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Abstract:    A new no-reference blocking artifact metric for B-DCT compression video is presented in this paper. We first present 
a new definition of blocking artifact and a new method for measuring perceptive blocking artifact based on HVS taking into 
account the luminance masking and activity masking characteristic. Then, we propose a new concept of blocking artifact cluster 
and the algorithm for clustering blocking artifacts. Considering eye movement and fixation, we select several clusters with most 
serious blocking artifacts and utilize the average of their blocking artifacts to assess the total blocking artifact of B-DCT recon-
structed video. Experimental results illustrating the performance of the proposed method are presented and evaluated. 
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INTRODUCTION 
 

The block-based discrete cosine transform 
(B-DCT) scheme is a fundamental component of 
many image and video compression standards in-
cluding JPEG, H.263, MPEG-1, MPEG-2, MPEG-4, 
H.264, and others, used in a wide range of applica-
tions. The coding algorithm exploits the local spatial 
redundancies of input video to achieve a low bit rate, 
which may cause visible coding distortions in recon-
structed sequences due to the lost coding nature, such 
as blocking artifact, ringing, mosquito effect, MC 
mismatch, blurring, and color bleeding (Yuen and Wu, 
1998). Among B-DCT digital-video coding distor-
tions, blocking artifact is of particular importance. As 
shown in (Karunasekera and Kingsbury, 1995), 
blocking artifact and its propagation through recon-
structed video sequences, are the most significant of 
all coding artifacts. The blocking artifact thus repre-
sents a major type of distortion in the reconstructed 
video compressed with B-DCT algorithm, which will 

be particularly annoying in the case of high com-
pression ratio. 

A great deal of research has been carried out 
measuring blocking artifact. Karunasekera and 
Kingsbury introduced a distortion measure of block-
ing artifact based on human visual system (HVS) (Wu, 
1995). And a perceptual blocking distortion metric is 
introduced which is based on more complex HVS 
models (Yu et al., 2002). These quantitative measures 
require both the original and reconstructed images. 
However, in the absence of the original image, the 
above distortion measures cannot be used to evaluate 
the quality of a reconstructed image, which makes 
them impractical for real time transmission applica-
tions. People have long been investigating no-     
reference blocking artifact metrics (Vlachos, 2000; 
Gao et al., 2002; Triantafyllidis et al., 2002). How-
ever, HVS should be taken into account in the meas-
ure of blocking artifact. A no-reference measure of 
blocking artifact is also proposed with some inade-
quate models of HVS (Wu and Yuen, 1997). 

In this paper, a no-reference blocking artifact 
metric is presented which does not need reference 
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image at all. We present a new definition of blocking 
artifact and a new method for measuring the percep-
tive blocking artifact based on HVS. Considering eye 
movement and fixation, we also introduce a new 
concept of blocking artifact cluster, and propose a 
no-reference blocking artifact metric for B-DCT re-
constructed video based on it.  

The rest of this paper is organized as follows. In 
Section 2, the perceptive blocking artifact measure is 
proposed. Section 3 presents the new concept of 
blocking artifact cluster and the new blocking artifact 
metric for B-DCT reconstructed video. Experimental 
results given in Section 4 evaluate the performance of 
the metric. Finally, conclusions are drawn in Section 
5. 

 
 

PERCEPTIVE BLOCKING ARTIFACT 
 

Since blocks of pixels are treated as single enti-
ties and coded separately, correlation among spatially 
adjacent blocks is not taken into account in coding, 
which results in block boundaries being visible when 
the decoded image is reconstructed. The blocking 
artifact is commonly defined as the discontinuities at 
the boundaries. However, the term can be generalized 
to mean an overall difference between adjacent 
blocks. In experiments, we observed that the block is 
especially annoying to human eyes when it is dis-
continuous with its spatially adjacent blocks at more 
than one boundary. Here, we call it mosaic block. 
Therefore, we define the blocking artifact of a block 
as the total discontinuity of its four boundaries with 
the adjacent blocks in this paper. Then the blocking 
artifact di,j of block Bi,j is defined by 
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where dl,i,j (l=1, …, 4) represent the discontinuities at 
Bi,j’s four boundaries with spatially adjacent blocks 
Bi,j−1 (left), Bi,j+1 (right), Bi−1,j (upper) and Bi+1,j (lower) 
respectively. dl,i,j is called “edge artifact” in this pa-
per. 

The human observer is the end user of most 
image information. Therefore, human perception 
should be taken into account in the measure of 
blocking artifact. The models of HVS generally con-

sist of opposite-colors space, contrast sensitivity, 
multi-resolution architecture, masking, pattern adap-
tation, pooling and cognitive processes (Winkler, 
1999). However, the human visual system is ex-
tremely complex, and many of its properties are not 
well understood even today. 

In this paper, straightforward but effective HVS 
models are used to get the perceptive blocking artifact 
measure. Because the multichannel process is very 
complex and the contrast gain control at interchannel 
is not very clear, most attention is focused on back-
ground luminance (brightness) masking and activity 
masking in this paper. Human vision has lower acuity 
in the color pathway. Winkler (2000) conducted re-
search on the influence of the choice of color space on 
the performance of models. It has been shown that it 
is possible for the vision models to work on lumi-
nance component only without a dramatic degrada-
tion in prediction accuracy. Therefore, the metric 
introduced in this paper uses only the luminance 
component. Take the perceptive edge artifact d1,i,j for 
example, we will introduce in detail how to obtain the 
edge artifact with consideration of HVS in the fol-
lowing. 

 
Original edge artifact 

Let us consider an image F (size of L×C) which 
consists of K blocks, each of size N×N. A pixel lu-
minance value at (n,m), 0≤n,m≤N−1, in the block Bi,j 
(0≤i<L/N, 0≤j<C/N) is denoted by fi,j(n,m).  

The original edge artifact ds1,i,j of Bi,j at the left 
boundary with Bi,j−1  is defined by 
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Luminance masking 
The response of the human visual system de-

pends much less on the absolute luminance than on 
the relation of its local variations from the surround-
ing luminance. Unfortunately, a common definition 
of contrast suitable for all stimuli does not exist. We 
use Weber contrast here that can be expressed as 
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Weber contrast is most appropriate for patterns 
consisting of a single increment or decrement ∆L to 
an otherwise uniform background luminance L, and is 
suitable for masking edge artifact. Contrast sensitivity 
remains nearly constant over an important range of 
intensities. Then the luminance masking of edge ar-
tifact is modelled by 
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where db1,i,j denotes the edge artifact masked with 
luminance, parameter r1 is estimated experimentally, 
and b is the local background luminance determined 
as follows. 
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where bi,j is the luminance of Bi,j 
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Because HVS has the characteristic of adaptation 

to luminance, b0 is the average luminance of image F. 
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Activity masking 

The visibility of an edge artifact will be affected 
by a surrounding spatial region of limited extent. For 
example, the edge artifact is more noticeable in 
smooth areas than that near edges. Therefore, the edge 
artifact is also masked by the activity in the back-
ground. The model of activity masking is given by 
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where m0 is the average activity, parameters a0 and r2 
are selected to match the variation of human visual 
sensitivity with the background activity, and m is the 

sum of weighted activities of Bi,j and Bi,j−1. 
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where mi,j is the activity of the corresponding block 
Bi,j. Strongest masking occurs when the interacting 
stimuli have similar characteristics, i.e., similar fre-
quencies, orientations, etc. Therefore, for vertical 
edges, the activity mi,j is defined by 
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After the original edge artifact ds1,i,j was masked 

by luminance and activity, we obtain the edge artifact 
d1,i,j that is consistent with human vision characteris-
tics. d2,i,j, d3,i,j, d4,i,j can be obtained in a manner 
similar to that for d1,i,j. For the horizontal edge arti-
facts d3,i,j and d4,i,j, activity mi,j is defined by 
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BLOCKING ARTIFACT METRIC OF IMAGE 
 

In experiments, we also find that several adjacent 
blocks with serious blocking artifacts have a stronger 
impact on the subjective quality of the picture than the 
dispersed ones do, as shown in Fig.1. We consider 
those adjacent blocks with serious blocking artifacts as 
a blocking artifact cluster (BAC). Then the blocking 
artifact of a picture is calculated by the average of 
blocking artifacts of several BACs in the picture. 
 
 
 
 
 
 
 
 
 
 
 
 Fig.1  The impact of the BAC on image subjective quality
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Classical approaches in computer vision con-
sider the task of vision as the construction of a de-
tailed representation of the physical world, obtained 
by looking at the input images as static entities, to be 
processed in a passive way. However, it has been 
shown that only a small fraction of the information 
can reach levels of processing at any given time. The 
understanding of the whole image relies on eye 
movement and fixation. Whereas an average of three 
eye fixations per second generally occurs during ac-
tive looking, the optimal spatial collapsing normally 
involves some form of worst case processing (Privit-
era and Stark, 2000; Boccignone et al., 2003). This is 
because localized impairments tend to draw the focus 
of the viewer, making the worst part of the picture the 
predominant factor in the subjective quality decision. 
Accordingly, we select several BACs with serious 
blocking artifacts to determine the total blocking 
artifact of the whole image. 

The proposed algorithm to measure the total 
blocking artifact of the whole image is as follows: 

(1) All the blocks of the image Bi,j (0≤i<L/N, 
0≤j<C/N) are ordered by their blocking artifact values 
calculated by Eq.(1) to form an ascending sequence 
B(0), B(1), …, B(K−1), in which d(k) is the blocking arti-
fact of the kth block B(k). So d(k)≥d(l) when 0≤j<l<K, 
where K is the total number of blocks in the image. 

(2) Set a threshold NT1, where NT1≤K. In the 
block set of (B(0), B(1), …, 1( 1) ),TNB −  the adjacent 
blocks are clustered to form BACs by the following 
algorithm:  

(a) Search for a block B(i) (0≤i<NT1−1), which 
has the maximum blocking artifact and does not be-
long to any BACs. Regard it as the core of a new BAC 
Cm. 

(b) Search for blocks that are spatially adjacent 
to Cm and do not belong to any other BACs, from 
which the block B(i) (0≤i<NT1−1) with the maximum 
blocking artifact is selected. Then it is clustered with 
Cm.  

(c) Repeat Step (b) until no more blocks can be 
clustered with Cm or the number of blocks in Cm is 
larger than a threshold NT2. 

(d) Repeat Steps (a), (b) and (c) until all the 
blocks in B(0), B(1), …, 1( 1)TNB − are clustered. 

(3) We suppose that Cm consists of M blocks 
0 1 1( ) ( ) ( ),  ,  .Ml l lB B B −  Then the blocking artifact of Cm 

is defined as 
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(4) The blocking artifacts of BACs are ordered to 

form an ascending sequence (0) (1) (2),  ,  ,  ,dc dc dc  

from which the first NT3 BACs (0) (1)( ,  ,  ,dc dc  
3( 1) )TNdc − are selected. We define the average block-

ing artifacts of the first NT3 BACs as the blocking 
artifact of the whole image. 
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Then the blocking artifact metric (BAM) to 

evaluate the perceptive blocking artifact of the video 
sequence is calculated as the mean value of the 
blocking artifacts (FBs) through the entire video se-
quence.  
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where NF is the total number of images in the video. 
 
 
EXPERIMENTAL RESULTS 
 

In our experiments, the “Foreman”, “Claire”, 
“Carphone” and “News” sequences (CIF) are com-
pressed using H.263 Intra-mode with QP from 5 to 25. 
The model parameters are set as follows. In Eq.(4), r1 
is set to 2, because the luminance (∆L and L) are 
measured in cd/m2 in Eq.(3), whereas b and b0 in 
Eq.(4) refer to the luminance measured in grey levels. 
In Eq.(8), r2=1.4, a0=0.3. They are determined by the 
training sequence “Missa” and “Paris”. When the 
viewing distance is approximately four times the size 
of the image, the horizontal visual angle of a block in 
a CIF image is 2arctan[1/(44×4×2)]≈0.65°. And the 
entire fovea covers approximately 2° of visual angle. 
Therefore, in the clustering process, NT1= 15%K and 
NT2=2%K. NT3=5 because an average of three eye 
fixations per second generally occurs during active 
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looking. The reconstructed sequences are assessed 
with subjective evaluation and the blocking artifact 
metric proposed in this paper respectively.  

Single stimulus method (SSM) (ITU-T Recom-
mendation BT.500-10, 2000) with five-grade im-
pairment scale was used in our subjective test, in 
which 20 non-expert viewers were asked to evaluate 
the blocking artifacts of all the video sequences dis-
tributed randomly. The subjective mean opinion 
scores (MOS) Si are linearly scaled to a nominal range 
of [0, 1], where zero represents the best rating and one 
represents the worst rating. The scaled subjective 
mean opinion scores iS  are given by 
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−
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In order to demonstrate that the BACs have a 

stronger impact on the subjective quality of the pic-
ture than those dispersed block artifacts do, we in-
troduce the mean perceptive blocking artifact metric 
(MBAM) for comparison. The MBAM is calculated 
as the average value of the perceptive blocking arti-
facts in a video sequence, which is given by 
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where the perceptive blocking artifact di,j can be ob-
tained by the methods described in Section 2. NF and 
K respectively represent the number of images in the 
sequence and the number of blocks in the image. 

Next, linear polynomial fit is used for the objec-
tive MBAM scores and BAM scores. 
 

1 1,i iMBAM a MBAM b= +        (17) 

2 2.i iBAM a BAM b= +                  (18) 
 

We utilize the accuracy evaluation metrics sug-
gested by the Video Quality Experts Group (VQEG) 
(VQEG Report, 2003) to evaluate the performance of 
the MBAM and the proposed BAM. The root-mean- 
squared error (RMSE), Pearson correlation coeffi-
cient (PCC), and Spearman rank order correlation 
coefficient (SCC) are computed between fitted ob-
jective data and corresponding subjective data. The 

results are shown in Table 1. As shown experimen-
tally, the MBAM and the BAM proposed in this paper 
all achieve good agreement with the MOS. Further-
more, BAM has a lower RMSE, which indicates a 
lower prediction error compared with MBAM. And 
the small increase in Pearson correlation and Spear-
man correlation indicates that BAM has a better per-
formance in prediction monotonicity than MBAM.  
 
 
 
 
 
 
 

The scatter plots of MOS versus the scaled ob-
jective scores MBAM and BAM are shown in Figs.2a 
and 2b respectively. The scatter plots demonstrate 
that the BAM supplies remarkably good prediction of 
the subjective scores and is more consistent with 
subjective quality than MBAM.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 

Table 1  Performance comparison of the objective data 
and subjective data 

 RMSE PCC SCC 
MBAM 0.0655 0.9129 0.9261 
BAM 0.0205 0.9524 0.9446 

 

Fig.2  Scatter plot of MOS versus the scaled BAM (a)
and the scaled MBAM (b) 
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CONCLUSION 
 

We proposed a novel no-reference blocking ar-
tifact metric with consideration of HVS. The per-
formance of the proposed metric was evaluated 
through subjective experiments, where the results 
show high correlations with subjective data and low 
prediction errors. 

For accurate video quality assessment, it is im-
portant to recognize that different distortions are 
predominant in different regions of digitally com-
pressed images. However, the blocking artifact 
represents a major type of distortion in the recon-
structed video compressed with B-DCT algorithm. 
Therefore the proposed BAM can be used as an im-
portant part in video quality assessment. For the re-
constructed videos with the same compression algo-
rithm, the blocking artifact can reflect well the video 
quality. So the proposed BAM can also be used to 
evaluate the quality of the videos with certain com-
pression algorithm.  

Without any need of original reference video at 
all, the proposed BAM can satisfy the requirement of 
video assessment in real time. It can be used to 
monitor the video quality in real time transmission 
applications such as videoconference.  
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