	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

3rd Meeting: Fairfax, Virginia, USA, 6-10 May, 2002
	Document:  JVT-C031

Filename: JVT-C031.doc


	Title:
	Improvements on RUN and LEVEL information coding in CABAC

	Status:
	Input Document to JVT

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Satoshi Kondo and Shinya Kadono
1006 Kadoma, Kadoma, Osaka,
571-8501 Japan

	Tel:
Email:
	+81-6-6900-9689
kondo@drl.mei.co.jp
kadono@drl.mei.co.jp

	Source:
	Matsushita Electric Industrial Co., Ltd.


_____________________________
1. Introduction
In this contribution, we propose improved methods on (RUN, LEVEL) information coding in CABAC [1]. Our proposal is consisted of two methods. The first method is inverse scan of transform coefficients. The second method is a new transition method of contexts in the LEVEL coding.

Our experimental results show that the proposed methods improve coding efficiency up to 2.3 % for intra and 1.8 % for inter compared to the current CABAC coding. These improvements seem to be small, however, the proposed methods are very easy to incorporate into the current CABAC specification.

2. Proposed Method

2.1. Inverse scan of transform coefficients

Inverse scan method for (RUN, LEVEL) pairs has been proposed in CAC Ad-hoc group [2]

 REF _Ref7525809 \n \h 
[3]. Our first proposal, which is described in this subsection, is basically same as the above method. At first, (RUN, LEVEL) pairs are composed in normal scanning direction, e.g. double scan and single scan defined in the current JM. Then, (RUN, LEVEL) pairs are encoded in reverse order. Figure 1 shows the coding scheme for transform coefficients including (RUN, LEVEL) pairs. In Figure 1, gray part is the modification to the current JM specification.
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Figure 1 Coding scheme for transform coefficients in proposed method.

In CABAC, if MaxRun is zero, RUN information is not coded because the value of RUN is surely zero. Here, MaxRun indicates the maximum value of uncoded RUN in the current scan. MaxRun becomes zero frequently by employing the inverse scan, therefore, improvement of coding efficiency is expected.

2.2. New context model transition for LEVEL coding

In the current CABAC scheme, there are four contexts for each of nine block types in LEVEL coding. The context except for the first LEVEL in the scan is determined by the previous value of LEVEL. The first context is used for the first LEVEL in the scan. The second context is used for LEVEL that the previous value of LEVEL is one. The third context is used for LEVEL that the previous value of LEVEL is two. And the fourth context is used for LEVEL that the previous value of LEVEL is greater than two. For each context, three separated probabilities are provided; two for the first and second bin, and one for all remaining bins.

In the proposed method, the number of the contexts and the number of the separated probabilities are same as the current CABAC scheme. The difference between the current method and the proposed method is the method to change the contexts. Although the next context is decided by the value of the current LEVEL in the current CABAC scheme, the next context is decided by the current context and the value of the current LEVEL in our proposal. Figure 2 shows the status transition between the contexts in the proposed method. As shown in Figure 2, there are no transitions from one context to anther context that has smaller number. Accordingly, if the context 3 is used once, other contexts are never used until the last LEVEL in the scan.

The proposed method works effective with the inverse scan. If the inverse scan is employed, values of LEVEL have a tendency to increase. Therefore, improvement of coding efficiency is expected by using the proposed methods.
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Figure 2 Status transition of contexts in proposed method.

Figure 3 and Figure 4 show the C-code expressions of LEVEL coding in the current CABAC scheme and the proposed method, respectively. A gray part shows the difference between the current CABAC scheme and the proposed method. Thus the difference is very small.
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Figure 3: C-code expression of LEVEL coding in current CABAC method.
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Figure 4: C-code expression of LEVEL coding in proposed method.

3. Experimental Results

3.1. Condition of Experiments

To confirm the effectiveness of the proposed methods, the proposed methods are implemented to the JM1.7 software. The simulation conditions follow the document VCEG-N81 [4]. For the intra coding evaluation, all frames are encoded as I-frames. And for the inter coding evaluation, all frames except the first frame, which is an I-frame, are encoded as P-frames. Number of forward reference picture is one.
3.2. Results

The detail results of bit savings relative to UVLC coding and CABAC coding are shown in the Excel document JVT-C031.xls. In the document JVT-C031.xls, ‘IS’ means the inverse scan, ‘LC’ means the new context transition in LEVEL coding.

Table 1 and Table 2 show the performance improvements using BD bit rate savings compared to the current CABAC coding. In these tables, QP=0, 4, 8 and 12 are used to obtained the results of low QP, QP=16, 20, 24 and 28 are used to obtain the current of high QP.

And Figure 5 and Figure 6 show the performance improvements for each QP compared to the current CABAC coding for intra and inter, respectively.

Table 1: Performance improvement (BD bit savings in %) for intra.

	QP
	Container
	Foreman
	News
	Silent voice
	Mobile
	Paris
	Tempete

	Low
	-1.67
	-1.75
	-2.38
	-1.40
	-2.11
	-2.30
	-1.47

	High
	-0.54
	-0.47
	-1.07
	-0.13
	-1.02
	-1.00
	-0.38


Table 2: Performance improvement (BD bit savings in %) for inter.

	QP
	Container
	Foreman
	News
	Silent voice
	Mobile
	Paris
	tempete

	Low
	-0.61
	-0.96
	-1.37
	-1.47
	-1.10
	-1.27
	-1.12

	High
	0.24
	-0.70
	-0.60
	0.14
	-0.40
	-0.09
	-0.30
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Figure 5: Performance improvements for intra.
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Figure 6: Performance improvements for inter.

4. Conclusions

In this contribution, we propose improved methods on (RUN, LEVEL) information coding in CABAC. Our proposed methods are inverse scan of transform coefficients and new transition method of contexts in the LEVEL coding.

Our experimental results show that the proposed methods improve coding efficiency up to 2.3 % for intra and 1.8 % for inter compared to the current CABAC coding. These improvements seem to be small, however, modification to the current specification is quite small and it is very easy to incorporate the proposed methods into the current CABAC specification.
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