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A Method Based on the GNC and Augmented Lagrangian
Duality for Nonconvex Nonsmooth Image Restoration
LIU Xiao-guang, GAO Xing-bao

( College of Mathematics and Information Science , Shaanxi Normal University , Xi'an , Shaanxi 710062, China)

Abstract: The graduated nonconvex method(GNC) and augmented Lagrangian duality have superior restoration performance

for nonconvex nonsmooth image restoration. However, the global convergence of the general GNC could not be guaranteed and an
effective initial value could not be obtained for the augmented Lagrangian duality when they are used separately. To overcome these
drawbacks, we propose a hybrid method based on the GNC and augmented Lagrangian duality by transforming the original problem
into equality constrained optimization, then its dual convergence has been strictly proven. The proposed method could get an effec-
tive initial value and does not require the convexity and smoothness of the underlying problem.Moreover, an adaptive energy func-
tion is generated by the dual iterations. Experimental results show that the proposed method could enhance the quality of restored im-
ages and the efficiency of algorithm effectively.
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0.01 7 27.68 27.76 30.52 30.54 46.88 38.84 1.93e - 005 7.84e - 006
9 25.73 25.73 28.57 28.65 59.25 50.99 1.92e - 005 7.44e - 006
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0.2 7 21.54 21.67 24.28 24.26 71.06 57.16 2.00e - 005 8.34e - 006
9 21.47 21.55 24.01 24.19 66. 86 55.62 2.04e - 005 8.36e - 006
11 19.42 19.42 22.26 22.33 69.48 57.60 2.18e - 005 8.22e - 006
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SNR PSNR CPU ReErr
Noise  Blur
SCHKT9] A3 SCHKT9] A3 SCHR[9] A3 SCHKT9] A3
0.01 7 25.29 25.28 30.94 30.94 11.36 9.84 2.11e-005 8.43e - 006
9 23.75 23.77 29.40 29.42 12.56 10.99 2.17e - 005 8.47e - 006
11 22.59 22.60 28.24 28.29 14.12 10.99 2.50e - 005 8. 14e - 006
0.05 7 24.71 24.83 30.36 30.37 10.95 8.93 1.60e - 005 7.89% - 006
9 23.37 23.51 29.03 29.07 13.18 10.09 1.78e - 005 8.08e - 006
11 22.34 22.37 28.00 28.16 13.74 10. 17 1.92e - 005 8.23e - 006
0.1 7 23.13 23.13 28.79 28.83 11.86 10.07 1.30e - 005 7.49¢ - 006
9 22.44 22.51 28.10 28.18 13.81 11.00 1.43e - 005 7.69¢ - 006
11 21.78 21.88 27.44 27.46 15.02 13.73 1.50e - 005 7.89% — 006
0.2 7 19.23 19.27 24.89 24.89 17.82 15.16 1.47e - 005 8.2le - 006
9 18.80 18.86 24.46 24.46 17.83 15.62 1.43e - 005 7.95e - 006
11 16.86 16.84 22.52 22.53 21.25 18.60 1.53e - 005 7.99¢ — 006
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SNR PSNR CPU ReErr
Noise  Blur
SCHKT9] A3 SCHKT9] A3 SCHRT9] A3 SCHKL9] A3
0.01 7 27.71 27.76 30.61 30.64 9.48 8.84 2.68e - 005 8.2le - 006
9 25.75 25.77 28.59 28.58 10.75 8.99 2.53e - 005 8.15e - 006
11 24.28 24.40 27.12 27.19 11.42 9.9 2.65e - 005 8.65e - 006
0.05 7 27.28 27.26 30.12 30.12 10.44 8.93 1.49e - 005 7.65e - 006
9 25.49 25.51 28.33 28.37 11.65 9.09 1.68e - 005 7.44e - 006
11 24.12 24.17 26.96 26.96 11.95 9.17 1.94e - 005 7.42e - 006
0.1 7 25.74 25.90 28.56 28.64 11.48 10.07 1.0le - 005 7.41e - 006
9 24.74 24.81 27.58 27.58 12.50 11.00 1. 10e - 005 7. 66e — 006
11 23.63 23.88 26.46 26.55 13.85 11.03 1.29¢ - 005 7.87e - 006
0.2 7 21.44 21.47 24.28 24.31 15.90 14.16 1.07e - 005 7.21e - 006
9 21.19 21.26 24.03 24.06 16.13 14.72 1.11e-005 7.41e - 006
11 19.62 19.61 22.46 22.53 18.58 17.75 1.13e - 005 7.47¢ - 006

Bl 5.1, 18 3, 18 4 FB Y5 DF AT G B A SC
J5 T 0 VAR B2 o s Sk [ 9 14 e W (e iy it vy 36
3, 3% 4 15 RS [ g e e BGRAb pR B S A L FE 4
KHA4E LT SNR.PSNR H & T 3CHk [9 ] H 45 51, CPU
B E] ) ReErr FEAT— G 00 T ¥4 S0ctt
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Tk UG f ol 1 HAASE Ik MO S e ]
WIT AT LLARAT A R0 00 4 (6L, [R] ik AN 225K (]
HAMPERDEH . B 24, — A B & AR & ek B0 i

XPEEAMARR]. S S HaA4A W 1T a2 5% f #Df 6
TEIE T B i, 285 5 28 A SCHE R 19 5 v & X B
A1 PR S i BG BAT B R R M RE K SR IR AT
R FH GNC B B X8 25 J7 36 1 i ko 181810
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