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1 Introduction

The current binarization can potentially expand each motion vector and coefficient level value into tens of thousands of binary digits.  Decoder compliance would be much easier to achieve if the number of bits in the binarization were at least limited to be well under 100, rather than potentially ranging into the tens of thousands.  Certainly, this will make a hard per-symbol realtime constraint on a hardware implementation of CABAC prohibitively expensive to consider. Compliance will be difficult to define when certain bitstreams could potentially require tens of thousands more arithmetic engine operations than a typical bitstream.

VCEG-O18 proposed an exp-Golumb binarization to limit the maximum number of bits in the binarization to more reasonable number than the current unary binarization. 

In this proposal we greatly reduce the RD losses at higher QP that were experienced with VCEG-O18, while still reducing the potential binarization length by many orders of magnitude.

In contrast to the VCEG-O18 proposal, we propose keeping unary binarization for the first number of bits in the new binarization (to allow better context adaptation of CABAC), and only switching to an exp-Golumb binarization suffix for larger symbol levels and larger motion vector residual magnitudes. 
2  Method

Motion vector residuals magnitudes of 0-63 (n, the unary cut-off value, being 63)  and coefficient level values of 0-15 (n, the unary cut-off value, being 15)  use unary binarization as in the current standard.  For values (indices) larger than or equal to n, a prefix of n 1’s precedes a slightly modified exp-Golumb code representing  i =v -n, where v is the original index value, and i is the portion that is coded with an exp-Golumb code.

[Reducing these initial cut-offs seems to gradually reduce RD performance at low-bitrates. Taking VCEG-018 as a benchmark, we might expect up to 2 to 4% more bits at higher QP if no initial cut-off were used (that is if straightforward exp-Golumb binarization were used.)]

The construction of a codeword for a given index v is relatively simple:

If v<n (the code cut-off value),


Use a unary code of v 1’s terminated with a 0.

If v>=n,

      0.   Form an initial prefix of n 1’s.

1. Extract the symbol 
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 representing the most significant bits (MSB) of i+1=v-n+1, i.e., 
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, and put it in a unary representation. This part is appended to the initial prefix to form the prefix of the codewords shown in the ‘Unary Prefix’ column of Table 1.

2. Append the 
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 least significant bits (LSB) in its binary representation to the prefix. Invert the bits, and add them to the prefix in least significant to most significant order (ie. Inverted and reversed in bit order).

3. The corresponding suffix bits are shown in the LSB column of Table 1. 
	Index
	Unary

Prefix
	!LSB reversed

	0
	0
	

	1
	10
	

	2
	110
	

	…
	
	

	63
	1…1 0
	

	64
	1…1 10
	1

	65
	1…1 10
	0

	66
	1…1 110
	11

	67
	1…1 110
	01

	68
	1…1 110
	10

	69
	1…1 110
	00

	70
	1…1 1110
	111

	71
	1…1 1110
	110

	72
	1…1 1110
	101

	73
	1…1 1110
	001

	74
	1…1 1110
	011

	75

…
	1…1 1110
	010




Table 1:  Motion vector magnitude binarization. 

	Index
	Unary

Prefix
	!LSB reversed

	0
	0
	

	1
	10
	

	2
	110
	

	…
	
	

	15
	1…1 0
	

	16
	1…1 10
	1

	17
	1…1 10
	0

	18
	1…1 110
	11

	19
	1…1 110
	01

	20
	1…1 110
	10

	21
	1…1 110
	00

	22
	1…1 1110
	111

	23
	1…1 1110
	110

	24
	1…1 1110
	101

	25
	1…1 1110
	001

	26
	1…1 1110
	011

	27

…
	1…1 1110
	010


Table 2:  Coefficient level binarization.
3 Results & Conclusion

See JVT-Cxx.xls for full results under common conditions on the latest JM2.0.

In summary, PSNR and bitrate over the RD curves are almost identical for the new and old binarization. If anything, the new binarization is perhaps slightly superior in an RD sense (foreman and paris show -.4% bitrate with the new method). Any gain that is present for the new binarization is at mid-level QPs, at high and low QPs the two methods are almost indestiguishable.

	Sequence
	GDPSNR
	GDBR

	container
	.003dB
	-.08%

	news
	-.003dB
	+.10%

	foreman
	.019dB
	-.40%

	paris
	.018dB
	-.36%

	silent
	.000dB
	+.02%

	mobile
	-.002dB
	+.05%

	tempete
	-.002dB
	+.04%


Table 3:  Relative RD results for new binarization.
The new binarization is at least as good as the old in an RD sense, and effectively limits the maximum length binarization to reduce worst-case complexity of arithmetic encoding and decoding.
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Appendix A

Encoder code for new proposal. Un-comment #define ESCP to use the new proposed binarization.

//#define ESCP

#define ESCPL 16 //this symbol is the first binarization with with an exp-Golumb suffix

#define ESCPM 64

#ifdef ESCP

void unary_level_encode(EncodingEnvironmentPtr eep_dp,

                        unsigned int symbol,

                        BiContextTypePtr ctx)

{

  unsigned int l;

  int bin=1;

  BiContextTypePtr ictx=ctx;

  int trm,cnt,trms; //symbol

//for(symbol=6; symbol<100; symbol++){ printf("%d ",symbol);

  if (symbol==0)

  {

    biari_encode_symbol(eep_dp, 0, ictx );//printf("0");

    return; //

  }

  else

  {

    biari_encode_symbol(eep_dp, 1, ictx );//printf("1");

    l=symbol-1;

    ictx++;

    cnt=0; trms=1;//

    while (l>=trms) //--l > 0

    {

      biari_encode_symbol(eep_dp, 1, ictx  );//printf("1");

      l-=trms; cnt+=trms;//

      if (cnt>=ESCPL+(trms-2))

        trms<<=1; //

      if ((++bin)==2) ictx++;

    }

    biari_encode_symbol(eep_dp, 0, ictx  );//printf("0");

    trm=0; //lsb first? (order doesn't matter)

    while (trms>1) { //

      biari_encode_symbol(eep_dp, !((l>>trm)&1), ictx);//printf("%d",(l>>trm)&1);

      trms>>=1;

      trm++;

    }

  }

  //printf("\n");} 

  return;

}

void unary_mv_encode(EncodingEnvironmentPtr eep_dp,

                        unsigned int symbol,

                        BiContextTypePtr ctx,

                        unsigned int max_bin)

{

  unsigned int l;

  unsigned int bin=1;

  BiContextTypePtr ictx=ctx;

  int trm,cnt,trms; //symbol

  if (symbol==0)

  {

    biari_encode_symbol(eep_dp, 0, ictx );

    return;

  }

  else

  {

    biari_encode_symbol(eep_dp, 1, ictx );

    l=symbol-1;

    ictx++;

    cnt=0; trms=1;//

    while (l>=trms) //--l > 0

    {

      biari_encode_symbol(eep_dp, 1, ictx  );

      l-=trms; cnt+=trms;//

      if (cnt>=ESCPM+(trms-2))

        trms<<=1; //

      if ((++bin)==2) ictx++;

      if (bin==max_bin) ictx++;

    }

    biari_encode_symbol(eep_dp, 0, ictx  );

    trm=0; //lsb first? (order doesn't matter)

    while (trms>1) { //

      biari_encode_symbol(eep_dp, !((l>>trm)&1), ictx);//printf("%d",(l>>trm)&1);

      trms>>=1;

      trm++;

    }

  }

  return;

}

#else

void unary_level_encode(EncodingEnvironmentPtr eep_dp,

                        unsigned int symbol,

                        BiContextTypePtr ctx)

{

  unsigned int l;

  int bin=1;

  BiContextTypePtr ictx=ctx;

  if (symbol==0)

  {

    biari_encode_symbol(eep_dp, 0, ictx );

    return;

  }

  else

  {

    biari_encode_symbol(eep_dp, 1, ictx );

    l=symbol;

    ictx++;

    while ((--l)>0)

    {

      biari_encode_symbol(eep_dp, 1, ictx  );

      if ((++bin)==2) ictx++;

    }

    biari_encode_symbol(eep_dp, 0, ictx  );

  }

}

void unary_mv_encode(EncodingEnvironmentPtr eep_dp,

                        unsigned int symbol,

                        BiContextTypePtr ctx,

                        unsigned int max_bin)

{

  unsigned int l;

  unsigned int bin=1;

  BiContextTypePtr ictx=ctx;

  if (symbol==0)

  {

    biari_encode_symbol(eep_dp, 0, ictx );

    return;

  }

  else

  {

    biari_encode_symbol(eep_dp, 1, ictx );

    l=symbol;

    ictx++;

    while ((--l)>0)

    {

      biari_encode_symbol(eep_dp, 1, ictx  );

      if ((++bin)==2) ictx++;

      if (bin==max_bin) ictx++;

    }

    biari_encode_symbol(eep_dp, 0, ictx  );

  }

  return;

}

#endif
(Append for Proposal Documents)
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