REMOVING COMPRESSION BLOCK ARTIFACTS

TWTTIT NADMETN
WIINUNILIIV

Daben Liu
BBN Systems and Technologies
70 Fawcett Street
Cambridge, MA 02138

ABSTRACT

A technique to remove block artifacts in

comnressed imaoges i1s nresented. This technigue is
Mpress age pr 1§ tecaniqu

based on a local representation of the image using an
orthogonal edge basis. Small image regions are
classified into several prototypes according to the
coefficients of the representation. Three algorithms
are proposed. One technique reduces block effects
by adjusting the coefficients. The other two

technianes r‘]ncmf\l the local image into several

...................

prototypes and 1ntr0duces different edge-preserving
filtering strategies for different types. Experiments
have shown promising results with improved visual

qualities and higher peak-signal-to-noise-ratio
(PSNR).
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DCT-based block image coding has always

suffered due to block artifacts in the compressed
image caused by individually processing blocks.
Several approaches have been proposed for dealing
with block artifacts since the DCT-based JPEG and
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coding. These approaches can be classified into four

categories:

1. Processing at the encoding end. New
Transforms are developed as modifications of
the DCT, e.g. LOT. This approach however
cannot deal with the images reconstructed from

tha atandard TDE Fr:]
e SIanGard sraggJy.

2. Putting constraints on the DCT. This method is
based on some a priori knowledge of the
original image. This obviously puts a limitation
on its own efficiency since it needs information
which sometimes is not available.[7]

3. Postprocessing at the decoding end. This is the

simnlest wav of rpmnvunn block artifacts. These
simpies ay 11CSC

methods use linear or nonlinear filters.
Nonlinear filters show better performance. The
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disadvantage of filters is that they tend to smear
the edges which cause a ioss of image quality.
[1] [5]) [71. In [1], we proposed a new non-linear
edge-preserving filter with image gradients,

which yiclded better results compared to the
conventional filters.

4. One interesting approach combines 1 and 3 [4].
At the encoding side, a certain percentage of
random noise is added to the image. Then at the
decoding side, the reconstructed image is
filtered to get rid of the noise and block effects
which results in a very good visual quality. This,
however, has the effect of lowering the PSNR.

facts occur in small image regions
because of the independent block-by-block
processing during compression. As a result, efficient
block removing is also done in small regions. To
generalize the procedure, we propose a new filtering
strategy which is based on the local representation of
image with orthogonal edge basis. Since human cyes
are more sensitive to the lmage edge than to the
texture, it’s advantageous to represent the image
region based on edge behavior.

2 SHAPE ( or EDGE) IMAGE
REPRESENTATION SYSTEM

We can map any local image into a combination
of different shapes or edge prototypes with carefully

calanta
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coefficients construct a system of a new domain

which should have the following properties:

e can enhance and/or detect edges for given
direction

¢ can show the edge direction and type of the local

region

invertible or pSf:lin—il“l'v'el“tiUlc

¢ small computational complexity
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Note that, similar to what we have done in
conventional transforms, which map signals into
frequency or scale domain, here we map the local
image into the “shape domain”.

3 LOCAL REPRESENTATIONS

Let the local image (for example, 3x3 or 5x5) be
f and the orthogonal basis be V = {V,, ..., Vy,},
both have local support D The representation of the
image would be:

N-1
f= zanVn

Tha mann square error MMQCE) Af tha ranracantatin
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would be
N-1 ~
=YIf- Ya,V,)*
= f an¥n 2
D n=0

where D is the admissible region of f.

Formula (2) provides an objective criteria for
evaluating the representations. Let’s investigate the
following two cases.

1 Tdeallv we want the error to he ). namelv
1. 1G€any, we want in€ error e o U, namely,
f=Ya,V, ©)
v Ld BT
n=0

Multiply V; on both side of the equation and note
that V, ’s are orthogonal to each other. We get

Vi =aV, “)
which means that the bases have to be the
eigenvectors of image f and the coefficients are the

eigenvalues, respectively. The usability of this case is
limited because the representation is data-dependent.

2. More general case is to minimize the MSE,
i.e., find the partial derivative of (2) with respect

to a, which leads to
L v, i ‘Z V,*°

Here V can be arbltrary orthogonal sets. However
only with a,, perfect reconstruction cannot be done.

Formula (1 \ can be Pvnrncced ag
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N-
f= Za.n,V,n. +B ®)
n=0
where B is the resulting error. Formula (6) provides
a generalized tool for the analysis of image f. With a
carefully chosen V, the coefficients a, can separate

different properties that will be individually treated.

Anvantinnally infarmation ala

Cuuvcuuuuau_y’, th INIOrmnanion Ul slﬂy' sCaici
image is categorized into edge and texture. Edges are
critical to image perception[2] which motivates a
new representation scheme that uses edge prototypes
as the basis.

Studies on edge-detection have thoroughly
investigated different edge behaviors and some
Frei
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and Chen[3]. A 3x3 set of prototypes are expressed
as local masks shown in Fig. 1
Taking these prototypes as the orthogonal bases

to decompose a local image region, the resultin
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coefficients can give us separable properties which
may be useful for further processing. For example,
the 2™ and 3™ masks will get larger coefficients
when masking a horizontal and vertical edged
image, respectively. The 4™ and 6™ masks are
sensitive to step edges. These different behaviors on
different kinds of edges are very useful for edge
detection and other related applications.

5 REMOVING THE BLOCKING
ARTIFACTS

In DCT coded images, almost all undesirable
effects occur on the boundaries of compression
blocks. Local representations of such effects provide
an easy and efficient way of reducing these effects,
since such representation facilitates the use of
effective algorithms.

!

N

T

t
sssenssun|sbanepesnl

TR EE
i MR R

TR HER

Fig 2 A blocked image

Fig 2 shows how the blocking artifacts are going
to be processed. The two solid lines represent the
blocking artifacts. The dots are the pixels and the
dashed boxes are the analysis window which will
shift along or across the block boundaries as
indicated with the two-side arrow lines.

The analysis window each time grabs a local
region and the representations of this region is found
with formula (5). Three algorithms are proposed to
smooth the blocks.

Algorithm 1 Filtering in the Shape Domain
Step: 1: Perform the orthogonal local shape
representation with formula (5)

Step 2: Multiply the coefficients with some
weighting coefficients w, :

a, =a, w, @)

Step 3: Perform the inverse transform

N-1
=Y awV,+B (8)
=0

Assume that Vj, is correqunding to(l)in Fig 1, V,
to (2), and so on so forth. f is the smoothed image.

The w, are choscn empirically. The basic rule is
that :

¢ wy=1. Since the DC component is always the
strongest in image, preserve the value of a, will
guarantee that the reconstructed image will have
the same energy level as the original.

e w, and w, are set according to the current
analysis region. If it’s on a horizontal effect, w,
is to be smaller than 1. Otherwise w;, is to be
reduced. On the cross point, both are to be set
less than 1. Same treatment is given to w; and
Ws,

e The 9™ mask in Fig 1 is sensitive to both
horizontal and vertical effects. As a result, wy is
usually set to a small value.

One example of the selected values of w,’s is { |

051051 1 1 1 0.5}, for removing horizontal

block effects.

Algorithm 2. Edge-preserving filtering.

The decomposition with formula (5) using the
edge bases given in Fig 1 provides an accurate way
of edge detection. If the edge information can be
retrieved and projected onto these 9 prototypes,
different filtering strategies can be applied on
different prototypes. In doing so, the original edge
information can be preserved while filtering out the
blocks.

When choosing edge-preserving filters, one has
to be careful on the decision of what kind of edge to
preserve because the block cffects themselves are
also edges.

¢ When smoothing horizontal edges, we consider
three directions: top-bottom, topright- bottomleft and
topleft-bottomright and two types: step and line. The
smoothing steps are:

Step 1: Perform the orthogonal local shape
representation with formula (5)

Step 2: Find the maximum projection :

Max _ proj = max(layl,lasl,layl,la;1,1)
where [ is the threshold whose value depends on the
image data.



Step 3. Make decision about the edge:
if Max_proj =1 = No edge
if Max_proj = a,| 9 top-bottom step or line
if Max_proj =| a;| = topleft-bottomright step
if Max_proj =\ a4l @ topright-bottomleft step
if Max_proj = | a;| = line, use a4 determine the
direction:
if as>0 =¥ topright-bottomleft line
else =¥ topleft-bottomright line

Step 4. Filtering along the edge direction

N-l N-t VP
f(p,dire)=|:2w,-fp(i) Zw,} ©
i=0 i=0

When p=] , the filter is a linear weighted mean
filter. When p>1, (8)
Experiments show that using a weighted mean filter
(p=1) which puts more weight on the central pixel
gives a better result. The dire means f is also
determined by the edge direction.

Fig 3 shows how the edge direction is related to
filtering procedure. Step 3 classifies the local images
into 5 cases according to the edge bases. In Fig 3. the
first three are steps and the last two are lines.
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Fig 3 Five classes of edges and different selection of
pixels for filtering
(From left to right: top-bottom, topleft-bottomright
step, topright-bottomleft step, topleft-bottomright
line, topright-bottomleft line)

The gray dots are the pixels to be used in estimating
the center pixels. We assume that these pixels are
much more correlated to the estimated pixel than
those that are not selected. In doing so, we prevent
the original edge from being blurred by filtering.

e  When smoothing vertical edges, the procedure is
the same. Only that now we want to investigate the
lefi-right type edges using a; instead of the top-
bottom type, which is now a degraded artifacts.

o A

Fig 4 Five classes for removing vertical block effects

Fig 4 shows the classification and pixel selection for
filtering in this case.

Algorithm 3. Keep step 1, 2 and 3 of Algorithm 2.
In step 4, we use moving nonlinear filtering with a
shifting window of 5 pixels. The shifting is
consistent with the edge direction obtained from the
previous steps.

6 EXPERIMENTS AND RESULTS

Experiments were performed on several images
with different values of p and different kinds of
filters. All showed promising results. Here the
results for 256x256 lena image with 256 gray-levels
are given. Sixteen by sixteen block DCT coefficients
were calculated. The image was then compressed to
a ratio of 20:1. In Fig 5, the face part is enlarged so
that the blocks can be easily seen.

Results of two proposed methods of removing
block artifacts are shown. For comparison Fig 6
gives the image processed with method proposed in
[1], which has proved to be better than other
conventional filters[1]. Fig 7 shows the de-
compressed image which is processed by modifying
the representation coefficients. Fig 8 shows the result
of using edge-preserving filtering. All three show
the smoothed version of lena image. The edge-
preserved one has a better visual quality.

PSNR is also calculated in dB:

" (255N)?
Y -7
N2

where N is the number of gray-levels (256 here), fis
the original image and f, is the processed image. The
results are also shown in Fig 6, 7, 8 and 9.

We can see that all methods have slightly
improved the PSNR. Edge-preserving filtering
achieves a better PSNR than the other two.

PSNR=10-1lo (10)

7 CONCLUSION

We’ve proposed a local orthogonal edge system
and based on the system, directional filters both in
shape domain and spatial domain are designed for
removing transform block artifacts. All experimental
results using the proposed algorithms have shown
that they can efficiently get rid of the annoying block
artifacts as well as improve the PSNR of the
reconstructed image.
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Fig 5 The compresséd: Bdky image,
(PSNR=28.9dB)

Fig 6. The de-blocked image With image grdient
proposed in [1] (PSNR=29.7dB)

Fig 7. The de—blockedmagc with coefficient
modification (PSNR=29.6dB)

Fig 8 The de-blocked imaée with edge-preerving
filtering (PSNR = 30.1dB)



