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A new eight-neighbour symmetric post-filtering technique is introduced in this paper to reduce the widely known 
blocking artifact that is commonly found in the reconstructed images of block-based transform coding schemes. Also, 
we have modified the Iecently introduced quantitative quality metric called Generalized Block-Edge Impairment Metric 
(GBIM). In the proposed filtering, the weights of the eight neighbouring pixe/s of the pixel of interest are determined by 
the modified Lagrange's interpolation algorithm. The proposed technique reduces the blocking anifact while 
maintaining the sharpness of the reconstructed image. The proposed technique has been compared with a number of 
well known eight neighbour filters, such as. Reeve and Lim's filter. the Laplacian eight neighbour accounting filter 
(LENAF), the Lap/acian four neighbour filter with +form, the Laplacian four neighbour filter with x form and a two 
neighbour filter. These comparisons have been carried out using Peak Signal-to-Noise Ratio (PSNR), GBIM and 
Modijie, Generalized Block-Edge Impairment Metric (MGBIM). 

keywords: Lagrange's interpolation, peak signal-to-noise ratio, linear filtering, video coding, post-filtering block
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1. Introduction 

Block-based transform coding has been used to reduce 
inter-pixel redundancy in a number of international 
image and video coding/compression standards. The 
widely known blocking artifact, that appears as 
discontinuties between adjacent blocks in a 
reconstructed image, is a common artifact typically 
found in images or video coded using low bit-rate block
based coding algorithms [5]. Example of this artifact 
are shown in Figs. 2(a) and 2(b), where it is most 
evident in smoothly textured areas of medium 
luminosity, such as the trunk of the tree in the flower 
garden image. The original images of these 
reconstructed images are given in Figs. 1(a) and 1(b) 
respectively. 

This block discontinuity is a direct result of the 
independent coding of each block within an image, 
without considering the inter-pixel correlation that 
might exist between adjacent blocks. Due to its near
optimum energy compaction properties for highly 
correlated data, and the availability of fast 
implementations, the DCT has played an integral role in 
a number of image and video coding standards. The 
prominence of the blocking effect in coding schemes 

that use the DCT is subject to the coarseness of the 
quantisation of the DCT coefficients of either one or both of 
the adjacent blocks. The default quantisation matrix used in 
this paper is from the MPEG-1 digital video coding standard 
and it is given in Table I [4]. 

Several methods have been proposed in the image and video 
coding literature to reduce the blocking artifacts. Some of 
the most widely known linear low-pass filtering techniques 
include 1) the eight neighbour filters, such as Reeve and 
Lim's method [6] and the Laplacian eight neighbour filter 
LENAF [1], 2) the four neighbour filters (LFNAF+ and 
LFNAFx) [1], and 3) Tzou's anisotropic method [9]. These 
techniques use a linear post filtering along the block 
boundaries of the decoded image frames. From this research 
work, it has been found that all these methods reduce the 
visual blocking effects in the reconstructed images, and yield 
better visual quality images than the reconstructed ones. 
However, the experimental results show that the blocking 
effects can still be reduced and image quality can be 
improved. In this paper, a new eight neighbour post filtering 
technique is introduced using the modified Lagrange's 
interpolation algorithm [7] to reduce the blocking effects 
further in order to obtain a better quality images. 

Winter 1998 Australian Journal of Intelligent Information Processing Systems 



8 16 19 22 26 27 29 34 
16 16 22 24 27 29 34 37 
19 22 26 27 29 34 34 38 
22 22 26 27 29 34 37 40 
22 26 27 29 32 35 40 48 
26 27 29 32 35 40 48 58 
26 27 29 34 38 46 56 69 
27 29 35 38 46 56 69 83 

Table 1: MPEG-1 Quantisation Matrix 

A brief discussion of linear filters is provided in Section 
2, which is divided into three subsections. In 
subsections 2.1 and 2.2 the eight neighbour and four 
neighbour filters are described, respectively, and in 
subsection 2.3 Tzou's method is presented. In Section 3, 
a new eight neighbour filter using the modified 
Lagrange's interpolation is proposed Section 4 
describes two performance measures for determining 
which filtering methoo is better than the others in terms 
of quantitative quality and visual quality. In subsections 
4.1 and 4.2, the numerical measure PSNR and a 
modified version of the quantitative quality metric 
MGBIM are discussedrespectively. Section 5 presents 
experimental results and Section 6 summarises our 
·major findings of this investigation. 

2. Linear Filters 

Several linear filtering techniques have been introduced 
in the image and video coding literature to reduce the 
blocking artifacts. Among them, Reeve and Urn's 
method, LENAF, LFNAF+, LFNAFx and Tzou's 
method have been considered in this paper. In these 
techniques, linear filtering is performed on the pixels 
along the boundary of each block using the closest eight 
neighbouring pixels of the pixel of interest. Not every 
method uses all the closest eight neighbouring pixels. 
For example, Reeve and Iim 's method and LENAF use 
all eight neighbouring pixels and LFNAF+ and 
LFNAFx use only four pixels, whilst Tzou's method 
uses only two pixels which are perpendicular to the 
edge of the block. 

2.1 Eight Neighbour Filters 

Reeve and Urn's method and LENAF can be considered 
as eight neighbour filters as they both use all the eight 
neighbouring pixels of the pixel of interest along the 
boundary of a block. These two methods are discussed 
in this section. Let us consider two adjacent blocks A 
and B of a video frame with the block boundary XY and 
a pixel a falling on the block boundary of A. 
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Its intensity value s2[i,j] calculated using its eight 
neighbouring pixels with intensity values sJ[i+c, j+d], 
where c, d = -1, 0,1. In this process, 5 pixels from the block 
A and 3 pixels from block B are .included to bring the 
characteristics of adjacent block B into A so that the block 
boundaries can be smoothed to reduce the block-edge 
artifact. 

When an eight neighbour filtering technique is applied, the 
filtered intensity value s2[i,j] of the pixel a is obtained by 
the following filtering equation [8]: 

+I +I 

L L,k[c,d].s1 [i+c,j+d] 
S l [i' j) :: .::,C=..:--'1"-!d:...::::.;;-...!.1~---:--------

+1 +1 

L, L,k[c,d] 
c:-1 d=-1 

(1) 

where k[c,d] represents the weight of the pixel at location 
(i+cJ+d) and k[c,d] is chosen by applying different criteria 
from method to method. We may call this mask of k[c,d] 
values as the filtering mask. The filtering equation (I) forms 
a low-pass filter with the mask. 

Reeve and Urn proposed the use of this low-pass filter along 
the block boundaries of decoded images with certain 
coefficients [6]. This filter is not necessarily optimal in 
reducing blocking artifacts. This approach tends to smooth 
the sharp block structure, which may be more acceptable in 
terms of reducing the blocking artifact, but it blurs severely 
the sharp edges of the image adjacent to the · block 
boundaries. 

The Laplacian method also uses the same filtering mask, 
but, the k[ c,d] coefficients are calculated using the 
Laplacian method [1]: 

(2) 

where the constant C is a normalisation factor, such that 

+I +I 

~ ~ k[c,d] = 1, 
c=-1d=-1 

(3) 

The k[c,d] coefficients calculated using the Laplacian 
method can be found in ·the paper by Avril and Nguyen
Trong [1]: 

2.2 Four Neighbour Filters 

The four neighbour filters are split into Laplacian four 
neighbour accounting filters with + and x forms, and they 

Australian Journal of Intelligent Information Processing Systems Winter 1998 



122 

are denoted by LFNAF + and LFNAFx, respectively. The 
LFNAF + filter uses only the vertical and horizontal 
k[ c,d] values of the filtering. These coefficients are 
calculated using the l.aplacian method using the 

condition c 2 + d 2 ::;; 1 [1]. The LFNAFx filter uses 
only the diagonal k[c,d] values of the mask. These 
coefficients are also calculated using the l.aplacian 

method with the condition c 2 = d 2
• 

2.3 Tzou's Method 

Tzou proposed a solution similar to that of Reeve and 
Lim's low-pass filter approach [9]. In his method, Tzou 
makes the observation that the frequency characteristics 
around vertical block boundaries are different from 
horizontal boundaries. Therefore, depending on the 
orientation of the block boundary, the eight 
neighbouring pixels have varying significance to the 
definition of the k[c,d} coefficients. Tzou suggests the 
k[ c,d] values that can-be found in [9]. 

The results from the eight neighbour filters (Reeve and 
Lim' method, LENAF), four neighbour filters (LFNAF + 
and LFNAFx) and Tzou 's method are compared in 
Section 5. In the following section, a new filtering 
method is proposed using the modified La grange's 
interpolation to reduce the blocking effect and to 
improve the visual quality of the reconstructed images 
further. This method was previously used in image 
restoration to increase the signal-to-noise ratio [8]. 

3. Proposed Method 

In the standard Lagrange's interpolation method the 
separability is assumed for the filtering kernel. That is, 
the coefficient k[c,d] is the product of L[c] and L[d], 
where L[c] and L[d] are the one-dimensional 
l.agrange 's coefficients in horizontal and vertical 
directions of the image plane, respectively. Therefore, 
Equation (1) can be written as follows [7,8]: 

+1 +1 
L, L,L£c).L[d].st£i+c,j+d] 

[ . ·1 C=-1d--1 
52 I, J = +I +I 

2, 2, L[c].L[d] 
c ~ -ld=-1 

(c, d) :t (0,0), 

where L[c] = IT (- p) , 
p=- t(c- p) 

(4) 

L[d] =IT (-q) 
q=-1 (d- q) 

and p "# c, q-::1: d. 
(5) 

If we use the pixels falling either in the ith row or jth 
column, p and q can· take the value zero. Thus L[c] and 
L[d] are zero. Therefore, the only pixels that can be used are 
the corner pixels, however, the other 4 pixels make a 
significant contribution to the pixel of interest at location 
(i,j) as they are much closer. It is advisable to use these 
pixels in the calculation of the pixel-values of interest and 
therefore the following modification is suggested. In the 
proposed method the k[c,d} values are calculated directly in 
the 2-dimensional space considering the Euclidean distances 
between the pixels. This is achieved by the following 
expression for k[c,d] [7]. 

(+1, + 1) .J p 2 + q 2 

k[c,d]= IT , 
(p,q)=(-1,-1) ~(c- p)2 + (d- q)2 

(6) 

where (p,q)-::!:(0,0), (c,d)-::~:(0,0), (p,q) "# (c,d), and 

c,d = 0,±1. 

Note that the proposed method, in contrast to the standard 
Lagrange's method, enables us to use all the eight 
neighbouring pixels in the computation of the coefficients 
(k[c,d] values). This mask can be directly applied along the 
block boundaries to reduce the blocking artifacts. 

It is clearly known that the blocking artifacts, although in its 
visual nature forms edge along the block boundaries, in its 
internal structure it is a noise. Therefore, reducing such 
noise in turn reduces the blocking artifacts. However, we 
must choose filter coefficients which can reduce the noise 
while maintaining the edge details along the block 
boundaries in order to minimise the blur caused by the liner 
filters. It has been shown in [7,8] that the Lagrange's filter 
coefficients have properties in reducing noise while 
maintaining the image edge details in the filtering area. 
Therefore, the use of l.agrange's filter can reduce the 
blocking artifacts (by reducing the noise) and maintain the 
edge details along the block boundaries. 

4. Performance Evaluation 

The performance evaluation of the various filtering 
techniques, covered in this paper, will be based on the PSNR 
and subjective assessment of the filtered and unfiltered 
reconstructed images. To provide an indication of the 
filtering techniques' ability to reduce the visible blocking 
effect, the so-called GB/M [10,11] will also be used, 
however it has been modified to adapt certain image 
properties. Both the PSNR and the GB/M are described 
briefly below. 
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4.1 Peak Signal-To-Noise Ratio 

In this paper, the performance measure called Peak 
Signal-to-Noise Ratio, denoted by PSNR is defined as 
follows: 

PSNR = 10 *log 10 ( 
255 

* 
255 l 

MSE I 

(7) 
where 

2: (f[i, j]- j[i, j]) 2 

MSE I,J 

M 
(8) 

where fl iJ] represents the intensity value of the pixel at 
A 

location (i,j) in the original image, f[i, j] represents 

the corresponding pixel intensity value in the filtered 
image and M represents the total number of pixels. 

The filtered image giving the maximum PSNR is, in 
general, considered to be the best. Considering the 
block-edge artifacts, Using PSNR alone may not be 
suitable, as the filtering along the block boundary can 
blur the boundaries and thus can reduce the PSNR. 
However, in this paper we use this criterion with the 
subjective quality evaluation and GB/M to analyse the 
results and to determine if the new method is a useful 
improvement compared to some other linear filters. 

4.2 Generalized Block Edge Impairment 
Metric (GBIM) 

In this section we propose a modification to the recently 
introduced GB/M for measuring block-edge artifacts 
presented in transform coded images. The values of 
GB/M ranges between the measures. of blur and block· 
edge artifacts, thus it has to be tuned to handle the 
situations (perceptually) where the non-coded original 
image has the blur regions and block-shape images. 

The modification includes the directional inter-pi11.el 
differences between the adjoining blocks and thus can 
interpret the strength of blocking artifacts when the 
image contain blur regions or block-shape images. 

For a given image, f = [ !cz /c2 ... feN ]. where /ci is the 
ith column of the image array and N is the width of the 
image, the directional inter-pixel difference between 
each of the vertical block boundaries is defined by 
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fcs -fc9 

1c16 -Jc17 

DJ = (9) 

lc(N-8) -Jc(N-7) 

where the ith element of J .. - 1 .. +
1 

is defined by the 
following moving average of the inter-pixel difference along 
the vertical adjoining block boundary: 

j dc,i -Jck+l,i 

I fck,i - fdc+l,i I+ I fck,i- fdc+l,i+l I+ fdc,i+l- fdc+l,i I 
3 

(10) 
and 

k=8,16, ... ,N-8 and i=J,2, ... ,N. 

A metric can be defined to measure the vertical blockiness 
by 

- [N /8-1 - - 2]112 
Mv =Fz>c!f= i~l lw;Ucsrfc8i+l>l • 

(11) 

where 11.11 is the 12 norm and W = diag[w1 w2 •• WNta-1] is a 
diagonal weighting matrix which takes into account the 
local spatial characteristics [12]. The weighting function 
used in this investigation is given by 

w . . = 
lo) 

1
l[l+.[li;;]if .. <" ~n 1 f.l,

1
_., 

1+a1.j • 

In 1 + 'ol otherwise 
[ 

..j255- f.l· ·] 
l+a .. 

'•l 

(12) 

at location (i, j), where ( is the selected average 

illuminance value where highest weight should be given to 
the distortion. The GB/M is devised to measure the presence 
and the severity of blocking artifacts whilst taking into 
account the luminance masking effects in extreme bright as 
well as extreme dark areas in a reconstructed image. 
According to [2], the coding distortions are most noticeable 
where the luminance value is around 81 in 8-bit grey-scale 
images. GB/M uses a simple and effective piece-wise 
natural log weighting function to accommodate the 
luminance masking effects, which works successfully in the 
post-filtering of decoded video images using projection onto 
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convex sets (POCS) algorithms[l3] and peaks at a user 

selectable luminance value (. Value 81 was used for 

( in [11] according to [2]. 

In equation (12) the A. is calculated by 

A. = ln(1 + .J255 - () 
ln(l+ 0 

(13) 

For vertical boundaries, the local means f.14i and f.l,. 1,i 

of the east and west adjoining blocks are determined 
from the means of the pixels within the two adjoining 
blocks of the current row, i.e. 

1 ~8 
J1 e i, j = - l..., J (i, X), 

8 ;c=j+l -

(14) 

/1 w i,j 
1 j - L f(i,x), 
8 IC=j-7 

(15) 

where.f(i,x) are the pixel values. Similarly, the standard 
deviations are defined as follows: 

[ 
8 ]112 

a•;,j = .!.. f,(.f(i,x)-p•;,j l 
8 z=j+l 

(16) 

.07) 

Another modification we suggest here, in contrast to 

GBIM, is that the standard deviation 0 ;,j at the vertiral 

boundary is estimated by 

o~.+o:' . o .. = 1,) l,J 
l,J 

(18) 
2 

The metric M. is further normalised by the average 
inter-pixel difference, E, between pixels that are not at 
block boundaries, resulting in vMGBIM. The formula to 
calculate E is defined as: 

(19) 

where 

[

N/8-1 - - 2]1/2 

S 1c = ~ llw; ( fc(8.i+/c) - fc(8.i+k+l) )11 • 
••I 

(20) 

where the directional inter-pixel differences are calculated 
using equation (1 0). 

A metric hMGBIM can also be similarly defined to measure 
the horizontal blockiness of the reconstructed video images. 
The blockiness metric used for the analysis of image 
reconstruction quality is given by MGBIM = a hMGBIM + 
{J vMGBIM. In the experiments, it was assumed that the 

human sensitivity to horizontal and vertical blocking 
artifacts were similar and therefore selected a = {J = 0.5 in 

calculating MGBIM. 

5. Experimental Results 

A control experiment is conducted here to compare the 
filtered results obtained by Reeve and Lim's method, 
LENAF, LFNAF with+ and x forms, Tzou's method and the 
proposed method. These comparisons are based on the 
PSNR, modified GBIM, and subjective assessment. 

In this experiment, images from the common test sequences 
Flower Garden, Trevor and Calendar are used. However, 
only the images of Hower Garden and Trevor are given in 
Figures 1, 2 and 3. Figures 2(a) and 2(b) show the 
reconstructions of the original images in Figures 1(a) and 
1(b) respectively, after DCTblock transform coding with the 
quantisation matrix shown in Table I, scaled by 16 for low 
bit rate [4]. The PSNR and the GBIM values of these 
reconstructed images are given in row 1 (which is labelled 
as 'coded') of Table 11. 

The reconstructed images are subsequently filtered by Reeve 
and Lim's method, LENAF, LFNAF+, LFNAFx, Tzou's 
method and the proposed method The PSNR and the GBIM 
values of these filtered images are given in rows 2 through 
to 1 of Table 11 respectively. Images filtered by the proposed 
method are given in Figs. 3(a) and 3(b). 

Let us first consider the PSNR values in columns 1, 2 and 3 
of Table 11. In most cases, as expected, the PSNR values of 
the filtered images are lower than that of the corresponding 
reconstructed images. This is because the low-pass filters 
blur the image contents while reducing the blocking 
artifacts, and as a result the PSNR value is decreased. 
However, the measure PSNR is used -in this paper just to 
compare the filtered results between different methods. 

Let us now consider the GBIM values in columns 1, 2 and 3 
of Table 11. These values show how much the blocking 
effects have been reduced in the filtered images by the 
existing and proposed methods. GBIM is based on weighted 
pixel differences along block boundaries that take local 
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spatial characteristics into account. The meaning of a 
GB/M value is interpreted as follows [10,11]. A value 
greater than 1 indicates that the filtered image is more 
blocky than the original, and a value smaller than 1 
means that it is smoother along the block boundaries 
and thus probably more blurred. Obviously, it is 
desirable to achieve a value closer to 1 that indicates the 
block-edge artifact reduction. 

Jmaaes Flower Garden ~or CaleDdar 
(1 12 (3 

Mechoclo PSNR GBIM PSNR GBIM PSNR GBIM 

Coded 24.165 1.890 32.446 9.311 23.186 2.399 
R've 22.871 0.886 
Lim 

32.363 2.295 22.282 1.190 

LENAF 23.127 0.964 32.444 2.561 22.470 1.266 
LENAF 23.677 1.177 32.626 3.663 22.848 1.503 

+ 
LENAF 23.323 1.115 32.451 2.687 22.613 1.400 

" TZOOI 23.674 1.106 32.453 2.867 22.822 1.382 
P'pc.d 23.321 1.053 32.246 2.070 21.942 1.15l 

Table II: Comparison of filtering methods. 

We can see from the values of GB/M that the proposed 
method yields values closer to 1 and this indicates tbat 
this method reduces the blocking effect more than the 
other methods without blurring the edges significantly. 

Overall, considering the PSNR and the GB/M values 
and the subjective viewing evaluation, we can say that 
the proposed method produces better results than the 
other methods. This indicates that the proposed method 
better achieves the stated aim of reducing the visual 
blocking artifacts. 

Another important point to note in Table II is that the 
Trevor image has very high GB/M values. This is due to 
one of the drawbacks of GB/M that it cannot 
differentiate blocked-shaped images from the blocking 
artifacts, especially when the boundary of a block
shaped image falls along the virtual block boundary. 
For example, in Trevor image the boundary of the 
block-shaped image (a vertical bar on the Right Hand 
Side), falls along · the virtual block boundary. This 
problem has been significantly resolved by the M GB/M. 

Comparison of GBIM and MGBIM 

In this section, an experiment is conducted to compare 
the quantitative distortion measures GB/M and MGBIM 
to show that the MGBIM is a significant improvement 
to GB/M in terms of differentiating block-shaped 
images from the blocking artifact. The original images 
of Flower Garden, Trevor, Calendar and Football are 
used in this experiment (See Figure 4). The reason for 
using the original images is to show that the GB/M can 
misinterpret the block-shaped images as blocking 
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artifacts. Therefore GB/M may not be reliable in certain 
cases and it needs some improvement. 

The normalized horizontal blockiness (hGBIM), normalized 
vertical blockiness (vGBIM) and normalized average 
blockiness (GBIM) values of the original images are 
calculated using GB/M and they are given in columns 2, 3 
and 4 of Table III. 

Images hG- vG- G- hM- vM- M-
BIM BIM BIM GBIM GBIM GBIM 

(1) (2) (3) (4) (5) (8) (7) 

Flower 1.04 1.06 1.05 0.99 1.02 1.01 
Garden 
Trevor 1.01 3.14 2.07 1.01 2.26 1.63 

calen- 1.18 1.12 1.15 1.03 1.01 1.02 
der 

Foot. 1.05 1.07 1.06 1.01 0.99 1.00 
ball 

Table W: GB/M and MGBIM values of the original images. 

Since we use the original images, the expected hGBIM, 
vGBIM and GB/M values are l. But, the values greater than 
1 ~ow the presents of blocking artifacts in the original 
images and thus the GB/M does not truly represent the 
subjective evaluation. Especially, the vGBIM and GBIM of 
the image Trevor shows high blocking artifacts and it is due 
to the long vertical block-shaped image presented (RHS) as 
a part Qf the original image. This means that the GB/M has 
failed to distinguish this block-shaped image from the 
blOQIQng artifact. Similarly, The normalized horizontal 
bloclciness (hMGBIM), normalized vertical blockiness 
(vMGBIM) anct normalized average blockiness (MGBIM) 
values of the original images are calculated using MGBIM 
and they are given in the columns 5, 6 and 7 of Table m. 
From these val~es, we can see that the values are closer to 1 
than corresponding GB/M values and thus MGBIM gives 
higher correlation to the subjective evaluation compared to 
GB/M. In parti~ar, vMGBIM and MGBIM values of 
Trttvor image are significantly reduced, closer to 1. 

6. Concl'-lsion 

ln this paper, a new eight-neighbour symmetric post
filtering technique has been proposed to reduce the widely 
known blocldng effect while maintaining the sharpness of 
the reconstrocted image. Overall, the proposed method gives 
better results compared to the other eight neighbour, four 
neighbour and two neighbour filters in terms of 
computational complexity and reduction of the block-edge 
artifacts. The linear filters can be adaptively used depending 
on the segmentation of the images based on varying 
statistical characteristics of the blocks within an image. As 
the proposed filter gives better perfromance than other linear 
filters it will be useful when we use it with the segmentation 
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algorithms such as the one proposed by Meier, Ngan 
and Crebbin [3]. A modification is also suggested to 
improve the Generalised Block-Edge Impairment 
Metric in order to handle the situations where the 
images have block-shaped (e.g Trevor image sequence) 
sub-images. 
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(a) (b) 
Figure. 1: Original Images ofjlower garden and Trevor. 

50 100 150 200 250 300 350 

(a) (b) 
Figure. 2: Reconstructed Images ofjlower garden and Trevor with quantisation scaler 16. 

50 100 50 100 150 200 250 300 350 

(a) (b) 
Figure. 3: Images of flower garden and Trevor filtered by proposed method. 
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(a) (b) 

(c) (d) 

Figure 4: Original images of Flower Garden, Trevor, Calendar and Football. 
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