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An Error Concealment Technique for MPEG—4 Video
Transmission over Wireless Networks
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Abstract

The video data corrupted by the transmission error due to packet loss induce error propagation in decoded
video data, and cause poor video quality. To remedy these corrupted video data, there have been introduced two
types of error concealment techniques: spatial or temporal error concealment algorithm. Computational overhead
by using spatial error concealment algorithm is a serious disadvantage in mobile video data streaming
environment.

In this paper, we propose hybrid type error concealment technique recovering video quality of mobile device
using MPEG-4 video streaming on error-prone wireless network. Our algorithm is implemented in MPEG-4
decoder. The algorithm adopts Intel Wireless MMX technology to provide high performance of portable embedded
multimedia mobile device. It is proven that the proposed algorithm shows expected performance for a mobile
streaming system(PDA) on IP channels. Our approach showed better processing speed and better video quality

comparing with traditional error concealment algorithm.
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I . Introduction

and Computer

Recently, the transmission of the multimedia data
under internet environment has been wildly used in

many applications. As transmission bandwidth in
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LAN has
development of 802.11.b/g/a technology, researches on

wireless been increased due to the
multimedia contents service have been performed
actively. A/V streaming services to provide high
quality contents have actually been needed because
of the demand of end-users who are using potable
embedded multimedia devices such as PDA or PMP.
However the problems concerning error control and
concealment in video communication have been
increasingly noticed because of the growing interest
in video delivery over unreliable channels such as
wireless networks and internet[1-3].

The video data corrupted by the transmission error
due to packet loss induce error propagation in
decoded video data, and cause poor video quality. To
remedy these corrupted video data, there have been
types  of

or temporal

introduced  two error  concealment

techniques: spatial error concealment
algorithm. Computational overhead by using spatial
algorithm  is a serious
data

environment[4-7]. For video transmission, methods

error concealment

disadvantage in mobile video streaming
of temporally consistent concealment are of prior
importance. The simplest concealment method to
avoid visibility of strange errors is frame freezing,
where the decoding process is stopped until the
next re-synchronization point is reached. Even
though

freezing may be

the subjective perception in case of frame
than
propagation which would occur. Otherwise, it is not

less annoying error
very convenient for subjective impression if applied
An of

motion—-compensated concealment, where it is tried

frequently. alternative are techniques

to get as much as possible advantage from motion

correctly received to map previously

decoded
In principle,

vectors

correctly into subsequent
frames[8-9].

certain similarity with frame interpolation. In cases

areas
these methods have a
where motion vectors are lost, techniques of motion
field be
concealment;

vector interpolation can applied for

temporally adjacent and spacially
adjacent correctly received motion vectors can be
used for this purpose. Both linear(e.g.bilinear) or
filtered)

concealment is possible[10]. Nevertheless, there is

nonlinear(e.g.median motion vector
no guarantee that motion compensated concealment

will indeed lead to improved quality; in particular
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the field is
inhomogeneous, the danger of introducing unnatural

in cases Wwhere motion vector
artifacts is considerably high. From this point of
the likely be

between the simple freeze-frame concealment and

view, optimum  solution would

more advanced methods, where the latter ones
should be the

information is classified as being consistent and

only applied where motion

reliable. Therefore, an indispensable method is to
perform error concealment procedures in video
decoder under video communication. It intends to
compensate the effects of transmission errors by
exploiting correlated information in decoded video
to provide an approximation of original data, and
can always provide perfect reconstructed image
quality without increasing transmission overhead.
Thus, enhancement of error concealment capability
is one of the most important issues to improve
of

channels. Depending on the information used, error

reliability video transmission over noisy

concealment schemes can be divided into two
categories, namely, spatial error concealment and
temporal error concealment. The former exploits the
and the

utilizes temporal redundancy in a sequence.

spatial redundancy in a frame, latter

In this paper we address several algorithms for
temporal and spatial error concealment techniques
at MPEG-4 video standard. In Section II and I,
temporal and spatial concealment schemes are
And

selected temporal and spatial concealment methods

discussed respectively. we present in detail
in Section IV. a strategy for selected temporal and

spatial concealment techniques 1is presented in
Section V. In Section VI, simulation experiments
are performed and results are discussed. Section VI

draws the conclusions.

Il. Temporal Error Concealment

In existing temporal error concealment,

correlation between current decoded frame and
previous frame is exploited. An important class of
error concealment methods is temporal error
concealment techniques. Such techniques exploit the
high temporal correlation of video signals and
conceal damaged blocks using information from

correctly received and/or previously concealed pels
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in a reference frame. The procedure of temporal
error concealment is illustrated in fig.1.

Dama;
D o
oﬂ?e“sawﬂ oc
o
Previous frame Current frame

Fig. 1. General temporal error concealment
procedure.

Due to the similarities with motion compensation,
this process is also known as motion compensated
important stage of this

concealment. The most

process is to estimate a suitable concealment
displacement. This stage is also known as motion
information recovery because it attempts to recover
or provide an approximation to the original motion
vector[12][15]. The most commonly used technique
is to replace the damaged motion vector with (0.0).
This technique is usually referred to as temporal
replacement. Another technique is to replace the
damaged motion vector with the average or the
median of neighbouring vectors. A boundary
matching technique has also been used to select a
suitable replacement from a set of candidate motion
vectors. In this technique. each candidate vector is
used to conceal the damaged block. The candidate
vector that achieves the smoothest transition across
the boundaries vector[13-15].

The damaged image is replaced with the MB in
the reference frame specified by the motion vector
of the damaged MB. A key problem with this
is that
motion information. Due to variable length coding,

approach it requires knowledge of the
the motion information of impaired MB may also
be damaged and needs to be estimated. Motion
compensated  concealment, combining temporal
replacement with motion estimation, can be used to
the For

estimation of motion vectors, the following methods

improve effectiveness of concealment.
have been proposed[15-16]. The simplest way is to
set the the

damaged MB with spatially coinciding MB in the

lost vector as zero and replace
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reference frame. It provides reasonably good
approximation for video sequences with relatively
low activity, e.g. stationary video background, but
will fail for fast moving objects. Other methods
include the prediction of missing motion vectors
from vectors of spatially adjacent blocks and also
the average and the median of these vectors. This
approach relies on the assumption that motion
The

common drawback of these methods is that they

vector field of moving areas is continuous.

always introduce blocking artifacts in the recovered
motion areas.

They usually estimate only one MV for a
damaged MB. This
involving translation motion, where pixels in the

works well in the areas

MB have almost identical motion. However, when
the damaged MB is
rotational or multi-directional movements, zooming,

in the regions containing

or deformation of objects, a simple compensation
based MB  copying
reconstruction artifacts, such as edge fragmentation

on produces unsatisfied

effects.

lll. Spatial Error Concealment

In existing spatial error concealment, one
implication of the smoothness property of video
signals is that a coefficient in a damaged image
block is likely to be close to the corresponding
blocks. The

spatial-domain concealment algorithms interpolate

coefficients in spatially adjacent
the missing block using decoded information from
spatially surrounding image data.

Many spatial error concealment methods have
been proposed in the past ten years. They do work
better than error
method. However, of

time-consuming and complex. It is uncertain that

general spatial concealment

most them are
the improvement in quality is worthy of the added
massive computation. There may be a trade-off

between quality and computation.
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Fig. 2. General spatial error concealment procedure.

A well
algorithm is based on weighted pixel interpolation.

known spatial error concealment
It estimates each pixel from corresponding pixels in
four adjacent MBs on the one pixel wide boundary,
as shown in fig.2. The four neighboring pixels are
weighted according to the inverse of distance d
between the source and destination pixels, and then
divided by sum of the distances. The pixel value
Y(x,y) is interpolated as Eq. (1):

Y(i,j) > [15 — d]
o

Y(z,y)= SN={Y LY, Y, Yy

d

(i,7) N

(v,y) < lost MB  (Intra Mode) (1)
The spatial error concealment methods restore
the missing blocks using the information in the
current frame. In [17], to restore the missing data,
a measure of variations (e.g., gradient or Laplacian)
The
underlying smoothness assumption of this method

between adjacent pixels is  minimized.
limits its ability in restoring image details. In [18],
each pixel in a damaged block is interpolated from
the corresponding pixels in its four neighboring
blocks such that the total squared border error is
minimized. In [19] and [20], the missing information
is interpolated utilizing spatially correlated edge
information from a large local neighborhood. Note
that although
generally more accurate than other approaches, they
In [21], a

directional

these edge-based methods are

are computationally more intensive.

computationally simple, spatial

interpolation scheme has been proposed. The two
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nearest surrounding layers of pixels of a missing
block are converted into a binary pattern to reveal
the local geometrical structure. Then, the missing
pixels are interpolated in a way to preserve the
local geometrical structures. In the statistical error
concealment methods, for example the one proposed
in [22], it is assumed that the pixel values in an
image or video signal are realizations of an
underlying statistical model (e.g., MRF model). The
statistical approaches of spatial error concealment
are expected to outperform the deterministic ones,
as they provide a systematic way for incorporating
the a priori information about the video signal in

the restoration procedure.

IV. Proposed Error Concealment
Technique

In this paper, we describe an efficient three-step
(TSS)
problem on mobile platform for temporal

search algorithm with low complexity
error
concealment scheme. The TSS algorithm provides
good results and has been widely used for the
motion estimation step in the video encoding
process. In this method, eight positions around a
center in a reference region are compared to a
block

around

in the source frame. The eight positions
the

displacements

center  correspond to  regular
and columns of the
the the

four or three pixels,

in the row
For
is either

reference  region. first  step,
displacement
followed by a displacement of two for the second,
and finally one for the third. for the center (x, y)
and displacement D, the SAD at these positions

are calculated, as follows:

SAD(x-D}y-D) SAD(x,y-D) SAD(x+D, y-D)
\

1
SADG-D,y)  SAD(GY)  SAD(D,y)

1
[ __’ SAD(x-D,y4D) SAD(x,y+D) SAD(x+D, y+D)
. 1

|
1
I
I
1
I
1
I
1

-
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Best matching block

search range

Previous Frame

a) Find minimum BMSE value in search range

b) Find best matching block

Current Frame

Fig. 3. Illustration of temporal error concealment
using TSS algorithm.

In temporal error concealment scheme, we propose
method using an initial displacement of three, a
maximum displacement of +6 pixels from center
of the first nine point grid can result. The TSS
algorithm is shown in fig. 3. Spatial interpolation
the

available video data around the missing MB and

algorithms are also proposed which use
interpolation formulation to achieve recovery of the
missing video data within the MB.

In this paper, we propose an efficient spatial
concealment algorithm with low complexity. The
progressive interpolation is based on the linear
interpolation formulation. However, under the video
packet lost environment, the available video data
around the missing MB may not be received
correctly. In this case, we use the top side and the
bottom side pixel value around the missing MB to
interpolate the left side pixel value first. Then we
use the three sides of pixel, top, bottom, and left
value around the missing MB to interpolate the
missing pixel value by linear interpolation using
Eq. (2) and (3). The statement is illustrated in fig.

4.

Top X (15— y) + Bottom X y
15

Left (y) = ()

where Left (y)
missing MB in current frame. on the other hands,

denote the left-pel value of

missing-pel in lost MB, Pixel(x, y) describe as Eq.
(3):

(174)

Top(z)x (15— y) + Bottom (z) X x4+ Left(y)x (15— z)

15+ (15 —x)
(3)
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Fig. 4. Progressive interpolation scheme for 16x16
MB.

V. A Hybrid-Scheme Strategy for Error
Concealment

In this paper, we propose a hybrid (temporal and
spatial) error concealment scheme to recover video
of MPEG-4

streaming system on error-prone wireless network.

quality mobile device in video
The proposed hybrid error concealment algorithm
has a switching-type architecture. Fig. 5 shows the
flow chart of the proposed error concealment
technique.

Abbreviated words in the flowchart are defined as
follows. A video frame is divided into some MBs

with size of N>X M in this paper. Block mean
square error (BMSE) is defined as Eq. (4).

M—-1

Z ( Gm” - PMU” )2

=0

1 N—1

BMSE = il

(4)

=0
where Cyp, and Pyp, denote the pixel values in

the current frame and the previous frame,
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Compute BPSNR

255x255
it

10l Block Matching
BMSE

using
TSS algorithm

£
Compute minimum
BMSE value
Matching Optimized
Block by 755

Fig. 5. Proposed error concealment technique.

(N) Inter-MBs

Progressive
Interpolation

respectively. Block mean square error between
original image and concealed image (BMSE;) is
defined as Eq. (5). Then we define the block peak

signal-to-noise ratio (BPSNR) as Eq. (6):

B 1 N—1 M—1 )

BMSE ; = No M 1:20 ,:Eo (Lovigina — Tpc) 5)
B 255 x 255

BPSNR = 10 log 222255 6)

SAD (sum of absolute difference) is to be used as
an error measure in block matching operation for
the temporal concealment scheme.

N—1

Jj=1

N=1
sAD = 3 @
=0

At the decoding end, spatial method is applied to
I frames, and temporal method is applied to P and
B frames. Proposed algorithm works as follows:

i. When the corrupted frame is detected, calculate
the BMSE value for every MBs.

ii. If the current MB is lost and it was in the
I-frame, the error concealment will be done by
the spatial scheme. If the lost MB was in B- or

P-frame, the error concealment will be
performed by the temporal scheme.
iii. In the spatial error concealment scheme,

compute BPSNE value using Egs. (4) and (6).
If BPSNR value is larger than pre-established
threshold P, of
progressive interpolation will be done. Otherwise

value early  termination

process goes to the progressive interpolation
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routine. We used the parameter P as a value
suggested in [21].
. In the temporal error concealment scheme,
compute SAD value using Eq. (7) and then find
a block with minimum BMSE within search

window using the TSS algorithm.

VI. Experiments and Results

The proposed error concealment algorithm is
simulated using the open source, mobile MPEG-4
Test video sequences used in the

"Foreman”" (384kbps, QP=1) and
size of CIF(352x288, QP=1). The
encoded data are generated using the MPEG-4
VM (verification model)-18 with different bit rates.
They are used to evaluate the performance of the

video player.
simulation are
"Coast-guard”

proposed schemes on a CPU (Intel PXA270,
624MHz) using the Wireless MMX™ instruction
set. The PSNR is employed as the objective

performance measure.

The experimental results show that the proposed
method is better than the
concealment algorithms based on C language in the

existing  error
sense of PSNR. It is observed that our proposed
technique can be the mobile

platforms (PDASs).

implemented at

Network
" ANV Source

e Streaming
Streaming

Contents
Metadata Upload

Contents
Metadata Upload

Server

AV Encoder e webcast

L Saving

PDA

Data Files

Tl AV Source

Streaming
Server
AV Encoder 1 jye webcast

L Saving

Data Files

Upload

Fig. 6. Overall simulation environment.
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Fig. 7. The PSNR comparision for "Foreman”

Sequence (CIF, 352x288, @QP=1) with bit rate of
384Kbps,

A\

i

\'§

7

N

£z

Fig. 8. "Foreman" Sequence (CIF, 352x288, QP=1)
with bit rate of 384Kbps. Top three images are
from the original sequence. Middle three are from
the decoded sequences with existing concealment
method. Bottom three are from the result using the
proposed concealment method.
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Fig 9. "Coastguard’ Sequence (CIF, 352x288,
@QP=1) with frame rate of 30Hz. Top three are the
decoded Y-pictures with existing concealment

algorithm. Bottom three are the corresponding
Y-ones with proposed concealment method.

Fig. 10 An intra—coded frame of the "Foreman”
sequence at 6% packet loss rate: (a) error free
decoded frame (b) 6% corrupted frame(top) and
10% corrupted frame (bottom) (c) general linear
interpolation for 6% (top) and 10% (bottom) PLRs
(d) proposed algorithm for 6%(top) and 10%

(bottom) PLRs

Table 1.
for the
packet loss rates.

(a) PSNR(dB) measurement comparison

"Foreman” video sequence at different

PLRs 1% 3% 5% 10%

general algorithm 33.62 | 32.21 | 31.07 | 29.96

proposed algorithm | 33.76 | 33.42 | 31.92 | 30.47
Table 2. Computation time(sec) measurement

comparison for the "Foreman” video sequence on
mobile device.

WMMX based Mobile
No Wireless MMX
PLRs Device
General | Proposed| General Proposed
1% 4.15 4.12 2.89 2.67
3% 4.22 423 3.06 2.89
5% 4.89 4.61 3.61 3.12
10% 5.32 4.97 4.01 3.93
In spatial error concealment simulation for

channel burst errors, we get the results at different
packet loss rates (PLRs). Fig. 10 and tables land 2
show the simulation results for a "Foreman” intra
coded frame with 6%(top) and 10%(bottom) packet
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loss rates corrupted by burst errors. The results
show that the performance of the proposed method
interpolation

is perceptually superior to general

method on mobile device.

VIl. Conclusions

this  paper, proposed a
concealment scheme based on the latest video
standard MPEG-4 Part-2, MPEG-4 Part-10, and
H.264/AVC

concealment

In we new error

video standard to improve error

performance for video consumer

applications on a mobile platform with performance.
Proposed error concealment scheme includes
of
complexity of progressive interpolation with early
scheme using BPSNR and BMSE
method  of

concealment to combine 7SS algorithm with low

methods spatial  concealment to  reduce
termination

energy values, and a temporal
complexity.

Conclusions can be drawn by observing the
simulation results of transmission over real-time IP
The
existing error concealment algorithms adopted in
the video decoder based on MPEG-4 VM-18

error prone environments over wide range of bit

networks. proposed technique outperforms

on

rate and BER. The proposed one does not require
any structure change on MPEG-4 video encoder
and transmission  technology. Proposed algorithm
could be easily embedded in video decoder and
widely employed in multiple video mobile devices
with PXA 270 processor. Finally, with the proposed
error concealment approach, better video quality
and reduced computational complexity could be
achieved.

Future work will be focused on the technology of
with

concealment function, designing mobile codec using

error concealment temporal-spatial
Wireless MMX instruction set, and development of

multimedia  application  functions  for  mobile

platforms.
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