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Abstract

This submission is based on proposal G266, “Lossless Core Transforms for HEVC,” and focuses on the lossless transforms themselves.  This work is submitted in reference to AHG22 on Lossless Coding.  A coding framework has been created in that AHG for development purposes, which at this time includes prediction, and entropy coding, but bypasses transform and quantization.  It is the purpose of this proposal  to supply lossless transforms, which can assist in data decorrelation, and potentially improve the performance of the lossless coding framework.  Such experiments will be conducted and reported in the next meeting cycle.

1 Introduction 

AHG22 on Lossless Coding has developed a framework in which to develop lossless coding with HEVC. Due to the perceived lack of availability of lossless integer transforms (especially of small sizes) in existing HEVC proposals, current work within this AHG has bypassed transform in addition to quantization.  We hereby supply lossless transforms for use in this application.

2 Arithmetic Complexity Analysis

We present two designs below (Designs 1 and 2), with Design 1 being more complex.  We present arithmetic complexity analysis for Design 1.  We present results here with multiplications, consistent with proposal G0266, although both designs can be developed without multiplications, using adds and shifts only.  Due to the explicitly lifting based implementations, these transforms are lossless, integer invertible.

	Size
	Proposed scheme

	
	“*”
	“+”
	“<<”

	4
	40
	72
	40

	8
	208
	464
	208

	16
	1184
	2592
	1184


As the transform description will make clear below, each of these transforms also has a multiplication-free implementation, requiring only shifts and adds. To be explicit, viewing the lifting steps in Figure 1, there are certain integer multiplications, which need to be converted to shifts and adds, using dyadic expansions of the multiplicands, e.g., 79=64+16-1. 

3 Transform Descriptions

The transform will be presented in a signal flow diagram, for both the forward and inverse transform.  We will describe the 16-pt transforms, which have the 4-pt and 8-pt transforms embedded within. We have two such designs, one from G266, as well as another one, previously proposed in the development of AVC.

3.1. Design 1, From G266 [1]
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Figure 1.  Forward and inverse 16-pt transforms, with the 4-pt and 8-pt transforms embedded, along with the legend for some markings in the flow graphs. In particular, a triplet of lifting steps with numbers (p,q,n) has the meaning of three lifting steps with values (p,q,p), and right-shifted by n. This design is already shown to be powerful for lossy coding (G266), yet it is also lossless.

3.2. Design 2 [2]


Figure 2.  A second invertible 16-pt design.  The inverse transform is precisely the reverse of this flow diagram, wherein all lifting steps are reversed in sign as well (but retain the same direction of flow). In this design, the lifting coefficients used are even simpler, leading to even easier arithmetic. Yet this design as well offers high transform coding gain for lossy coding.

4 Conclusions

This proposal presents high performance core transforms (see G266 for performance results), which exhibit low complexity for software and hardware implementation, which moreover uniquely offer lossless coding capability.  Specifically, all the transforms of sizes 4, 8, and 16 are precisely integer invertible, which can be directly used in lossless coding.  

Going forward, we plan to work with AHG22 on Lossless Coding with the aim of providing lossless transforms within their coding framework.  
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