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Abstract

In this paper, we propose several improved error
concealment (EC) algorithms based on the H.264/AVC
non-normative decoder. The major differences are that
motion compensated EC is introduced for intra frames,
whereas spatial EC is introduced for inter frames. As
for the EC of intra frames, scene change detection,
motion activity detection and MV retrieval are
hierarchically performed to decide whether spatial or
temporal information to be used. As for the EC of inter
frames, scene change is also detected to avoid merging
the scenes from different video shots. Therefore, the
main idea of proposed algorithms is that both spatial
and temporal correlations are utilized for the EC of
intra and inter frames. Both subjective and objective
simulations under the Internet conditions show that the
proposed algorithm greatly outperforms that in the
H.264/AVC non-normative decoder.

1. Introduction

Transmission of hybrid-coded video over error-
prone channels such as wireless networks and the
Internet may result in the packet losses or errors at the
decoder. In order to improve the subjective and
objective image quality of decoding, many techniques
have been developed for error control in the past
decade. Among them, error concealment (EC) by post-
processing at the decoder side is to recover the
damaged areas based on characteristics of image and
video signal.

H.264/AVC is the newest video coding standard
jointly developed by JVT of ISO/IEC MPEG and ITU-
T VCEG, whose performance is definitely superior to
any other existing standards. To help industry to
develop efficient implementations of the new standard,
JVT also specified a non-normative decoder including
the description of EC algorithms [1]. According to the
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description, two well-known EC algorithms have been
employed, i.e. weighted pixel value averaging for intra
frames and boundary-matching-based motion vector
recovery for inter frames, as described in detail in [2]
and [3], respectively.

Although these algorithms have taken advantage of
the new features of H.264/AVC, it is still possible to
further improve the performance. Towards this goal, in
this paper, we are focused on developing more efficient
EC algorithms based on the H.264/AVC non-
normative decoder, which includes two aspects. Firstly,
in the H.264/AVC non-normative decoder, only spatial
correlations have been utilized for EC of intra frames,
whereas the temporal correlations are probably more
useful except for the first intra frame. Therefore, we
propose to adaptively utilize the spatial and temporal
information for EC of intra frames based on the scene
change detection. Secondly, since the scene change
detection is also useful for EC of inter frames, EC of
inter frames is improved as well. Besides the quality of
the concealed frames, complexity is another concern in
the design of the proposed algorithms.

The rest of this paper is organized as follows.
Section 2 briefly reviews the EC features of the earlier
H.264/AVC non-normative decoder, and then gives the
problem statements. Section 3 describes the proposed
EC algorithms in detail. Simulation results are
presented in Section 4. And finally, Section 5
concludes this paper.

2. Problem statements

The EC algorithms of H.264/AVC non-normative
decoder are performed based on two basic assumptions:
(1) bit erroneous or incomplete slices are discarded;
and (2) received video is buffered in correct decoding
order. When all received slices of a picture have been
decoded, skipped slices are concealed according to the
EC algorithms. In practice, record is kept in a
macroblock (MB) based status map of the frame. For
more details, we refer to [1].



Similar to the conventional EC algorithms, only
spatial correlations have been utilized in H.264/AVC
non-normative decoder. The description in [1] states
that lost areas in intra frames have to be concealed
spatially as no prior frame may resemble the intra
frame. However, except for the first intra frame, the
previous decoded frame may also resemble the current
intra frame, particularly when the scene change does
not occur. And also, the current spatial interpolation
algorithms often suffer from blurring in the edge
regions of the image. With the increasing packet loss
rate, image quality would fall observably.

Therefore, it is probably more effective to
adaptively utilize the spatial and temporal information
for EC of intra frames. Then, a major problem arises
from how to decide the spatial or temporal information
to be utilized. It depends on whether the previous
frame resembles the current intra frame. The scene
change detection based on motion activities is helpful
in making the decision. Accordingly, a further major
problem arises from the computing efficiency of the
employed scene change detection algorithm because
such process has to be performed in the decoder.

Besides, the conventional EC algorithms have not
considered the influences of scene change in the EC of
inter frames either. In contrast to the EC of intra frames,
EC of inter frames only utilizes temporal correlations
in the H.264/AVC non-normative decoder. Since the
temporal correlations are abruptly broken in the case of
scene change, any motion vector recovery based on
motion compensation that references the previous
frame would be improper. In this case, spatial EC
would be better than temporal EC.

Conclusively, it is promising to adaptively select the
spatial and temporal information for EC of whatever
frames. Scene change detection plays an important role
in such selections. Traditional scene change detection
methods are usually based on color or shape analysis in
the pixel domain or DCT coefficients analysis in the
frequency domain, and therefore these methods are
normally time-consuming. Since the real-time
processing should be definitely guaranteed in any
practical video decoder, these methods are not suitable
for the scene change detection in EC.

To tackle this problem, a novel EC algorithm with
scene change detection has been proposed in [4], which
is based on the information of MB type in I, B, P
pictures. In other words, the information presented in B
pictures has to be utilized for EC of the whole
sequence. Some other fast methods based on
compressed video also rely on the same structure [5][6].
Although H.264/AVC also supports B picture coding
to achieve high coding efficiency, it requires re-
ordering and out- of-sequence transmission of pictures
that might result in the longer reconstruction delay and

larger buffers at the receiver side. As a consequence, in
H.264/AVC baseline profile, the B picture coding is
not included. Actually, in the practical transmission
systems such as wireless networks wherein EC is a
necessity, B picture coding is hardly employed.
Therefore, in this paper, we only discuss the coding
scheme that only I and P pictures are employed, i.e.
H.264/AVC baseline profile.

3. Proposed improvements

In the proposed improvements, both the spatial and
temporal correlations presented in the video sequence
are utilized, and hence spatial and temporal
information can be adaptively selected for the EC of
intra/inter frames according to the scene change
detection. Compared to current H.264/AVC non-
normative EC algorithms, the improvements are
carried out in terms of both subjective and objective
visual quality with simulations under Internet
conditions. The following presents the proposed
algorithms for EC of intra and inter frames,
respectively.

3.1. Error concealment of intra frames

The main idea of the proposed EC of intra frames is
that temporal correlations may also be utilized except
for the first intra frame in the sequence. In other words,
the conventional spatial EC algorithm is employed for
the first I frame, whereas the proposed EC method is
employed for the following I frames. The steps of
proposed method are performed as follows.

Firstly, the proposed scene change detection is
performed to decide whether the scene change occurs
or not. If it does occur, the conventional EC algorithm
is performed; otherwise, secondly, the proposed
motion activity detection is then performed to decide
what type of temporal information will be used in EC.
As for the latter case, the goal is to decide the motion
vectors (MVs) by referencing the previous frame.
Supposing the motion activity is lower, zero MVs are
used. Otherwise, thirdly, the MVs are then derived
with the proposed MV recovery algorithm.

Therefore, the proposed EC of intra frames consists
of three main modules: scene change detection, motion
activity detection and MV retrieval. This hierarchical
implementation scheme is helpful in reducing the
complexity of the proposed EC algorithms as well as
increasing the robustness. Each module is presented in
detail as follows.

As for the scene change detection, the proposed
method is based on MB type matching parameter
(TMP) developed in [7], which is calculated by



matching the directly previous and successive P
pictures to the current I picture by

ZTM(MB”"(i, MB"™ (i, j))
TMP(P(n—1), P(n+1)) =L

MB_Num (1)

where MB"(i,j) and MB""\(i,j) denote the MB located
in position (i,j) in the frame P(n-1) and P(n+1)
respectively; function TM() results in “1” if MB"'(i,)
is identical to MB""(ij) or “0” otherwise. MB_Num
denotes the total number of MBs in a frame.

By calculating the TMP on the current I picture, we
can get a simple and efficient way to indicate whether
the two P frames are in the same video shot or not.
Moreover, in the proposed method, we only need to
pre-read the MB type information in the next P picture
directly from the bitstream without decoding the whole
picture. Therefore, the extra computing complexity as
well as the processing delay introduced by the
proposed improvements is still acceptable.

Supporting the scene change does not occur
according to the above process, the motion activity is
then detected. In this paper, the motion activity is
defined as the average MV length of the co-located
region in the previous frame corresponding to the
continuous lost region in the current intra frame. This
method is more effective for the local motion activity
estimation rather than that described in H.264/AVC
non-normative decoder. And also, compared to the
method of using the average MV length of the
neighboring MBs around the current lost co-located
MB, the proposed algorithm requires less computation
complexity but achieves the very similar concealment
quality.

If the motion activity is smaller than a threshold (i.e.
1/4 pixel in the simulation system), all lost slices
having the continuous regions are copied from the co-
located regions in previous frame; otherwise, the
proposed MV retrieval algorithm would be used. This
step can increase the quality of EC especially for high
packet loss rate.

The simplest MV recovery is to set the MV equal to
0. In other words, all lost MBs are concealed by copy
the spatial co-located MBs in the previous frame.
Unfortunately, the actual motion in the video sequence
is not always very smooth even when the motion
activity has been detected relatively low. In this case,
we employ the MV of the co-located MB in the
previous frame as the estimate of MV of the MB in the
current intra frame. This idea is similar to that used in
direct mode in the so-called B picture coding in
H.264/AVC.

Furthermore, in order to avoid the error propagation,
we only choose the MV of the correctly received MB
at the co-located position in the previous frame. If the

co- located MB in the previous frame is lost or has
been concealed, we still employ the conventional
spatial interpolation method to conceal the current lost
MB. This MV retrieval method is very simple but
efficient enough by jointly using the aforementioned
conditional selection scheme.

3.2. Error concealment of inter frames

Different from the H.264/AVC non-normative
decoder, it is also possible to use spatial EC for the
inter frame. The selection is based on the scene change
detection. However, the scene change diction differs
from the intra frame, because some information of the
inter frame is more convenient to be used. It is well-
known that if there exists scene switching in an inter
frame to be coded, the number of MBs coded with intra
mode would be tremendously increased. Therefore, the
proposed scene change detection is to check the
percentage of intra MBs in the current inter frame.

Suppose the percentage of intra MBs in the nth P
frame is denoted as N,,,,(n). We think a scene change
occurs, iff (1) Nyq(n) is more than a threshold (e.g.
50% as used in the simulation system), and (2) Nj,,.(n)
is more than k times of N,,.(n-1). Criterion (2) is
introduced to avoid wrongly decide a scene change
when the sequence undergoes global motion or the
lighting changing.

4. Experimental Results

In order to evaluate the performance of the
proposed EC algorithms, we did some experiments on
the well-known test sequences. Since the proposed
algorithms are due to the improvements on the
H.264/AVC  non-normative  decoder [2], the
comparisons are between them, as labeled as
“proposed” and “H.264”, respectively. H.264/AVC
reference software JM6.1 is employed as the platform.
The tests were under the simulated Internet conditions
[8]. Container (QCIF), Foreman (QCIF) and Salesman
(QCIF) are used. For each sequence, the same
bitstream is produced and then decoded with various
packet loss rates by the proposed and H.264/AVC non-
normative decoders, respectively. Figure 1~3 show the
average PSNR vs. packet loss rate. Obviously, the
proposed decoder is always better than H.264/AVC
decoder, particularly when decoding the sequence with
smooth motion and high loss rate.

In terms of the subjective quality, Figure 4 shows
the EC results of the intra frame (non-first intra frame).
Obviously, with the scene change detection in the
proposed algorithm, the quality of the concealed frame
has been greatly improved by utilizing temporal
correlations. The improved quality will also reduce the



error propagation in the subsequent frames. To
illustrate the case of scene change, we merge the
Container and Foreman sequences together. Figure 5
shows the effectiveness of the proposed scene change
detection method for EC of inter frames. In the 19™ P
frame with scene change, the proposed decoder did not
utilize the temporal EC but the spatial EC to avoid
merging the scenes from different video shots. Though
the spatial EC method may suffer from blurring in the
edge regions of the image, it obviously outperforms
introducing different shots in the subsequent frames.

5. Conclusions

In this paper, we have proposed several improved
error concealment algorithms for H.264/AVC codec.
The main idea is that spatial and temporal correlations
are jointly utilized for EC of both intra and inter frames.
Scene change detection, motion activity detection and
MYV retrieval are conditionally applied to decide the
proper EC scheme for each MB. Both subjective and
objective tests have proven that the proposed scheme is
significantly superior to the H.264/AVC non-
normative decoder.
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Figure 1. Average PSNR vs. packet loss rate for Container
sequence with slow motion.
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Figure 2. Average PSNR vs. packet loss rate for Salesman
sequence with medium motion.
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Figure 3. Average PSNR vs. packet loss rate for Foreman
sequence with very active motion.
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rman sequence. Left:
decoded without packet loss; middle: decoded with loss rate
of 20% by H.264 non-normative decoder; and right: decoded
with loss rate of 20% by the proposed decoder.
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Figure 5. Decoded frames in mix sequence. Left: decoded
without packet loss; middle: decoded with loss rate of 20%
by H.264 non-normative decoder; and right: decoded with
loss rate of 20% by the proposed decoder.



