
eight uncorrupted neighbouring blocks form a 24 � 24
enclosing block. This enclosing block is transformed by
DCT, and high-frequency coefficients outside some cut-off
radius are forced to be zero. After doing an inverse trans-
form, the centre block is retrieved, transformed again. The
correctly received coefficients are set in their positions.
Finally, the block is inverse-transformed to be used in the
next iteration. The iteration stops when there is no severe
change in the centre block. For more detail, readers may
refer to [2, 3]. The CGI method with this POCS algorithm
is analysed for evaluation in the next section.

3 Performance analysis of the POCS algorithm

3.1 Performance criterion for CGI

In the respect of an individual damaged block, the restor-
ation performance improves by the CGI method.
However, it should be noted that the number of damaged
blocks also increases as the NCG increases under the
same bit error rate. Thus, a picture-based performance
criterion is needed to assess strictly the effectiveness of
the CGI method.

Let us assume that B is the number of blocks in an
image and assume that only one block is damaged by
channel error. The sum of squared difference (SSD) of
intensity values between the original image and the received
image, when the CGI scheme is not applied, can be
represented as

SSDTotal ¼ SSD0 þ
XB�1

i¼1

SSDi ð8Þ

where SSDi is the SSD of an uncorrupted block i and SSD0

is that of the damaged block. The block of number 0 is
assumed here to be damaged without loss of generality.
The SSD of uncorrupted blocks comes from the quantisa-
tion noise, whereas the SSD of the damaged block comes
from both the quantisation noise and channel errors.

Let N be the number of damaged blocks after the CGI is
applied (1 � N � B). An SSD in this case is

SSD0
Total ¼

XN�1

i¼0

SSD0
i þ

XB�1

i¼N

SSD0
i ð9Þ

If the CGI is to be advantageous, the result of a concealment
algorithm should satisfy the following condition

SSD0
Total , SSDTotal ð10Þ

Since SSD0
i ¼ SSDi for uncorrupted blocks, (10) becomes

XN�1

i¼0

SSD0
i ,

XN�1

i¼1

SSDi þ SSD0 ð11Þ

After some arrangements, the criterion for the CGI advan-
tage is obtained as follows

XN�1

i¼0

ðSSD0
i � SSDiÞ , SSD0 � SSD0 ð12Þ

This criterion (12) states that the total quality degradation
(QD) in N error-spread blocks must be smaller than the
degradation of the totally lost block. Let QDN be the
quality degradation when NCG is N. Note that QD1

means that there is only one CG, which is the situation of
the conventional method. Let C be the criterion value for
the effectiveness of CGI method denoted by the ratio of
QDN (N � 2) and QD1. Then, from (12)

C ¼
QDN

QD1

, 1 ð13Þ

We judged the conventional POCS algorithm used in
[2, 3] by this criterion. Tables 1 and 2 show the result
of the criterion test. From the results, we can see that
some test cases do not meet the requirement. In addition,
some successive cases show that C is near 1, which means
that the conventional POCS algorithm barely meets the
criterion.
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