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Abstract In this paper, a Context-based 2D Variable Length Coding (C2DVLC) method for coding the transformed
residuals in AVS video coding standard is presented. One feature in C2DVLC is the usage of multiple 2D-VLC tables
and another feature is the usage of simple Exponential-Golomb codes. C2DVLC employs context-based adaptive multiple
table coding to exploit the statistical correlation between DCT coefficients of one block for higher coding efficiency. Exp-
Golomb codes are applied to code the pairs of the run-length of zero coefficients and the nonzero coefficient for lower
storage requirement. C2DVLC is a low complexity coder in terms of both computational time and memory requirement.
The experimental results show that C2DVLC can gain 0.34dB in average for the tested videos when compared with the
traditional 2D-VLC coding method like that used in MPEG-2. And compared with CAVLC in H.264/AVC, C2DVLC shows

similar coding efficiency.

Keywords

1 Introduction

Entropy coding plays an important role in image
and video compression. Its basic function is to elim-
inate data redundancy existing in source symbols and
therefore supply an efficient and equivalent expression
for the source, where “equivalent” means the expression
is reversible and uniquely lossless decodable. Ideally, we
expect to use the minimal bits to express the source,
its bound equal to the source entropy. To reach this
object, a common scheme is, first to estimate the prob-
ability P(-) for the current source symbol to be coded,
and then to use —log P(+) bits to signal it (logarithm
are taken to the base 2). Generally these two steps are
called modeling and coding!®?!, respectively. In the prac-
tical applications, the sources are always not indepen-
dent and identically distributed so that entropy coding
relies on context modeling to get source symbols’ con-
ditional probability for further coding efficiency.

In block-based hybrid video codec, the transformed
residual data is a kind of important source. It accounts
for the major percentage of total coding bits in most
applications. So the coding efficiency of the whole video
codec is tightly relative to how efficiently the residual
data are entropy coded. The statistical characteristics
of the transformed residual data exhibit nonstationari-
ness. Under different coding conditions, such as different
quantization step sizes and different coding frame rates,
the residual data will have diverse statistical behaviors.
Even in the same coding condition, the residual data
coming from different sequences or the same sequence
but in different local parts will also comply with dif-
ferent probability distributions. So how to identify the
local statistical variations based on context information
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and estimate the conditional probability is getting more
and more important for higher coding efficiency.

A natural realization of the upper context model-
ing (conditional probability estimation) and coding is
adaptive arithmetic coding. Adaptive arithmetic cod-
ing always contains two operation modules, one is con-
text modeling which performs the collection and analy-
sis of the previous coded symbols and outputs the con-
ditional probability for the next symbol, the other is
coding engine which performs arithmetic coding based
on the assigned probability. Especially, the probabil-
ity can be any precise if the implementation cost is not
considered and can be any value with no limitation of
probability smaller than 0.5. These inherit features en-
able arithmetic coding with high coding efficiency. Pre-
vious video coding standards have adopted arithmetic
coding as an efficient tool. Earlier in H.2633!, an op-
tional arithmetic coder is specified in the normative
part, which contains multiple probability distribution
models which are selected automatically in coding pro-
cess. It expresses a simple context adaptive mechanism
but has limited ability for tracking probability varia-
tion. After that, a sophisticatedly designed arithmetic
coder, named Context-based Adaptive Binary Arith-
metic Coding (CABAC)[ was proposed and adopted
by H.264/AVC[5]. CABAC combines an adaptive binary
arithmetic coder with many well-designed context mod-
els to fulfill adaptation to the symbol statistical behavior
and results in significant coding efficiency improvement.
Although CABAC brings high coding efficiency and per-
fectly matches the paradigm of modeling and coding for
source compression, in some cases its hardware imple-
mentation cost is still unaffordable, which limits its ap-
plication.
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Another important class of entropy coding methods
is Variable Length Coding (VLC). VLC-based entropy
coding has been popular in video coding standards and
market products since it is regarded as a better compro-
mise between complexity and efficiency. But in the view
of context modeling, VLC-based entropy coding is not
as powerful and efficient as arithmetic coding. Because
in VLC coding only can integer bits be assigned to a
symbol, which cannot match the probability of not 2~¢
distribution (arithmetic coding can do). An attempt of
context modeling based on VLC codes is LOCO-I!! for
lossless and near-lossless image compression. LOCO-I
utilizes the context modeling technique and on-the-fly
estimates the parameters of G-RI%! codes for VLC cod-
ing. Higher coding efficiency is obtained, but not re-
markable. If applied in real-time video encoding and
decoding applications, LOCO-I’s parameter estimation
and context model update are still high complexity sen-
sitive. So the design of VLC-based entropy coder in
video coding should still pursue a better compromise be-
tween complexity and efficiency, and take some simple,
straightforward and efficient context adaptation tech-
nique for higher coding efficiency.

VLC coding based on fixed VLC tables were used
in previous video coding standards like MPEG—2/4[7’8]
and H.263. It is a very simple method. To obtain
further coding efficiency, some simple adaptations are
used. MPEG-2/4 uses different VLC tables for intra-
and inter-predicted residual blocks. H.263 adds op-
tional advanced INTRA coding mode and alternative
INTER VLC model®! to gain some adaptation. But all
these VLC-based coders only use one single VLC ta-
ble when a transformed residual block is coded. So the
context correlation existing in one block cannot be fully
exploited, which results in low efficiency. In the trans-
formed residual data block, such as the DCT block in
hybrid video coding, it is a well-known statistical obser-
vation that as DCT subband frequency increases, the
magnitude of nonzero coefficient gets smaller and the
run-length of successive zero coefficients becomes longer,
which also has been pointed out in image codingl®.
This indicates a kind of statistical context correlation
for further compression. Context-based Adaptive Vari-
able Length Coding (CAVLC)[1%11] designed for 4 x 4
DCT in H.264/AVC makes use of this context to reduce
inter-coefficients redundancy and obtains higher coding
efficiency.

For superior coding performance the design of
C2DVLC also exploits the above mentioned context cor-
relation in DCT block, but with different ways compared
to CAVLC. Two requirements are fully considered in the
design to make C2DVLC a good compromise between ef-
ficiency and complexity: 1) the coder should be suitable
for 8 x 8 DCT which is used in AVS1-P2 video coding
standard1?; 2) the exploration of the context correla-
tion should be both simple and effective which can be
viewed as a low complex mode of the context modeling
technique. The first requirement comes from the fact
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that CAVLC will arouse high table storage requirement
if directly implemented in 8 x 8 transform size. The
second is that the context exploration can be highly
complex if no constraint is set. The goal of C2DVLC
is to obtain the easier and relatively bigger efficiency
improvement at the cost of smaller complexity increase.
The rest of the paper is organized as follows. Sec-
tion 2 overviews the design of C2DVLC and gives its
algorithm flowchart to illuminate how a DCT block is
entropy coded. Section 3 explains in detail the C2DVLC
design and the underlying ideas. Section 4 provides the
experimental results and performance comparison. The
conclusions are presented in the last section.

2 Overview of C2DVLC

13] i5 used to translate two-

In AVS video, zig-zag scan!
dimensional DCT coefficients into a sequence of (Run,
Level) pairs, where Level indicates a nonzero coefficient
and Run indicates the number of successive zero coeffi-
cients before a nonzero one. This translation makes the
above stated context correlation in DCT having a new
form. That is, in the statistical view, Levels show a de-
creasing tendency with respect to the magnitudes while
Runs show an increasing tendency. Further, it can be
seen that a Level with small magnitude is more likely to
be preceded by a large Run and the probability of being
preceded by a large Run diminishes while Level’s mag-
nitude increases. From this new form, we can get two
pieces of knowledge: 1) Run and Level are correlated
and 2) the probability distribution of Run and Level
combinations varies along the (Run, Level) sequence.
So C2DVLC uses a single VLC code to jointly encode
Run and Level to exploit their correlation. We define
this kind of coding as Two-Dimensional VLC coding
(2D-VLC). To exploit the second knowledge, C2DVLC
utilizes multiple 2D-VLC tables for the probability dis-
tribution variation. To realize context-based adaptive
switch of these tables in coding process, a function of
the previously coded Levels’ magnitudes is used as an
indicator to identify the big distribution variations and
decide the corresponding tables used. This function is
simply defined as producing the maximal value. Spe-
cially, the coding is in the reverse zig-zag scan order,
which makes it easier to follow the variation based on
Level information. A default 2D-VLC table is used to
code the first (Run, Level) pair along the reverse scan
order. Exp-Golomb'* codes (E-G codes) are used in
C2DVLC for simplicity and efficiency.

Fig.1 illustrates the algorithm flowchart of C2DVLC
to highlight how a DCT block is entropy coded. Sup-
pose a DCT block contains N nonzero coefficients and
the (Run, Level) pairs after the zig-zag scanning are se-
quentially stored in the buffer RLBuf[i], i = 0 ~ (N —1).
C2DVLC begins the coding at the lattermost (Run,
Level) pair, RLBuf[N — 1], with the default 2D-VLC
table indexed by the variable TableInder = 0. If the
current (Run, Level) pair is in the range of current 2D-
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VLC table TableArr[TableIndea], then a table look-up
operation is done to find the CodeNumber and the cor-
responding E-G codeword is outputted (Code Number is
a mapping relationship between a (Run, Level) pair and
its unique E-G codeword). Otherwise Run and Level
are coded separately by escape coding method which
will be discussed in the following section. After the cod-
ing, TableIndex update is needed to decide which table
will be used to code the next (Run, Level). The max-
imal magnitude, Lmaz, of the previously coded Levels
is used to decide how to switch to the next table. Then
the coding and table switch are iteratively going on un-
til all the (Run, Level) pairs are coded. At last the flag,
EOB, is coded to signal the end of block.

Tablelndex =0

(Run, Level) = RLBuf [k]

is covered by Yes

ableArr[Tablelnde.

4

CodeNumber =
TableArr[Tablelndex][Run][Level]
Lervel and Run ¢

are coded by Output E-G codeword
escape coding indexed by CodeNumber

No ‘ Yes

| Lmax = abs(Level) |

Tablelndex
= TIndex[Lmax)]
]

Fig.1. Flowchart of C2DVLC encoding.

In summary, the main techniques in C2DVLC in-
clude: 1) 2D-VLC for Run and Level combination; 2)
coding in the reverse zig-zag scan order; 3) coding with
multiple 2D-VLC tables; 4) context-based adaptive ta-
ble switch based on the previously coded Level informa-
tion; 5) E-G codes.

Except for the transformed residual data, AVS video
adopts a finite-extended Oth order E-G codes or some-
times fix length codes to code all other syntax ele-
ments. AVS video includes AVS1-P2 and AVS1-P7[15],
In AVS1-P7, the VLC coding scheme for the trans-

formed residual data is a modification of C2DVLC. For
detailed information, please refer to [15, 16].

3 Detailed Description of C2DVLC
3.1 Coding in Reverse Zig-Zag Scan Order

C2DVLC utilizes Level’s changing tendency to iden-
tify the big probability variations, and further designs
multiple tables and takes Level-based table switch. Cod-
ing in the reverse scan order will make it easier to follow
the tendency of Level variation. Fig.2 shows the prob-
ability distributions of the first and lattermost nonzero
coefficients of DCT blocks in the zig-zag scan order.
From the probability curves, we can say, in the global
statistical view, Level sequence shows an increasing or
decreasing tendency when viewed from different direc-
tions. But for a particular Level sequence, the tendency
is not monotonically increasing or decreasing. In fact it
always shows vibration. So when the Level sequence is
viewed along the reverse scan order, it is easy to judge
to which degree the increasing tendency has been based
on the maximal magnitude of the previously coded Lev-
els. But for the forward scan order it is not so easy
and straightforward to determine the degree of the de-
creasing tendency due to the local tendency vibration.
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Fig.2. Probability distributions of the first and lattermost nonzero

coefficients in the zig-zag scan order. (a) First. (b) Lattermost.
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The major reason that C2DVLC adopts a reverse coding
order lies in this.
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Fig.3. Probability distributions of (Run, Level) pairs. (a) Latter-
most (Run, Level). (b) First (Run, Level). (c) All the cases in

average.

3.2 2D-VLC Tables

The probability distribution of Run and Level combi-
nations varies progressively along the reverse scan order.
Figs. 3(a) and 3(b) show the probability distributions of
the lattermost and the first (Run, Level) pairs in the zig-
zag scan order, respectively. These two distributions can
be viewed as the start point and end point of the process
of the distribution progressive variation. The intermedi-
ate states of this process can be imaginarily interpolated
by the two distributions according to the rule that the
probability of (Run, Level) with a small Run and a large
Level will progressively increase. In fact, from the actual
statistical data we also can get the similar intermediate
states. Fig.3(c) shows the probability distribution of all
the cases of (Run, Level) pairs in a global view. We
can see it exhibits a big different shape with Figs. 3(a)
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and 3(b), because it reflects a global average not a local
characteristic. This is also the reason that the tradi-
tional VLC coding with a single VLC table, designed to
match the global distribution, cannot adapt to local sta-
tistical variations and leads to low efficiency. For higher
efficient coding of the statistical varying (Run, Level)
pairs, a straightforward idea is to utilize multiple tables
to match the different local distributions, which is also
good at not arousing the high computational complexity
as context modeling technique does.

3.2.1 Table Design

Now the problem can be depicted as how many tables
are needed to achieve the highest efficiency for coding
the statistical varying (Run, Level) pairs on the con-
straint of acceptable table storage size, and how to build
these tables. First it can be clarified that not the more
the tables are used the higher the coding efficiency can
be obtained due to the limitation of E-G codes used in
C2DVLC. E-G codes have a regular codeword structure
composed of a prefix code and a suffix code as listed in
Table 1. When (Run, Level) pairs with different prob-
abilities are coded by E-G codes which have the same
length of suffix codes, the probabilities of these (Run,
Level) pairs in fact are equal in the view of the same
length of the final coding bits. In this case it is not nec-
essary to use multiple tables to adapt to this kind of sub-
tle probability variation due to their utility equivalent
to just one table. Therefore, we need to identify those
typical distribution variations that are big enough and
only assign tables for them. Accompanying these big
probability variations the magnitude increases of Level
are observed. So we can utilize the Level increase as an
indicator to find the superset of the typical probability
distributions in the process of distribution progressive
variation and design 2D-VLC tables for them. Here a
Level increase means a Level with its magnitude bigger
than all the previous appears.

Refer to a (Run, Level) sequence as (rp,l5),-..,
(ro,lo), which is indexed in the reverse scan order, and
define sets St as follows,

So = {(ri, ;)| = 0}, (1)
St ={(ri,li)|k <1< k+m, m >0, and for part
'7(Tkalk)7
abs(lg—1) = T, abs(lkym) > T, abs(l,) < T,
E<p<k+m-1}T >0. (2)

of the sequence(rTk4m, lk+m), - -

At the same time, we suppose sets St have the func-
tionality to count the occurrences of a particular (Run,
Level) in it. According to the definition of upper sets,
when a (Run, Level) sequence is tracked along the re-
verse scan order, we can put each (Run, Level) pair into
one and only one of them. Fig.4 demonstrates how a
(Run, Level) sequence is tracked to build the sets St.
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It can be seen a set St collects the (Run, Level) pairs be-
tween two successive Level increases including the (Run,
Level) incurring the second increase. So with the assis-
tance of the sets S, the statistical data for calculating
the potential typical probability distributions identified
by Level increase can be obtained through building these
sets.

To make sure the generality of the obtained typical
probability distributions and the final 2D-VLC tables,
it is on a set of test sequences representing typical ma-
terial of HD application and at a range of acceptable
visual quality of about 30dB to 40dB that a two-step
statistical procedure is used.

|<—S5—>|4—53 :!:
9,0), 5.0, 3,0), (1,1), (3,0),

-

Sl—VIQ—S()—>|

(1,2), (1,1), (1,5), (1,3)

Tracking direction

Fig.4. A sample of tracking a (Run, Level) sequence to build sets
St.

Step 1. Do statistics to get valuable distributions.

Tracking all (Run, Level) sequences produced in cod-
ing process in the reverse scan order to build sets S, we
obtain sets Sp, S1,...,S19, and Sypper. Supper is equal
to Sz0US21 U---. In common coding conditions the sets
St with T bigger than 19 are very small so that it is nec-
essary to combine these infrequent cases to be managed
as a whole one. Then these twenty-one sets can produce
twenty-one probability distributions of Run and Level
combinations, referred to as pmf,, i = 0 ~ 20, because
these sets have the ability of memorizing the counter of
(Run, Level) instances. We think these pmfs are the
valuable distributions based on the observation that a
Level increase potentially indicates a big distribution
variation. For each upper pmf the optimal k-th order
E-G codes can be decided for realizing VLC coding.

Step 2. Merge to get typical distributions.

It is not economical to design twenty-one 2D-VLC
tables corresponding to the upper pmfs, because many
of them are similar. So a merging procedure is needed
to combine the similar sets or pmfs into a typical one.
A coarse merging can be firstly carried out based on
distance calibration between two pmfs. A pmf can be
viewed as a curving surface in the three dimensional
space with three axes of Run, Level and probability of
(Run, Level). So the distance between two curving sur-
faces reflects the similarity degree of two pmfs. The
bigger the distance the lower the similarity, which indi-
cates they should not be merged. We can use common
criteria to calculate the distance such as

Dap= Y (PaD-PstrnD) (3)
(’r‘,l)ESAUSB

In (3), D4, g denotes the distance between pmf , and
pmf g, (r,1) is a basic element of sets S4 and Sg, and
P(r,l) represents the (r,1)’s occurring probability. So
for upper twenty-one pmfs we can get twenty distances

D;, ¢ =0 ~ 19, such as Dy for pmf, and pmf,, Dy
for pmf, and pmf, and so on. According to the final
expected number K of 2D-VLC tables, we can use the
most K — 1 biggest D; as separation points and merge
the pmfs between the two successive points into a typi-
cal one. After the coarse merging, a fine merging should
be done for some refinements. The fine merging aims to
further consider the factors, such as the weightings of
pmfs and the probability sorting of (Run, Level) pairs,
to produce more efficient and reasonable typical distri-
butions in the view of the final 2D-VLC tables.

26 abs(Level)

it
/ VLC_1
144 -
/ - VLC_0
22
Run y

Fig.5. (Run, Level) ranges covered by different 2D-VLC tables.

Through Step 1 and Step 2, we get the typical prob-
ability distributions, which depict the most important
distribution states followed by the statistical varying
(Run, Level) pairs. Then the optimal k-th order E-G
codes can be decided for each of these typical distribu-
tions for efficient coding. Given the typical distributions
and their optimal k-th order E-G codes, 2D-VLC tables
can be designed. A 2D-VLC table stores the indexes or
CodeNumbers of the k-th order E-G codewords, which
are mapping relationships between a (Run, Level) pair
and its particular E-G codeword. A 2D-VLC table has
limited size and only the most frequently occurred (Run,
Level) pairs are covered in it. Fig.5 shows the different
ranges of (Run, Level) pairs covered by different 2D-
VLC tables. The shapes of different tables in Fig.5 also
indicate the suitability of the obtained typical distribu-
tions, which will bring higher coding efficiency. Specifi-
cally, in AVS1-P2 video there exits three groups of tables
for intra-predicted Luma, inter-predicted Luma, and
Chroma components. As an example, Chroma compo-
nent has five tables which come from five typical distri-
butions or equally five merged sets as S, S1, S2,S3U Sy
and S5 U U Sypper-

3.2.2 Table Switch

The principle of table switch is that the current (Run,
Level) pair to be coded must comply with one of upper
typical distributions so that it should be coded by the
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table coming from this typical distribution. Therefore
the Level increase is applied to guide the table switch.
Another equal description of Level increase is the update
of variable Lmaz, the maximal magnitude of previously
coded Levels, because Lmaz varies only if a Level in-
crease occurs. Therefore, the rule of table switch can
be simply derived from an array look-up operation. For
example, for the five 2D-VLC tables, coming from sets
So,51,52,83U84 and S5 U - - U Sypper of Chroma com-
ponent in AVS1-P2 video, the array TIndex[] with Lmaz
as its input for table switch is as follows,

TIndex[] = {0,1,2,3,3,4,4,4,4,...}. (4)

By look-up of upper TIndex||] we can get the next
table indexed by TIndex|[Lmaz| to code the next (Run,
Level) pair. Therefore the rule of table switch is con-
sistent with the principle of building those typical dis-
tributions. One more thing necessary to be testified is
whether S3 U Sy is equal to

Ssa={(ri,i))Jk <i<k+m, m>0, and for part
o (T k),
abs(lg—1) = 3 or 4,abs(lx1m) > 4,

abs(l,) <4,k <p<k+m-1}, (5)

of the sequence (Tktm,lktm),--

where Ss 4 is the set formed by TIndex[Lmaz] with Lmaz
= 3 or 4. From the definition of (2) it is easy to con-
clude that S3US, is equal to Ss 4. Thus the rule of table
switch exactly matches the rule forming these tables.

From the above description it can be seen that
C2DVLC uses multiple pre-designed fix tables to adapt
to the local statistical variation in transformed residual
data block. No on-the-fly parameter estimation is used
and the table switch is simply based on the magnitude
information of previously coded Levels. So the context
modeling part of C2DVLC is very simple in terms of
computational complexity.

3.3 Escape Coding

A 2D-VLC table has limited size and contains the E-
G codeword indexes for those most frequently occurring
(Run, Level) pairs. For coding the (Run, Level) that is
not covered by a table, an escape coding method is used.
In escape coding, Run and the sign of Level are jointly
coded, and for coding the magnitude of Level a predic-
tion is first taken and then the prediction error is coded.
The basic idea for the Level prediction is that the Level
magnitude of a (Run, Level) pair not covered by a ta-
ble will be definitely bigger than the Level magnitudes
of (Run, Level) pairs which are covered by the table
and have the same Run. So the Level prediction can
eliminate this kind of redundancy and improve coding
efficiency. E-G codes are also adopted in escape coding.
For more detailed information, please refer to [17].
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3.4 Exp-Golomb Codes

For the final VLC coding, codewords are constructed
based on Exp-Golomb codes. In AVS1-P2 video, k-th
order Exp-Golomb codes with k equal to 0, 1, 2 and 3
are used. Table 1 lists part of the codewords (E-G codes)
when k’s values are 0 and 1. We can see a codeword has
regular code structure, which is a concatenation of a
prefix code and a suffix code. Given a CodeNumber N
and a specific order k, the prefix part consists of [ zeros
followed by one 1 and the suffix part is the binarization
representation of value N — 2% (2! —1). [ is given by

I = min{0, [log,((N + 1)/2T1 +1/2)]}.  (6)

Due to the regular codeword structure, Exp-Golomb
codes can be real-time constructed in coding process
without involving high computational complexity. So
the entries stored in 2D-VLC tables could be mapping
relationships (CodeNumbers) from Run and Level com-
binations to E-G codewords instead of real codes like
Huffman codes in MPEG-2. It is a valuable feature that
resolves the problem of high memory requirement re-
sulted from multiple 2D-VLC tables.

Table 1. 0th and 1st Order Exp-Golomb Codes

CodeNumber Codeword
(N=0~6) k=0 k=1
Prefix  Suffix Prefix  Suffix
0 1 — 1 0
1 01 0 1 1
2 01 1 01 00
3 001 00 01 01
4 001 01 01 10
5 001 10 01 11
6 001 11 001 000
0.7
o C2DVLC
0.6 a CAVL%J'
0.5 p— T
g 04 —
g
8 0.3
0.2 ;
ailimnl
0 L L L L 2 n L n
1 2 3 4 5 6 7 8

Sequence No.

Fig.6. C2DVLC and CAVLC coding capability relative to ABT

8 X 8 VLC in terms of rate-distortion performance.

4 Experimental Results

This section reports the coding performance of
C2DVLC. Some typical progressive and interlaced se-
quences are used as listed in Table 2. RMb52c¢ platform,
which is developed by AVS working group as AVS1-P2
reference software, is used. The coding conditions are
IBBP order with only the first frame coded as I frame,
two reference frames, 1/4-pixel motion vector resolution,
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+/—32 pixel motion search range, RDO on, and for in-
terlaced sequences PAFF is used.

As the comparing counterparts of C2DVLC, CAVLC
in H.264/AVC and the VLC coding method for 8 x 8
block depicted in [18] for Adaptive Block-size Trans-
form (ABT)[' are used. CAVLC is applied to code
the 8 x 8 DCT coefficients at RM52¢ platform by the
same way as used in H.264/AVC High Profilel?%!. Fig.6
shows that C2DVLC has the similar coding efficiency as
CAVLC. As for the 8 x 8 VLC in ABT, it follows the
traditional VLC coding method which uses only one ta-
ble when a block is coded. It is like MPEG-2 but differs
at using Exp-Golomb codes instead of Huffman codes.
From Fig.6, it can be seen that C2DVLC outperforms
ABT 8 x 8 VLC. The improvement is about 0.34dB in
average and for fireworks sequence we can gain up to
0.50dB. This indicates the effectiveness of multiple ta-
bles and their adaptive switch.

Table 2. Test Sequences

No. Name Interlace/ Resolution Frame Number of
Progressive rate frames
1 City Progressive 1280 x 720 60Hz 60
2 Crew Progressive 1280 x 720 60Hz 60
3 Night Progressive 1280 x 720 60Hz 60
4 Spincalendar Progressive 1280 x 720 60Hz 60
5 Tempete Interlace 704 x 480 30Hz 120
6 Football Interlace 704 x 480 30Hz 120
7 Mobile & Interlace 720 x 576 25Hz 120
Calendar
8 Fireworks Interlace 1920 x 1080 30Hz 60
9 Kayak Interlace 1920 x 1080 30Hz 60

5 Conclusion

The paper describes C2DVLC entropy coder de-
fined in AVS1-P2 video coding standard and explains
the underlying designing ideas in detail. The experi-
mental results show that better coding efficiency can
be achieved compared to the traditional 2D-VLC cod-
ing method where no multiple tables are used in cod-
ing one DCT block. The efficiency improvement comes
from two aspects, one is using multiple tables to adapt
to the probability variation of Run and Level com-
binations in a DCT block, and the other is the au-
tomatic context-based adaptive table switch to avoid
transmitting side-information. Another valuable feature
of C2DVLC is low complexity with respect to storage
requirement and computational time. This comes from
Exp-Golomb codes which keep multiple tables with low
storage size and the simple context modeling that multi-
ple pre-designed fix tables are used with a simple switch
rule instead of on-the-fly parameter estimation.
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