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1 Introduction

We study the entropy coding of coefficients of the Adaptive Block Transform (ABT).  In prior work, [2] we demonstrated VLCs developed for the ABT.  These were based on a full size scan and a two-dimensional coding model, (level, run).  An important result was that ABT mode was the significant factor in the code design.  For a given mode a single VLC performed well with different sequences, resolutions and bit rates.  The codes presented perform near the entropy limit.  For the large ABT block sizes, a three-dimensional coding model, (last, level, run), has lower entropy than the two-dimensional model [3].  In this work we present a simple modification to the UVLC that performs well with this three-dimensional coding model.  Combinations of long codewords may give start code emulations.  This emulation problem is found with the existing UVLC.  

2 Generalizations of UVLC

The existing UVLC does not work well with a 3D coding model.  The 1-bit codeword has no natural use.  To cope with a 3D coding model, we have examined a family of modifications of the basic UVLC.  For each N we have a code UVLC-N consisting of the UVLC codewords with an N-bit suffix.  UVLC-0 is the existing code.  The codewords are shown in Table 1.

Table 1UVLC-N codewords

	UVLC-0
	UVLC-1
	UVLC-2
	UVLC-3
	UVLC-4
	UVLC-5
	…

	1
	1x
	1xx
	1xxx
	1xxxx
	1xxxxx
	…

	0x1
	0x1x
	0x1xx
	0x1xxx
	0x1xxxx
	0x1xxxxx
	…

	0x0x1
	0x0x1x
	0x0x1xx
	0x0x1xxx
	0x0x1xxxx
	0x0x1xxxxx
	…

	0x0x0x1
	0x0x0x1x
	0x0x0x1xx
	0x0x0x1xxx
	0x0x0x1xxxx
	0x0x0x1xxxxx
	…

	…..
	…..
	…..
	…..
	…..
	…..
	…


Like the UVLC these codewords have a regular structure that simplifies encoding and decoding.  A UVLC encoder or decoder is modified to handle a fixed length suffix.  An equivalent family of codes is used by the JPEG-LS standard for adaptive coding.  We examine the performance of these codes for various ABT modes.

3 Coding Performance

Following the results of [3] we use two coding models.  A three-dimensional model is used for the large ABT modes, 16x16, 16x8, 8x16, and 8x8.  The existing two-dimensional model is used with the smaller ABT modes 4x8, 8x4, and 4x4.  Results showing the performance of the codes in Table 1 for the different ABT modes are shown in Figure 1.
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Figure 1 UVLC-N coding performance

In modes 1-4, the three-dimensional coding model, UVLC-4 gives the best performance 5% above the entropy limit.  In modes 5-7, the two-dimensional coding model, the existing UVLC is not significantly outperformed.   

4 Codeword Length

The large ABT block sizes allow significant run lengths giving a large number of symbols.  The resulting long codeword raise the issue of start code emulation.  To address this issue we limit the number of symbols coded with a single codeword.  A run threshold, RUN_MAX is used.  Symbols with run below RUN_MAX are coded with a single codeword.  If run > RUN_MAX, two codewords are used, the first codes run only.  A second codeword is used to signal the rest of the symbol, (last, level).  The length of a single codeword is limited.  In exploring this idea it became important to understand the start code and possible emulation.  In the process we have identified emulation possibilities with the existing UVLC coding model.  We have not given a final solution to avoiding start code emulation with UVLC-4 pending a solution to the problem with the current UVLC.

5 Start Code Emulation

The picture start code is contained in a 31-bit word [1].  Fifteen data bits are interleaved with zero synchronization bits followed by a terminating 1-bit.  0X0X 0X0X 0X0X 0X0X 0X0X 0X0X 0X0X 0X1

Emulation can arise when two UVLC codewords are concatenated.

code1 = 0X0X 0X0X 0X0X 0X1 – seven X data bits

code2 = 0Y0Y 0Y0Y 0Y0Y 0Y0Y 1 – eight 0 synch bits.

When all X bits are zero, the concatenation code1code2 contains a start code emulation.  The 7 zero X bits followed by the eight 0 synch bits produces an emulation.  0 X0X0 X0X0 X0X0 X10Y 0Y0Y 0Y0Y 0Y0Y 0Y1

To avoid emulation within the UVLC, the codewords must be restricted to less than 8 data bits.  The UVLC codewords with exactly N data bits correspond to 2N symbols.  With a limit of M data bits there are 2M+2M-1+…+1=2M+1-1 symbols.  In other words, a limit of 7 data bits restricts the number of symbols to 255.  For coefficients coded as (run, level) with sixteen values of run, the number of levels must be restricted to 255/16<16.  Including sign, the absolute level must be less than 8.  Most quantizer values allow significantly more than 16 quantization levels.

6 Conclusions

The ABT coefficient data can be efficiently coded by using a scan and entropy code determined by the block size.  In the case of large blocks, 16x16, 16x8, 8x16, and 8x8, we use a 3D coding model and UVLC-4.  For smaller blocks, 8x4, 4x8, and 4x4, we use the existing 2D scan and UVLC.  This provides a simple extension to the current coding scheme that efficiently represents the ABT coefficient data.

Table 2 ABT coding models
	ABT mode
	Scan
	Code

	1, 2, 3, 4
	3D (level, run, last)
	UVLC-4

	5, 6, 7
	2D (level, run)
	UVLC-0


Examination of these codewords shows the possibility of start code emulation.  This problem is seen to exist with the existing UVLC.
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