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ABSTRACT

Fine Granularity Scalable (FGS) video coding scheme provides
a layered bitstream structure with different importance at
different layers. This property makes FGS bitstream more
suitable for transmission over the error-prone channels with
unequal error protection schemes. Even though the hierarchical
FGS enhancement bitstream can always resynchronize in the
next video packet when there are transmission errors, each error
will still cause a large amount of received enhancement bits
undecodable due to the dependency among enhancement layers.
In this paper, we first propose to use the Universal VLC (UVLC)
technique to further limit the effects of transmission errors to
within one or only a few blocks by taking advantage of the
excellent self-synchronization property of the UVLC.
Furthermore, the higher priority data of Coded Bit Pattern (CBP)
is separated from the DCT data in the same video packet and
put in the beginning of each video packet to avoid the error
impact from the DCT coefficients. The experimental results
show that the FGS enhancement bitstream with the proposed
coding techniques has greater capability in locating and
isolating errors and resynchronization. The decodable bits of
FGS enhancement layer increase significantly while the bit rate
increases. Meanwhile, the decoded video quality can be
improved up to 0.8dB in PSNR.

1. INTRODUCTION

With the rapid growth in mobile communication, there is an
increasing demand for reliable video transmission over wireless
links from more and more important real applications. The FGS
(Fine Granularity Scalable) coding [1][2] provides a very
promising solution for robust video transmission over error-
prone channels, such as wireless channels. Firstly, the FGS has
an inherent error recovery feature, which can immediately
recover from any transmission errors in the enhancement layer
in the next frame. Secondly, the FGS provides a layered
bitstream structure with different importance at different layers.
This bitstream structure makes it very suitable for applying UEP
(Unequal Error Protection) technique that provides stronger
error protection to the more important data, such as the base
layer bitstream.
In [3], we proposed a hierarchical bitstream structure with
resynchronization markers for the FGS enhancement layer,
which has already been adopted in MPEG-4. The enhancement
layer bitstream is divided into many video packets by the
resynchronization markers. When there are errors detected in the
enhancement layer bitstream, the decoder only discards the
video packet in which error occurs and searches for the next
resynchronization point, such as VOP (Video Object Plane) start
code, BP (Bit Plane) start code, and VP (Video Packet) start

code. The hierarchical bitstream structure provides a simple
and yet effective solution to increase the error resilience
capability of the FGS enhancement layer.
Although transmission errors can be successfully localized to
within one video packet by using the hierarchical bitstream
structure, the decoder still has to discard a large amount of
correctly received enhancement bits due to the dependency
among enhancement layers. An erroneous video packet in one
layer also causes all the corresponding video packets in the
higher enhancement layers undecodable, especially, when the
transmission errors take places in those video packets in the
lower enhancement layers. One such transmission error may
cause a great amount of bits undecodable, thus we cannot
ignore such its impact. The experimental results using
simulated wireless channels show that the percentage of the
bits correctly decoded is only about 20%~60% of the total
bits transmitted. Therefore, a more challenging question is
how to limit the transmission errors to an even smaller region
and to make more received bits decodable.
Since the FGS enhancement layers are encoded with bit plane
coding technique, there is strong dependency among bit
planes. Therefore, it is more difficult to improve the error
resilience capability in the enhancement layer bitstream than
in the base layer bitstream. In this paper, we first try to
replace the VLC table for bit plane coding with Universal
VLC (UVLC) [4][5] because of the excellent self-
synchronization property of UVLC. This can help the FGS
enhancement decoder to limit the transmission errors to one
or only a few blocks. However, the CBP data in the
enhancement macroblock header may still block the UVLC
resynchronization. Compared with the DCT data, the CBP
data is more important for the FGS decoder. Therefore, the
CBP data in each video packet is output to bitstream file
before DCT data. The same UVLC table with different
semantics is used to encode CBP data.
This paper is organized as follows. Section 2 redefines the
semantics of UVLC to make it suitable for bit plane coding.
Section 3 discusses the proposed error robust coding
techniques in detail. Meanwhile, the decoding process is
described according to the proposed FGS bitstream structure
in this section. Section 4 presents the experimental results by
the simulated wireless channel. Finally, we summarized the
paper in section 5.

2. REDEFINITION OF UNIVERSAL VLC

In order to improve the capability of error detection and
localization and resynchronization of the FGS enhancement
bitstream, we adopt the UVLC technique [4][5][6] for coding
both CBP and DCT coefficients. The rapid self-
synchronization property of UVLC makes the FGS decoder
limit the impact of transmission errors to a smaller region,
and brings great benefit for the enhancement decoding in
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error-prone environment. In addition, the simple relationship
between the code number and the length of a codeword leads to
fast encoding and decoding processes.
For the FGS enhancement layer coding, we redefine the
semantics of each codeword in the UVLC table. The UVLC

(RUN, UVLC) table is showed in Table 1, where nx takes value

one or zero. The first item denotes the case of zero run length.
The second item EOB denotes the end of each block or all the
coefficients of this block in this bit plane are zero. Other items
denote the different run lengths. Note, there are two definitions
for EOB “001” and “011”. If the number of non-zero
coefficients in a block is odd, the EOB “001” is used in this
block, otherwise the EOB “011” is used in this block. This is
very useful for detecting the transmission errors, especially for
transmission over the random error channels. The two different
EOBs provide the UVLC table an additional capability to detect
the parity change in the number of non-zero coefficients.
The codeword consists of the coarse code and INFO, and the
two parts are interleaved bit by bit. The INFO part is defined as

01.. xxxINFO n= ,

while the coarse code is a binary array containing a series of
zeros followed by a ‘1’ in the end. L is the length of codeword in

bits. The number of bits in the INFO part is 2
L . Accordingly,

The definition of the code number is

12 2 −+= INFOnumbercode
L

.

When INFO and L are known, the regular structure of the UVLC
table makes it very easy to generate a codeword bit by bit
according to the INFO. Similarly, a decoder can also directly
decode the INFO bit by bit until the last ‘1’, which indicates the
end of a codeword.

Table 1: RUN UVLC table.

uvlc table in compressed form code
size

absolute value
of run

1 1 0
0 x0 1 3 EOB & All

Zero
0 x1 0 x0 1 5 1:4
0 x2 0 x1 0 x0 1 7 5:12
0 x3 0 x2 0 x1 0 x0 1 9 13:28
0 x4 0 x3 0 x2 0 x1 0 x0 1 11 29:60
0 x5 0 x4 0 x3 0 x2 0 x1 0 x0 1 13 61:63

If there is a one-bit transmission error in the INFO bits, only the
current codeword will be incorrectly decoded, the next
codeword will not be affected by this error. If there is a one-bit
error at the position of zeros in the coarse code, a wrong ending
‘1’ bit is obtained. The current and the next codewords are
wrongly decoded, but the third one will be synchronized again.
At last, if the one-bit error occurs at the last ‘1’ bit of the
codeword, the current and the followed two codewords will be
wrongly decoded and then the decoder will be synchronized
again. Therefore, after a random bit error, the decoder can
resynchronize after at most two code words. The example
decoding processes in case of random bit errors is illustrated in
Figure 1.

3. ERROR ROBUST CODING FOR THE FGS
ENHANCEMENT BISTREAM

As mentioned above, although the hierarchical enhancement
bitstream structure illustrated in [3] can successfully isolate
the errors within one video packet, the decoder has to discard
the whole video packet and the corresponding video packets
in higher enhancement layers when an error is detected. Thus,
a large amount of transmitted data still cannot be decoded. To
further limit the impact of transmission errors to one or only a
few blocks, we apply the UVLC technique for the
enhancement layer bit plane coding. Since the CBP data is
more important and has higher priority , the CBP data are
first encoded in each video packet. Moreover, separation of
CBP data from DCT data also makes sure that the self-
synchronization of UVLC is not affected by CBP data or
DCT data.
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Figure 1: The decoding processes in the case of bit error
occurring.

As showed in Figure 2 one video packet may consist of a
VPH (Video Packet Header) and the slice data, or a BPH (Bit
plane Header) and the slice data for the first video packet of
the every bit plane. Each slice includes a few macroblocks in
raster-scan order. Since the CBP only exists in the first two
bit planes, the CBP field for each macroblock is first encoded
in these bit planes. The bits followed are used to encode the
run length of zero coefficients for each block. The one-bit
sign is coded with the MSB (Most Significant Bit) of each
coefficient together.
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Figure 2: The hierarchical structure of the proposed
enhancement layer bitstream.
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The CBP field in a macroblock indicates the coding pattern of
its six blocks. If CBP is incorrectly decoded, the decoder will
make wrong decision on which block should be decoded, so the
following macroblocks in this video packet may be affected. It is
clear that the CBP is more important than the run length of DCT
coefficients. As a result, we separate it from the DCT
coefficients during the coding process, and place the CBP data
of all MBs at the beginning of each slice. So the errors occur in
run length codewords will not affect the CBP of the
macroblocks followed. At the same time, the self-
resynchronization of UVLC will also not be affected by the CBP
data.
Figure 3 illustrated the new structure of slice we proposed in this
paper. In the proposed slice structure, a unique CBP marker
separates the CBP data from the DCT data in the same video
packet. The CBP marker is derived from the CBP VLC table
such that the codeword is not any possible emulation of the CBP
UVLC tables. This marker also indicates to the decoder to stop
the decoding of CBP and to start the decoding of DCT
coefficient. In fact, the CBP marker provides the decoder strong
capability to validate the CBP data. If an error is detected in the
CBP section, the decoder has to give up the decoding of this
video packet and find the next resynchronization point.
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Figure 3: The proposed slice structure.

For DCT coefficient coding, we change the semantics of bit
plane VLC from (RUN, END) to (RUN, EOB). As mentioned in
Section 2, the UVLC coding has excellent self-synchronization
property. If the transmission error doesn’t corrupt the EOB
codewords, the error will only affect two run length codewords
followed in the worst case, and then the decoder can gain
synchronization again. In other words, this kind of errors only
affects the decoding results of one block. So when an error is
detected, the decoder continues the decoding process until an
EOB, instead of discarding the whole video packet. Only the
block with errors will be set as failed and the corresponding
blocks in the higher enhancement layers also will not be
decodable. If the error unfortunately occurs at the EOB
codewords or the error occurred in the previous codewords
affects the EOB decoding, it can make several blocks
undecodable. In the worst case, the decoder does not know
exactly how many blocks are corrupted by this kind of errors.
Consequently, once such an error is detected the decoder has to
discard the rest of the current video packet.

4. EXPERIMENTS AND ANALYSIS

Simulation experiments are used to verify the proposed
techniques. The test sequences, Foreman, Coastguard, and
Akiyo (CIF format) are used in our experiments. In the
experiments, every I frame is followed by 99 P frames, and no B
frame is used. The encoded frame rate is 10Hz. The limitation

on the length of the motion vectors is set to within ±32 pixels.
The bit rate of base layer is 128 kbps with TM5 rate control.
The enhancement bitstream is truncated at 128kbits/s,
256kbits/s, …, up to 896kbits/s. The channel model generates
a simulated wireless channel with random errors and its error
rate is 10e-3. The goal of the simulations is to verify the
robustness of the new enhancement bitstream with the
proposed techniques. Here we assume that there are no errors
in the transmission of the base layer bitstream. In addition, no
channel coding is applied to the enhancement bitstream for
channel error protection. Each video packet contains the
macroblocks of one row.
The experimental results are given in Figure 4, Figure 5 and
Figure 6, which are the average values of 5 experiments
because of the randomness of the simulated channel. These
results are the actual decoded bits for the original and the new
enhancement bitstreams with different bit rates. The actual
decoded bits per frame in the enhancement bitstream are
defined as the total bits for correctly decoded video packets.
Note that the number of overhead bits introduced by the
UVLC table is also included in it, because it is difficult to
accurately calculate the number of overhead bits introduced
by UVLC table compared to the original VLC table. But we
can calculate the difference of the total bits used to encode
two types of enhancement layer bitstreams from start of one
VOP to a special video packet. Then the overhead percentage
is defined as this difference versus total bits, including the
base layer bits and the enhancement layer bits. The overhead
percentage is shown in Table 2 for three tested sequences,
where the bit rate is the sum of the base layer and the
enhancement layer bitstream.

Table 2: The overhead percentage in new
enhancement bitstreams.

Bit rate
(kbits/s)

Foreman Coastguard Akiyo

256 5.6284% 6.7931% 3.5913%
384 7.7794% 8.8956% 4.9825%
512 8.2755% 9.0386% 5.6052%
640 8.1495% 8.9790% 5.7851%
768 8.0150% 9.0501% 5.7613%
896 7.8339% 9.2090% 5.7526%

1024 7.6987% 9.0514% 5.7472%

From the experimental results we can see that the actual
decoded bits of the two types of enhancement layer
bitstreams linearly increase as the effective channel
bandwidth increases from 128 kbits/s to 896 kbits/s. The
decoded bits of the new enhancement bitstream are more than
that of the original enhancement bitstream at all bit rates. The
difference becomes more and more significant as the
bandwidth increasing, and at the 896kbit/s the actual decoded
bits of the new enhancement bitstream are two times as that
of the original bitstream. For Foreman sequence, the gain of
PSNR using the new bitstream is about 0.61dB when the
enhancement bit rate is 896kbps, for the Coastguard sequence,
it is about 0.86dB and for the Akiyo sequence it is about
0.64dB. Table 3 gives the PSNR gain of the three sequences
at different bit rates.
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Table 3: PSNR gain when transmitting error-phone
channel.

Bit rate
(kbits/s)

Foreman Coastguard Akiyo

256 0.06381� 0.085325� 0.159099�
384 0.230292� 0.391258� 0.272949�
512 0.405489� 0.599582� 0.37682�
640 0.426495� 0.637222� 0.463146�
768 0.44641� 0.695074� 0.604344�
896 0.542404� 0.818691� 0.671055�

1024 0.608885� 0.856736� 0.639564�

From the number of actual decoded bits, the new enhancement
bitstream should provide more gain in the coding efficiency. The
reason why the PSNR gain is not as much as we expected is that
some errors in the new enhancement bitstream are not detected.
Those wrong DCT coefficients are still used to reconstruct video
in the decoder. This will reduce the quality of the decoded video.
In other words, although more bits are decoded in the new
enhancement bitstream, some gains are reduced by the
incorrectly decoded data. New methods are being investigated to
discard those wrongly decoded DCT coefficients and hopefully,
it will boost the performance of the proposed techniques
significantly further.

5. CONCLUSION

Simple and effective error resilience techniques are very
important to the FGS enhancement bitstream. In this paper, we
first proposed to use the Universal VLC (UVLC) technique to
further limit the impact of transmission errors to one or only a
few blocks because of its excellent self-synchronization property.
Moreover, the data of Coded Bit Pattern (CBP) with higher
priority is separated from the DCT data in the same video packet.
With the help of these two techniques, the FGS enhancement
bitstream is more robust to random errors. Future works
involves how to take advantage of the significantly increases
correctly decoded bits and reduce the effects of wrongly
decoded DCT coefficients.

6. REFERENCES

[1] F. Ling, W. Li and H.-Q.Sun, “Bitplane coding of DCT
coefficients for image and video compression”,
Proceedings of SPIE VCIP’99, San Jose, Jan.25-27, 1999.

[2] W. Li, “Fine granularity scalability in MPEG-4 for
streaming video”, ISCAS 2000, Geneva, Switzerland, May
28-31, 2000.

[3] Rong Yan, Feng Wu, Shipeng Li, and Ran Tao, “Error
resilience methods for FGS video enhancement bitstream”,
IEEE-PCM2000, Sydney, Australia, Dec.13-15, 2000.

[4] G. Bjontegaard, “Response to call for proposals for
H.26L”, ITU-T Q.15/16, Doc. Q15-F-11, Seol, Korea, Nov.
3-6, 1998.

[5] G. Bjontegaard, “Definition of the new coding elements
from Telenor”, ITU-T Q15/16, Doc. Q15-J-28, Osaka, May
16-18, 2000.

[6] Y. Itoh, N. -M. Cheung, �Universal variable length code
for DCT coding�, 2000 IEEE International conference on

image processing (ICIP2000), Vancouver, British
Columbia, Canada, Sep. 10-13, 2000.

FOREMAN

����

�����

�����

�����

�����

�����

�����

�����

�����

��� ��� ��� ��� ��� 	�� �
�

����

��������

��	

Figure 4: The actual decoded bits vs. the enhancement
layer bit rate for Foreman sequence.
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Figure 5: The actual decoded bits vs. the
enhancement layer bit rate for Coastguard sequence.
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Figure 6: The actual decoded bits vs. the enhancement layer
bit rate for Akiyo sequence.
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