1 EXRERWEITLE (BEREER 30)

Fig. 1 Visual comparisons of denoising results(e=30)
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Original Noisy BM3D HOSVDT
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Fig. 2 Zooming-in comparison of the cropped region 1

B3 MHEBARIG 2 MK

Fig. 3 Zooming-in comparison of the cropped region 2
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Fig. 4 Comparison of gradient histograms

P 4 g5 b A9 52 SR PRAR 4% T 07 VR W /K P B 2 D7 TR R e B B0 PR B0 L O T i v 0 EEBBOR: A A
T e K ab B, KB R Rr DL O ik SRR B L R e MEPLL A1 EPLL B O #2235 T4l 31 B0 05 B e it
WEITE AT . XU T 07 ks BT B S 2 R R R 25 &, —Jr A Ar O ) 1 BB R L D



118 TR K FFHK % 14 K

S XA R XA A8 T RUBE RO 5 o) — 7 IR T T S0 X 48 90 L 2 TR T L X T T R 2
TR A TR R 2R AR ER J1. Vb 2 SIERBFGE M AL 40 sk e M B B ek gk, R Y
) 2 AR S 56 % 3 2 5 A T — 2B 1R BIAIE
4.3 ZiEH

TE R AR 9 52 50 vh o 0 1 1 S Tt i BSOS 3 3 1 3 A ORI A% - 29 S BRI A% (9 X 9) iy i A
W% (21 X 21, bR1EZE N 1.6) FE AW 4% (len=20, theat =45), HMIZBIL GG . B A MRS 7 250 2
MM , ESEI R B TR RUOBE L BANE 2 A RUEE R ORBE 435 2 AL XEASTR] Y 43 dik 43 il 4 E AL
H(wi=1,w,=0.25,w;=0.02) , 76 T RAEZHT . I B A NI 2% . R 3 FE B8 UG 047 10 45 2. 78 Bk
AR 3 A HOT 2ok JE A R SR, — R T EL A i I A O S TR okt B S A D A AT 0 U
58K AT LAGRAF i a8 R o X by i 46 . EPLLYY (2 R EPLLYY (INSR™  DeblurGANY %, 33 #6545 L Jy
Bk A FEE BT AT, S50k 0E ok AR &g Scik E . £ 2 4B ILEEAE 3 F A BRI A
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Table 2 Comparison of deblurring results

Blur EPLL™ DeblurGAN" INSR™ MEPLL™" Ours
Uniform(9 % 9, ¢°=2) 30.41/0.890 23.45/0.823 30.61/0.905 30.59/0.903 30.64/0.907
Gaussian(21 * 21,1.6,6° =2) 31.68/0.944 27.42/0.862 31.84/0.957 31.73/0.955 31.82/0.959
Motion(len=20,theta=45, ¢*=2)  30.82/0.912 21.42/0.725 30.42/0.908 30.94/0.921 31.06/0.932

K5 45 i butterfly EHRAE 3 FEIMIRL T RUBCRXS L . Tk e B A7 3 FBOMIAZ S B0 K . A0 B A7 TE 4 AL
b i D I e R e WL A

Original Blured(Gaussian) EPLL(29.21/ Deblur(23.63/
0.924) 0.836) 0.938) 0.935) 0.939

Blured(Motion) ~ EPLL(26.31/ DeblurGAN(15.0/  INSR(25.54/  MEPLL(26.49/  Ours(26.54/
0.862) 0.376) 0.826) 0.875) 0.886)

B5 ZEMARRESTL

Fig. 5 Comparison of visual quality of deblurring

Bl 6 25 th Kl 5 iz S RIAZ T & 5 25 S JR 3 il R X3k i L 5 8 X LK . DeblurGAN T I B4l 48 5
AR E A —E 257 RO LB RS, i T A O PL M 4% (GAN, generative adversarial networks)
AL [ A A AT A B ) L S 3R R B 2 RV OR R L 8 R A B B A R R LR 4R 2% s MEPLL
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Fig. 6 Zooming-in comparison of the cropped region
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Fig. 7 The convergence of the proposed method
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