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Removing the Blocking Artifacts of

Block-Based DCT

Compressed Images

Ying Luo and Rabab K. Ward-ellow, IEEE

Abstract—One of the major drawbacks of the block-based DCT
compression methods is that they may result in visible artifacts
at block boundaries due to coarse quantization of the coefficients.
In this paper, we propose an adaptive approach which performs
blockiness reduction in both the DCT and spatial domains to re-
duce the block-to-block discontinuities. For smooth regions, our
method takes advantage of the fact that the original pixel levels in
the same block provide continuity and we use this property and the
correlation between the neighboring blocks to reduce the discon-
tinuity of the pixels across the boundaries. For texture and edge
regions we apply an edge-preserving smoothing filter. Simulation
results show that the proposed algorithm significantly reduces the
blocking artifacts of still and video images as judged by both ob-
jective and subjective measures.

Index Terms—Blocking artifacts, JPEG, low bit rate coding,
MPEG, post-processing.

To try to minimize this blurring, various other schemes have
been suggested.

In [3], [4], and [8]-[11], an edge classification procedure is
used to distinguish between monotone, textured and strong edge
regions of the image. The spatial filtering scheme is driven by
the output of these edge classifiers. Edge and texture regions
are usually not filtered since humans are more sensitive to low
frequency errors than to high frequency ones. The edge classi-
fication is done in the spatial or in the DCT domain. In [3] and
[4] spatial methods such as the gradient/threshold and the his-
togram methods are used. In [8]-[11], the block classification is
performed by examining the DCT coefficients.

Projection onto convex sets (POCS) based recovery algorithm
[12] is a powerful DCT domain filtering approach. The basic

idea is to optimize the value of the quantized transform coeffi-
cients, subject to some smoothness and quantization constraints.
The major drawback of this approach is its high computational
LOCK-BASED DCT coding has been successfully usecomplexity. It takes at least-3b iterations for this algorithm to
in image and video compression applications due to ig®nverge, where both forward and inverse DCT are required in
energy compacting property and relative ease of implementgch iteration, in addition to other required computational over-
tion. After segmenting an image into blocks of sizex<N\N, the head.
blocks are independently DCT transformed, quantized, codedA filtering strategy, which relies on the estimation of the
and transmitted. One of the most noticeable degradation of dpgantization errofl” for eachn x n spatial block is proposed
block transform coding is the “blocking artifact.” These artiin [13]. T is determined by the quantization step and the proba-
facts appear as a regular pattern of visible block boundarigsiity distribution of the original unquantized DCT coefficients.
This degradation is a direct result of the coarse quantizationTie latter is estimated from the moments of the quantized
the coefficients and of the independent processing of the bloaksefficients. To alleviate the discontinuity offset problem
which does not take into account the existing correlations amogigused by smoothing the boundary pixels, the smoothing
adjacent blocks pixels. process is repeated until the center of the block is reached.
To cope with the blockiness problem, different types dBecause of quantization, it is difficult to get a good estimate
post-filtering techniques are developed to reduce the highthe probability distribution of the DCT coefficient at each
frequency components near the block boundaries. Thegequency. If we cannot get an accurate estimat ¢ér each
methods can be classified as spatial filtering methods [1]-[4]lock, we may risk over-smoothing or under-smoothing in the
DCT-based filtering methods [5]-[7] or hybrid filteringfiltering process.
methods [8]-[13]. Earlier on, Reeve and Lim [1] proposed a While the above mentioned methods carry their computa-
symmetric, two-dimensional Gaussian spatial filtering methotlons in the spatial or both spatial and DCT domains, many
However, due to its low-pass nature, this spatial filterinDCT-based methods have also been proposed. In [5], the
approach has the drawback of visible smoothing of the imadsiocking effects are reduced in the DCT domain by suppressing
the block-DCT coefficients. The suppression parameters are
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Fy(u,v) has only one nonzero value which is at (0,0). Block C
has discontinuity in the middle of the block. Its DCT coefficients
F.(u,v) are

—1N—
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F.(u,v) = C,C,
(b) Vertically Adjacent Blocks k

C(k‘, l)WDTc(U,, k)WDCT(’U, l)

@
wherec(k, ) is the intensity of thek, [) pixelin C,C,,, C,,, and
Wper are given by

0 I=

(a) Horizontally Adjacent Blocks

Fig. 1. Blockiness diagram.

method takes advantage of the fact that some of the DCT coef-
ficients of a step function (a sharp edge) have nonzero values.
This fact was also independently observed by Zeng [7]. How-
ever, the method we propose for deblockiness is totally different
from that of [7]. In [7], good results are obtained at very low bit
rates, i.e., for images with high blockiness effects, otherwise ar- i ) )
tifacts will appear. Our method expands the range of smoothifi@te that since(k, I) forms a step function, (1) can be rewritten
the blockiness effects to include the case when the blockinéss

appearance is not as strong. We use the existing correlation in-

C’ll7 Cv = 2 .
~ otherwise,

{\/LN foru=0,v=0,

T™U
Wper(u, k) = cos [(Zk n 1)ﬁ} :

formation between the existing blocks so as not to introduce ar- N-1 N-1
tifacts. We explore the correlation between the intensity valued«(t:v) = CuCy Y c(k,)Wper(v,1) Y Wper(u, k)
of the boundary pixels of two neighboring blocks in the DCT =0 k=0 2)

domain. The continuity of the pixels across the boundary | N-1 _ ; _
recovered from the continuity of the pixels of the two neighi—if 7 0’5h7fnz’“_=°0 V‘(ﬁec;]T(u&IE)l a/o. That]LSFc_(uj’\;})T_huos
boring blocks. For the strong texture and edge regions, the (v 7 0w = " N—1 2k=0 Wper(u, k) = N.
ture of the frequencies of the two neighboring blocks diﬁerfro%fc(“’”) = CuCoN 321y e(k, )Wper (v, 1) for u = 0. For
each other. Thus this approach introduces artifacts in these non— 8, we have
smooth regions. Therefore our first step is to detect these regions

based on the frequency coefficients. If the twe 8 neighboring

blocks of a boundary have similar frequency properties and thef e(u,v) = CuC, N Z c(k, )Wper(v,1)

7

8 x 8 pixel area around the boundary does not have high fre-
quencies then the latter area is declared to be of smooth nature.
In this case, DCT filtering which ensures pixel values continuity

is applied to this 8« 8 pixel area. For the nonsmooth regions, a
noise smoothing but edge preserving filter is applied. The Sigma
filter is shown to have good performance in these regions. It re-
moves the artifacts while preserving the true edges and texture.
In Section Il below we study the DCT coefficients of a strong
edge and in Section Il we show how to modify these coeffi-
cients so as to remove blockiness but not introduce artifacts.

Il. FREQUENCY REPRESENTATION OF THESPATIAL BLOCK
DISCONTINUITY IN THE DCT DOMAIN

We examine two (& 8 pixels) adjacent blocks A and B, and
assume block A has a constant gray vaiuand block B has
a constant gray value (a # b), see Fig. 1. Here, we study the
case of the horizontally adjacent-blocks, i.e, the left hand side of

=0

3
= GILCUN <Z ae WDCT(U‘, l)

=0

7
+ Z be WDCT(v,l))

1=4
7
=aC,C,N > Wper(v, 1)
=0
7
+ (b= a)CuCyN Y Wper(v, 1)
=4
7
=(b—a)CuCuN > Wper(v,1)
1=4
11
=(-a)C,C,N <cos gmr + cos gwr

13 15
+ cos e + cos §OU7T> . (3)

Fig. 1. For the vertical adjacent blocks the same principles applycan be calculated from (3) th#.(u, v) = 0 forv = 2, 4, 6.
Let the right half of block A and the left half of block B form  Therefore F.(u, v) has nonzero values only for=0, 1, 3, 5,

a block denoted as block C. Block C is thex88 block which 7 andu = 0. This implies that the noise energy of the horizontal
contains the boundary pixels. Therefore, there is a horizontadundary discontinuity of block C is represented only in some
step inside block C. LeF, (u,v), Fy(u,v) andF.(u,v) be the coefficients of the first row of the DCT coefficient array. It also
DCT coefficients of block A, B and C. Since the pixels of blocksan be easily deduced that the heavier the blockiness, the larger
A and B have constant intensity values, eachFpfu,v) and the ripples in these nonzero values.
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[ll. RECOVERING THE CONTINUITY OF If the three constraints above are satisfied, we perform the
BLock C IN THE DCT DOMAIN blockiness reduction in the DCT domain by modifying the five
P?#evant coefficients of.(u, v). The first row of the DCT coef-
iIcient matrix of block C is modified by the weighted average of
blocks A, B, and C. The advantage of using weighted average
djacent block coefficients to modify the AC coefficients of

The above results suggest that in order to reduce the block
effect between two horizontally adjacent (8 8) blocks,
F.(u,v) forv =0, 1, 3,5, 7 and: = 0 should be modified.

Theses modifications should be carried so as to reduce . ; . .
cPck C, instead of simply reducing the values of these coeffi-

blockiness effect and at the same time preserve the origi . o . .
information of the image. In [7], the zero-masking method igents, is that it is much more adaptive to image contents. In the
' low bit rate encoding, the AC coefficients in blocks A and

proposed. This method basically suppresses the amplitu 8'%3’ Il val due t tization. This is also true f
of some of the odd numbered DCT coefficients. Howevet ''2V€ Small valués due to quantizalion. ThiS IS alSo true for

altering the values of these coefficients without taking int?tanonary regions. Thus in these cases, our method yields sim-

consideration the information about the nature of the imagjeI i results as that of Zeng's zero-masking scheme. But for the

that neighborhood might result in artifacts. This is speciall igher bit rate encoding cases or for texture regions, our method
&N still preserve certain AC values.

the case for high bit rate applications. Thus the filtering shou . -

adapt to the local information content of the image. Befor Let Fg.‘fﬁ.(u’?) b.e ]Ehe m|0d|f|§d DfCI-:_ coe'ff|C|ent of block C.
such filtering is performed, one has to ensure that the ed Qe modification is formulated as follows:
appearance (blockiness) between blocks A and B is not due to _
a genuine horizontal change in the grey levels of the pictures Fae(0,0) = a0 Fe(0, v) + o [Fa(0, v) + Fy (0, 0)],
at that position. Thus the conditions that should be met befoM&'€re

modifying the blockiness appearance of the relatively smooth v=0,1 @)
regions are: Frre(0,0) = a1 F.(0,0) + By [Fa(0,0) + F3(0,0))]
1) Block A has a similar horizontal frequency property agnere
block B. )
2) The boundary between block A and block B belongs to a v =357 (8)
relatively smooth region. Frre(u,v) = Fo(u,v) forall v+#0,1,3,5,7 9)

To meet condition (1) above, the first row of the DCT matrix )
of block A and that of block B should be close in values. Howheréao + 26, = 1 anda; + 2/, = 1. In our experiments,
ever as discussed in [9] and [10], the coefficients in the 3 @0 = 0.6, fo = 0.2anday = 0.5, 51 = 0.25.
top left corner of the DCT coefficient matrix are good represen- 1hen the pixels of block’(k, 1), are replaced by’y.(k, 1),
tatives of the block frequency property. This is because most!f inverse DCT ofy.(u, v). It can be easily shown that the
the image energy is compacted in these low frequencies. Thi@dified gray levels of the pixels of block C are
to save on the number of computations and to meet the first con-

dition above, we only impose the following two constraints: Curelk, 1) =k, 1) +£(0) (10)
where
a. |Fa(0,0) — F3(0,0)| < T (4) N-1N-1
b. |Fa(0,1) = Fy(0,1)] < Tp. () 0= ZO ZO (o Fhaelue )= el )
To address condition (2) above we note that if there is a strong xWper (u, k)Wper (v, 1))
edge between block A and block B, this edge appears in block =CoCy [Farc(0,0) — F.(0,0)]
C. Thus, for condition (2) to be satisfied, we also have to make 3
sure that block C is of low frequency content. The presence of + Z CoCy [Fre(0,v) — F(0,0)]
texture or strong diagonal edges would result in relatively high i=0
values of the high order DCT coefficients. However, from our X Wper(v,1) (11)

experiments we found that to save on the number of computa-

tions it is enough to meet the following constraint: wherev = 2i + 1. _ _
The processing procedure described above is used to reduce

c. |F.(3,3)] < Ts. (6) the discontinuity at the boundary of two horizontally adjacent
blocks. A similar procedure can be used to remove the boundary

Please note thal;, T, andT; are all predetermined i.e. fixed discontinuity between two vertically adjacent blocks. In the
thresholds. According to our simulations, we found that= latter case, the first column of the DCT coefficient array of
350, T, = 120 andT3 = 60 gave the best results. The seblock C is modified.
lection of these thresholds are based on the observation of th&he above method removes the edges of the blocks in the sta-
blockiness and experiments. The choice of the thresholds &omary regions affected by the blockiness effects. For the strong
image and compression ratio dependent. However, the selectiexture and edge regions we do not perform the above filtering
of these values are not critical. The results are very close wheamas to avoid the appearance of artifacts. In order to remove the
the values are chosen withinl 5% range. For very low bit rates blocking effects that might have remained and improve on other
the above scheme results in more aggressive filtering than in #recoding artifacts such as ringing effects and uneven appear-
case of higher bit rates. ance in stationary areas which are due to quantization, we apply
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Fig. 3. Post-processed Lena original image by our algorithm.

] ) o Fig. 5. Post-processed Lena decompressed image by our algorithm.
an edge-preserving smoothing spatial filter. There are numerous

excellent filters such as [14]-[17]. Here, we apply the Sigma
filter [16] due to its simplicity. The value of the threshold use
in our simulation was equal to 5. Applying such afilter preserv
the edges and smoothes the noise, resulting in a more plea

. ; Lol
appearance. The improvements in the edge areas are obviod¥ N .
still images but are not as noticeable in video sequence as age at 0.297 bpp. In order to show our filter's adaptive ca-

tion tends to mask some of the blocking and encoding artifac?éb".'ty’ we apply_ the same filter tq both images. The p_ost—pro—
cessing of the original image obtained by our method is shown

in Fig. 3. As shown, our post processing filter does not introduce

smoothing into the image. The post processing of the decoded
We have applied the proposed algorithm on JPEG still intnage is shown in Fig. 5. As we can see most of the blocking

ages and on MPEG-2 video sequences. The latter was displagetfacts in the decoded image after post-processing using our

real time on a television. The subjective results as viewed
y many people were judged to be very good for still images
marginally improved for video images. Fig. 2 shows the
inal Lena image and Fig. 4 shows the decoded JPEG Lena

IV. RESULTS AND CONCLUSIONS
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filter are removed. However, since blocking effects are less ng43]
ticeable in the texture regions, especially in video streams, the
spatial filtering step could be omitted for video applications.
Our method can efficiently eliminate blocking effects for im- [14]
ages coded at different bit rates without producing noticeable ar-
tifacts. It smooths out the undesired block edges while retaining s,
the sharpness of the decoded image to a noticeable degree.

The main attraction of our algorithm is that it can highly pre-
serve the high frequency components while smoothing out thLele]
blocking artifacts. This is because only the DCT coefficients ref17]
lated to the blocking artifact are modified while other frequency
components remain the same. Our algorithm requires a fairly
low computational effort. For each block the number of compu-
tations is very close to that of computing the 2-D DCT for each
block. Thus it is useful for real-time applications.
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