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ABSTRACT

An algorithm for the reduction of blocking artifacts is pro-
posed. Instead of filtering the pixels by a digital filter, the
proposed algorithm considers the compressed image as a
continuous-time signal and replaces it by a pre-designed
lowpass filter outputs. The algorithm shows better perfor-
mance than the conventional methods in low activity region,
and comparable or a little worse objective performance in
high activity region. Hence, by applying the proposed algo-
rithm to the low activity region and the conventional ones to
the high activity region, the objective and subjective perfor-
mances are improved in most cases.

1 Introduction

Block discrete cosine transform (BDCT) is widely used in
image and video compression standards. However, since
the DCT is applied to 8 x 8 or 16 x 16 blocks, it introduces
severe degradation around the block boundaries at low bit
rates, which is known as “blocking artifacts” [1]. Hence,
many postprocessing algorithms have been proposed for re-
ducing the blocking artifacts at the decoder end .

In this paper, we propose a postprocessing algorithm
based on the lowpass filtering. But, instead of handing the
digital samples, the algorithm considers the scan lines of
the image as continuous-time signals. The signal around
the block boundary is modeled as a continuous-time step
function, and it is just replaced by a step response of low-
pass filter. More specifically, given the boundary difference
and duration of step function, we can find the continuous-
time step response without actual filtering. Then, the output
pixels are obtained by sampling the step response.

Intensive simulation shows that the proposed algorithm
provides better objective and subjective performance than
conventional algorithms in low activity region, to which the
human visual system is more sensitive. Since the block ar-
tifacts appear more like a step function in the low activity
region, the algorithm performs better in this region than in
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the high activity area. In other words, the proposed model is
better fitted in the low activity region. Hence, by incorporat-
ing the proposed and conventional algorithm, the deblock-
ing performance is improved. More precisely, the blocks of
the images are classified to be in the low or high activity
region. Then, the proposed algorithm is applied to the low
activity region, and the conventional ones to high activity
region. By the incorporated algorithm, the objective perfor-
mance of the conventional algorithm is improved more than
1.0 dB in some cases, and the subjective performance is also
improved.

This paper is organized as follows. In section 2, we in-
troduce an algorithm for the reduction of blocking artifact.
Section 3 presents the incorporated algorithm and its per-
formance. Finally, concluding remarks are given in section
4.

2 Proposed Algorithm for the Reduc-
tion of Blocking Artifacts

2.1. A deblocking algorithm

Fig. 1 shows typical shapes of scan lines at the block bound-
aries of compressed images. The circle represents the pixel,
and the figure on the circle is the pixel value. The vertical
broken lines represent the block boundary, and the lines rep-
resent the imaginary continuous-time signals, from which
the pixels are sampled.

The conventional algorithms perform the filtering of the
pixels with digital lowpass FIR filters. But, because the sig-
nal duration is very short and the shape of input varies from
boundary to boundary, it is very difficult to determine the
appropriate filter coefficients and tap lengths. The strong
lowpass filter blurs the image too much, and the weak low-
pass filter does not provide satisfying result in low activity
area. Hence, instead of direct filtering, we consider the scan
line as a continuous-time signal as shown in Fig. 1. Then
the output of the filter is estimated with respect to the shape
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2.3 1: Typical shapes of scan lines at the block bound-
ary. ( right_run[i] : length of the blocky region to
the right. mean = (left([l]+right[1])/2 where
left (3] is the j-th pixel value to the left of the bound-
ary,and right (] to the right.)

of the input without actual filtering.

By using the quarter sine wave model which starts from
boundary and ends at the end of blocky region, the strength
of the filter is automatically adjusted according to the shape
of the input. More precisely, the output changes slowly for
wide blocky region, and vice versa.

Modeling the output by a sine wave means that

mean + Asin it ), t>0

_ 2(right _run—os)
y(t) = . —at

mean — Asin NTeFt zons0g))’ t<0
where mean is the mean of two pixels around the boundary,
and A is the magnitude of step input.

For example, In Fig. 1(a), the blocky region is up to the
3rd pixel to the right, and up to the 4th pixel to the left. This
parameter is denoted as right _run=3,and left _run =
4 as shown in Fig. 2(a). By sampling the nearest interger of
y(t) att = ~2.5,-1.5,---,0.5,1,5, the ouput is obtained
as shown in Fig. 2(a).
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229 2: Signal models for the filter outputs.

Let us consider the decision of the parameters right _run
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and left_run, which represent the length of blocky re-
gion. The block boundaries are classified into three classes
. no-operation, flat and nonflat region. No postprocessing
is required in no-operation region, where there is no pixel
difference at the boundary. This region is indexed by set-
ting the parameter to —1, which indicates that no filtering
should be performed. The example of flat region is shown
in Fig. 1(a), where there is no pixel differences up to sev-
eral pixels other than the boundary. The rest are nonflat
regions, eg. Fig. 1(b) and (c). Fig. 3 shows the flow chart -
for determining the length of the blocky region to the right
(denoted as right _run in Fig. 1(a)) at the ¢-th boundary.
The left_run is also similarly determined.
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1% 3: Flow chart for the decision of right _run

Next Block

As described in Fig. 3, if there is difference in the first
and second pixel, right_run = 1 and the region is defined
to be nonflat. However, if right_run = 1, no filtering is
performed by the eq.( 1), and the blocking artifacts are not
removed at all. Hence, for smoothing the nonflat region by
the modeled output, if the difference of the first and second
pixel is smaller than half the difference of the block bound-
ary pixels, then the right _run[i)(orleft._run([i])is
forced to become 2 as shown in the example of Fig. 1(b)
and (c). * There is no more test for the pixels above the 3rd
in the nonflat region, in order not to blur the high frequency
region too much.

In some of the low frequency regions of highly com-

pressed images, the sumof right _run{ij and left run(i+1l

may become larger than 8, as shown in Fig. 4(a). In this
case, the result of filtering at the i-th boundary will be over-
ridden by the filtering of (¢ + 1)-th boundary as shown in
Fig. 4(b). For preventing this undesirable result, we need to
test this case and set right_run[i] = left_run{i+1]
= 4, which will result in Fig. 4(c).

2.2, Performance of the proposed algorithm

The proposed algorithm is compared with the conventional
filtering and POCS methods for still images. Table. 1 shows

*But, they are still classified as nonflur region.
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2% 4: (a) Shape of the blocky region where
right run[i] + left_run[i+1] > 8. (b) Result of
filtering from left to right. (c) Result of filtering after set-
ting right run(i] = left.run(i+l] =4.

the comparison of objective quality in PSNR when the algo-
rithms are applied only to flat regions. The result shows that
the proposed algorithm provides better performance in flat
region. When the algorithms are applied to the nonflat re-
gion, the propose algorithm shows comparable or worse ob-
jective performance as shown in Table. 2. In summary, the
proposed algorithm performs better in low activity region
than in the high activity area. This means that the proposed
model is better fitted in the low activity region. Improve-
ment in the low activity region is more important than in the
high activity area, because the human visual system is more
sensitive to the artifacts in the low activity region.

E 1. Performance of the algorithms when applied to only

flat regions (dB).
[ T bpp_ | JPEG ]| proposed LPF[3] | POCS[6] | LPF[2l | POCS[SI
ida || 00552 | 2533 27.16 2669 2669 26.15 2623
[oom36 | 778 833 2823 pL¥L) 7798 7785 |
peppers 00707 | 2429 7347 ||_ 2516 | 2518 | 2504 | 2494 |
; R BT [ 558 | 556 | BA3 | Bar )

3 2: Performance of the algorithms when applied to only

nonflat regions (dB).
bpp ] IPEG “ proposed LPF [3] POCS [6]) LPF (2] POCS (5]
barbara 0.1803 2435 24.62 24.81 25.00 23385 2473
[Pz 24776 2497 B3 B4 ELE B.I5
baboon 0.3120 2248 22,70 22.71 2276 T 2% 22.83
03515 2316 B .36 B4 | 3 .47

3 Incorporating the proposed algo-
rithm with conventional ones

As stated in the previous section, the proposed algorithm
has advantages in the flat region, which usually corresponds
to the low activity region. Hence, by applying the proposed
algorithm to the flat region and the conventional algorithms
1o the nonflat, objective and subjective performance of con-
ventional algorithms are improved in most cases. Table 3

shows the results of the conventional algorithms employing
the proposed method in the flat region. The result shows
that the performance is improved more than 1.0 dB in some
cases. Fig. 5 shows the results for Zelda image for subjec-
tive comparisons. It can be observed that the artifacts in
the flat region is less objectionable when the proposed algo-
rithm is employed.

SRR

(e) POCS [5] () POCS [6]+pro;;6§ed

1.9 5: Comparison of subjective quality of Zelda images
processed by deblocking algorithms.

4 Conclusions

In this paper, we have proposed an algorithm for the reduc-
tion of blocking artifacts in transform coded images. Con-
sidering the scan line of a compressed image as a continuous
time signal, it is modeled as a step function. The output of
the lowpass filter for the step input is estimated with respect
to its length and amplitude. Then the postprocessed pixels
are obtained by sampling the continuous-time output sig-
nal. The proposed technique is adaptive in the sense that
the strength of the filter and length of the signal to be fil-
tered are automnatically adjusted according to the shape of
the input.

It has been shown that the algorithm performs better in
the low activity region, because the proposed model is better
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 3: Comparison of objective quality in PSNR (dB). []+ means the incorporated algorithm, i.e., the algorithm in [] is applied
to the nonflat region, and the proposed to the flat.

POCS LPF LPF LPF POCS
r bpp | JPEG || [6] [ [6]+ 3] | B+ (11 | 7+ 21 | 2i+ 51 [ 51+
0.0552 | 25.33 ]} 26.97 | 27.48 || 26.93 | 27.37 || 26.52 | 27.34 || 26.30 | 27.55 {| 2642 | 27.38
zelda |[0.0736 | 27.18 || 28.77 | 29.19 || 28.72 | 29.05 || 28.48 | 28.96 | 28.24 | 29.27 || 28.29 | 29.05
0.1034 | 29.39 || 30.78 | 30.96 || 30.73 | 30.83 || 30.61 | 30.85 || 30.43 | 31.02 j 30.38 | 30.85
0.0677 | 24.26 || 25421 25.71 || 25.36 | 25.63 || 24.96 | 25.39 || 25.24 | 25.85 || 25.24 | 25.66
lena 0.0772 [ 24.84 || 2594 1 26.26 || 25.90 | 26.19 || 25.59 | 25.96 || 25.75 | 26.35 || 25.75 | 26.21
0.0938 | 26.48 || 27.60 | 27.79 || 27.53 [ 27.70 || 2725 | 27.45 |} 27.43 | 27.76 || 27.39 | 27.72
0.0707 | 24.29 || 25.65 | 25.93 || 25.53 | 25.82 || 25.07 | 25.64 || 25.26 | 25.97 || 25.35 | 25.86
peppers || 0.0807 | 24.82 || 26.07 | 26.35 || 25.97 | 26.25 || 25.68 | 26.10 | 25.72 | 26.38 || 25.78 | 26.29
0.0980 | 26.03 || 27.16 [ 27.39 || 27.05 | 27.25 || 26.90 | 27.17 || 26.88 | 27.33 || 26.88 | 27.29
0.0929 | 22.11 || 23.02 | 23.17 || 22.91 | 23.04 || 22.54 | 22.84 || 22.51 | 22.56 || 22.65 | 23.03
barbara || 0.1065 | 22.49 [ 23.33 [ 2348 |[ 23.21 | 23.34 || 22.94 | 23.14 || 22.82 | 22.83 || 23.01 | 23.31
0.1292 | 23.30 || 24.09 | 24.17 |} 23.94 ] 24.00 |j 23.70 | 23.79 || 23.51 | 23.33 || 23.77 | 23.96

fitted in this region. Hence, by applying the proposed algo-
rithm to the flat region, and the conventional ones to the
nonflat, we have obtained improved results in most cases.
Since the classification method and the proposed filtering al-
gorithm are relatively simple, the incorporated algorithm re-
quires less computational complexity than the original ones
in many cases.
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