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1. ABSTRACT

MPEG coded bit streams are very sensitive to
channel disturbances due to variable length coding.
A single bit error can lead to very severe
degradation in that part or entire slice of the image.
Thisisof particular concern in video over wireless
networks. Error conceal ments methods,
implemented at the decoder side, present one way
of dealing with this problem. In this paper alow
complexity error concealment scheme for MPEG4
video sequences is proposed. Spatial and temporal
information is used to reconstruct the corrupted
dlice/frame. The proposed schemes are very simple
to implement and are well suited for real time
video decoding applications that are used in
handheld devices. Performance of the schemes for
various BER (Bit Error Rates) is compared with
the existing schemes.
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2. INTRODUCTION

Transmission of compressed video over the data
network poses a challenge of dealing with the
channel errors. Thisis particularly a problem with
dataloss or erasure. These errors can irreversibly
damage the decoded picture leading to unacceptable
degradation in video quality. Also, most of the
video transmission is over a band-limited channel
with bandwidth varying over time. Therefore, there
can be packet losses and video retransmission under
such conditions can only degrade the real time

video throughput of the system. Hence, arobust
error concealment scheme is key to producing a
good quality video. Also, the errors can be random
bit errors, burst errors or packet losses. Random hit
errors do not produce undesirable degradation in
the case of decoding schemes, which use fixed
length codes. However, in MPEG-4 type schemes
variable length codes (VL C) are used to get better
compression ratios and these one-bit errorsin the
VLC can lead to several contiguous bits being
decoded erroneously. Therefore, in this scenario the
burst error and the random bit errors have very
similar degrading effects on the video quality.
MPEG-4 has a built in packet technique where in
several macroblocks (a 16X 16 pixel block) are
grouped together such that there is no data
dependency on the previous packet [1]. This helps
in localizing the errors. Numerous schemes have
been proposed to combat the effects of datalossin
video decoding [2], [3], [4]. Some of the proposed
schemes achieved macrobl ock reconstruction by
estimating the low frequency DCT coefficients
from the DCT coefficients of the neighboring
undamaged blocks [5] or by using projections onto
convex sets[6], [7] or by using MAP estimates [8].
The DCT based scheme [5] can lead to blocking
artifacts. However, most of the other schemes are
very computationally intensive or require large
amount of datato be stored specifically for the
purpose of error concealment. Since, most video
decoding applications have to meet real time
congtraints, the proposed error conceal ment
schemes will have to be computationally less
intensive.

In this paper, we describe schemes for error
conceal ment suited for various type of picture
coding modes. The proposed schemes are well
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suited for low complexity decoders used in
handheld devices like PDA etc. Also since these
schemes work only on the received data, they are
well suited to handle video packet |osses over low
bandwidth wirel ess networks. The proposed
schemes are categorized as being spatial or
temporal. In the spatial case the pixel datais used
to reconstruct the lost data, while in the temporal
case the motion vectors are used to reconstruct the
lost data.

This correspondence is organized as follows, the
problem of spatial error concealment of lost
macroblocks and the proposed solution is
addressed in section 3 and the proposed schemes
for temporal error concealment isdetailed in
section 4 and the conclusions, results and future
work are tabulated in section 5.

3. SPATIAL ERROR CONCEALMENT

Spatial error concealment techniques are used for |
— pictures for which no motion information exists.
Spatial error concealment technigques make use of
the spatial similarity in a picture. Several
techniques listed in the literature use the MAP
estimates [8] such that the blocking artifacts are
minimized. These schemes are iterative and are
very computationally intensive. One simple
scheme of spatially interpolating the pixels using
the adjacent undamaged blocksis presented in [9].
However, this scheme utilizes only those
macroblocks that are located spatially above and
bel ow the damaged macroblock. This scheme
works well if the error is limited to one slice and
that the adjacent rows are intact. Thisisavery
unrealistic assumption and may not work very well
for bigger dices that have several macroblock
rows. Also thisinterpolates the horizontal edges
but the interpolation scheme involving the vertical
edgesisvery computationally intensive. The new
scheme is aimed at solving the above said
drawbacks. Here, both the horizontal and vertical
edges are smoothed.

Each pixel of the current macroblock will be
concealed by weighted interpolation of the
surrounding four pixels. Here the surrounding four
pixels are as defined in fig 1. The equation
describing the processis
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where, {X, y} represents the block location and
{x#i, yxi} fori € [0,1,2...] represent the positions
of the neighboring blocks. Asisshown infigure 1,
the pixel to be interpolated (a circle inside the 8X8
block with thick edges) is estimated from the four
pixels, which are on the edges of the adjacent
blocks. Only the available macroblocks are used.
Though, this scheme has the disadvantage of the
error being propagated through adjacent blocks
being spatially interpolated our simulations suggest
that this works well to smooth the image across the
damaged dlice, thereby producing avisually better
image quality. It can be seen from equation (1) that
the scheme is very easy to implement. The
resulting image PSNR value for the spatially
reconstructed image using equation (1) islisted in
table 1 and 2. The table a'so compares our scheme
with the scheme givenin [9]. It can be seen from
column 3 of table 1 that our scheme performed
better than the algorithm in [9] even without
significantly increasing the computational
complexity.
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4. TEMPORAL ERROR CONCEALMENT

Temporal error concealment is atechnique by
which errorsin P — pictures (predictive coded
using the previous frame) are conceal ed.
Macroblocks in P- pictures are coded by locating
the best matching block in the previous frame,
using which a displacement vector and transform
coded difference signal are transmitted. Though the
difference signal enhances the block to be coded, it
is the displacement (or the motion vector) that
codes most of the information in the block. Hence
the recovery of motion vectorsin case of errorsis
very crucial for the error concealment of P-
pictures. The simplest temporal error conceal ment
techniqueis to copy the corresponding macroblock
from the previous frame [9]. This assumes that the
motion is zero in that macroblock, which is not a
very good assumption for video coding. Some of
the techniques listed in the literature [10], [8]
include finding the average, median and MAP
estimate of the motion vectors using the adjacent
motion vectors. However, the averaging and the
median techniques have the problem of producing
awrong estimate if the adjacent non-error
macroblocks are fewer in number. The MAP
estimate has the problem of being computationally
intensive, though it has been shown to give agood
PSNR value.

The proposed scheme is based on the fact that the
motion vector of the macroblock in error differs
from the adjacent macroblocks in proportion to the
distance between them. It was also shown in [9]
that using the top and bottom row motion vectors
to predict the damaged motion vector gives better
results. However, this technique works well if the
damaged slice includes only one row of
macroblocks. Hence this scheme was modified to
take into account severa rows being damaged.

nyy = Oth_i_y + (1'(X) Vx+i,y (2)

Where V, , is the estimated motion vector for the
block at {x, y} and V., yisthe motion vector of the
block at {x-i,y},andaissuchthat0<a <1.0is
the smoothing constant which gives a smooth
estimate of the motion vector. The value of a is
inversely proportional to the distance between the

estimated block and the block whose motion vector
is used for computation. As before, { X, vy}

represents the block location and { x+i, yxi} fori €

[0,1,2...] represent the positions of the neighboring
blocks.

Since, in MPEG-4 encoding the motion vectors are
predictive coded, this assumption though may not
be valid for all cases when there islocalized
movement, it holds good for majority of the
macroblocks. Also this assumption smoothens the
image when subsequent frames are predicted from
this error-concealed image. The results obtained
by using this scheme are compared against the
other schemesin table 1 & 2. Though the results
from MAP estimates are better than our scheme for
the last two sequences in table 1 and for the first
sequencein table 2, our schemeisvery easy to
implement and the PSNR values are very close to
the MAP estimates.

5.RESULTS, CONCLUSIONS, FUTURE
WORK

The proposed algorithms have been tested on
standard MPEG 4 video test sequences, assuming a
received byte wasin error, for Bit Error Rates of
103, 10 and 10™ It can be seen from table 1 and
table 2 that our proposed algorithms worked better
or as good as the other algorithms in the literature,
while taking fewer cycles of operations. It can also
be seen from the Figure 2, 3 and 4 where the error
concealment of Akiyo, Foreman and Silent
seguences are done using the algorithms. The
recovered sequences have acceptable image
quality. A demo of the proposed schemeis
available from the authors upon request.

In this correspondence it was shown that, a new
and efficient scheme can be derived from the
existing complex schemes and that the proposed
scheme performs very well while being

computationally less expensive. It was also shown
that these schemes provide visually acceptable
error concealment for very minimal increase in
decoder complexity. Hence this scheme is well

suited for low complexity video applications on
handheld devices and over low bandwidth wireless
networks. Though this scheme has been tested on
MPEG-4 bit stream, the generality of the scheme
suggests that it can be used for error conceal ment
in video compression standards supporting



packetized structure like MPEG-2 and H.263
version 2. The proposed algorithms have one
disadvantage, that of not being able to recover
from errors in the header. This can be handled by
providing unequal error protection for header
information and using the above said techniques
for error concealment. There are several upcoming
additions to the existing multimedia transport
standards that provide support for sending
additional datain error conditions. This can be
effectively used to achieve error protection for
crucia header information.
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MPEG-4 | Average | Spatia Concealment | Tempora Average PSNR
Sequence | PSNR (PSNR) Conceal ment
for aBit (PSNR)
stream Algorithm | Proposed | MAP Proposed | Algorithm | Proposed
with in[9] algorithm | estimate | algorithm | in[9] + spatial +
8X10™ MAP temporal
BER
Foreman | 16.313 27.931 28.045 29.547 | 29.753 29.201 29.444
Silent 23.49 31.154 31.195 31.190 | 31.000 31.184 31.000
Akiyo 20.193 30.038 30.038 31.583 | 31.529 31.256 31.214

Table 1: The 3 video sequences are 1.5 sec of video data each at 15 frames

per second and at a bit rate of 64kbps with a BER of 8X10™*




MPEG-4 | Average | Spatial Concealment | Temporal Average PSNR
Sequence | PSNR (PSNR) Conceal ment
for aBit (PSNR)
stream Algorithm | Proposed | MAP Proposed | Algorithm | Proposed
with in[9] algorithm | estimate | algorithm | in[9] + Spatial +
8X10° MAP temporal
BER
Foreman | 28.449 28.994 28.994 31.708 | 31.698 31.165 31.156
Silent 28.267 32412 32.412 32.959 | 32.959 32.868 32.868
Akiyo 31.422 32.8 32.8 36.939 | 36.939 36.396 36.396

Table 2: The 3 video sequences are 1.5 sec of video data each at 15 frames
per second and at a bit rate of 64kbps with a BER of 8X10°
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Figure 2b: Error
Concealed Image
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Figure 2a: Degraded Akiyo
Image
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Figure 3b: Erro
Concealed Image

Figure 3a: Degrad .-
Foreman Image

Figure 4a: Degraded
silent Image

Figure 4b: Error
Concealed Image



