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1. Introduction
There were several contributions claiming that UVLC in the current TML serves moderate coding performance for low bitrate case (when QP is large) but remains room for improvement for high bitrate case (lower QP). In this contribution, we propose a more efficient variable length code than UVLC in TML9. Similar to UVLC, the codewords can be encoded and decoded only by calculations without having a codeword table. It rather simplifies the decoding operation because no interleaving is necessary. Simulations were conducted, which show a coding gain up to about 6% for high bitrate cases compared to TML9. 

2. Proposed variable length code

Table 1 shows the codeword table of the proposed VLC. 

Table 1 Codeword table


Proposed VLC
UVLC 

	index
	codeowrd
	
	index
	codeword

	0
	00
	
	0
	1

	1
	010
	
	1
	001

	2
	111
	
	2
	011

	3
	0110
	
	3
	00001

	4
	1011
	
	4
	00011

	5
	1101
	
	5
	01001

	6
	01110
	
	6
	01011

	7
	10011
	
	7
	0000001

	8
	10101
	
	8
	0000011

	9
	11001
	
	9
	0001001

	10
	011110
	
	10
	0001011

	11
	100011
	
	11
	0100001

	…
	…
	
	…
	…


The codeword is generation of the following equations. 

For index n, find m that satisfies the following equation:
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Generate code C(n) as follows:
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3. Decoding operation
VLC decoding operation may differ depend on the architecture of the decoder implementation. Hard-wired logic with bit-by-bit operations may be used in custom chips. Word oriented (byte, 16-bit, 32-bit, etc.) operations may be suited for general-purpose processors (CPU) or DSPs. 

The codewords of both the proposed VLC and UVLC in TML9 have regular nature. Nevertheless, because of the interleaved codeword of UVLC, it may force much burden for decoding operation on word-oriented architecture such as DSP. The proposed VLC requires no interleaving operation and decodable with simple calculations for both bit-by-bit and word oriented architectures.

4. Error-resilience characteristics
For some networks with bit errors, such as mobile circuit-switched based networks (e.g. 3G-324M), the coded streams are injured by both bit errors and burst errors with rather high BER (10-4-10-2 for some cases). Bit-error resiliency serves a key role for such networks. It was claimed that UVLC provides a self-resynchronization characteristic. However, it is doubtful whether the self-resynchronization nature is useful for error resiliency. The correspondence between the coded information and the codeword itself is lost by error; a DCT coefficient may be decoded in an incorrect block, or may be decoded as wrong information such as mode or MV information. These will cause much degradation on the decoded image in most cases. 

The proposed VLC provides some characteristics for bit and burst error resiliency as follows:

· The codewords are decodable for both forward and backward directions. It enables bi-directional decoding in combination with the data partitioned syntax. It is useful for bit and burst error resiliency as promised in MPEG-4 and H.263 Annex V. 

· Hamming distance between codewords with the same length is always more than 2. This serves as bit-error detection capability. 

5. Simulation results

We conducted a computer simulation to evaluate the coding performance of the proposed method following the common test condition (VCEG-N81). Table 1 summarizes the simulation conditions.

Table 1 Simulation conditions

	Software version
	TML 9.4

	R-D optimization
	Used

	MV search range
	(32

	B picture
	Not used (P-pictures only)

	CABAC
	Not used (UVLC and new VLC)

	1/8 pel MC
	Not used (up to 1/4 pel accuracy)

	Number of reference pictures
	1 (no multi-frame reference)

	QP
	0 to 31


	Video sequences
	Size
	Frame rate (Hz)

	Container
	QCIF
	10

	News
	QCIF
	10

	Foreman
	QCIF
	10

	Silent
	QCIF
	15

	Paris 
	CIF
	15

	Mobile
	CIF
	30

	Tempete
	CIF
	30


For preliminary evaluation purpose, whole variable length codes (including DCT coefficient, MV, mode, etc.) are replaced by the proposed VLC in the simulation. 

Figure 1 and Figure 2 show the R-D curves and the coding gain (percentage of bit-saving) compared to TML9 for various QP values, respectively. TML9 UVLC is better when QP is large (low-bitrate cases) whereas there is a coding gain by using the proposed VLC when QP is small (high-bitrate cases). Percentage of bit saving varies depend on the sequences, but the proposed VLC outperforms UVLC with QP values at around 10-15 or less for all sequences except for coastguard. The coding gain is up to 6.2 %. The propose VLC is better for all video sequences when QP is smaller than 6. 

6. Conclusion

A new variable length code to improve the coding efficiency is proposed. Simulation results show that the proposed VLC outperforms UVLC for high bitrate. The Proposed VLC is better for all sequences when QP is small. The coding gain is up to 6.2%. The proposed VLC has a low-complexity nature since the codewords are regular and without interleaving, thus decodable with only simple operations. It also provides bit-error resilient characteristics that may be useful for some mobile networks. 

Since TML9 UVLC is better suited for low-bitrate cases, combination of UVLC and the proposed VLC would perform the best. Overhead of switching between these two VLCs is marginal since both UVLC and the proposed VLC are decodable with operations. Combination with other schemes for the improvement, such as efficient mapping method to VLC codewords, should be considered, while we should be care not to introduce a complicated scheme to strike for a single VLC. 
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Figure 1 R-D curves
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Figure 2 Bit saving against TML9
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