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Abstract

In this contribution, a 2-D extension of the previously-proposed 1-D DPCM-based memory compression method [1, 2] is presented. According to [2], there are many conditions where 2-D image mapping to frame memory provides better memory access bandwidth reduction performance. In such cases, memory compression with 2-D structure is more straightforward and improves coding efficiency. In the proposed 2-D extension, top-most and left-most pixels in every memory compression unit are coded in the same manner as the 1-D case and other pixels are coded with ADPCM. The 1-D DPCM-based method can be regarded as the specialized version of the proposed 2-D ADPCM-based method where its unit height is one. For each pixel coded with ADPCM, the prediction value is selected in the same manner as the DC and AC prediction of the MPEG-4 standard. Experimental results have shown that the proposed 2-D ADPCM-based memory compression method has higher coding efficiency than the previously-proposed 1-D DPCM-based memory compression method. Average coding losses are 7.9 % for test cases without IBDI and 1.5 % for test cases 12-bit IBDI, while those of the 1-D method are 10.0 % and 1.9 %, respectively. Average increase of decoding time is still as small as 3.8 %. Memory bandwidth reduction ratios are 45.1 % for test cases without IBDI and 44.3 % for test cases with 12-bit IBDI. It is proposed that the method is adopted in TMuC software with the previously-proposed method in JCTVC-C093 and further evaluated from various aspects.
Introduction
A 1-D DPCM-based memory compression method was proposed in JCTVC-B057 [1] and its experimental results on TMuC 0.7 have been presented in JCTVC-C093 [2]. The 1-D structure has an advantage of the flexibility that it is easily fit to various kinds of memory granularity and implementation. However in [2], it has been shown that there are many conditions where 2-D image mapping to frame memory provides better memory access bandwidth reduction performance. In such cases, memory compression with 2-D structure is more straightforward and has possibilities of improving coding efficiency. It is useful in particular for closed system where encoder and decoder are tightly coupled and there is no need for implementation flexibility. In this contribution, a 2-D extension of the DPCM-based memory compression method is presented.
Algorithm Description
Figure 1 shows an example for memory compression with original 1-D DPCM-based method [1, 2]. In every one-dimensional memory compression unit (MCU), the left-most pixel is first coded with PCM and other pixels are then coded with DPCM from left to right, using a five-bit nonlinear quantizer. In this proposal, MCU is extended to two-dimensional structure as shown in Figure 2. In every MCU, top-most pixels are coded as in the one-dimensional case. The top-left-most pixel is first coded with PCM and other top-most pixels are coded with rightward DPCM. In addition, left-most pixels except for the top-left-most one are coded with downward DPCM. As for other pixels, they are coded with ADPCM. The original 1-D DPCM-based method can be regarded as the specialized version of this 2-D ADPCM-based method where the MCU height is one.
For each pixel coded with ADPCM, the prediction value is adaptively selected from its upper and left neighbors. The adaptive selection is based on comparison of the horizontal and vertical pixel differences around the pixel to be coded, in the same manner as the DC and AC prediction of the MPEG-4 standard. The prediction value p(x, y) for a pixel at a coordinate (x, y) is obtained by:
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where o(x, y) is the reconstructed value for a pixel at a coordinate (x, y).
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Figure 1: 1-D DPCM prediction structure and bit allocation.
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Figure 2: 2-D ADPCM prediction structure and bit allocation.
1 Syntax Description

Syntax and semantics are identical to those of the 1-D version, described in JCTVC-C093 [2]. They have been already extended for 2-D MCUs.
2 Experimental Results

The proposed method has been implemented on TMuC 0.7 and tested with TE2 conditions described in JCTVC-B302[3]. As for the test cases, the following notation conventions are used here.

· RA: random access constraint

· LD: low delay constraint

· HCE: high coding efficiency configuration

· LC: low complexity configuration

In this experiment, parameters of the proposed method are set as follows.
· The MCU size is set to 4x4. 8x1 MCU coded with 1-D DPCM is also evaluated for comparison.
· The bit depth of quantized pixels is set to 5 for the high coding efficiency case, i.e., without IBDI, and 7 for the low complexity case, i.e., with 12-bit IBDI, respectively.

· Default quantization matrices are used.

2.1 Coding efficiency analysis
As coding efficiency measure, 4-point BD-Rates were computed. Table 1 shows BD-Rate for each test sequence with each condition against each type of anchor. Here only BD-Rates for the luma component are shown. More details are shown in the attached spreadsheet.
These results show that the proposed 2-D ADPCM-based memory compression method has higher coding efficiency than the previously-proposed 1-D DPCM-based memory compression method. Average coding losses of the proposed 2-D method are 6.5 % for RA-LC, 9.2 % for LD-LC, 0.7 % for RA-HCE and 2.3 % for LD-HCE, respectively, while those of the 1-D method are 8.1 % for RA-LC, 11.9 % for LD-LC, 0.8 % for RA-HCE and 3.0 % for LD-HCE, respectively. By averaging results for RA and LD constraints, the proposed 2-D method can reduce the coding losses from 10.0 % to 7.9 % for the LC configuration, i.e., without IBDI, from 1.9 % to 1.5 % for the HCE configuration, i.e., with 12-bit IBDI, respectively.
Table 1: BD-Rates % against anchors.
	
	8x1 (1-D DPCM)
	4x4 (2-D ADPCM)

	Class
	RA-LC
	LD-LC
	RA-HCE
	LD-HCE
	RA-LC
	LD-LC
	RA-HCE
	LD-HCE

	Class A
	6.7
	N/A
	0.7
	N/A
	5.5
	N/A
	0.6
	N/A

	Class B
	8.1
	9.7
	0.9
	1.7
	6.3
	7.6
	0.7
	1.4

	Class C
	8.1
	9.6
	0.8
	1.4
	6.6
	7.8
	0.7
	1.1

	Class D
	8.7
	9.1
	0.8
	1.2
	7.1
	7.4
	0.8
	1.0

	Class E
	N/A
	22.4
	N/A
	9.5
	N/A
	16.2
	N/A
	7.2

	Overall
	8.1
	11.9
	0.8
	3.0
	6.5
	9.2
	0.7
	2.3


2.2 Complexity analysis
The complexity is evaluated by decoding times. Measurement of encoding times is omitted here since the computational impact of DPCM-based memory compression on TMuC 0.7 encoder is definitely negligible as shown in JCTVC-C093. Decoding times were measured on the following computing platform.

· OS: Windows XP Professional 64-bit

· CPU: Opteron 252 2.60GHz (single core)

· Memory: 32GiB

Table 2 shows average increase ratio of decoding times against anchors. Overall average increase ratio of the 2-D method is 3.8 %. It is still sufficiently low though it is slightly higher than that of the 1-D method, 2.7 %. Therefore it is concluded that the complexity of the proposed 2-D ADPCM-based memory compression is sufficiently low.
Table 2: Average increase ratio % of decoding times against anchors.

	Condition
	RA-LC
	LD-LC
	RA-HCE
	LD-HCE

	8x1 (1-D DPCM)
	3.1
	2.1
	2.7
	2.9

	4x4 (2-D ADPCM)
	4.3
	3.2
	4.1
	3.5


2.3 Memory size and memory access bandwidth analysis
As for memory size, reduction ratios are as follows.

· 8-bit to 5.5-bit when IBDI is disabled: Each MCU has 83 bits (83 = 8+15*5), and its byte-aligned size is 88 bits, while the bit width of original pixels is 128 bits.
· 12-bit to 7.5-bit when 12-bit IBDI is enabled: Each MCU has 117 bits (117 = 12 + 15*7), and its byte-aligned size is 120 bits, while the bit width of original pixels is 192 bits.

Memory access bandwidth was measured with the tool provided by memory compression AHG [4]. Table 3 shows average reduction ratio of memory access bandwidth against anchors. Given that memory access alignment size is 256 bits, average reduction ratios are 44.8 % for RA-LC, 45.4 % for LD-LC, 44.0 % for RA-HCE and 44.5 % for LD-HCE, respectively.
Table 3: Average bandwidth reduction ratio %.
	Constraint
	RA
	LD

	DDR alignment
	32/64
	64/128
	128/128
	256/256
	32/64
	64/128
	128/128
	256/256

	LC (without IBDI)
	21.0
	29.4
	34.6
	44.8
	20.6
	29.9
	35.2
	45.4

	HCE (with 12-bit IBDI)
	28.4
	33.5
	35.9
	44.0
	28.7
	34.0
	36.5
	44.5


3 Conclusions
In this contribution, a 2-D extension of the previously-proposed 1-D DPCM-based memory compression method [1, 2] has been presented. According to [2], there are many conditions where 2-D image mapping to frame memory provides better memory access bandwidth reduction performance. In such cases, memory compression with 2-D structure is more straightforward and has possibilities of improving coding efficiency.

In the proposed 2-D extension, top-most and left-most pixels in every memory compression unit are coded in the same manner as the 1-D case and other pixels are coded with ADPCM. The original 1-D DPCM-based method can be regarded as the specialized version of the 2-D ADPCM-based method where the MCU height is one. For each pixel coded with ADPCM, the prediction value is selected in the same manner as the DC and AC prediction of the MPEG-4 standard. Experimental results have shown that the proposed 2-D ADPCM-based memory compression method has higher coding efficiency than the previously-proposed 1-D DPCM-based memory compression method. Average coding losses are 7.9 % for test cases without IBDI and 1.5 % for test cases 12-bit IBDI, while those of the 1-D method are 10.0 % and 1.9 %, respectively. Average increase of decoding time is still as small as 3.8 %. Memory bandwidth reduction ratios are 45.1 % for test cases without IBDI and 44.3 % for test cases with 12-bit IBDI. It is proposed that the method is adopted in TMuC software with the previously-proposed method in JCTVC-C093 and further evaluated from various aspects.
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