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Summary
This document presents a proposed draft for Annex W describing the optional Bit Exact IDCT Specification.  This annex specifies a particular bit exact IDCT, and allows an encoder to indicate its usage as supplemental information in the bitstream.  Encoders that provide such indication are not required to code macroblocks in INTRA according to a forced update rule, thus providing some compression gains.

Annex W
Bit Exact IDCT Specification

(This annex forms an integral part of this Recommendation.)

W.1
Introduction

Annex A of H.263 specifies the accuracy requirements for the inverse discrete cosine transform (IDCT).  The requirements are statistical and permit some variation in implementations.  Resulting mismatch errors between encoders and decoders may accumulate over time.  To control this accumulation, encoders are required to code each macroblock in INTRA mode at least once every 132 times when coefficients are transmitted (Section 4.4 Forced Updating).

In this Annex, a particular bit exact IDCT is specified and its indication in the bitstream defined.  If the bit exact IDCT is indicated in a bitstream, then the forced updating requirement is removed. 

W.2
Indication in Supplemental Enhancement Information (SEI)

Table L.1 of this Recommendation lists the FTYPE function type values for Supplemental Enhancement Information.  This Annex replaces entry 13 of that table, `Reserved`, with a new entry, `Bit Exact IDCT.`  DSIZE shall be zero for the `Bit Exact IDCT` type.  The presence of this function type indicates that the encoder uses the bit exact IDCT specified in W.5 below.

W.3
Removal of Forced Updating

If the Bit Exact IDCT function type is indicated by the encoder, then the forced updating requirement is removed, and the encoder may choose to reduce the frequency of INTRA coding.

W.4
Decoder Operation

The capability of a decoder to perform the bit exact IDCT may be signaled to the encoder by external means.  When receiving an encoded bitstream with the `Bit Exact IDCT` indication, a decoder shall use the bit exact IDCT if it is capable.




If the encoder uses the bit exact IDCT with a decoder that has this capability, there is no mismatch.  If the encoder uses the bit exact IDCT with a decoder that does not have this capability, there may be mismatch.

W.5
Bit Exact IDCT Specification

An IDCT implementation is compliant with this Annex if, for any input block, it produces identical output values as the C source program listed below.  Note that this fixed-point IDCT is compliant with Annex A.
/*----------------------------------------------------------------------*

**


FIXED-POINT IDCT






**

**











**

** Fixed Point fast idct, separable






**

** Storage precision : 16 bits signed (REGISTER)



**

** Internal calculation precision : 32 bits signed



**

** input range : 12 bits signed stored in 16 bits (scaling)


**

** output range : [-256, +255]   






**

** All operations are signed







**

**---------------------------------------------------------------------*/

/* INCLUDES

-------------------------------*/

#include <stdlib.h>

#include <stdio.h>

/* TYPE DEFINITION 

-------------------------------*/

typedef short int REGISTER;

/* Global constants : 16 bits signed

---------------------------------------------*/

const REGISTER cpo8   = 0x539f;     /* 16384*cos(pi/8)    */

const REGISTER spo8   = 0x4546;     /* 32768*sin(pi/8)    */

const REGISTER cpo16  = 0x7d8a;     /* 32768*cos(pi/16)   */

const REGISTER spo16  = 0x18f9;     /* 32768*sin(pi/16)   */

const REGISTER c3po16 = 0x6a6e;     /* 32768*cos(3*pi/16) */

const REGISTER s3po16 = 0x471d;     /* 32768*sin(3*pi/16) */

const REGISTER OoR2   = 0x5a82;     /* 16384*sqrt(1/2)    */

/* Function declarations

-------------------------*/

REGISTER multiply(const REGISTER, REGISTER, signed char);

void Transpose(REGISTER *);

void Half_Swap(REGISTER block[64]);

void Swap (REGISTER block[64]);

void Rotate(REGISTER *x, REGISTER *y, signed char sha, signed char shb,


      const REGISTER a, const REGISTER b);

void butterfly(REGISTER column [8], char pass); 

void Round(REGISTER block[64], char scale);

void scale(REGISTER block[64], signed char sht);

void idct(REGISTER block[64]);

/*---------------------------------------------------------------------**

** IMPLEMENTATION









**

**---------------------------------------------------------------------*/

/*----------------------------------------------------------------------*

**


  





 


**

**  Transpose:





         
 

**

**
transpose a block        

 


 

**

**








 


**

**  input:







 


**

**
REGISTER block[64]: input block




 
**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void Transpose(REGISTER block[64]) {

  int i, j;          

  REGISTER temp;

  for (i=0; i<8; i++) {

    for (j=0; j<i; j++) {

      temp = block[8*i+j];

      block[8*i+j] = block[8*j+i];

      block[8*j+i] = temp;

    }

  }

  return;

}

/*-----------------------------------------------------------------------*

**








 


 **

**  multiply:   






 


 **

**
multiply by a constant, yielding a 16 bit result
         
 **

**








 


 **

**  input:







 


 **

**
const REGISTER a : factor a

 


 

 **

**
REGISTER x       : input x




 

 **

**      signed char sht  : shift, before rounding


 
 **

**








 


 **

**  output: none






 


 **

**








 


 **

**  return value: REGISTER, the result of the multiply  


 **
                 **











 **

**----------------------------------------------------------------------*/

REGISTER multiply(const REGISTER a, REGISTER x, signed char sht) {

  long int tmp;

  REGISTER reg_out;

  tmp = (long int)a * (long int)x;

  if (sht-1 > 0)

    tmp = tmp >> (sht-1);

  else  

    tmp = tmp << (-sht+1);

  /* rounding and saturating */

  if (tmp) {

    if (tmp < 0x7FFFFFFF - 0x00007FFF) 

      tmp = tmp + 0x00007FFF;

    else 

      tmp =0x7FFFFFFF;

  }

  reg_out = (REGISTER)((signed)tmp >>16);

  return(reg_out);

}

/*----------------------------------------------------------------------*

**


  





 

 
**

**  Half_Swap:  






 


**

**
One dimensionnal swap

        


 

**

**








 


**

**  input:







 


**

**
REGISTER block[64]: input block




 
**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void Half_Swap(REGISTER block[64]) {

  int i; 

  REGISTER temp;

  for (i=0; i<8; i++) {

    temp = block[8+i];

    block[8+i] = block[32+i];

    block[32+i] = temp;

    temp = block[24+i];

    block[24+i] = block[48+i];

    block[48+i] = temp;

    temp = block[40+i];

    block[40+i] = block[56+i];

    block[56+i] = temp;

  }

  return;

}

/*----------------------------------------------------------------------*

**


  





 


**

**  Swap:







 


**

**
Swap and transpose a block      



 

**

**








 


**

**  input:







 


**

**
REGISTER block[64]: input block




 
**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void Swap(REGISTER block[64]) {

  Half_Swap(block); 

  Transpose(block);

  Half_Swap(block);

}

/*----------------------------------------------------------------------*

**


  





 


**

**  Rotate:


        



 


**

**

Performs idct rotate operation on 2 registers

 
**

**








 


**

**  input:







 


**

**

REGISTER *x: pointer to the 1st register
         

**

**

REGISTER *y: pointer to the 2nd register
         

**

**

const REGISTER a: factor a


         

**

**

const REGISTER b: factor b


         

**

**

signed char sha : shift associated with the factor a
 
**

**

signed char shb : shift associated with the factor b
 
**

**








 


**

**  output: *x, *y






 

**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void Rotate(REGISTER *x,REGISTER *y ,signed char sha, signed char shb,


    const REGISTER a, const REGISTER b) {

  long int tmplxa, tmplya, tmplxb, tmplyb;

  long int tmpl1, tmpl2;


/* intermediate calculation


--------------------------- */

  tmplxa = (long int)(*x) * (long int)a;

  if (sha-1 > 0) 

    tmplxa = tmplxa >> (sha-1);

  else 

    tmplxa = tmplxa << (-sha+1);

  tmplya = (long int)(*y) * (long int)a;

  if (sha-1 > 0) 

    tmplya = tmplya >> (sha-1);

  else 

    tmplya = tmplya << (-sha+1);

  tmplxb = (long int)(*x) * (long int)b;

  if (shb-1 > 0) 

    tmplxb = tmplxb >> (shb-1);

  else 

    tmplxb = tmplxb << (-shb+1);

  tmplyb = (long int)(*y) * (long int)b;

  if (shb-1 > 0) 

    tmplyb = tmplyb >> (shb-1);

  else 

    tmplyb = tmplyb << (-shb+1);


/* intermediate rounding 


------------------------*/

  if (tmplxa) 

    tmplxa += 0x00007FFF;

  if (tmplxb) 

    tmplxb += 0x00007fFF;


/* final rotate 


---------------*/

  tmpl1 = tmplxb - tmplya;

  tmpl2 = tmplxa + tmplyb;


/* final rounding


------------------*/

  *x = (REGISTER) ((signed)tmpl1 >>16);

  *y = (REGISTER) ((signed)tmpl2 >>16);


  return;

}

/*----------------------------------------------------------------------*

**


  





 


**

**  Butterfly:
        





 

**

**
Performs 1D idct butterfly on a column


         
**

**








 


**

**  input:







 


**

**
REGISTER column[8] : input column {x0,x1,x2,x3,x4,x5,x6,x7}
**

**
char     pass      : pass number

                 

**

**








 


**

**  output: column as {x0,x4,x2,x6,x1,x7,x3,x5} 


 
**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void butterfly(REGISTER column [8], char pass) {

  int i;

  REGISTER shadow_column[8];

  long int tmp1, tmp2;


/* For readability, we use a shadow 


column that contains the state of column at the


preceding stage of the butterfly. */


/*             first phase                        */


/*------------------------------------------------*/

  Rotate(column+2, column+6, -1+pass, pass, cpo8, spo8);

  Rotate(column+1, column+7, pass, pass, cpo16, spo16);

  Rotate(column+3, column+5, pass, pass, c3po16, s3po16);

  for (i=0; i<8; i++)

    shadow_column[i] = column[i];

  if (pass) {





/* scaling down, rounding



-------------------------*/

    int a, tmp=column[4], b=column[0];

    a = tmp+b;

    b = -tmp+b;

    column[0] = (a - ((tmp<0) ? 1 : 0)) >> 1;

    column[4] = (b - ((tmp<0) ? 1 : 0)) >> 1;

  }

  else {

    column[0] = shadow_column[0] + shadow_column[4];

    column[4] = shadow_column[0] - shadow_column[4];

  }


/* update shadow 


----------------*/

  for (i=0; i<8; i++) 

    shadow_column[i] = column[i];


/*             second phase                       */


/*------------------------------------------------*/

  column[1] = shadow_column[1] - shadow_column[3];

  column[3] = shadow_column[1] + shadow_column[3];

  column[7] = shadow_column[7] - shadow_column[5];

  column[5] = shadow_column[7] + shadow_column[5];

  column[0] = shadow_column[0] + shadow_column[6];

  column[6] = shadow_column[0] - shadow_column[6];

  column[4] = shadow_column[4] + shadow_column[2];

  column[2] = shadow_column[4] - shadow_column[2];


/* update shadow */

  for (i=0; i<8; i++)   

    shadow_column[i] = column[i];


/*             third phase                        */


/*------------------------------------------------*/

  column[7] = shadow_column[7] - shadow_column[3];

  column[3] = shadow_column[7] + shadow_column[3];

  column[1] = multiply(OoR2, shadow_column[1], -1);

  column[5] = multiply(OoR2, shadow_column[5], -1);

  for (i=0; i<8; i++)   

    shadow_column[i] = column[i];


/*             fourth phase                       */


/*------------------------------------------------*/

  column[4] = shadow_column[4] + shadow_column[3];

  column[3] = shadow_column[4] - shadow_column[3];

  column[2] = shadow_column[2] + shadow_column[7];

  column[7] = shadow_column[2] - shadow_column[7];

  column[0] = shadow_column[0] + shadow_column[5];

  column[5] = shadow_column[0] - shadow_column[5];

  column[6] = shadow_column[6] + shadow_column[1];

  column[1] = shadow_column[6] - shadow_column[1];

  return;


/* the output column is : x0, x4, x2, x6, x1 , x7 x3 , x5 


----------------------------------------------------------*/

}

/*----------------------------------------------------------------------*

**


  





 


**

**  Round:

    





 


**

**
Performs the final rounding of the idct on an 8x8 block
      **

**








 


**

**  input:







 


**

**
REGISTER block[64] : input block

                 

**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void Round(REGISTER block[64], char scale) {

  int i;

  for (i=0; i<64; i++) {

    if (block[i]) {

      if ((block[i] < 0x7FFF - 0x0020))


block[i] = block[i] + 0x0020;

      else 


block[i] = 0x7FFF;

    }

    block[i] = block[i] >> scale;

    block[i] = (block[i]<-256) ? -256 : ((block[i]>255) ? 255 : block[i]); 

  }

  return;

}

/*----------------------------------------------------------------------*

**


  





 


**

**  scale:







 


**

**
Performs scaling (signed bit shifting) on a block
         
**

**








 


**

**  input:







 


**

**
REGISTER block[64] : input block

                 

**

**
signed char sht : shift



                 

**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void scale (REGISTER block[64], signed char sht) {

  int i;

  if (sht>0) {

    for (i=0; i<64; i++) {

      block[i] = block[i] >> sht;

    }

  }

  else {

    for (i=0; i<64; i++) {

      block[i] = block[i] << (-sht);

    }

  }

}

/*----------------------------------------------------------------------*

**


  





 


**

**  idct:


    




 


**

**
Performs 2D idct a block

         

 

**

**








 


**

**  input:







 


**

**
REGISTER block[64] : input block

        
 

**

**








 


**

**  output: block






 


**

**








 


**

**  return value: none






 

**

**---------------------------------------------------------------------*/

void idct(REGISTER block[64]) {

  int i;

  scale(block, -4);

  for (i=0; i<8; i++) 

    butterfly(block+8*i, 0);

  Transpose(block);

  for (i=0; i<8; i++) 

    butterfly(block+8*i, 1);

  Round(block, 6);

  Swap(block);


}

