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Fig. 9. Edge recovery process. (a) Corrupted MB and surrounding 
4×4 blocks with prediction modes presented. (b) Edge blocks. (c) 
Block matching and linking. 
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Fig. 10. Sequential directional interpolation. 

magnitude of each block as well as prediction modes is to be 
considered. In typical methods [8] and [9], edge features of 
lost MB are detected by directly applying the Sobel operator 
to boundary pixels in neighboring blocks. However, the extra 
computation load is still high because Sobel operator should 
be applied on each pixel and the edge direction histograms 
also need to be calculated. 

To calculate the edge magnitude (EM) of neighboring 4x4 
blocks, we decide eight pixels according to the prediction 
mode k, as illustrated in Fig. 8. Then, the edge magnitude of 
block having prediction mode k is calculated as follow: 
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where j is the index of the neighboring blocks. 
Once the edge magnitudes and prediction modes of sixteen 

neighboring 4×4 blocks around a lost MB are obtained, we 
define the edge strength (ES). The ES represents the 
characteristic of an edge in each of the eight directions as 
shown in Fig. 1(b). The ESk for a direction represented by 
prediction mode k can be also defined as 
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where j is the index of the neighboring blocks, Nk is the total 
number of blocks having prediction mode k, W(k) is a weight 
function, and scale factor . For prediction mode 2, we assume 
that there is no edge, and the weight function returns 0.  

After completely compute the ES values for each direction, 
the DEDs are selected among the eight directions. The 
direction having a strong ES can represent real edge direction, 
but the direction having a weak ES is considered to have 
insignificant ones. The set of  DEDs can be defined as 

where max( ) is a function to select the strongest ES among 
ones for eight directions (ESk) and  is a scale factor whose 
value is lower than one. 
Edge Recovery 

In this step, the neighboring 4×4 blocks are classified into 
the edge block or non-edge block, and then the edges in the 
lost MB are restored by using edge features of edge blocks as 
illustrated in Fig. 9. In order to select edge block, we use the 
edge magnitude and prediction mode. Among sixteen 4×4 
blocks around a lost MB, we select the blocks where their 
prediction mode are one of DEDs and edge magnitudes are 
larger than a pre-specified threshold value  as follows 
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where j is the index for neighboring blocks, EMj and kj denote 
edge magnitude and prediction mode of block j, respectively. 

Fig. 9 (b) shows an example of the selection of edge block in 
case that DEDs are chosen as prediction mode 8 and 4. 

It is assumed that there are two types of edges. The first 
type is that an edge in 4×4 block is connected to one in 
another block, as region 1 in Fig. 9(c). The second type is that 
the edge in 4×4 block meets anther edge within the MB, as 
region 2 in Fig. 9(c). Based on this assumption, we compare 
the edge blocks to find the matched pairs. The attribute vector 
a(j) of an edge blocks j is defined as 
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where θj represents the angle of prediction mode and Pj is the 
four boundary pixels in Fig. 9 (b). Each element in a(j) gives 
similar contribution for an edge block. So, by normalizing 
each term by one, a simple attribute distance between two 
edge blocks j1 and j2 can be calculated via 
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where θj1, j2 is the slant angle of the line connecting the center 
points of these blocks and E is the sum of absolute difference 
of boundary four pixels for two blocks. The blocks are deemed 
to be matched if their attribute distance is the smallest among 
all. The same process is performed iteratively until all blocks 
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