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Fast image de-blocking by linear programming

Jin Jianqiu, Liu Chunxiao, Wang Xun, Zhang Zhiyong
School of Computer Science and Information Engineering, Zhejiang Gongshang University, Hangzhou 310018, China

Abstract: Compressed images may have block artifacts at low bit rates in many image compression algorithms. Post-
processing methods for image de-blocking are the most practical solution for removing block artifacts, since this does not
require any changes to the existing standard codecs. Image de-blocking can be considered as recovering the ground-truth
image from inaccurate samples. It is exactly what compressive sensing does. According to this, we take advantage of
compressive sensing theory to remove block artifacts. As a result, we convert the image de-blocking problem to a linear
programming problem in which no parameters are required to be tuned. Finally, our approach can be performed fast using
a GPU implementation. Our experiments show our approach can effectively remove block artifacts from compressed images,
improving the visual quality and PSNR.

Key words: block artifact reduction; compressive sensing; graphics processing unit ( GPU) ; curvelet transform; linear

programming
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DCT-I 754, ffi ] JPEG ARifi ™ Rt iprifi b2
S=[16 11 10 16 24 40 51 61

12 12 14 19 26 58 60 55

14 13 16 24 40 57 69 56

14 17 22 29 51 87 80 62

18 22 37 56 68 109 103 77

24 35 55 64 81 104 113 92

49 64 78 87 103 121 120 101

72 92 95 98 112 100 103 99 ]
PARBEE (4 R AL B8 r, R AL R Jor - S,
X4 —Hefy DCT RECEAL, T8 2 5 590 2
WS RS TEAR A, BT L, FE R HEAT JPEG TR 45 P %
ST id B T B B AL S ) DCT R B0 L,
ZJ5 4y DCT 3975 #6145 5| R 4 ) JPEG fi# 15 45 1
%o B 15 I T ILRR [ 4 Jm B Ak 250 JPEG &
iM%, Y4 r KTAET 4 BF, JPEG EIZ AT B i AY Bk
R

(a) =2, PSNR=33.51 (b) =4, PSNR=31.78 (c) =5, PSNR=31.30

K1 JPEG JE4 &%
Fig. 1 JPEG compression images

LA 1 Ce) S i, $hAT 25 BRAGN J5 1, S B 45 2R
Gk 2 fis, g 1 RO RS, Rl 25 1 T SCHRES 11T iy
STERE R . T LA BIAS SOOI B e I B T Rk
IO, 55 Ty NPT AR LS L R B T RS A AR
s T EBR LSRR . R 3 L i T 55403
ARSI AH EESCRR 8 17 1, AR SCTT i I 25 2

(a) SCHR[9]
B2 JLRR BN 3k ) S g 4 R

Fig.2 Experimental results of several algorithms
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(b) TSD-MRFI12!
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I

(d) JPEG &4 &l 1% =5 (f) JPEG 45 P 14,=5

() SCHR[9] 7 ¥2: 1) 45

(j) TSD-MRFJ5 7% ) 45 5

(m) ARSI AR () ASCTTERI SR (OF W EFAIEEES
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Fig.3 More experimental results
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XTE JPEG i UG AE 4 Fh L0 Sk 1 5 1)
PSNR, &55803% 1 i, nl LI SIAS SR J7 vk B i 4
i TR PSNR, M HAD A B EIFEAL T PSNR Xt
W AR A B B R, AR 1,

(a) B3R B IBOR A

XEASCREARSTIAE DRI T 4eiT . SCHfE Intel
(8300( Core2 Quad 2.5 G) Fil Nvidia GTX465 [)fifi{}-F-
i 1, >RH CUDA SZBE, BT A3 BB R/ 512 x 512 &
R 7810 s WoERGTHR BALGERINGE 1 s,

\

SR T ) ONE]
Fig.4 Close-up views

(b) [EI3(0) I J UK P

F1 JLFERMMNE XA PSNR bb %, AR AR 75 % B B E) TR 5
Table 1 PSNR comparison among several algorithms on JPEG images, and time cost of our method
PSNR/dB ‘
GHES - - i T 4/
JPEG POCS'" TSD-MRF""’ ES WIRFS

3.0 32.16 31.20 32.23 33.31 8.1

4.0 31.78 30. 14 32.05 32.44 8.2
Lena

5.0 31.30 29.32 31.17 32.05 8.8

6.0 30.39 28.73 30. 17 31.32 9.1

3.0 29.86 26.85 29.93 30. 08 9.0

4.0 28.08 25.76 28.65 29.05 8.7
Barbara

5.0 27.16 24.92 26.93 28.31 8.7

6.0 27.11 24.54 26.15 27.48 9.2

3.0 30.51 29.21 31.28 31.63 7.8

4.0 30.19 28.25 29.93 30.72 8.2
Boat

5.0 29.40 27.68 29.31 29.96 8.3

6.0 28.32 26.93 28.69 28.88 8.3

3.0 31.12 29.60 32.77 32.56 7.9

4.0 30.33 28.05 31.23 31.08 8.9
Couple

5.0 29.50 27.28 28.69 30.79 9.5

6.0 28.41 26.97 27.35 29.23 9.6
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