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1. Introduction

The purpose of this contribution is to propose a new context-based binary arithmetic coder for use by H.26L for entropy coding of transform coefficients and other syntax elements.  This arithmetic coder has been demonstrated to produce greater compression performance as compared to H.26L TML9.4 CABAC by up to 8% bit rate reduction for texture data.  

2. Algorithm Description

This proposal uses two variations of a context dependent binary arithmetic coder referred to in this text as Algorithm 4x4 and Algorithm 2x2.  As the names indicate, 4x4 blocks are encoded using Algorithm 4x4 and 2x2 blocks are encoded using Algorithm 2x2.  Primary statistics are gathered independently for all possible coefficient position contexts (16 positions for 4x4 blocks and 4 positions for 2x2 blocks).  

Both algorithms utilize primary and secondary statistical modeling.  The primary statistical model is used to model primary events for each transform coefficient location.  The primary events are:

sym0 - event meaning that coefficient being encoded is 0 

sym1 - event meaning that the current coefficient’s absolute value is 1

sym2 - event meaning that the current coefficient’ absolute value is 2 or greater 
symE - event meaning the end of encoding process (used in Algorithm 4x4 only) 

The secondary statistical model is used for modeling of coefficient residual part.  Encoding of the residual part is necessary when the coefficient can not be fully encoded using the primary model.  For 4x4 blocks, secondary modeling is used when the coefficient’s absolute value is greater than 1.  Secondary modeling is split into two parts. When using secondary modeling each coefficient’s absolute value belongs to a certain interval.  For 4x4 encoding the intervals are [2, 2], [3, 3], [4, 4], [5, 5], [6, 6], [7, 7], [8, 8], [9, 9], [10, 11], [12, 15], [16, 23], [24, 39], [40, 71], [72, 135], [136, 263], [264, 519], [520, 1031], [1032, 2055]; for 2x2 they are the same except for the additional interval [1,1]. The encoding of the residual part is realized in two stages: In the first stage we encode the interval and in the second stage we encode the location of the coefficient’s absolute value in this interval. Many coefficients will be encoded using only the first stage. 

Significant gain (or loss) in efficiency is obtained from setting the initial statistics and the model rescaling parameters, especially when the encoder is resetting the initial statistics and model parameters frequently for error resilience or other reasons.   For the simulation results published in this contribution, initial statistics were set only at the beginning of the sequence and were not reset at picture boundaries or at any other point in the sequence.   Should the encoder reset the initial statistics periodically, we expect the gains in coding efficiency with respect to TML9.4 CABAC to be smaller.  

Initial statistics helps us to take into account an important property of the End-of-Block event: the probablility of an End-of-Block event occurring after a sym0 event is zero. Therefore we adjust statistics in order to consider this fact. The statistical model used for context including the sym0 event that is located at position preceding the current position can be initialized so that the End-of-Block event is simply excluded from the statistical distribution.

Lower level event encoding is performed by a particular type of arithmetic coding known as "range encoding".  The main benefit of range encoding lies in the byte-operable nature of encoding/decoding process. This helps  to decrease complexity and increase the computational performance significantly especially on byte-oriented machines.

Range encoding was first proposed by G. N. N. Martin [3].  The first successful implementation of this technique belongs to M. Schindler [4]. Schindler's coder is in fact the same as well known bit-oriented implementations with the exception that it uses byte-oriented carry. The powerful technique proposed by Schindler has two main disadvantages: (1) it is too complicated in some parts; (2) there are some licensing issues (they are distributed with GNU general public license).

The technique for event encoding used by this contribution was recently proposed by D. Subbotin as a freely distributable alternative implementation of range encoding and is believed to be free of these drawbacks. The idea behind Subbotin's implementation is the refusal of carry. When the final interval becomes too short for further processing and it is impossible to output several most significant digits (i.e. to do the renormalization), the interval is simply truncated at the boundary of a power of 2 so as to perform the renormalization step. This hurts the efficiency of course, but the loss is very negligible (1 bit per 256 output bytes - only 0.05%).  The source code which implements this version of range encoding and decoding can be freely downloaded from the web.  See "Carryless Rangecoder" in: http://dogma.net/DataCompression/ArithmeticCoding.shtml.

Important note:  The range codec used by this contribution is used solely for speedup of encoding and decoding. Improved compression efficiency is achieved only by the previously described statistical models and context selection and not by the use of range encoding.  The symbols (events) can be coded with the same, or even a little bit greater (about 0.1%) coding efficiency by an ordinary multisymbol arithmetic encoder, e.g.  the encoder used in MPEG4 standard for wavelet zerotree-based sprite coding.

3. Pseudocode

Definitions: 

coefs[] -  Transform coefficient matrix stored in row major order; 

zigzag[] - Zigzag encoding order matrix; n-th position in this order is zigzag[n] position in row major order; 

MATRIX_SIZE - Transform coefficient matrix size; possible sizes are 4x4 = 16, 2x2 = 4;

NonZeroMask(matrix[]) - mask, each bit of which in sequential order answers the non-zero condition at the corresponding matrix position;

Transform coefficient event - one of the following transform coefficient characteristics: 

sym0 - event meaning that coefficient being encoded is 0 

sym1 - event meaning that the current coefficient’s absolute value is 1

sym2 - event meaning that the current coefficient’ absolute value is 2 or greater 

End-of-Block event (not a transform coefficient event): 

symE - event meaning the end of encoding process (used in Algorithm 4x4 only) 

Transform coefficient absolute residual part - absolute value of transform coefficient event complement to transform coefficient; for Algorithm 4x4 it doesn't exist for 0,+1, and -1 transform coefficient values and for Algorithm 2x2 it doesn't exist for 0; nominally it is calculated as |value|-1;

SC (surrounding context) -     combination of 4 transform coefficient events (left, left-top, top, left-bottom/right-top) surrounding the position in 2D transform coefficients matrix; events are combined subject to symmetry of left and up events (so, there are only 3x3x6 = 54 context values, instead of 3x3x3x3 = 81);

PC (position context) - location in 2D transform coefficients matrix (exact coefficient position or group position);

C1+C2 - combination of contexts C1 and C2; 

PrimaryModel - order-0 statistical model designed for primary events modeling; 

SecondaryModel - order-0 statistical model designed for transform coefficient absolute residual part (secondary events) modeling; 

EncodeBit(event) - encoding of one of the two possible events using statistical model with uniform probability distribution; 

Encode(event, model) - encoding of given event using given context-independent statistical model; 

Encode(event, model, context) - encoding of given event using given statistical model and model context; 

_______________________________________________________________________________

Input: coefs[], MATRIX_SIZE 

Output: encoded stream 

Algorithm 4x4 

int position_in_zigzag; // position in zigzag 

int real_position; // real position in DCT matrix corresponding to zigzag order 

int coef; // coefficient being encoded 

int acoef; // absolute value of coefficient being encoded 

for (int position_in_zigzag = 0; position_in_zigzag<MATRIX_SIZE; position_in_zigzag++) 

{ 

real_position = zigzag[position_in_zigzag]; 

coef = coefs[real_position]; 

if (coef==0) // zero coefficient 

{ 

if (<at least one not coded yet DCT coefficient is non-zero>) 
Encode(sym0, PrimaryModel, SC+PC); // encoding of sym0 event 

else 
{ 

Encode(symE, PrimaryModel, SC+PC); // encoding of symE event 

break; // end of encoding process 

} 

} 

else // non-zero coefficient 

{ 

EncodeBits(coef>0); // encoding of coefficient sign 

acoef = abs(coef); // absolute value computation 

if (acoef==1) // |coef| = 1 

Encode(sym1, PrimaryModel, SC+PC); // encoding of sym1 event 

else // |coef| > 1 

{ 

Encode(sym2, PrimaryModel, SC+PC); // encoding of sym2 event 

Encode(<coefficient absolute residual part>, SecondaryModel, PC); 

// encoding of transform coefficient absolute residual part 

}

 

} 

}
_______________________________________________________________________________

Algorithm 2x2 
int real_position; // position in DCT matrix 

int coef; // coefficient being encoded 

int acoef; // absolute value of coefficient being encoded 

Encode(NonZeroMask(coefs[]), PrimaryModel); // encoding of non-zero mask 

for (int real_position = 0; real_position<MATRIX_SIZE; real_position++) 

{ 

coef = coefs[real_position]; 

if (coef!=0) // non-zero coefficient 

{ 

EncodeBit(coef>0); // encoding of coefficient sign 

acoef = abs(coef); // absolute value computation 

Encode(<coefficient absolute residual part>, SecondaryModel, PC);

// encoding of DCT coefficient absolute residual part 

} 

} 

4. Simulation Results

These are the comparison results for TML 9.4 (CABAC) and CSC texture entropy coding schemes.   Transform coefficients were coded by the respective entropy coders; other syntax elements were coded using TML 9.4 CABAC.

With rate-distortion optimization enabled, different entropy coders can sometimes change the selection of coding mode.  In this case, the transform coefficients sent to the inputs of CABAC and CSC texture encoders are usually identical but are sometimes slightly different. Average reconstruction SNRs are mostly identical but in some cases they differed by 0.01-0.03 (mainly, in U and V components). 

The statistics for both  texture coding schemes were initialized only once at the start of the sequence.

The sequences were encoded with the following settings:

· QP = 16 (all the frames);

· Search range = 32;

· B frames between P frames = 2;

· MV resolution = 1/8 pel;

· RD Optimization = 1.

	148 frames

(IBBPBBPBBP…)
	SNRs
	TML size (bytes)
	CSC size (bytes)
	Compression

Gain  (%)

	Yuv movie
	Y
	U
	V
	Texture
	Total
	Texture
	Total
	Texture
	Total

	Bus
	34.89
	39.92
	41.77
	454699
	656498
	429642
	631441
	5.83
	4.00

	Foreman
	36.37
	40.36
	41.97
	196315
	357566
	184536
	345787
	6.38
	3.41

	Container
	36.11
	41.46
	41.16
	86914
	143283
	82966
	139335
	4.75
	2.83

	Mobilandcalendar
	33.80
	36.12
	36.61
	458296
	670825
	422022
	634551
	8.60
	5.72

	News
	38.22
	40.57
	41.36
	105986
	184254
	100869
	179137
	5.07
	2.86

	Tempete
	34.82
	36.63
	38.74
	410263
	581735
	387541
	559013
	5.86
	4.06


Average texture compression gain for the movies tested: 6.08 %.
5. Conclusion

In this contribution we have proposed a new context-based binary arithmetic coder for use by H.26L for entropy coding of transform coefficients.  This arithmetic coder has been shown to produce as much as 8% greater compression efficiency on texture data as compared to H.26L’s CABAC.

We are currently studying the application of similar statistical models and context selection techniques to other H.26L syntax elements such as motion vectors and header parameters with the emphasis on motion vector encoding.  Our expectation is that similar compression efficiency gains can be achieved.

6. Patent Statement

Compression Science has filed for a patent which lists this technique as one of the inventions.  Compression Science is prepared to grant – on the basis of reciprocity for the H.26L Recommendation – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the H.26L Recommendation.
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