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A Novel Approach for Reduction of Blocking
Effects in Low-Bit-Rate Image Compression
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Abstract—In this letter we propose a new approach for re- 35.00
moving blocking artifacts in reconstructed block-encoded images.
The key of the approach is using piecewise similarity within 34.00
different parts of the image asa priori to give reasonable modi- 3300 |

fications to the block boundary pixels. This makes our approach L
different from traditional ones, which are often developed by 23200
applying some kinds of smoothing constraints on local regions. 3
Experimental results show that our approach well achieves en-

hanced decoding for JPEG-decoded images both objectively and &£ 30 g0 I —a— JPEG DECODED IMAGE
subjectively. —e— OUR NEW METHOD
. . . . 29.00 POCS [4
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I. INTRODUCTION

O NE OF THE major disadvantages of block-based ima%e . ) . '
. . L . " ig. 1. Postprocessing results for JPEG-decoded image. “Lena, %5812,
coding techniques is “blocking effect.” There are tw@ piypixer.

general approaches to reduce blocking effects. In the first
approach, the blocking effect is dealt with at the encoding )
side using overlapping schemes [1], [2]. This kind of methogértical boundaries. Letz = (z_nj2,%—nj241," "+,
may lead to an increase in the bit rate or modify the encodifigr 1> 0" **+¥N/2-2,¥x/2-1) be the vector of the
and decoding procedures dramatically. The second approR¥ff! values across the boundary of two blocks in the
uses some postprocessing techniques at the decoding iKY image, where w_y 2,2 _n/241,-+,2-1  and
It can improve the visual quality of the reconstructed imagéy -~ *»#n/2—2, Tn/2—1 aré two groups of pixels in
without using any extra bits or applying any modification of'® same line of the left and right blocks, respectively.
the encoding or decoding procedures. Due to these advantagd§ real block boundary is between_, and zo. Let
most recently proposed algorithms are conducted by using the= (Y2, Y-N/241H Y=1,40: " UN/2-2, yN/2—1.) be
second approach [1], [3]-[7]. the vgctor _of a Ilng of pixels within one block. S!nce all
Generally speaking, the traditional postprocessing tedfi® Pixels iny are in the same block, we assurgeis of
niques, whether they are applied in spatial or transform ¢800d continuity and use the continuity gf to recover the
main, are implemented by applying some smoothing Coquqont|nU|ty of:c._ For a certaing, there exist many possible
straints on the local regions. In this letter, we propose %S in the whole image, but we choose only one from them.
fundamentally different approach which breaks through tHdrst, a candidatgs should not be very far away from. We
traditional framework in two ways: 1) it is not necessary t§estrict it to be within anm pixel wide andn pixel high
apply any smoothing constraint on local regions and 2) it c4fctangle region centered about the middle pointzofThe

make use of the information of remote regions. criterion for the selection ofy from these candidatg’s is
how well it can matchz through a matching functiory.

In other words, it should be similar to. This is what we
have mentioned “piecewise similarity.” We use a one-order
Suppose the image block size is fixed to B& x N. Jinear function f(y) = ao + a1y as the matching function
Our algorithm is first applied horizontally to recoverand use the weighted mean-square error (WMSE) to evaluate

the matching result
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Fig. 2. lllustration of postprocessing result for hat region of “Lena.” Top left: original image. Top right: JPEG-decoded image. Bottom: psathinees.

Wop =Wk—1, k=1,---,N/2 (3) g(F) is defined as
N/2—-1 1-T )

Z w; = 1. (4) g(E):{l_ TEC B, fO<E<LTE )
i=—N/2 0, otherwise

By solving the equation8F/dag = 0 anddE /Ja; = 0, we where T and Tz are two parameters used to control the

can obtain the parametesg and a; shape ofg(E). The goal of using: and g( ) is to provide a

. N2t N2t N2t tradeoff between modification and maintenance:.of should
/ { / be selected so that the closer the pixel to the block boundary,
‘ Z i Z v Z e the more it is modifiedg(E) is selected so that the better

ap = SN2 i=oNj2 | =Ny y can matchz, the morez is modified. In very few special

Nz N , (5) cases where we can not findyahat can matchk: well, i.e., all
Z wiyi ) = Z Wiy E > Tg, we just use a simple method to smoath; andxq
i=—N/2 i=—N/2

2y =(1=p)-z_1+p-20 (10)
ap = EZ\ZE;}/Q Wi T; — a1 - E?;/EXTI/Q WilYi. -T() =p-r_1+ (1 - p) - Zo (11)

Each candidatey will result in an E but only the one Where0<p<1isemployed to determine how much the pixel
with the minimal £ is our ultimate choice. The selectgg Vvalues are smoothed. Our algorithm is first applied to the
together withz, is used to generate the recovered vectygrtical block boundaries of every line. Then it is applied to the

I y ’ / / / horizontal block boundaries using the same way. The corner of
T = @y @yzpn T T0 Eygg Eyypy) each block is processed as the average of these two procedures
Eachz! is a linear combination of; and f(y;) P 9 P '

vi=[1=c-g(E)] zi+ci-g(E)- fly) (6) IIl. EXPERIMENTAL RESULTS
where the vector = (c_ /2, c_nya41, " "> C1,C0," "+ We_ use several.8-bit/pixel grayscale im_ages to test our
cn/2—2:Cnja—1) i selected so that algorithm. The test images are first coded using JPEG standard

. at different bit rates, where the JPEG program is from the
0<ei<1, (¢=-N/2,---,N/2=1)  (7) version 6 of the Independent JPEG Group (1JP). The JPEG de-
C—k =Ck—1, (k=1,---,N/2). (8) coded images are then subject to our blocking effect reduction
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TABLE | are also shown in Fig. 1. Fig. 2 gives subjective illustrations
POST-PROCESSINGRESULTS OF “LENA” 512 x 512, 8 BTs/PIxEL of the decoding and postprocessing results of the enlarged hat
Bit Rate | PSNR (dB) of JPEG | PSNR (dB) of Post- region of “Lena.” The postprocessed image appears to have
(bpp) | Decodedlmage | Processed Image enhanced quality from the JPEG decoded image.
0.175 27.33 28.18
0.219 29.47 30.22
0.246 30.41 31.09 V. CONCLUSIONS
0.310 31.95 32.48 . .
0.365 32,96 33.33 ' In th.IS letter we introduce a new approaph to reduce bloqk—
0.415 33.70 33.97 ing artifacts from block-coded images. Different from tradi-

tional approaches, our algorithm is implemented by employing

_ ' a special kind of information redundancy—piecewise simi-

algorithm. In our approach, the following control parametergrity within natural images. Experiments on JPEG-decoded

are chosen: images indicate that both PSNR and visual quality are im-

N =8 m=064, n=32, Tp =200, Tc =0.75, p=0.3  proved.
w =(0.2,0.15,0.1,0.05,0.05,0.1,0.15,0.2)
¢ =(0.25,0.55,0.65,1,1,0.65,0.55,0.25).
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