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Abstract :
presents a second order differential primal-dual model and Newton iterative algorithm. The characteristics of pseudo Huber function

For non-differential characteristics and easily producing stair effect of total variation in image restoration, the paper

are analyzed, primal model is converted into primal-dual model resort to Fenchel transform, Newton iterative algorithm based on the
different step length update schemes of primal and dual variables are proposed, and the generalized cross validation principle is given
to determine the weight. Synthesized and real images are blurred by point spread function and Gaussian noise, the comparison exper-
iments among the proposed scheme with fast Fourier transform algorithm, fast shrinkage-thresholding algorithm, alternating projection
algorithm and quasi-Newton algorithm are carried out. Simulation results show the proposed algorithm can protect image edges, alle-

viate stair effect, and achieve lower relative error and deviation, higher peak signal to noise ratio and structural similarity index mea-
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sure, and better visual effect.
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Panda MAE 0.031 0.014 0.017 0.018 0.014
PSNR  26.21 33.05 32.36 31.69 32.79

SSIM 0.787 0.947 0.924 0.918 0.935

RE 0.089 0.042 0.045 0.048 0.032

Onion MAE  0.0193 0.0080 0.0111  0.0112  0.0089
PSNR  29.46 37.44 35.93 35.66 36.92

SSIM 0.875 0.977 0.950 0.951 0.964

RE 0.132 0.068 0.071 0.081 0.065

Rose MAE 0.035 0.018 0.020 0.022 0.018
PSNR  25.58 31.33 31.01 29.79 31.45

SSIM 0.756 0.929 0.918 0.898 0.924

RE 0.123 0.063 0.065 0.070 0.061

Haifa MAE 0.043 0.022 0.023 0.025 0.022
PSNR  23.75 29.61 29.36 28.73 29.61

SSIM 0.662 0.907 0.896 0.881 0.897

*5 FEEZEHITEEIXTLE (256 x 256)

Ak B[] Panda Onion Rose Haifa
k1655 6.918 4.872 17.07 4.240
SCik (4 )55 51.18 50.26 49.21 47.84
SCHR[S]H 126.48 125.54 123.67 114.11

ARSI 29.19 24.61 29.35 32.14

* 6 AEEEHITHIEIXSEL (128 x 128)

Qb B[R] Panda Onion Rose Haifa
SCHk[ 16181 1.394 0.670 3.176 0.787
SCHk[4]5 12.72 13.12 12.29 13.30
SCHR[S]H 27.98 28.99 27.79 27.50

A 5.704 4.739 5.702 5.823

ME a5 R F, 2 3, X F Panda EIMZ, SCH
(163545 SSIM #5c K, A S J5 2 3544 PSNR 5 & , RE
MAE fge/)N, SRR, AR SO WK RO HL e B4R Xof
T Onion EIME, SCHR [ 16 ] 17 1% 3K 15 MAE /)N, SSIM #x
K, MIA ST 35459 PSNR 5% 5 , RE 52 /). X F Rose #ll
Haifa & 1%, A< 3CJ5 3 3K 15 SSIM FIl PSNR # =, RE #ll
MAE $5e/)N , Ba B R 52 850 1. SCiik[5 13545 PSNR Al SSIM
A%, RE A1 MAE S5 K, BRI S 35050 f 2=
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4 v, X T Panda EI%, SCHR[ 16 ] 3575 SSIM F1
PSNR 5 15 , A8 30 759845 RE Al MAE fz/)>. %FF Onion
K%, SCHR [ 1613515 MAE /)N, SSIM F1 PSNR #5: K, A
T3S RE B/ X T Rose il Haifa R, 45 )7 i
3515 PSNR #% /& , RE Fll MAE Jt /)y, SCHik [ 16 13575 SSIM
e SCHR[5]954% PSNR 1 SSIM £ 41X, RE 1 MAE
K, VLI ERR 5 o7 it e 25

i 5 1 6 AN, SCHR (S J B E AT I (Rl e £, A
SCEEPAT IS 1] b SCilk [ 4 10 8] 46, SCilik [ 16 )58 24 AT
) e, {EL AR S i TR A T3 = A8 i i SC ik [ 16 ]
Bk R — AR

4 iR

AR SCE SEUE B IE I — | B RO iR (A A, A
FEGT AR e, 45 Do L B 70 SR AR 2t 1 Ry i /I -A KA ] R
FRE KKT 45, 32 I 4R X0 (8 48 G AN [ 25 8 2R SR
P AP AR AR, U A B W S . s R RS AR
SES AR AT K, 45 R R, AR ORI R A
B MBSO W] AT B s, US4 5 PSNR I SSIM,
KA RE A1 MAE, #0BL 153 0k 5
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