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Summary

After review of the PictureTel proposal D.328 to alter the fixed-point IDCT specified in H.263++ Annex W, the group asked for further clarification of the exact nature of the requested changes.  Such clarification is provided herein as information to the experts for future analysis.

Modified C Code

See alterations controlled by the five lines starting with “#define CHANGE_xx” below:

/*****************************************************************************

 *

 *                           FIXED-POINT IDCT

 *

 * Fixed-point fast, separable idct

 * Storage precision: 16 bits signed

 * Internal calculation precision: 32 bits signed

 * Input range: 12 bits signed, stored in 16 bits

 * Output range: [-256, +255]

 * All operations are signed

 *

 *****************************************************************************/

#define  CHANGE_A       1

#define  CHANGE_B4      1

#define  CHANGE_D       1

#define  CHANGE_F2      1

#define  CHANGE_G       1

/*

 * Includes

 */

#include <stdlib.h>

#include <stdio.h>

/*

 * Typdefs

 */

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

 */

void Transpose(REGISTER block[64]);

void HalfSwap(REGISTER block[64]);

void Swap(REGISTER block[64]);

void Scale(REGISTER block[64], signed char sh);

void Round(REGISTER block[64], signed char sh,


   const REGISTER min, const REGISTER max);

REGISTER Multiply(const REGISTER a, REGISTER x, signed char sh);

void Rotate(REGISTER *x, REGISTER *y,


    signed char sha, signed char shb,


    const REGISTER a, const REGISTER b, 


    int inv);

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

void IDCT(REGISTER block[64]);

/*

 * Transpose():

 *      Transpose a block

 * Input:

 *      REGISTER block[64]

 * 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;

}

/*

 * HalfSwap():

 *      One-dimensional swap

 * Input:

 *      REGISTER block[64]

 * Output:

 *      block

 * Return value:

 *      none

 */

void HalfSwap(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]

 * Output:

 *      block

 * Return value:

 *      none

 */

void Swap(REGISTER block[64]) 

{

  HalfSwap(block); 

  Transpose(block);

  HalfSwap(block);

}

/*

 * Scale():

 *      Scale a block

 * Input:

 *      REGISTER block[64]

 *      signed char sh

 * Output:

 *      block

 * Return value:

 *      none

 */

void Scale(REGISTER block[64], signed char sh) 

{

  int i;

  if (sh>0) {

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

      block[i] >>= sh;

  }

  else {

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

      block[i] <<= -sh;

  }

}

/*

 * Round():

 *      Performs the final rounding of an 8x8 block

 * Input:

 *      REGISTER block[64]

 *      signed char sh

 *      const REGISTER min

 *      const REGISTER max

 * Output:

 *      block

 * Return value:

 *      none

 */

void Round(REGISTER block[64], signed char sh,


   const REGISTER min, const REGISTER max)

{

  int i;

  REGISTER round_val;

  round_val = (1 << (sh-1));

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

    #if !(defined CHANGE_G)

    if (block[i]) {

      if (block[i] < 0x00007FFF - round_val)

        #if (defined CHANGE_E1)

        block[i] += round_val - ((block[i] < 0) ? 0 : 1);   /* Round toward zero */

        #elif (defined CHANGE_E2)

        block[i] += round_val - ((block[i] < 0) ? 1 : 0);   /* Round away from zero */

        #elif (defined CHANGE_E3)

        block[i] += round_val - 1 + ((block[i] >> sh) & 1); /* Round toward an even number */

        #elif (defined CHANGE_E4)

        block[i] += round_val - 1;                          /* Round toward minus infinity */

        #else

        block[i] += round_val;

        #endif

      else 

        block[i] = 0x00007FFF;

    }

    #endif

    block[i] >>= sh;

    block[i] = (block[i]<min) ? min : ((block[i]>max) ? max : block[i]); 

  }

  return;

}

/*

 * Multiply():

 *      Multiply by a constant with shift

 * Input:

 *      const REGISTER a

 *      REGISTER x

 *      signed char sh

 * Output: 

 *      none

 * Return value:

 *      REGISTER, the result of the multiply

 */

REGISTER Multiply(const REGISTER a, REGISTER x, signed char sh) 

{

  long int tmp;

  REGISTER reg_out;

  long int round_val;

  /* multiply */

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

  /* shift */

  if (sh > 0)

    tmp >>= sh;

  else  

    tmp <<= -sh;

  #ifdef CHANGE_D

  round_val = 0x00008000L;

  #else

  round_val = 0x00007FFF;

  #endif

  /* rounding and saturating */

  if (tmp) {

    if (tmp < 0x7FFFFFFF - round_val) 

      tmp = tmp + round_val;

    else

      tmp = 0x7FFFFFFF;

  }

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

  return(reg_out);

}

/*

 * Rotate():

 *      Perform rotate operation on two registers

 * Input:

 *      REGISTER *x        pointer to the 1st register

 *      REGISTER *y        pointer to the 2nd register

 *      signed char sha    shift associated with factor a

 *      signed char shb    shift associated with factor b

 *      const REGISTER a   factor a

 *      const REGISTER b   factor b

 *      int inv            1 for inverse dct, 0 for forward dct

 * Output:

 *      *x, *y

 * Return value:

 *      none

 */

void Rotate(REGISTER *x, REGISTER *y,


    signed char sha, signed char shb,


    const REGISTER a, const REGISTER b,


    int inv)

{

  long int tmplxa, tmplya, tmplxb, tmplyb;

  long int tmpl1, tmpl2;

  long int round_val;

  #ifdef CHANGE_D

  round_val = 0x8000L;

  #else

  round_val = 0x7FFF;

  #endif

  /*

   * intermediate calculation 

   */

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

  if (sha > 0) 

    tmplxa >>= sha;

  else 

    tmplxa <<= -sha;

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

  if (sha > 0) 

    tmplya >>= sha;

  else 

    tmplya <<= -sha;

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

  if (shb > 0) 

    tmplxb >>= shb;

  else 

    tmplxb <<= -shb;

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

  if (shb > 0) 

    tmplyb >>= shb;

  else 

    tmplyb <<= -shb;

  /*

   * rounding and rotation 

   */

  if (inv) {

    #ifndef CHANGE_A

    if (tmplxa) 

    #endif

      tmplxa += round_val;

    #ifndef CHANGE_A

    if (tmplxb) 

    #endif

      tmplxb += round_val;

    tmpl1 = tmplxb - tmplya;

    tmpl2 = tmplxa + tmplyb;

  }

  else {

    #ifndef CHANGE_A

    if (tmplya) 

    #endif

      tmplya += round_val;

    #ifndef CHANGE_A

    if (tmplyb) 

    #endif

      tmplyb += round_val;

    tmpl1 = tmplxb + tmplya;

    tmpl2 = -tmplxa + tmplyb;

  }

  /*

   * final rounding

   */

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

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

  return;

}

/*

 * Butterfly():

 *      Perform 1D IDCT on a column

 * Input:

 *      REGISTER column[8]

 *      char pass

 * Output:

 *      column

 * Return value:

 *      none

 */

void Butterfly(REGISTER column[8], char pass)

{

  int i;

  REGISTER shadow_column[8];

  /* 

   * For readability, we use a shadow column

   * that contains the state of column at the

   * preceding stage of the butterfly.

   */

  /*

   * Initialization

   */

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

    shadow_column[i] = column[i];

  /*

   * First Phase

   */

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

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

  Rotate(column+3, column+5, (signed char)(pass-1), (signed char)(pass-1), c3po16, s3po16, 1);

  if (pass) {

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

    a = tmp+b;

    b = -tmp+b;

    #if (defined CHANGE_B1)

    column[0] = (a + ((a < 0) ? 1 : 0)) >> 1;       /* Round toward zero */

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

    #elif (defined CHANGE_B2)

    column[0] = (a + ((a < 0) ? 0 : 1)) >> 1;       /* Round away from zero */

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

    #elif (defined CHANGE_B3)

    column[0] = (a + ((a >> 1) & 1)) >> 1;          /* Round toward an even number */

    column[4] = (b + ((b >> 1) & 1)) >> 1;

    #elif (defined CHANGE_B4)

    column[0] = a >> 1;                             /* Round toward minus infinity */

    column[4] = b >> 1;

    #elif (defined CHANGE_B5)

    column[0] = (a + 1) >> 1;                       /* Round toward plus infinity */

    column[4] = (b + 1) >> 1;

    #else

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

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

    #endif

  }

  else {

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

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

  }

  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];

  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], -2);

  column[5] = Multiply(OoR2, shadow_column[5], -2);

  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;

}

/*

 * IDCT():

 *      Perform 2D IDCT on a block

 * Input:

 *      REGISTER block[64]

 * Output:

 *      block

 * Return value:

 *      none

 */

void IDCT(REGISTER block[64]) 

{

  int i;

  REGISTER  round_val;

  round_val = 0;

  #ifdef CHANGE_G

  round_val += 1 << 6;

  #endif

  #if (defined CHANGE_F1)

  round_val -= 1;

  #elif (defined CHANGE_F2)

  round_val -= block[0] & 1;

  #endif

  Scale(block, -4);

  #if (defined CHANGE_G)

  if (block[0] <= 0x7FFF - round_val)

    block[0] += round_val;

  else

    block[0] = 0x7FFF;

  #elif ((defined CHANGE_F1) || (defined CHANGE_F2))

  if (block[0] >= -0x8000L - round_val)

    block[0] += round_val;

  else

    block[0] = -0x8000L;

  #endif

  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, -256, 255);

  Swap(block);

}
