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Fig. 1. Missing block M with its surrounding neighborhood blocks. 
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Fig. 2. Sobel masking along the block boundaries in the case of (a) 
isolated block loss, (b) consecutive block loss. 

 
To perform this classification, a gradient filter is employed for 
simple and fast detection. In the neighboring blocks shown in 
Fig. 2, each boundary pixel B(x, y) is convolved with the 
following Sobel masks. 
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The local edge gradient components for the pixel B(x, y) are 

computed by 
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The magnitude and angular direction of the gradient at 

coordinate (x, y) are 
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The edge directions are classified into 8 directions in Fig. 3. 

Each single direction region covers 22.5° and the value of the 
gradient angle corresponds to one of eight directional 
categories equally spaced around 180°.  

Also, we define edge strength (ES) for each of the eight 
directions. The ES represents the tendency of an edge in each 
of the eight directions. The ES is calculated by (4) and (5). 
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Fig. 3. Eight directional edge categories. 

 
If the edge direction θ(x, y) belong to the Dk direction, the 

ESx(k) and ESy(k) are incremented by an amount of gx(x, y) 
and gy(x, y), respectively. After all the pixels of available 
neighborhood have been detected, the ES value is completely 
computed. Particularly in the consecutive block error situation, 
the D0 direction is removed from categories and the gradient of 

the (0~ 16
π ) and (0~ 16

π
− ) directions are classified into D1 and 

D7, respectively. 
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B. Refinement of Edge Direction: Spatial Direction Vector 
(SDV) 

In the previous step, the edge orientations have been 
roughly detected. Therefore, a refinement step for each Dk 
direction is necessary. We define the spatial direction vector 
(SDV) to represent a fine and accurate edge orientation. As 
shown in (6) and Fig. 4, the SDV(Dk) is a vector where 
ESx(Dk) and ESy(Dk) are x, y direction components, 
respectively. Next, the edge structure within the missing block 
can be analyzed by the SDV set. 
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C. Selecting of Dominant SDVs (DSDVs) 
In this step, dominant SDVs (DSDVs) are selected among 

the eight SDVs. The SDVs having a strong ES can represent 
real edge directions, but the SDVs having a weak ES is 
considered to have insignificant or noisy directions. In order to 
extract the significant vectors from the SDV set, the ES(Dk) 
value in (5) is used. If the ES value of a SDV is larger than a 
certain threshold, TES, the corresponding SDV is set as the 
DSDV. Otherwise, the SDV is not used. TES is calculated by 



IEEE Transactions on Consumer Electronics, Vol. 52, No. 3, AUGUST 2006 1052 

 

SDV(Dk)

ESx(Dk)

ESy(Dk)

Dk

 
Fig. 4. Illustration of the spatial direction vector. 
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where Th1 is a threshold factor and ESmax is the largest ES 
value. 

D. Calculation of the directional distortion for each DSDV 
The content in the error block can have various local edge 

features. Hence, each pixel should be interpolated by the 
corresponding edge direction. In order to determine the best 
SDV for each lost pixel, the directional distortion, C(x, y), is 
introduced. C(x, y) is computed by 
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where P1(DSDV) and P2(DSDV) are the nearest boundary 
pixels along the DSDV.  

In the consecutive block error situation, the positions of 
P1(DSDV) and P2(DSDV) are restricted within twice the width 
of missing block because of the fidelity of restoration. The 
directional distortion is calculated for every DSDV. And 
because this measure uses the successfully received pixels, it is 
free from the error-propagation problem. 

E. Restoration by the best DSDVs 
Finally, we find the DSDV1 and DSDV2 having the least C1 

and the second least C2, respectively. Using DSDV1 and 
DSDV2, PDSDV1(x, y) and PDSDV2(x, y) are interpolated by  
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where P1(DSDV) and P2(DSDV) are the nearest boundary 
pixels along the DSDV and dx is the distance between PDSDV(x, 
y) and Px(DSDV).  
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Lost pixels are restored by an average of PDSDV1 and PDSDV2 

as in (10). Fig. 5 shows an illustration of restoration by the 
DSDV1 and DSDV2. This FDI method has an improved 
capability of handling complex image structures and enjoys 
more flexibility of inferring important edge features. 
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Fig. 5. Illustration of restoration by the best DSDVs. 

 
We may consider another two interpolation methods. First 

method is the restoration by a single best DSDV. And second 
method is the restoration by a weighted average of PDSDV1 and 
PDSDV2 using the C1 and C2 values. But we found out that the 
proposed method is more robust and effective than the others. 

III. SIMULATION RESULTS 
The performance of the proposed spatial interpolation 

algorithm is evaluated on several still images of 512 x 512. In 
the case of an isolated block error and consecutive block error, 
Th1 is set to 0.5 and 0.65, respectively. To compare the 
proposed algorithm with previous techniques, the traditional 
peak signal-to-noise ratio (PSNR) is used as the objective 
measure. 
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where f  and f̂  are the values of original and restored images 
of X x Y pixels, respectively. 

Table I includes the PSNR comparison results between [9]-
[13], [21] and ours in an 8 x 8 block loss situation. The PSNR 
performance improvement over [21] ranges from 0.26 to 1.0 
dB, with an average improvement of 0.72 dB. Additionally, 
the isolated and consecutive block loss situations are 
considered for the case of 16 x 16 block size. We cite the 
PSNR results of [6]-[9], [19], [20] from [19] and [20] in 
Tables II and III during comparison. We have achieved an 
average improvement over [20] of 0.52 dB for isolated block 
loss and 0.27 dB for consecutive block loss. 

To compare the subjective qualities, simulation results on a 
missing block size of 8 x 8 and 16 x 16 pixels in the “Lena” 
image are shown in Fig. 6 and 7, respectively. They show the 
comparisons of the recovered Lena images for the isolated 
block loss given by [6], [20], and our FDI. Observation shows




