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Abstract
An improved memory-bandwidth measurement model for reference frame compression algorithm is proposed. This proposal analyses reference frame decompression processes and divides them into parsing process and decoding process, in which three new concepts, parsing unit, decoded area and decoding area, are defined. Based on this, a memory access area conduction method has been designed to determine the memory access area.

Due to these improvements, the proposed model can still be efficient when memory compression unit is not equal to decompressible unit. It expands the scope of application and can measure memory bandwidth for more general reference frame compression algorithms.
Introduction
Reference frame compression is the technique that aims to reduce memory access bandwidth in video coding systems. Many frame compression methods have been proposed [1-5] and a tool experiment (TE2) has been conducted to further investigate memory bandwidth of IBDI algorithms and memory compression algorithms [6].
Reference frame compression cannot ensure reduction of memory access bandwidth due to memory random access and data alignment of Double Date Rate SDRAM, which is the normal device as frame memory of video coding systems. A memory bandwidth measurement model is required to measure memory bandwidth for various reference frame compression algorithms.
NEC offered a model to measure the memory bandwidth for evaluating the reference frame compression algorithms in TE2. However, when decompressiable unit is not equal to memory compression unit, such as that in algorithm of reference [1], the model cannot work. To solve this problem, the proposed model in this contribution makes some improvements and it is suitable for evaluating memory bandwidth of more general reference frame compression algorithms. Certainly, for the frame compression algorithm with the same decompressiable unit and memory compression unit, the proposed model in this will have the same evaluation results with the model offered by NEC.
1 Model description
1.1 Overview

The reference frame decompression, a reverse process of reference frame compression, transfers bit-stream stored in DDR SDRAM into pixel values. It can be divided into two parts of sub-process, parsing process and decoding process as illustrated in figure 1.
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Figure 1- Reference Frame Decompression Scheme
1.2 Parsing process

Inputs to parsing process are bit-stream fetched from DDR SDRAM and outputs are values of syntax elements defined in reference frame compression algorithm. The parsing unit is the smallest unit of pixels of which the syntax element values can be parsed from bit-stream and the parsing process is based on it. That is to say, only if corresponding bits of an entire parsing unit are acquired, the syntax element values can be parsed in reference frame decoder. In addition, the parsing unit is equal to the memory access unit.
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Figure 2- Parsing Units
1.3 Decoding process

Inputs to decoding process are parsed syntax element values and outputs are decoded pixel values of reference frame. In this process, two concepts, decoded area and decoding area, should be distinguished. Either a decoded area or a decoding area is a set of pixels in reference frame. A decoded area is a target area of reference frame which are demanded in video decoding, e.g. a motion compensation block. While a decoding area is an area of reference frame used to decode a corresponding decoded area. Briefly speaking, we use syntax element values of a decoding area to decode pixel values of a decoded area. For example, in 4×4 transform coding, each pixel value calls for a 4×4 block to decode. In most cases, decoded area is bigger than decoding area, as illustrates in figure 3 
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Figure 3- Decoded Area and Decoding Area
1.4 Memory bandwidth Measurement 

The memory bandwidth measurement model performs in following steps:
1) Determine memory access area required to be fetched from DDR SDRAM corresponding to a target area according to reference frame decompression algorithm.

2) Calculate addresses of these parsing units and amount of bits should be fetched.
3) Calculate memory bandwidth according to the amount of bits.

1.4.1 Determine memory access area
According to the definition of parsing unit, memory access unit is equal to parsing unit. Considering the memory space is arranged based on memory access units, memory access area consists of integer number of parsing units. There are two steps to determine which memory access units should be fetched from DDR SDRAM corresponding to a target area:

1) Extend the target area, which is also called as decoded area, to the corresponding decoding area.
2) Determine memory access area which should include all parsing units covered by decoding area.
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Figure 4 Determination of memory access area
The algorithm is described as follows. And Figure 5 shows the result of each step.
	find_memory_access_area( target_area, extension, parsing_unit[], number_of_parsing_unit)

{

 memory_access_area=0;

decoded_area = target_area;
decoding_area = decoded_area + extension;

for(i=0; i<number_of_parsing_unit; i++)

 {

   if(parsing_unit[i] is covered by decoding_area)

     memory_access_area += parsing_unit[i];

   }
}
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Figure 5-Result of memory access area conduction algorithm
1.4.2 Access units addressing and bandwidth calculation
After determining which memory access units should be accessed in DDR SDRAM, the proposed model calculates the addresses of those access units, the amount of bits of each access unit and clock cycles required to access those data. In fact, actual clock cycles to access memory include data transmission and latency of DDR SDRAM commands. In this model, only efficient data bandwidth is calculated but not the actual memory bandwidth since the amount of latency does quite well with reference frame memory arrangement, which is complicated and flexible, and relates less with the reference frame compression algorithms.
2 Conclusion

This contribution proposes a concept of two-level decompression process, parsing and decoding, for reference frame decompression and an improved memory bandwidth measurement model. We define three new concepts in the decompression process and distinguish decoded area and decoding area, which make the proposed model usable for more general reference frame compression algorithms. We recommend JCT-VC to evaluate reference frame compression algorithms by curves of distortion-versus-bandwidth (RB) instead of curves of distortion-versus-rate (RD). And the proposed model can be used to measure the memory access bandwidth.
At last, thank NEC Corporation for offering the basic memory bandwidth measurement model in TE2.
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