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Abstract

In this contribution, a new entropy coding scheme, PIPE/V2F, for low complexity condition is proposed. The proposed scheme realizes 1 byte fixed length coding with higher coding efficiency compared to LCEC which is currently used for low complexity condition in HM-1. In the proposed scheme, V2F(Variable Length to Fixed Length) coders are used instead of V2V(Variable Length to Variable Length) coder for PIPE, and all V2F coders are designed to generate 4 bit fixed length code. Context adaptation is disabled to accelerate the entropy coding/decoding in the proposed scheme. We implemented the proposed scheme on TMuC0.9, and simulations are conducted using common test configurations of low complexity settings. The proposed scheme achieves BD-rate reduction 3.2% on average for random access case, and 4.1% on average for low delay case. The increase of decoding complexity is around 8% when compared to LCEC.
1 Introduction
LCEC is adopted in HM-1 as a low complexity entropy coder, however, the functionality is completely different from those of CABAC. On the other hand, most of the functionalities PIPE uses are also used in common with CABAC. We modified PIPE to realize low complexity entropy coding which gives an advantage for designing hardware decoder to support both CABAC and low complexity entropy coding schemes.
2 Proposed scheme

 In our proposed scheme, 2 modifications are applied to PIPE/V2V coding as follows:
· use V2F tables instead of V2V tables

· disable context adaptation

The proposed scheme, PIPE/V2F, uses 12 different V2F coder shown in table 1.

Table 1.
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V2F #8
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V2F #9
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V2F #10
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As shown in table 1, all bins are converted to 4 bit fixed length codes. In the decoder, bitstream reading is conducted in 1 byte unit by reading a couple of 4 bit fixed length codes together. 

Context adaptation is reported as a bottleneck of computation for PIPE in [1], therefore in the proposed scheme all context adaptations are disabled to realize low computational complexity entropy coding.

3 Implementation affinity with CABAC

 As the proposed scheme is based on PIPE coding, most of the algorithms are in common with CABAC. To evaluate the difference with CABAC, we counted the program lines and the table sizes necessary to implement the proposed scheme and LCEC on top of CABAC as shown in Table 2 and 3 respectively.

Table 2. Necessary additional program lines and table size on top of CABAC for encoder
	coder
	PIPE/V2F
	LCEC

	program lines for CABAC
	2141

	table size for CABAC
	10312

	additional program lines
	286
	1487

	additional table size
	9664
	27608


Table 3. Necessary additional program lines and table size on top of CABAC for decoder

	coder
	PIPE/V2F
	LCEC

	program lines for CABAC
	2161

	table size for CABAC
	10312

	additional program lines
	155
	1585

	additional table size
	1852
	29464


According to Table 2 and 3, it is observed that:

· additional program size for PIPE/V2F encoder is around 20% that of LCEC
· additional program size for PIPE/V2F decoder is around 10% that of LCEC

· additional table size for PIPE/V2F encoder is around 35% that of LCEC 

· additional table size for PIPE/V2F decoder is around 6% that of LCEC 

4 Simulations & Results
The proposed scheme is implemented on top of TMuC v0.9, and the simulations are conducted using the common test configurations[2] for low complexity settings. Table 4 shows the comparison results between the default configuration of TMuC v0.9 and the one with the proposed scheme. Each Class has been evaluated on the same CPU equipped PC with the same memory size. To measure the decoding time as accurate as possible, decoding has been conducted sequentially using single CPU. The decoding has been done 3 times, and the average decoding time are used as the result in Table 4. 
	Table 4. BD Bitrate saving of the proposed scheme compared to LCEC
　
	Intra LoCo

	
	Y psnr
	U psnr
	V psnr

	Class A
	-0.3 
	4.5 
	4.5 

	Class B
	-0.2 
	4.2 
	3.3 

	Class C
	-0.8 
	1.2 
	0.5 

	Class D
	-1.1 
	0.3 
	-0.3 

	Class E
	-0.9 
	3.9 
	5.4 

	All
	-0.7 
	2.6 
	2.3 

	Enc Time[%]
	181%

	Dec Time[%]
	127%

	

	　
	Random access LoCo

	
	Y psnr
	U psnr
	V psnr

	Class A
	-3.5 
	3.6 
	4.5 

	Class B
	-4.7 
	6.3 
	5.6 

	Class C
	-4.0 
	3.4 
	3.0 

	Class D
	-3.9 
	3.4 
	3.0 

	Class E
	　
	　
	　

	All
	-4.1 
	4.4 
	4.1 

	Enc Time[%]
	128%

	Dec Time[%]
	109%

	

	　
	Low delay LoCo

	　
	Y psnr
	U psnr
	V psnr

	Class A
	　
	　
	　

	Class B
	-3.6 
	17.2 
	22.0 

	Class C
	-2.5 
	9.9 
	10.8 

	Class D
	-3.0 
	16.0 
	15.6 

	Class E
	-3.4 
	21.6 
	18.5 

	All
	-3.2 
	15.9 
	17.0 

	Enc Time[%]
	128%

	Dec Time[%]
	108%


  As the complexity of entropy coder highly depends on the bitrate, and the bit amount generated by LCEC, CABAC and PIPE/V2F differs, we also measured decoding time divided by bitrate to normalize the decoding speed for each coder. The increase of the time of PIPE/V2F compared to LCEC and CABAC in this measurement is shown in Table 5. 
Table 5. comparison of decoding time per bit
	
	LCEC
	CABAC

	Intra Only
	22.16%
	-10.66%

	Random Access
	8.00%
	-9.11%

	Low Delay
	6.10%
	-9.38%


  The balance of the decoding complexity per bit and coding efficiency of each scheme on random access condition and low delay condition are shown in Figures 1 and 2 respectively. 

Figure 1. Complexity vs Performance on Random Access condition
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Figure 2. Complexity vs Performance on Low Delay condition
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5 Conclusion

In this contribution, a new entropy coding scheme, PIPE/V2F, for low complexity condition is proposed. The proposed scheme realizes 1 byte fixed length coding with higher coding efficiency compared to LCEC which is currently used for low complexity condition in HM-1. 

PIPE/V2F achieves BD-rate reduction 3.2% on average for random access case, and 4.1% on average for low delay case. The increases of decoding complexity per bit are around 8% and 6% for random access and low delay cases respectively.

Another advantage of the proposed scheme is smaller amount of additional program and table sizes on top of CABAC. The necessary additional program size are only 20 and 10% compared to LCEC for encoder and decoder, and the necessary additional table size are only 35% and 6% compared to LCEC for decoder.
We propose the proposed scheme to be verified in CE by the next meeting as a candidate for the entropy coder of low complexity condition.
6 Reference

[1] Vivienne Sze, et al., “TE12: Evaluation of entropy coders: PIPE tested against CABAC” , Doc. JCTVC-C058, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T VCEG and ISO/IEC MPEG, 3rd Meeting: Guangzhou, CN, Oct., 2010.
[2] JCT-VC, “Common test conditions and software reference configurations” , Doc. JCTVC-C500, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T VCEG and ISO/IEC MPEG, 3rd Meeting: Guangzhou, CN, Oct., 2010.
7 Patent rights declaration(s)

Mitsubishi Electric Corporation may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
0000





V2F #0





1111





1110





1101





1100





1011





1010





1001





1000





0111





0110





0101





0100





0011





0010





0001





0000





0001





0010





0011 





0100





0101 





0110 





0111





1000 





1001 





1010





1011





1100 





1101 





1110 





1111  





0000





0001





0010





0011





0100





0101





0110





0111





1000





1001





1010





1011





1100





1101





1110





1111









Page: 5
Date Saved: 2011-01-14

