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ABSTRACT

The recently developed MPEG video compression stan-
dards can compress motion pictures very efficiently; however,
the compressed data are rather sensitive to channel noise. We
therefore propose a robust decoder that can tolerate errors.
Particularly, a two-priority coding scheme is suggested to in-
crease the overall performance. This priority assignment can
also be used to implement the trick playback mode for DVCR
system. Moreover, an error concealment algorithm is proposed
to compensate the cell loss effect due to random noise. Finally,
the image artifacts due to undetected errors and/or imperfect
error concealment can be reduced by a properly designed post-
processing scheme. As shown by simulations, damaged video
sequences can be recovered almost free from visible artifact.
Our study is different from the previous approaches in that we
design a complete decoder system and the system is simulated
in an environment that is close to reality.

1. INTRODUCTION

Digital video cassette recording (DVCR) receives a lot of at-
tention recently since it can produce better quality video and
audio and have more interactive functions than the existing
analog VCRs. It is expected to be very popular for home
use [1, 2]. For DVCR application, some unique requirements
are imposed on the data compression scheme such as variable
speed playback (or “trick” playback), which is not encountered
in the other digital compressed video applications.

We use MPEG standard [3] as the basic coding scheme
in our DVCR system, but our proposed processing algorithms
can also be used for the other applications. In video recording,
occasional periods of high error rate due to medium impair-
ment can not ke eliminated even when powerful error correc-
tion codes and large carrier-to-noise margins are designed into
the recording systems. The impact of such bit-errors or cell-
losses on the decoded video quality can be quite serious when
popular motion compensated interframe prediction and vari-
able length coding are used for compression. A single bit-error
or data-loss event can propagate both spatially and temporally
for a relatively long period of time until the refresh data are
received.

Without errors the MPEG decoder receives the perfect
variable-length coded bit stream and decodes the stream into
a sequence of image frames. Unfortunately, the noise contam-
inated bit stream often fails an ordinary decoder. To solve
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this problem, we proposed a robust decoder which traces the
decoded bit stream and can tolerate errors.

Then, we use an adaptive error concealment scheme to re-
pair the damaged images. The basic principle of error conceal-
ment is to exploit the temporal or spatial redundancy of im-
ages. There are several error concealment methods that have
been studied [4]. Our focus is more on how to use these con-
cealment techniques cleverly together with the previous men-
tioned robust decoder.

Occasionally, error patterns are not detected and there-
fore the concealment scheme is not in act. Sometimes, the
concealed images still have visible artifacts. In these cases,
postprocessing may reduce the visibility of artifacts-[5, 6].
Our experiments indicate that subjective quality of the error-
concealed images can be further upgraded through our pro-
posed postprocessor.

This paper is arranged as follows. Section 2 describes the
entire system structure. Then, the noisy channel model for our
DVCR system is described in Section 3. The proposed robust
decoder, selective error concealment algorithm, and postpro-
cessing algorithm are developed in Section 4. The performance
of the overall system is evaluated in Section 5. Section 6 con-
tains conclusions and discussions.

2. SYSTEM OVERVIEW

The overall system block diagram is shown by Figure 1. It can
be divided into several functional blocks as described below.

¢ MPEG encoder: This unit is a MPEG-I standard com-
patible encoder. In addition, it includes the specific functions
proposed by our algorithms such as IBP group-of-pictures struc-
ture and data priority assignment. The net output bit rate is
at about 6.5532 Mbps.

o Transport encoder: This unit packs the output data in
accordance with the one-priority or two-priority coding for-
mats. It inserts two sets of MPEG headers for two-priority
coding: one for high priority data and the other for standard
priority data.

¢ Lossy channel model: The noisy channel models are de-
signed to emulate the real digital recording channel. Three
noisy channel models are constructed. Model 1 is to simulate
block damage due to scratches on the magnetic tape; Model
2 is to simulate byte damage due to dust cumulation or R/W
error; and Model 3 combines the above two models together.
Furthermore, error probability of channel is one of the simu-
lation parameters and two values are tested. They are called
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high noise channel and low noise channel. Details are described
in Section 5.

e Transport decoder: The received video stream is checked
first at the transport decoder to separate the legal codewords
from the illegal ones. When an illegal codeword appears, an
error token is attached to mark the erroneous macroblock.
This transport decoder can also accept two-priority coding
data format and can combine two fragmentary parts into a

single one. After that, the decoded data are treated as those.

of one-priority data.

¢ Robust MPEG decoder with error concealment: The

robust MPEG decoder is developed to process the received
stream corrupted by noise because the standard MPEG de-
coder is fragile in processing noisy data. If error concealment
is applied, system is switched to the delay decoding state. In
such a way, we can accumulate more information to perform
concealment on the current decoded macroblock.

e Postprocessing unit: The error-concealed picture quality
can be further improved by this unit. Several types of artifacts,
including mosaic pattern, false coloring, and blocking effect,
can be reduced to increase the subjective picture quality.

3. PROPOSED DVCR ENVIRONMENT

3.1. IBP Coding Algorithm

We need a new data structure to meet the various DVCR
playback requirements. It has been suggested that all the in-
traframes are arranged on a track for the trick playback pur-
pose [7]. But the compression ratio is low. Therefore, we adopt
a new scheme to increase the coding efficiency and still enable
the trick playback modes. In MPEG syntax, several pictures
constitute a group of pictures (GOP). They form an indepen-
dent encoding and decoding unit. A typical GOP sequence is
as follows:

IBBPBBPBBIBBPBBP......,

where ‘I’ denotes intraframe; ‘P’ denotes predicted frame; and
‘B’ denotes interpolated frame. Although, the inter-coded
frames save a lot of bits in the coding process, its data can
not be used to produce an independent image in the trick
playback mode. Thus, we must increase intraframe data for
this particular requirement. Therefore, in our proposal a GOP
contains only three frames, ‘IBP’. This structure is a reason-
able compromise between the coding efficiency and the trick
playback requirement [8].

3.2. Priority Coding

In the DVCR trick playback modes, the read/write heads do
not cover all the tracks; therefore, the data, according to their
locations on the track, can be separated into two kinds of
priority, i.e., high priority (HP) data and standard priority
(SD) data. We propose a priority assignment coding scheme
based upon this observation. High priority data that will be
retrieved in trick play modes must be independently decod-
able. Hence, they belong to the so-called independent decod-
able codes (IDC). In our arrangement, DC and low order AC
transform coefficients of intra-coded frames are assigned to
HP portion, while the rest of the transform coefficients are
assigned to SP portion. We place the HP data on the path

that read/write head can retrieve in the trick playback modes
to increase the picture quality. In the normal playback, the
priority assignment coding scheme has the same image quality
as the single priority coding scheme.

4. PROPOSED DECODER SYSTEM

4.1. Robust Decoder

If we strictly follow the MPEG syntax, a couple of errors in
coded bit stream can sometimes cause an MPEG decoder to
fail. To overcome this problem, we enhance the robustness of
the original decoder to combat noise. Gur enhancement on the
decoder is closely related with the transport decoding unit. It
decodes data using the following rules.

1. If an illegal variable-length codeword is detected, the de-
coder skips the following bits until the next slice header is
found. The error tokens are set in this period to mark the
erroneous blocks.

2. Estimate the MBPS (macroblocks per slice) value of the
damaged images based on the received data under the assump-
tion that MBPS is nearly constant. This value is used as a ref-
erence for checking the legality of macroblock addresses when
the macroblock address of the next slice header is decoded.

3. Check macroblock addresses and limit them to a reasonable
range. For example, the macroblock address increment must

- be one for an intraframe slice. If the macroblock addresses are

out of range, we set error tokens at these locations, and skip
the following data until the next slice header is found.

4. Continue to decode a frame in spite of a missing picture
header.

5. If end of file appears illegally, most image data which have
been received are still decoded despite missing picture headers
or sequence ending headers.

4.2. Selective Error Concealment Algorithm

We choose the elements in our error concealment algorithm
after carefully comparing several existing schemes. In general,
the temporal replacement schemes perform better than the
spatial interpolation schemes when the video has no motion or
slow motion. Spatial interpolation schemes often blur picture
details, so they produce noticeable artifacts in the concealed
images. But, if the video has high motion, the blurring effect is
less noticeable to human eyes. Therefore, we adopt temporal
replacement method when the corresponding image block of
the previous frame is perfect. Spatial interpolation is used
when no previous frame information is available.

Our proposed scheme, which is a combination of conven-
tional techniques in a carefully arranged order, is stated be-
low.

o I-frame: If the current I-frame video data are missing, the
damaged region can be recovered from the previous P-frame
according to the MPEG frame display order except for the
first frame in a video sequence. We assume that the scene
change does not appear often; hence, picture content would
be almost the same in the previous and the current frame. We
apply spatial interpolation only when the video data of the
previous anchor frame in the corresponding region are lost.
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Figure 2 shows the damaged macroblock under spatial con-
cealment. The damaged macroblock ‘0’ can be partially re-
covered from macroblock ‘1’ and ‘2’. If macroblock ‘1’ and 2’
are both good, they are averaged to reproduce macroblock ‘0’.
If either one of them is lost, we select the good one to replace
macroblock ‘0’. In the worst case that macroblocks ‘1’ and ‘2’
are both lost, macroblock ‘0’ is left as it is. Error concealment
algorithm fails in such a severe data loss situation.

e P- and B-frames: The lost data of the P- or B-frames can

be repaired by thé video data of the previously undamaged I-
or P-frame in the corresponding region. If the motion vector
(MV) of the current damaged block is successfully received
and an error token is present for the DCT coefficients, we can
recover the lost block with the previous I- or P-frame data
compensated with the received motion vector. The previous
I- or P-frame data are stored in the frame memory and are
used as an anchor frame when the motion vector and the error
token of the current frame are received. But, if the current
motion vector is lost, the lost motion vector can be replaced
by the motion vectors of the upper block or the lower block.
The motion vector of the upper macroblock is considered prior
to that of the lower macroblock. This replacement idea based
upon the fact that motion vectors of the adjacent blocks are
very similar.

Qur proposed error concealment system can run in two
different modes: ome-priority coding and two-priority coding.
The most significant difference is the decoder has been en-
hanced to a robust decoder so that the decoding process is
not interrupted due to damaged video signals. It also need
one macroblock line delay to collect more information for the
current decoding block. As for two-priority coding, HP data
and SP data suffer from different levels of noises. This may be
preferred as shown later.

Selective error concealment algorithm is base upon the fol-
lowing sequential processing order.

If (Intraframe)
if ((First-frame) or (Error-token of anchor-frame))
Spatial_Interpolation( );
else
Temporal_Replacement( );
else
if ((Intra-coded macroblock) and
(Error-token of anchor-frame))
Spatial_Interpolation( );
else
Tenporgl_Replacement( )

For a particular block, either spatial concealment or tem-
poral concealment is used, but not both. This is why this
proposed algorithm is called “selective error concealment al-
gorithm”. It can provide rather good picture quality most of
time, and 1s simple to implement as compared to the compli-
cated conventional error concealment algorithms [4].

4.3. Postprocessing

Because error concealment can not provide perfect recovery of
damaged images, we need extra processing to further improve
the subjective quality of the decoded video. The image defects
due to undetected errors or imperfect concealment are classi-
fied into the following three types. Then the defects can be
reduced using the techniques described below.

1. Mosaic pattern reduction: Mosaic effect is due to AC
coefficients loss in contiguous macroblocks and can be detected
easily by checking all coeflicients inside a macroblock. These
macroblocks can often be recovered by using temporal replace-
ment from the previous frame.

2. False coloring reduction: Sometimes, the color compo-
nents of a macroblock are falsely decoded; therefore, the color
of that slice is noticeably different from its lower and upper
adjacent blocks. Hinted by this observation, we check the color
component differences of adjacent pixels between two nearby
macroblocks to decide whether this macroblock has false color.
If it appears in contiguous blocks, the marked false color de-
coding areas are replaced from the preceding frame at the same
location.

3. Blocking effect reduction: A 3 x 3 wide-band low pass
filter is selected. to reduce the effect of edge smearing. In or-
der to preserve the sharpness of pictures, only four lines of
pixels surrounding the to-be-processed block boundaries are
processed with this low pass filter. The slight blocking effect
due to temporal replacement is almost completely removed
when scene has no or little motion and the serious blocking
effect is reduced when the scene contains high motion.

The entire postprocessing system contains the above 3 steps
and they are applied to images in sequel. After going through
the proposed postprocessing, the error concealed and error
pattern removed images are sent to the display.

5. SIMULATION RESULTS

5.1. Lossy Magnetic Channel Model

Lossy channel models are designed to simulate the real en-
vironment of the digital recording on magnetic media. Two
assumptions are undertaken. Omne is that data be infected
must byte aligned, and the other is that the number of error
patterns is limited to the ones below. Two types of damages
are assumed: block damage and byte damage. When a region
of image data are lost or damaged, we call this situation as
block damage. If the image data are damaged only on a spot,
limited to a byte, it is called byte damaged. We assumed that
an error pattern is only one byte long, and the combination is
limited. Especially, error patterns can not to be the same as
the prefix portion of the headers of sequence, GOP, picture,
and slice, i.e. no 24 zeros in succession.

¢ Block damage: We take 1/8 track as a unit, called it
“segment”, and allow 16 kbytes video data per track to meet
the capacity of magnetic tapes. We assume the read/write
errors can be modeled as a two-state Markov-chain: the error
free state and the erroneous state. The transition probability
from one state to another is carefully chosen to match the
practical system.

¢ Byte damage: In the first step, the number of damaged
bytes in a track are selected randomly. In the second step, we
select the location of the byte to be damaged randomly from
the entire track. This process will continue until the total
number of byte damage is completed.

Two set of error probabilities are used in simulation. They
are listed in Table 1. Model 1 has block damage errors only
and Model 2 has byte damage errors only. Model 3 has both.
The initial states of Markov-chains are assumed to be error
free.
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5.2. Evaluation Measures

Two video sequences are selected as test images in our simu-
lations. Each sequence is 30 frames long. The original video
sources are encoded into bit stream and then the bitstream is
fed into a noisy channel. We adopt the peak signal-to-noise
ratio (PSNR) of the luminance component as the performance
assessment for our proposed concealment and postprocessing
algorithms. Concealment gain and postprocessing gain are is
defined below. Subjective picture quality of simulated pictures
is judged directly by human observers.

Concealment_gain = PSN Rconceated — PSN Raamaged.
Postprossing.gain = PSN Rpostprocessed = PSN Reonceated.

5.3. Performance of Error Concealment Algorithm Alone

In this subsection, the reconstructed images are only processed
by the proposed error concealment algorithm described in the
previous sections. The performance of one-priority coding and
that of two-priority coding are quite different. To resemble the
noisy channel in reality, we choose Model 3 of lossy channel
as simulation environment. The macroblock numbers per slice
(MBPS) is a simulating parameter. Several MBPS values are
tested. Two picture formats, CIF and CCIR, are simulated.
Due to limited space, only CIF (352 pels x 240lines) pictures
results are included. On the PSNR plots, “100 dB” means no
channel error.

< One-Priority Coding >
Four values of MBPS are simulated to compare the concealed
picture quality. We take the high noise case as examples.
Figure 3 displays the PSNR of the damaged “Flowergarden”
through high noise channel. Figure 4 shows the effectiveness
of error concealment. The average PSNR and the concealment
gain at of different MBPS is listed in Table 2.

From our simulation results, MBPS at about 15 is a good
choice since it does not produce too much overhead and has
very good concealment gain on the same pictures at the same
bit rate. If MBPS is chosen to be equal to macroblock num-
bers per line (MBPS = 22 in this case), the performance is
very unstable. If also produces uncomfortable subjective im-
age defect.

< Two-Priority Coding >
In this coding scheme, IDC and DDC parts are impaired by
noises with different probability. When the DDC data en-
counter high noise, the IDC data have low noise; when the
DDC data encounter low noise, the IDC data are error free.
This is under the assumption that the IDC data are protected
a heavy error control code. Hence, the error probability of
IDC data is lower. The bit rate of this scheme is almost the
same with that of one-layer coding one. The bits ratio of IDC
to DDC data is about 1:4 in our simulations.

The PSNR and concealment gain of the video sequence,
“Flowergarden”, are shown in Figure 5. Again, “100 dB” in-
dicates perfect recovery (no error). They reveal that picture
quality of the damaged images in two layer coding scheme is
better than that in one layer coding scheme. Since the decoder
can get more reliable information in two layer coding scheme,
the error concealment does not need to do very much work.

5.4. Error Concealment plus Postprocessing

Since The concealed images are further processed through a
postprocessor, the bit rate is the same as that described in

the previous sections. The PSNR measurement does not ai-
ways match to the real human visual perception. Typically,
the PSNR improvement with postprocessing is about 1 dB
with respect to the concealed results when additional errors
are detected in our postprocessor. The pictures, however,
demonstrate noticeably subjective quality improvement over
the concealed images. One layer coding and two layer coding
schemes are both simulated. To compare the results in num-
bers, we list the average PSNR improvement of various cases
in Table 3. It can be seen that postprocessing improvément
dependents upon the characteristics of the video sequences.

6. CONCLUSIONS

Although MPEG video coding standard is quite efficient and
flexible, it suffers from channel noise particularly for the rather
noisy DVCR channels. In this paper, we present a modified
MPEG encoder, two DVCR channel models, an enhanced ro-
bust decoder, a selective error concealment algorithm, and a
reliable postprocessor. The picture quality with the proposed
scheme is significantly improved when data are damaged by
channel noise.

The effectiveness of this scheme is not only owing to the
individual elements in it but also owing to the complete system
structure in which each element is designed to match each
other. Previous studies often emphasize on one element of a
complete system. For example, a well-tuned error concealment
algorithm assumes all the errors can be detected from syntax,
which is not true in practice. Thus, our simulations in this
study are closer to how a real system could perform.
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one-priority coding scheme.
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Figure 5: (a) PSNR assessment (b) Concealment gain of video
sequence through noisy channel (Model 8) for Flowergarden
(CIF), MBPS=15, in two-priority coding scheme.

Error Probability

Block damage (Model 1),

Transition probability

Byte damage

bad to good | good to bad (Model 2)
High noise channel 0.99 0.01 8.33 x 10~°
Low noise channel 0.995 0.005 4.16 x 107°

Table 1: Noisy channel models.

(unit:dB) Low error rate High error rate
PSNR [ PSNR [ Concealment | PSNR | PSNR | Concealment
(1) (2) gain (1) (2) gain
MBPS=10 51.28 55.12 3.85 18.89 23.63 4.74
15 52.75 58.10 5.35 17.02 26.25 9.23
22 61.61 64.64 3.03 17.16 23.52 6.36
30 51.06 55.90 4.84 14.66 22.01 7.36

Table 2: The average PSNR of (1)damaged images and (2)con-
cealed images and concealment error of different MBPS for
Flowergarden (CIF) through noisy channel (Model 1) in one

layer coding scheme.

(unit:dB) One layer coding

Two layer coding

Flowergarden

Football

Flowergarden Football

(2)only | (1)+(2) | (2)only | (1)+(2)

(2Jonly | (1)+(2) | (2Jonly | (1)+(2)

Low error -0.003 5.35 0.000 5.42

-0.002 0.01 0.004 0.31

High error || -0.071 9.16 0.063 5.65

-0.046 0.73 0.035 2.74

Table 3: (1)Concealment and (2)Postprocessing gain measure-

ment (CIF)
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