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ABSTRACT

For digital TV-transmission the video signal has to be
highly protected by channel coding, since it is very sensitive
to channel disturbances. However, in the case of bad recep-
tion conditions, remaining errors in the video signal may
still occur. Hence, error concealment techniques might be
required at the receiver. The aim of this article is to study
different error concealment techniques for MPEG-2 video
sequences by exploiting the remaining error-free part of the
bitstream as much as possible. This is done by combining an
enhanced error detection of the channel decoder with early
re-synchronization. In I-pictures, where no motion vectors
(MVs) exist, the gain for early re-synchronization with en-
hanced error detection compared to other techniques is up
to 2.3 dB.

1. INTRODUCTION

For digital TV-transmission (cable, satellite, and terres-
trial) an efficient compression algorithm is needed due to
the bandwidth restriction of the available channels. A suit-
able source coding algorithm for these applications will be
based on MPEG-2 [1]. However, the MPEG-2 source coded
stream is very sensitive to channel disturbances. For in-
stance, a single bit error can cause error propagation into
several macroblocks due to the use of variable length cod-
ing. Those errors may propagate into several pictures due
to predictive coding. If an error occurs in a header code,
the receiver may risk receiving nothing.

There are several ways for handling channel errors. The
first solution is to employ error correction coding. Another
way for handling channel errors is the use of hierarchical
source and channel coding. However, in the case of ter-
restrial transmission, which is considered in this article, at
very long distances or at the worst reception conditions, i.e.
deep fades or impulsive noise, residual errors may occur.

To enhance the picture quality even if there are resid-
ual errors in the bitstream, one may apply error conceal-
ment techniques at the receiver. These techniques will be
applied at the receiver side without changing the encoder.
For error concealment measures, reliable error detection is
needed. One method involves the use of the error detec-
tion capability of the source decoder. However, with this
technique many errors remain undetected. Therefore, an-
other error detection technique should be considered. The
channel coding for terrestrial transmission is based on a
concatenated coding scheme with an outer systematic Reed-
Solomon (RS) code and an inner convolutional code [2]. The
outer RS(204,188)-codewords are adapted to the MPEG-2
Transport Packets of length 188 bytes. First, the outer RS-

decoder can give some information about the reliability of
each RS-word, but the RS-words are very long. To exploit
the correct information in one erroneous packet, the relia-
bility outputs of an inner Soft Output Viterbi Algorithm
(SOVA) may be helpful [3, 4].

The aim of this article is to study different error conceal-
ment techniques in the MPEG-2 video decoder with en-
hanced error detection, taking into account a real transmis-
sion medium by modeling the errors of the whole terrestrial
transmission scheme [4]. There are two main solutions for
error concealment: The first one is to re-synchronize the
bitstream after the occurance of an error at slice-level and
to conceal the lost macroblocks with a suitable method (sec-
tion 2.). This is the simplest way: After an error occurs, the
information of the rest of the slice is discarded and correct
re-synchronization is achieved at the next slice. The second
method 1s to try to re-synchronize the bitstream before the
next slice and to make use of the majority of the correct
received data [5, 6]. Since some of the parameters are dif-
ferentially encoded, those parameters have to be concealed
also for the re-synchronized macroblocks (section 3.). Sim-
ulation results are given in section 4. and finally section 5.
is devoted to conclusions.

2. ERROR CONCEALMENT TECHNIQUES

Temporal error concealment (TEC) techniques exploit the
temporal redundancy in a sequence. They will be applied
usually to B- and P-pictures, where MVs are available. In
addition, they are much simpler than the other ones.

Different TEC techniques for inter-coded pictures (P- and
B-pictures) are investigated in this article. The first one,
called simple temporal error concealment (S-TEC), repeats
the MBs of the previous anchor picture (I- or P-picture) in
the current picture, where errors were detected. The draw-
back of S-TEC is, that shifts will be visible in the picture,
if there is motion.

The second method, in addition, uses the MVs from the
surrounding MBs in the current picture (if MVs exist). This
method is called motion compensated TEC (MC-TEC).
There are several ways for the MV selection, where three
different techniques are considered here. The first one uses
the MVs and the respective technique from one nearest MB
(MC-TEC-1) [7]. The second technique takes into account
the MVs of all the surrounding (existing) MBs and incorpo-
rates the lost MBs with the possible MVs (also the median
MVs and no MVs are considered here) (MC-TEC-2). The
best matching MB is chosen following the minimum mean
square error (MMSE) criterion of the border pixels for each
field. The technique (frame/field, which field is used) for in-



corporating the MB with the median value is selected from
the technique of the surrounding MBs, where the criterion
for the chosen technique is again the MMSE of the border
pixels. This is applied iteratively, where no MVs are only
considered for the last iteration. The third technique is sim-
ilar to the second one, except that the median value 1s not
considered (MC-TEC-3).

For I-pictures only S-TEC may be applied since no MVs
are available. Therefore, a spatial error concealment (SEC)
technique is considered here. The pixel values of the missing
MB are concealed by interpolating the surrounding border
pixels. In addition, a combination of SEC and S-TEC in I-
pictures (combined error concealment CEC) [8] is applied.

3. EARLY RE-SYNCHRONIZATION

By applying early re-synchronization, the decoder tries to
exploit the remaining correct received bits before the next
slice_start_code for error concealment. In [5] a method for
re-synchronizing the bitstream is given. The decoder starts
to decode an MB at the current position in the bitstream
to check if an MB can be decoded or not. If the MB is not
detected as wrong from the source/channel decoder error
detection, the decoder will continue either until the next
slice_start_code or until another error is detected. If the MB
is declared as wrong, then the decoder will repeat decoding
the MB by starting one bit after the last position.

Here, the correct received MBs will be grouped into sub-
slices, where each subslice contains all the MBs which are
correctly decoded consecutively after re-synchronization. If
the subslice contains only one MB, the search is started
one bit after the beginning of the MB to improve the re-
synchronization process, since it is most probably, that this
MB is not correctly re-synchronized. The subslice having
one MB will be discarded.

Additionally, since the first few MBs of a subslice may
not be re-synchronized correctly (for instance DC and AC-
values), in I-pictures, the subslices are further divided be-
fore positioning, if neighbored MBs of one subslice do not
fit. If the following smoothness criterion between two con-
secutively decoded 2N x 2N MBs mb, and mb.y1

2N
mse = % D ((mbe(,2N) = mboya (i, 1))°) (1)
i=1
lies below a certain threshold, the subslice is not divided,
otherwise the subslice is divided at this location. This tech-
nique avoids wrong MBs at the beginning of a subslice.

However, especially in I-pictures several informations will
be lost if one decodes an MB without having decoded the
previous one. Therefore, the following parameters have to
be looked at carefully: i) the quantizer_scale_factor, ii) the
DC-value (I-pictures), iii) the M Vs (P/B-pictures), and iv)
the MB-address.

The first parameter, which is coded in most of the MBs,
will be concealed with the previously decoded one to pre-
vent a really wrong quantizer_scale_factor. The DC-value
is differentially encoded. If an MB after the occurrence of
an error is re-synchronized correctly, all corresponding suc-
cessive DC-values might be wrong if the first DC-value is
wrong. A good way for obtaining an estimate of the first
DC-value of a subslice is to minimize the DC coefficient

difference between each lost block and its immediate ver-
tical neighbor(s) [6]. The drawback of this method is that
some errors may still occur in the picture domain if there
are errors in the differential DC-values at the beginning of a
subslice. This error will propagate through the whole sub-
slice. Therefore, another technique will be applied in this
article (section 3.1.).

The MVs are also differentially encoded. For MV con-
cealment the technique described in section 3.2. is used.
The MB address is coded in increments so that the cor-
rect location of the re-synchronized MB will not be known.
Therefore, a positioning technique such as that described in
[6] or that proposed in section 3.3. might be applied. Finally
wrong re-synchronized MBs have to be discarded and the
remaining lost MBs have to be further concealed (section
3.4.). This can be also applied iteratively (section 3.5.).

3.1. Correction of DC-values in I-pictures

The DC-value of the whole subslice is corrected before po-
sitioning by the following algorithm: The mean DC-value
of the top and the bottom neighbored MB(s) of the current
subslice will be computed as follows:

_ 1 Nss
DCry5= 4nSSZ(ch%s+DCb3TS+DCbOBs+DCblBs>’ (2)
where DChyi,t = 0...3 1s the DC-value of the i-th

luminance-block (Y) of the corresponding MB (Top or Bot-
tom). The DC-correction for the chrominance (U and V)
is computed for only one block due to the 4:2:0-format. In
the case of lost MBs the DC-value of those MBs will not
have some influence on equation 2. The mean DC-value of
the MB(s) of the current subslice is computed as:

- 1 nSS
C = s Z(DCbOS + DCu, + DCr2, + DChs,). (3)
s=1

The DC-values are then corrected with the difference of
the mean DC-values:

AZW—WT/B, (4)

where this value is simply added to the 2N x2N pixel-values
in the spatial-domain. With this technique wrong DC-value
propagation is compensated and as many as possible re-
synchronized MBs are used within the subslice. In addition
the positioning technique will be more reliable with this DC-
correction. Another possibility to avoid wrong DC-values is
to discard the first few MBs. But with this technique some
MBs will be discarded although the AC-coefficients will be
correctly received. Therefore, it is better to apply the DC-
value correction to make use of more correct received data.

3.2. Concealment of the MVs in P/B-Pictures

The critical parameters within P- and B-pictures are the
step-size and the MVs. Since the step-size (macroblock ad-
dress increment) in P- and B-pictures may have a value
which is greater than one, an error in the step-size may
result in too many decoded MBs. To avoid this, a step
size, which is greater than one, is only allowed after two
correctly decoded MBs in a subslice. With this, the re-
synchronization process will be better and the results will
be the same, since with step-size greater than one the MBs



are skipped and the previous picture is copied at this place
which yields same results as S-TEC. It may nevertheless
occur, that there are more MBs decoded than there exist
in a slice. If this occurs the subslices with a small length
are discarded until the number of decoded MBs is less or
equal to the number of missing MBs. Another criterion for
finding correct decoded MBs is introduced: if the decoded
MB has no MV data and no block data, this MB is seen as a
wrong MB. These constraints help finding correct decoded
MBs.

The MVs are encoded differentially. Therefore, the MV
predictors of the first MB in a subslice have to be concealed.
Since the MVs differ in the spatial domain the best way
is to take the nearest MV of the neighboring MBs, since
there the correlation is high. The minimization of the MV
difference between each lost MB and its immediate vertical
neighbors like the computation of the DC-value [6] will fail,
since the motion may differ within a slice and the MV data
in the first few M Bs in a subslice may be wrong and this will
result in wrong MV concealment. In this paper the MV of
the first MB of a subslice is concealed with the mean value of
the available MVs of the top and bottom neighboring MB.
The mean value is computed for field and frame vectors
since field and frame motion compensation is used. The
MV difference of the first few MBs of a subslice may be
wrong. Therefore, the MV concealment is computed for the
first, the second and the third MB of a subslice, where the
MBs before the concealed MBs are discarded. The best MV
concealment is chosen by computing the bounding mean
square error.

3.3. Subslice positioning

The technique employed here is the following: first the
MBs, which are decoded before the next slice_start_code,
will be located at the end of the slice. Then, the longest
subslices are located before the smaller subslices. This has
the advantage that the long subslices can be well located
with some smoothness constraints, whereas shorter sub-
slices (e.g. with only one MB) do not constrain the po-
sitions of the longer subslices. Indeed, the probability of a
correct re-synchronization is higher for long subslices than
for shorter ones. The best location for the subslices is the
location with the minimum mean square error (MMSE) be-
tween the neighbored pixels. In the case of interlaced pic-
tures, the MMSE is computed for each field.

3.4. Discarding wrong macroblocks and further er-
ror concealment

At the end of the positioning, there will be several subslices
available which contain only few MBs and which are some-
times incorrect (e.g. wrong AC-coeflicients) due to wrong
re-synchronization, that should be deleted. The criterion
for deleting them is the MSE of the border pixels of the
MB if it is under a certain threshold. This is only applied
to subslices with slice-length less than three. It is also pos-
sible to discard all the subslices with slice-length less than
three without measuring the MSE which yields similar re-
sults, since usually the subslices with short slice-lengths are
not correctly re-synchronized. As mentioned before, the
subslices are divided into smaller subslices by applying the
smoothness criterion (1), therefore, the first few wrong MBs

of such a subslice are split into short subslice(s) and will be
also discarded with this technique.

In the case of burst errors there are sometimes more than
one slice consecutively disturbed, where no correct MBs can
be used for positioning and DC-correction. If there are
less than 10 percent of the surrounding MBs correct, the
subslice will be discarded.

The deleted MBs have to be further concealed. As con-
cealment technique one can use the previously mentioned

techniques: S-TEC, MC-TEC, SEC, or CEC.

3.5. Iterative Concealment

To improve the concealment techniques in regions where
more than one slice is disturbed, the algorithms can be
applied iteratively. For early re-synchronization subslices,
which have no neighbored MBs at the beginning, can then
be positioned, if the neighbored subslices are already con-
cealed. The MV data and the pixel-values of the concealed
MBs can be used for the subslices which have no neighbored
MBs in the first iteration.

4. RESULTS

Different error concealment techniques with and without
early re-synchronization for different types of pictures (I,
P, B) are investigated in this article. The pictures of a
video-sequence (5 Mbit/s) were disturbed with the chan-
nel model [4] with 20 error patterns at different packet
error rates. Simulation results for I-pictures are given in
Figure 1 for the MPEG-2 coded sequence Flower. Three
different error concealment techniques are considered for I-
pictures: S-TEC, SEC, and CEC. The results with the early
re-synchronization are symbolized with ’re-sync’. The val-
ues for the picture without errors are given in brackets. Also
results for the use of a shorter slice-length (22, 11, and 4
MBs) are given.
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Figure 1. PSNR-comparison Flower, I-pictures

The simulation results show that the PSNR-values for
early re-synchronization is up to 2.3 dB higher than
the PSNR-values for error concealment without early re-
synchronization. The use of a shorter slice length results in
similar or better results, but the quality at the same bitrate
will be slightly reduced. Figure 2 shows one I-picture dis-
turbed with PER = 10" without error concealment, Fig-
ure 3 shows the early re-synchronization technique without
error concealment of the remaining lost MBs; and Figure 4
shows the CEC with early re-synchronization.



Figure 4. I- plcture, CEC re-sync

The results for P/B-pictures for different techniques are
given in Figures 5 and 6. These results show that MC-
TEC-1 performs better than MC-TEC-2/3. This is because
the use of frame/field MVs for error concealment depends
strongly on the technique with which the motion compensa-
tion was done (forward/backward, field_select). Therefore,
the use of the median value will be not efficient. The results
of early re-synchronization are not better than MC-TEC-1,
since a wrong MV concealment results in error propagation
of the whole subslice or until the MVs in a subslice are reset,
where with MC-TEC-1 only one MB is effected. The use of
shorter slices gives better results, but the influence of the
reduced picture quality can be seen mainly for B-pictures.

5. CONCLUSION

Different error concealment techniques have been inves-
tigated in this article. The results show that early re-
synchronization in combination with the use of reliability
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Figure 5. PSNR-comparison Calendar, P-pictures

29.0

G—OS-TEC
BE—E MC-TEC-1
27.0 - &—©MC-TEC-2 (29.2dB)
O——H MC-TEC-3
A—AS-TEC, re-sync
A—A MC-TEC-1, re-sync
<+—<IMC-TEC-1, 22 MBs (29.1 DB)
V—¥MC-TEC-1, 11 MBs  (29.0 dB)
>—E>MC-TEC-1,4 MBs  (28.8 dB)
25.0 3 =
10 10
PER

PSNR

Figure 6. PSNR-comparison Calendar, B-pictures

outputs of the channel decoder is a very good technique to
make use of correct data as much as possible. The knowl-
edge of the exact location of the errors is helpful for re-
synchronization. Therefore, it is worthwhile to use early
re-synchronization with enhanced error detection.
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