ERROR RECOVERY FOR MPEG-4 SHAPE AND TEXTURE INFORMATION
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ABSTRACT

In this paper, a new error concealment algorithm is
proposed to repair damaged portions of the shape
information and texture information. ‘Based on Least
Square Estimation method, the proposed algorithm can
find the most similar block to replace the damaged block
without worrying about the rotation, movement, or some
luminance change between two sequential images. From
the experimental results, the proposed algorithm achieves
better performance than previous works especially on the
case that the damaged portion includes the edge of object.

1. INTRODUCTION

It is well known that transmission of compressed visual
information over unreliable networks cannot guarantee
timely and lossless data delivery. In the current internet and
wireless networks, unless the dedicated link can provide a
guaranteed quality of service (QoS) which is available
between the source and destination, data packets may be
lost or corrupted due to either the traffic congestion or the
noise from the physical channels. Error-free delivery of
data packets
retransmission of the lost or damaged packets through
some mechanisms, for instance, automatic repeat request
(ARQ). Channel encoding stage typically uses forward
error correction (FEC) to protect them from transmission
errors. At the receiver end, the packets are decoded by FEC
and then unpacked. Finally the resulting bit stream is then
input to the video decoder to reconstruct the original video.
However, there may be some unacceptable delays in
certain real-time applications. MPEG-4 is the latest ISO
visual coding standard and has been applied to the 3%
generation International Mobile Telecommunication 2000
standard by ITU-T. MPEG-4 standard [1],[2] offers error
resilience tools that help localization, isolation of the
erroneous data and partial recovery of the remaining data
[31, and it supports an object-based representation by
allowing the coding of arbitrarily shaped video objects
along with the texture and motion information. Therefore,
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can be achieved only by allowing
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the correctness of shape information is much more
important than the other information. Video coding uses
predictive coding standards and variable-length code
(VLC) technique to reach lossless compression. However,
Variable-length characteristic will make VLC sensitive to
noise errors. Even a single error in a video bit-stream may
have a large influence on the video quality because of the
error propagation. Although previous works have utilized
the synchronization codeword or packet to avoid error
propagation, it is still worth improving their results to be
much better. It is seen that without any error. concealment
there will be a serious error propagation occurring
especially in the objects of the image. Therefore, the bit
stream concealment for compressed transmission errors is
very important to devise video encoding/decoding
schemes. In video decoder, error concealment methods are
used to recover the missing blocks to be acceptable
subjectively. So far, lots of error concealment methods
have been proposed [3][4](5]. However, .those methods
cannot find the most similar block when the image has
some rotation, movement, or some luminance change
between two sequential images. The error concealment in
the texture information of the MPEG-4 video coded is
similar to what has been vastly investigated in the
standards of H.263 [8] and MPEG-2 [4][7][9]. [6] uses a
defuzzification method to repair damaged portions of the
shape information on arbitrarily shaped video objects. The
weakness is that it cannot apply to conceal texture
information. In this paper, we propose a new error
concealment technique on the video decoder that can repair
damaged portions of both shape information and texture
information with the aids of Least-Square estimation
method.

2. LEAST-SQUARE ESTIMATION FOR ERROR
CONCEALMENT i

In the data partition of MPEG4 structure, shape data
and motion vectors are most important. When the error
occurs, all data in the bit stream between the point of error



and the next resynchronization marker may be lost.
Generally, when synchronization is lost, all the motion,
shape, and texture data between two resynchronization
words are discarded, thus, the decoder does not know the
exact location of the error. MPEG-4 supports the data
partition mode that allows the separation of all information
in a video packet. The shape and motion data are
represented by fewer bits than the texture data are
represented. Therefore the impact of any errors.in shape
data is much more serious than in texture data.
In this section, we will propose a new error concealment
technique in which Least Square Estimation (LSE)[10]
plays an important role. Suppose n parameters x and
measurements z are related as follows

z=Hx+v )
The (M xn) matrix H is assumed known and the number
of measurement (M )is at least as large as the number of
unknown parameters (n), i.e (M 2n). In addition, H is
with maximal rank n (except when noted otherwise). The
vector v represents the uncertainty occurring in the
measurement of x . The vector x denotes the unknown
parameters to be estimated. z is assumed to have specific
numerical values and these values are used in the estimator
to obtain specific value, or estimates, of the parameters x .
In LSE, the estimator is chosen to minimize the sum of the
errors.
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we obtain the estimation of x
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Based on LSE, we try to uses the side information of the
damaged block to do the side matching in the transform
.domain. It is assumed that the location of the damaged
block in an image can be detected. The damage may be in
shape information or in the texture information. If only the
shape information is damaged, then LSE can be used to
recover the damaged block. Even both shape and texture
information are damaged, LSE also can be applied to both
of them respectively. Finally, two estimated blocks by LSE
are combined to recover the damaged block. Let us use
Fig. 1 to explain the proposed technique. The damaged
block x, , in an image is marked with "A". Those pixels,

which are adjacent to and surround the damaged block, are
marked with "B" (it is the side information of the damaged
block). Let the pixels in B be denoted as follows
Xi,/_; =[X"r,Xbr’X’r,er]T

 where X,»X,»X,, and x, are the upper, under, left, and right
side . information of the damaged block, respectively.
Similarly, let x,, = [x.".x.7,x,",x " denote the
candidate in the previous frame, where x_,x, ,x,, and
x,, are the upper, under, left, and right side information of

the candidate block x, , , respectively. x,, , will be caught

in a limited region "C" of the temporal domain (see Fig. 2).
We expect there is a relationship between x,, , and
X,,_, as follows

XUJ =Hy, Ty, (4)
Any one element of X, , according to (4) can be
represented by

Xij Sy taxy,  tay  te.taxg ®)
That is, T,, denotes the unknown parameters as
T, =lag.apa, T ©)
Now, by LSE, T,, can be obtained by (3)
Ty =(Hi,, He ) HY o Xy, ™

Then the obtained 7,, can be used to transform x,, to
X, ;s

’{’i./:Hl:.l'TkJ’ ®)
It should be noted that in (7), X, , , is fixed, but

7,, depend on the caught location in the region C. Since

ki _s and

there may be some rotation, movement, or luminance
change between two sequential images, in order to find the
most similar block X, ,, we should choose. the best T,

corresponding to different x,, such that the error

£= Zli, Je =X, }_s| is minimum. Finally, the optimal 7,
iJ ’

is obtained, by (8) the most similar block )I',' ,is obtained
also. Consequently, X, , can be utilized to replace the
damaged block x . '
When the error is detected in the shape information, then
LSE can be used to conceal the damage block. If the shape
and motion information are correct, the error occurs in
texture information. only, then we can wuse motion
information to conceal texture information. Unfortunastely,
if the motion information is lost also, LSE still can be
applied to conceal the damage texture information. Let us
summarize the above operations to the following produce.

Step 1: Detect the damaged block "A" and determine the
surrounding and adjacent pixels "B". Moreover, determine
the research region "C" in the temporal domain.

Step 2: Establish several T,, corresponding to the
different loeation (,1) in the region C.

Step 3: Find the Xy which has the smallest error €,
and then obtain the corresponding matrix H,, and the
vector 7, ,. '

Step 4: Transform the block information by (8) to get a
new block X, to replace the damaged block x, .

The above procedure can be applied to either shape or
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texture information. Moreover, it can be applied to the
spatial domain also just the research region to be changed.
For reducing computation complexity, we can simplify step
2 and step 3 by choosing X, in region C at the same
corresponding location as X, ;in block A. Thus, only one

T,,is needed in step 4.

Jdamagad blask’s side infornions X, , )

scarch region (X, , and X, 20d

Fig.1 Definition of the search range and side information
3. EXPERIMENTAL RESULTS

This section gives some experiments of error concealment
for various types of video sequences. There are five
methods to be evaluated_in those experiments. 1. No
concealment: Not any concealment methods applied in
this case. 2. Frame replacements or zero replacement
(ZR): Each lost pixel is replaced by the pixel at the
corresponding location in the previous frame. 3. Above
motion vector (AMV): The motion vector from the
marcoblock above the lost macroblock is used to perform
motion-compensated concealment. 4. Direct matching
method (DMM): The block in the same corresponding
location in the temporal domain (in the previous frame)
with the damaged block is selected to replace the damaged
block directly. That is the special case of LSE with
a,=1,a,=0,i=0,2,3...,n. This case is as the same as
using the motion vector to cancel the lost block. 5. First
order Least-square estimation method (LSE): That is
the proposed method. In the temporal domain, the size of
the damaged block is 16x16 (see Fig. 1) "A". Side
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information is 1 pixel of surrounding damaged block (see
Fig. 1) "B" and the search region is 2020 in the previous
frame (see Fig. 1) "C".

The video sequences in the experiments are “Children"
and "Frank". "Children" sequences have 150 frames and
each frame format is 176x144 (QCIF) in luminance.
"Frank" sequence has 80 frames and each frame format is
320x240.

Tables 1~2 show the objective view of the performance
comparison among the five methods described above for
"Children" and "Frank" sequences with 5%, 6%,..., 10%
packet lost blocks for the shape information and texture
information, respectively. PSNR, PSE and PER denote the
peak-to-peak signal and noise ratio, the pixel of shape
error, and the pixel error rate, respectively. Note that PER
can be obtained by PER= (PSE / total pixel of
damage)*100%.

Fig2 shows the 26® frame from the "Children"
sequence combined the shaped and texture information, in
which a large number of errors can be seen along the ball.
Fig.3 shows the 68" frame from the “Frank" sequence
combined the shaped and texture information, in which a
large number of errors can be seen along the head. In Figs.
2 and 3, (a) is the original picture. (b) is the damaged
picture with 10% lost blocks. (c), (d), (e), and (f) are the
recovered pictures by ZR, AMV, DMM and LSE,
respectively.

3. CONCLUSIONS

This paper has presented a new error concealment method
to repair the damaged portion of the shaped information
and texture information. This method is based on Least-
Square Estimation method with side matching. The
experimental results indicate that there is a significant
improvement comparing with those existing algorithms in
terms of both subjective and objective evaluation. Several
video sequences have been tested with three different
methods. It has been shown that the proposed method has
the best performance and will be suitable to provide robust
video coding for video communication with/without
objects.
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Fig3 Reconstructed pictures for Frank Sequence combining the shape and texture information. (s) The original
picture, (b) The damaged picture, (c) The recovered picture by zero replacement, () The recovered pictue by
Above Motion Vector, (¢) The recovered picture by Direct matching method, (f) The recovered picture by the
proposed method (LSE).

Table.1 Comparison of the texture information with packet loss
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