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Post-Processing for Quality Improvement
of IDP-Compressed Images
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Abstract - In the paper is offered new approach for the reduction
of the blocking artifacts in still images, processed with 2-level
Inverse Difference Pyramid (IDP) decomposition, based on
Walsh-Hadamard and DCT orthogonal transforms. For this
purpose was developed a two-dimensional fuzzy digital filter,
whose performance changes in accordance with the image
contents, framed by the filter window, and depending on the
compression ratio and the maximum approximation error,
obtained in the second (higher) IDP level. The experimental
results show, that the block artifacts in the restored images are
reduced without visual deterioration of the image sharpness. The
advantages of the new filter are its low computational complexity
and adaptation abilities. In the paper are analyzed the abilities
for the filter implementation aiming at the quality improvement
of decompressed color images with blocking artifacts.

Keywords — Deblocking filter, Two-dimensional Adaptive Fuzzy
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I. INTRODUCTION

The block-transformed techniques for image coding, based
on orthogonal transforms, usually generate significant
distortions, called blocking artifacts [5,16] and this effect is
accentuated at high compression ratios. These artifacts display
themselves as artificial boundaries between adjacent blocks or
around sharp transitions in the processed images. The
distortions of the second kind, called ringing artifacts, are a
result of the Gibbs effect and are due to the quantization of the
used transform coefficients. In order to minimize the artifacts
in the decompressed images are already developed significant
number of methods for pre- and post — processing [2-13]. The
methods in the second group could be classified as follows:
Direct linear or non-linear smoothing techniques in the spatial
domain [7-10]; Combined techniques employing both edge
detection or segmentation for detail classification and spatial
adaptive filtering [11]; Iterative techniques based on the
theory of projections on to convex set (POCS) [6,12], and Soft
threshold approaches in the wavelet domain [13]. The major
issues existing in the current post-processing methods can be
summarized in brief as: limitation to a certain type of artifacts,
concerning the methods in the first group, mentioned above,
and such with high computational complexity — included in
the remaining three groups.
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In the paper is offered a relatively simple and efficient
technique for removing various blocking artifacts using a two-
dimensional fuzzy digital filter, which is quite adequate for
the processing of decompressed images, obtained using IDP
decomposition, based on DCT and Walsh-Hadamard trans-
forms. In Section II is presented the algorithm for fuzzy
filtration, in Section III is described the approach, used for the
adaptation of the offered filter, in Section IV are presented the
results of the modeling of the filter performance for test
images compressed using the IDP decomposition and in the
Conclusion are pointed the advantages of the new filter and its
possible applications.

II. POST-PROCESSING WITH FUZZY ADAPTIVE FILTER

The offered approach for post-processing of decompressed
images is based on the use of fuzzy digital filters [1,3], which
became very popular recently. The algorithm for the
performance of the two-dimensional fuzzy adaptive filter
(2DFAF), using a sliding window with size MxN pixels
(M=2R+1 and N=2S+1), is as follows:
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where |_0J is a rounding operator; T — a noise threshold

x(i,j) and xg(i,j) are correspondingly the pixels of the input
and of the filtered output image;
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Here Eq. 2 represents the chosen membership function with
parameters o and f (B > o), whose argument A is the module
of the difference between the central pixel x(i,j) in the filter
window and the pixel x(i+r, j+s), moved at the distance (1, s):

AG+r,j+5)=| X[, )—x@+1, j+5) | 3)

for r=—R,+R ands =-S,+S.

The values of parameters o and B are defined in accordance
with the image contents and with the kind of the distortions,
which should be corrected or suppressed. In the case, when
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block artifacts obtained in result of the high image comp-
ression are concerned, o and B are defined in depending on the
compression ratio and the kind of the used compression
algorithm. In the presented approach the 2DFAF filter is
applied on images with block artifacts obtained in result of
lossy compression based on Inverse Difference Pyramid (IDP)
decomposition [14] with high compression ratio.

I1I. ADAPTATION OF THE 2DFAF FILTER

For the suppression of the block artifacts in images obtained
in result of the IDP compression parameters o and B of the
2DFAF filter are defined in accordance with the relations:

a=0-¢, B=0+¢, 4
where 6 identifies the center of the filter fuzziness, for which
the function p(A) = 0.5, and ¢ defines the boundaries of the
deviation 8. The value of the parameter 6 is defined following
the condition:
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Here E(i,j)max 1S a pixel of the matrix [E] containing the error
between the original image and its approximation in the
second IDP level. The parameters € and T of the 2DFAF filter
are chosen experimentally in accordance with the compression
ratio and the noise level.

IV. EXPERIMENTAL RESULTS

The experiments were performed with parameters € = 1 and
T=2. The research on the new filter was performed with the
software, implementing the algorithm. The filter treats the
brightness component of the image only. For the investigation
were used large number (more than 100) grayscale and color
images. In the investigation was used the 100-stage quality
factor (QF) set used for the IDP decomposition, defined by a
number of parameters (QF1 is for the best quality and the
smallest compression, QF100 — correspondingly for the worst
quality and the highest compression ratio). The set of parame-
ters used for the definition of the QF stages comprises the
number of pyramid levels, the approximation transform (DCT
or WHT) used in the pyramid levels, the quantization values,
the used transform coefficients, the scanning arrangement of the
values, calculated for same spatial frequencies coefficients, etc.

Some of the obtained results are presented below. In Fig. 1
are given the mentioned test images ‘“Lena”, “Peppers” and
“Fruits”. In Fig. 2 are presented the results obtained for same
test images after compression with quality factors QF: 40,50
and 70 and treating the images with filter, whose window is
with size 3x5 pixels and whose center of fuzziness changes
from 5 to 65. The vertical axis shows the change of the image qua-
lity measured as PSNR. One unit in the vertical axis is 0,01 dB.

Fig. 1. Test images: “Lena”, “Peppers”, “Fruits”(originals)
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The results show that the results are best for images restored
after high IDP compression (corresponding with QF70 for
these examples). Together with the increasing of the QF the
filter influence increases as well.

In Fig, 3 are presented the results obtained for the test image
“Lena” changing the quality factor from 50 to 100 and
treating the restored image with filter window with width 3
and 5 pixels (the window height is 5 pixels in both cases). The
results obtained for the other test images are similar. Best
results are obtained for filter with window width 3 pixels. The
vertical axis (for which one unit is equal to 0,01 dB)
represents the image quality change.



Roumen Kountchev, Vladimir Todorov, Roumiana Kountcheva

27

26,5

Quality factor

= e,

24,5

90 91 92 93 94 9% 96 97 98 99 100

PSNR [dB]

—&— No filter —=— Filter 3/5 —&— Filter 5/5

Fig. 3. Influence of the window filter width change (Image “Lena”)

These results are in correspondence with the IDP decomposi-
tion approach and they suit the size of the sub-image in the
higher pyramid level very well (as it was already mentioned,
the sub-images in the upper pyramid level are with size 4x4
pixels).
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Fig. 4. Image Lena, IDP coding

In Figure 4 are presented the results obtained for the filter
performance for the full 100-stage IDP quality factor range.
The horizontal axis represents the QF and the vertical — the
restored image quality (one unit corresponds to 0,01 dB). The
results show that for low QF (i.e. low compression ratio),
when the PSNR of the restored image is high (above 45 dB)
the filter decreases the image quality. Its performance is
useful for QF higher than 50, i.e. when the restored image
quality is less than 30 dB.

In Fig. 5 is presented the result of the filtration for part of the
image ‘“Pepper” after IDP compression with QF = 86
(Compression ratio = 35). The visual quality improvement is
noticeable. Similar results were obtained for the remaining
test images. General result for all tested images is that for QF
over 90, where the image quality is significantly decreased,
better visual results are obtained with filter with window
width 7 pixels. The PSNR of the filtered image is lower for
window width 7, but the visual quality is much better. These

results correspond with the IDP decomposition, because for
these QF values the image sub-blocks are with size 8x8 pixels.

Fig. 5b. The same decompressed image after filtration
In Fig. 6a,b is presented the decompressed image “Lena” after
IDP compression with QF 100 and the same image after
filtration.

Fig. 6. Test image “Lena” restored after compression with QF100
and filtration with filter, which center of fuzziness is 65 and the filter
window width is 7 (the filter height is 5).
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The general result from the performed investigation is that
the IDP compression method gives enough information for
setting the values of the filter parameters in the process of the
image coding. As it was already pointed, the main parameters
are its center of fuzziness and the window width. Best results
are obtained when the filter center of fuzziness is set to be
equal to the half of the maximum difference calculated
between the original and the restored image in the coding side.
The experiments proved that the filter window width should
be 3 for all QF in the range of 50 to 90 and 7 for the range of
90 to 100.

The filter gives very good results for treatment of multi-
level contour images, in particular - their adaptive
segmentation retaining maximum visual similarity with the
original. In result of the filtration the contours extraction is
easier and the compression - more efficient. The detailed
presentation of the research results on contour images will be
presented in another work.

Fig. 7a. Contour image (contours were extracted with Corel Photo
Paint 10, Edge detection); b. Same image, after filtration.

Example of the obtained results is presented in Fig. 7. In Fig. 7a
is presented the original contour image, and the filtered image is
presented in Fig. 7b. It is easy to notice that the number of
contours in the filtered image is smaller, retaining the most
important details.

V. CONCLUSION

The experimental results proved the efficiency of the propo-
sed approach. In result of the performed research work are
defined the following conclusions:

*The two-dimensional adaptive digital filter improves the
quality of decompressed images, compressed to high degree
with IDP compression;

¢ The filter parameters suit very well the IDP decompositi-
on, because there is a definite relation between them and the
IDP quality factor;

eThe filter parameters are defined in the process of the
image compression and the corresponding data is included in
the obtained compressed data file. This additional information
is negligible, because the filter needs two parameters only: the
center of fuzziness and the filter window width, i.e. two bytes
only.

eThe filter improves the quality of the decompressed
image in the whole range from QF 50 to QF 100.

®The mean quality improvement for the tested images is
0,4dB, but the visual quality improvement is very good.

eThe filter has low computational complexity and its
implementation in software solutions based on the IDP image
decomposition does not slow-down their performance.
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