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Abstract

This contribution is a summary of tool experiment 2, IBDI and memory compression.  Nine companies and one university have been registered in TE2 and four proposed tools have been evaluated on the common condition with cross-verification after all.  There are two test conditions.  One is the case of keeping the bit depth of reference memory to the input bit depth on IBDI and the other is the case of reduction of reference memory access bandwidth and size.  Detailed results will be reported by proponents.

1 Introduction

In this tool experiment, IBDI (Internal Bit-Depth Increase) and memory compression have been discussed.  There are following two purposes;
· Improvement of coding efficiency by increasing internal process of video codec while minimizing reference frame memory access bandwidth.
· Reduction of reference frame memory access bandwidth and reference frame memory size.
Nine companies and two universities have been registered in TE2 and there are four proposals after all and they have been evaluated on the common condition.

2 Document list

· Summary document
· JCTVC-C076 [TE coordinator] Summary of TE2 on IBDI and memory compression
· Proponent's documents
· JCTVC-C093 [NEC] TE2: 1-D DPCM-based memory compression

· JCTVC-C073 [Panasonic] TE2: Reference frame compression using image coder
· JCTVC-C060 [TI] TE2: TI reference frame compression proposal 
· JCTVC-C075 [TOSHIBA] TE2: Adaptive scaling for bit depth compression on IBDI
· Related documents

· JCTVC-C072 [Zhejiang Unv.] TE2: A memory bandwidth measurement algorithm for reference frame compression 
· JCTVC-C074 [Panasonic] Cross-check of memory compression results from NEC (JCTVC-B057/JCTVC-Cxxx)
· JCTVC-C094 [NEC] An extension of DPCM-based memory compression to 2-D structure with ADPCM
· JCTVC-C095 [NEC] Performance improvement of DPCM-based memory compression by adaptive quantization
· JCTVC-C150 [Yonsei Unv.] Cross-check of memory compression results from TOSHIBA (JCTVC-C075)
3 Proposed Tools

Four tools have been proposed.  Three tools are compression methods and one is a tool regarding test condition.

Table 1  Proposed tool

	Tool
	Proponent
	Method

	1
	NEC
	DPCM by 8-pixel

	2
	Panasonic
	Hadamard transform and bit-plane coding

	3
	TI
	DWT and DC prediction by 8x8-block

	4
	TOSHIBA
	Adaptive scaling by 4x4-block and de-scaling by a pixel


4 Cross-verification
Proponents conducted source code exchange for each other.  Cross-checkers run the software independently and compared their results with proponent’s results.

Table 2  Cross checker

	Tool
	Proponent
	Cross-checker

	1
	NEC
	Panasonic, JVC

	2
	Panasonic
	TOSHIBA

	3
	TI
	TOSHIBA

	4
	TOSHIBA
	NEC, Yonsei Unv.


5 Experimental results

All experiments for all sequences based on the common conditions, JCTVC-B302r2 [1] have been conducted.  On this common condition, the following evaluation criteria are defined.
1.
Measure impact on bitrate/PSNR using provided data. Use 4-point BD-PSNR and BD-Rate. 

2.
Memory compression ratio with stored format and controlling method

3.
Memory access measures (Measurement module will be provided by some proponents)

4.
Complexity (encoding and decoding times)

5.
Subjective quality (informal comments)
5.1  Coding efficiency

Since Table 3 and Table 4 show loss results from anchor condition, the smaller values mean better results.

These values are calculated by using 4-point BD-rate.

Note that these values of compression ratios are rough analyses and correct values will reported by each proponent.

Table 3  Summary of loss BD-bitrate (%) on high efficiency anchor

	Proponent
	NEC
	Panasonic
	TI
	TOSHIBA

	Rate
	12-bit to 8-bit
	12-bit to 5.33-bit
	12-bit to 8-bit
	12-bit to 8-bit

	Condition
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay

	Class A
	0.7
	N/A
	1.7
	N/A
	0.2 
	N/A
	0.2 
	N/A

	Class B
	0.9
	1.8
	2.1
	2.9
	0.2 
	1.0 
	0.2 
	0.6 

	Class C
	0.9
	1.5
	3.9
	5.3
	0.3 
	1.0 
	0.1 
	0.4 

	Class D
	1.0
	1.3
	3.5
	4.3
	0.3 
	0.6 
	0.1 
	0.4 

	Class E
	N/A
	9.6
	N/A
	7.6
	N/A
	5.4 
	N/A
	5.5 

	Total
	0.9
	3.1
	2.9
	4.7
	0.3
	1.7 
	0.1 
	1.4 


Table 4  Summary of loss BD-bitrate (%) on low complexity anchor

	Proponent
	NEC
	Panasonic
	TI

	Rate
	8-bit to 6-bit
	8-bit to 5.33-bit
	8-bit to 4-bit

	Condition
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay

	Class A
	7.1
	N/A
	2.0
	N/A
	0.0 
	N/A

	Class B
	8.7
	10.4
	2.3
	3.1
	0.4 
	0.3 

	Class C
	8.6
	10.3
	3.5
	4.3
	2.9 
	4.2 

	Class D
	9.3
	9.7
	3.3
	3.7
	5.9 
	9.1 

	Class E
	N/A
	24.2
	N/A
	5.4
	 N/A
	0.0 

	Total
	8.6
	12.8
	2.9
	3.0
	2.5 
	3.4 


5.2  Complexity

These results of encoding and decoding time on Table 5and Table 6 have been conducted by each proponent independently.  Since the platform of each proponent is different, these results are informative absolutely.
Table 5  Increase rate (%) of average encoding and decoding times on high efficiency anchor

	Proponent
	NEC
	Panasonic
	TI
	TOSHIBA

	Condition
	Random access
	Low 

delay
	Random access
	Low 

delay
	Random access
	Low 

delay
	Random access
	Low 

delay

	Encoding Time
	-2.6
	-0.4
	3.0
	1.9
	8
	6
	0.32
	0.47

	Decoding Time
	3.0
	3.0
	96.6
	100.1
	47
	36
	1.32
	1.51


Table 6  Increase rate (%) of average encoding and decoding times on low complexity anchor

	Proponent
	NEC
	Panasonic
	TI

	Condition
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay

	Encoding Time
	-1.9
	1.2
	1.9
	0.3
	3
	7

	Decoding Time
	3.5
	2.4
	114.2
	111.2
	47
	55


5.3  Memory access 

The issue of memory access has been discussed by participants of TE2.  As a result, the module of MC read memory bandwidth on decoder side has been provided by NEC.

Table 7  Compression rate (%) of MC read memory bandwidth on high efficiency anchor
	
	NEC
	Panasonic
	TI
	TOSHIBA

	
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay
	Random access
	Low delay

	32bit/ 64bit
	-24.7
	-24.9
	-44.5
	-44.8
	-14.7
	-14.8
	-26.9
	-27.4

	64bit/128bit
	-25.6
	-25.7
	-50.5
	-51.0
	-23.8
	-24.4
	-34.7
	-35.5

	128bit/128bit
	-27.1
	-27.2
	-54.3
	-55.1
	-29.8
	-30.8
	-39.8
	-40.9

	256bit/256bit
	-31.8
	-31.8
	-61.3
	-62.2
	-44.5
	--45.7
	-48.3
	-49.5


Table 8  Compression rate (%) of MC read memory bandwidth on low complexity anchor

	
	NEC
	Panasonic

	
	Random access
	Low delay
	Random access
	Low delay

	32bit/ 64bit
	-12.3
	-10.5
	-25.9
	-25.5

	64bit/128bit
	-17.3
	-16.7
	-39.5
	-40.3

	128bit/128bit
	-21.4
	-20.8
	-46.1
	-47.0

	256bit/256bit
	-28.3
	-27.8
	-56.0
	-56.9


5.4  Subjective quality (informal comments)
There were the following comments:

6 Conclusion

In this tool experiment, we have finished to exam four proposals and verified their performance.
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