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Abstract

This contribution presents results of Tool Experiment 2 (IBDI and memory compression) from reference frame compression scheme proposed by Panasonic (JCTVC-B103). The presented reference frame compression scheme uses an image coder comprising a transform, scanning, and bit-plane coding. Presented scheme was implemented on TMuC version 0.7.3 revision 188 and experiments were conducted using the common test conditions defined in Tool Experiment 2 document (JCTVC-B302). 
The memory compression rate used in the experiments for High Efficiency setting was 12-bit to 5.33-bit (44.4%). In comparison with the TMuC software without reference frame compression, experiment results show an average coding efficiency drop of 2.9% for High Efficiency, Random Access setting and an average coding efficiency drop of 4.7% for High Efficiency, Low Delay setting.

The memory compression rate used in the experiments for Low Complexity setting was 8-bit to 5.33-bit (66.7%). In comparison with the TMuC software without reference frame compression, experiment results show an average coding efficiency drop of 2.9% for Low Complexity, Random Access setting and an average coding efficiency drop of 4.0% for Low Complexity, Low Delay setting. It can be noted from the results in all test settings that the larger drop in performance occurs in the smaller resolution images. 

The presented results show that image coder based approach can provide good compression efficiency for reference frame compression especially for the large resolution sequences and recommends JCT-VC to consider standardizing an image coder for reference frame compression.

Introduction

Large memory access bandwidth is a primary concern for the implementation of a video encoder or a video decoder.  For video applications that requires to support large spatial resolution images (such as HD and above) or high dynamic range (larger than 8 bits), reducing memory access bandwidth is a key step to reduce implementation cost and power consumption for both video encoder and decoder. 

Reference frame compression techniques can be used to reduce memory storage size and memory access bandwidth required for video encoding and decoding. One such reference frame compression scheme was presented in JCTVC-B103 [1]. The presented scheme performs reference frame compression using an image coder comprising transform, scanning and bit-plane coding. A video frame is divided into a number of pixel blocks that are compressed into fixed-sized data units. Such a fixed compression rate enables random accessibility to each compressed data unit within the video frame. 

1 Image Coder Based Reference Frame Compression
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Figure 1 
Reference Frame Compression Scheme
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Figure 2 
Reference Frame Decompression Scheme

Block diagrams of the compression and decompression processes are shown in Figure 1 and Figure 2. Implementation details used in this experiment are described in the following.
1.1 Compression Unit

The compression unit used in this implementation consists of a 4x4 block of luma pixels and two corresponding 2x2 blocks of chroma pixels.

1.2 Transform

The transform used in this implementation is the sequency-ordered Hadamard transform. To reduce implementation complexity, normalization by a factor of 1/N where transform block size is NxN is not performed at the forward transform. Instead, combined normalization by a factor of (1/N) x (1/N) = 1/(NxN) is performed at the inverse transform during memory decompression. 
1.3 Scanning

Scanning is performed to map 2D block of transform coefficients into a 1D array. The zig-zag scan pattern is used in this implementation.

1.4 Bit-Plane Coding & Decoding
In this implementation, bit-plane coding of luma and chroma transform coefficients are combined together in the order of as illustrated in Figure 3. At the start of the coded bits, three 4-bit values NY /NU /NV are written to represent the number of bit-planes for three color components Y, Cb/U, and Cr/V respectively. These values indicate the minimum number of bit-planes required to represent the largest absolute values of the coefficients. Next, each bit-plane of each color component is coded starting from the bit-plane containing the most significant bit of the largest absolute value. The coding and decoding of each bit-plane is performed as described in detail in JCTVC-B103 [1]. Because rounding offset was not performed during bit plane coding, offset values are added after bit plane decoding [1].
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Figure 3 
Combined bit-plane coding for luma and chroma data

2 Experiment Details
2.1 Test Settings

Experiments were conducted using four settings as specified in JCTVC-B302 [2].Compression rate for each setting is as follows:
· High Efficiency, Random Access:
12-bit to 5.33-bit (44.4%);
· High Efficiency, Low Delay:
12-bit to 5.33-bit (44.4%);
· Low Complexity, Random Access:
8-bit to 5.33-bit (66.7%);
· Low Complexity, Low Delay:
8-bit to 5.33-bit (66.7%).
For High Efficiency setting, each memory compression unit comprising 4x4 12-bit luma samples and 2x2x2 12-bit chroma samples (a total of 288 bits) was compressed to 24 bytes (128 bits) of compressed data unit. For Low Complexity setting, each memory compression unit comprising 4x4 8-bit luma samples and 2x2x2 8-bit chroma samples (a total of 192 bits) was compressed to 24 bytes (128 bits) of compressed data unit.
Test set used was the same as specified in JCTVC-B300 [3]. Two separate sets of simulations were performed on the full test set:

· Anchor reference, i.e. TMuC revision 188 version 0.7.3;
· TMuC with proposed reference frame compression (base version was TMuC revision 188 version 0.7.3).
2.2 Memory Access Bandwidth Measurement

To measure the memory access bandwidth reduction produced by memory compression schemes, MC read memory access bandwidth measurement module was developed by Ad-Hoc Group (AHG) on Memory Compression (JCTVC-C007 [4]). 

In this experiment, the memory access bandwidth of the proposed scheme was measured using the following setting:
· Separate bandwidth measurement for chroma memory access is disabled as the proposed scheme combines luma and chroma data into a single compressed data unit. The source code of memory measurement module is compiled by setting “#define DISABLE_CHROMA_MC_MEMORY_ACCESS_CALC 1”.
· For High Efficiency setting, luma compression ratio (-R) is set to 0.66666. Options -M, -N, -r, -m, -n were not used.

· For Low Complexity setting, luma compression ratio (-R) is set to 1.0. Options -M, -N, -r, -m, -n were not used.
Using the above setting, the memory bandwidth measurement module was executed with anchor bitstreams as inputs. Resulting data in “4x4 compression unit” fields was taken as measured bandwidth of the proposed tool.

To measure the memory access bandwidth of the anchor TMuC, another round of memory bandwidth measurement was executed by setting “#define DISABLE_CHROMA_MC_MEMORY_ACCESS_CALC 0” and taking the resulting data from “uncompressed memory access” fields.

3 Experimental Results

Experimental results of the proposed reference frame compression scheme are shown in Table 1, Table 2, Table 3 and Table 4. Coding Efficiency columns show the BD-rate differences of proposed scheme as compared to anchor. Memory Access Bandwidth columns shows the memory access bandwidth differences of proposed scheme as compared to anchor for four combinations of memory addressing alignment and memory read burst size. Encoding and decoding time shows total encoding and decoding time differences of proposed scheme as compared to anchor.
Table 1

Experimental results for Random Access, High Efficiency setting (12-bit to 5.33-bit compression)
	Image
	Coding Efficiency
	Memory Access Bandwidth [addressing/burst]

	
	Y BD-rate
	U BD-rate
	V BD-rate
	32bit/64bit
	64bit/128bit
	128bit/128bit
	256bit/256bit

	Class A
	-1.7%
	-4.1%
	-5.5%
	-44.6%
	-50.4%
	-54.3%
	-62.0%

	Class B
	-2.1%
	-6.2%
	-10.4%
	-46.3%
	-51.4%
	-54.4%
	-60.6%

	Class C
	-3.9%
	-6.5%
	-8.6%
	-44.6%
	-50.6%
	-54.6%
	-61.5%

	Class D
	-3.5%
	-10.7%
	-11.5%
	-42.1%
	-49.1%
	-53.9%
	-61.6%

	All
	-2.9%
	-7.2%
	-9.6%
	-44.5%
	-50.5%
	-54.3%
	-61.3%

	Enc Time
	103%

	Dec Time
	197%


Table 2

Experimental results for Low Delay, High Efficiency setting (12-bit to 5.33-bit compression)
	Image
	Coding Efficiency
	Memory Access Bandwidth [addressing/burst]

	
	Y BD-rate
	U BD-rate
	V BD-rate
	32bit/64bit
	64bit/128bit
	128bit/128bit
	256bit/256bit

	Class B
	-2.9%
	-6.0%
	-10.5%
	-45.0%
	-50.9%
	-54.7%
	-61.6%

	Class C
	-5.3%
	-6.6%
	-8.2%
	-43.2%
	-50.0%
	-54.6%
	-61.7%

	Class D
	-4.3%
	-10.9%
	-11.4%
	-42.1%
	-50.1%
	-55.6%
	-63.3%

	Class E
	-7.6%
	-12.9%
	-15.3%
	-50.2%
	-53.6%
	-55.6%
	-62.3%

	All
	-4.7%
	-8.7%
	-11.0%
	-44.8%
	-51.0%
	-55.1%
	-62.2%

	Enc Time
	102%

	Dec Time
	200%


Table 3

Experimental results for Random Access, Low Complexity setting (8-bit to 5.33-bit compression)
	Image
	Coding Efficiency
	Memory Access Bandwidth [addressing/burst]

	
	Y BD-rate
	U BD-rate
	V BD-rate
	32bit/64bit
	64bit/128bit
	128bit/128bit
	256bit/256bit

	Class A
	-2.0%
	-1.9%
	-3.5%
	-25.0%
	-38.5%
	-45.8%
	-55.0%

	Class B
	-2.3%
	-2.6%
	-4.9%
	-26.9%
	-39.1%
	-44.5%
	-54.2%

	Class C
	-3.5%
	-4.2%
	-6.2%
	-26.6%
	-40.2%
	-46.7%
	-56.7%

	Class D
	-3.3%
	-6.4%
	-8.9%
	-24.5%
	-39.8%
	-47.5%
	-58.0%

	All
	-2.9%
	-3.9%
	-6.1%
	-25.9%
	-39.5%
	-46.1%
	-56.0%

	Enc Time
	102%

	Dec Time
	214%


Table 4

Experimental results for Low Delay, Low Complexity setting (8-bit to 5.33-bit compression)
	Image
	Coding Efficiency
	Memory Access Bandwidth [addressing/burst]

	
	Y BD-rate
	U BD-rate
	V BD-rate
	32bit/64bit
	64bit/128bit
	128bit/128bit
	256bit/256bit

	Class B
	-3.1%
	-2.8%
	-4.1%
	-25.8%
	-40.3%
	-46.7%
	-56.4%

	Class C
	-4.3%
	-4.3%
	-6.7%
	-25.1%
	-41.2%
	-48.2%
	-58.7%

	Class D
	-3.7%
	-5.9%
	-6.6%
	-22.7%
	-42.1%
	-50.2%
	-60.7%

	Class E
	-5.4%
	-5.3%
	-5.2%
	-29.5%
	-36.9%
	-41.7%
	-50.0%

	All
	-4.0%
	-4.4%
	-5.6%
	-25.5%
	-40.3%
	-47.0%
	-56.9%

	Enc Time
	100%

	Dec Time
	211%


4 Conclusion

This contribution reiterates the results reported previously in JCTVC-B103 [1] and shows that image coder based approach can provide good compression efficiency for reference frame compression especially for large resolution sequences. We believe such an image coder will be useful for next generation video codec implementation targeting applications supporting 4k by 2k resolutions and future mobile applications, and thus we would recommend JCT-VC to consider standardizing an image coder for reference frame compression. We would also recommend JCT-VC to consider the design of the reference image coder together with the design of the interpolation filter so as to achieve the goal of reducing the overall memory access bandwidth for next generation video coding. We note that the complexity of the proposed reference frame compression scheme is high and future efforts shall be made to reduce the complexity while maintaining the compression efficiency.
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