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In this document we provide additional information on the Annex W fixed-point IDCT described in q15h35.doc.  First, the IDCT is tested for compliance with the requirements of H.262 | ISO/IEC 13818-2 Annex A with positive results.  Second, an analogous fixed-point FDCT is presented that may be of interest to encoder implementers.

1. H.262 | ISO/IEC 13818-2 Annex A Compliance

H.262 | ISO/IEC 13818-2 Annex A, as amended by Technical Corrigendum 2, adds two requirements beyond those of H.263++ Annex A.  If f(x,y) is the mathematical real-number IDCT, let f’(x,y) = round(f(x,y)) where rounding is to the nearest integer (with half-integer values rounded away from zero), and let f’’(x,y) = saturate(f’(x,y)) where saturation is to the range [-256,255].  For an IDCT to be tested, f[y][x], the two additional requirements are

· For 8x8 blocks that have all 64 coefficients f’(x,y) in the range [-384,383]:  When f’(x,y) > 256, f[y][x] shall be equal to 255 and when f’(x,y) < -257, f[y][x] shall be equal to –256.  For all values of f’(x,y) in the range [-257,256] the absolute difference between f[y][x] and f’’(x,y) shall not be larger than 2.

· Let F be the set of 4096 blocks Bi[y][x] (i=0..4095) defined as follows:

a) Bi[0][0] = i – 2048

b) Bi[7][7] = 1 if Bi[0][0] is even, Bi[7][7] = 0 if Bi[0][0] is odd

c) All other coefficients Bi[y][x] other than Bi[0][0] and Bi[7][7] are equal to 0

For each block Bi[y][x] that belongs to set F defined above, |f[y][x] – f’’(x,y)| <= 1 for all x and y.

The first test was run on the 60,000 random 8x8 blocks specified in Annex A (10,000 blocks x 3 ranges x 2 signs), with 64-bit floating point as the reference IDCT.  All blocks passed, with 99.5% of the coefficients (3,821,634 out of 3,840,000) giving |f[y][x] - f’’(x,y)| = 0 and the remaining 0.5% giving |f[y][x] – f’’(x,y)| = 1.

The second test was run on the 4,096 blocks.  All blocks passed, with 100% of the coefficients giving |f[y][x] - f’’(x,y)| = 0.

2. Fixed-Point FDCT Implementation

The following fixed-point FDCT implementation is very similar to the Annex W fixed-point IDCT and may be useful to encoder implementers.  It calls Transpose(), Swap(), and multiply() from the IDCT, and adds new routines FRotate(), Fbutterfly() and Fround(), which share the same structure as their IDCT counterparts.

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

**                             Fixed Point FDCT 
**

**
**

** Fixed Point fast fdct, separable
**

** Storage precision : 16 bits signed (REGISTER)
**

** Internal calculation precision : 32 bits signed
**

** input range : 9 bits signed stored in 16 bits
**

** output range : 12 bits signed stored in 16 bits
**

** All operations are signed
**

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

/* INCLUDES

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

#include <idct.c>  /* Source code in Proposed Annex W (q15h35.doc) */

/* Function declarations

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

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

              const REGISTER a, const REGISTER b);

void Fbutterfly(REGISTER column [8]);

void FRound (REGISTER block[64]);

void fdct(REGISTER block[64]);

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

** IMPLEMENTATION                                                       
**

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

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

**                                                                       
**

**  FRotate:                                                             
**

**              Performs fdct 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 FRotate(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 (tmplya) tmplya += 0x7FFF;

  if (tmplyb) tmplyb += 0x7FFF;

  /* Final rotate 

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

  tmpl1 = tmplxb + tmplya;

  tmpl2 = -tmplxa + tmplyb;

  /* Final rounding

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

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

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

  return;

}

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

**                                                                      
**

**  Fbutterfly:                                                           
**

**      Performs 1D fdct butterfly on a column                           
**

**                                                                       
**

**  input:                                                               
**

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

**                                                                       
**

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

**                                                                       
**

**  return value: none                                                   
**

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

void Fbutterfly(REGISTER column [8]) 

{ 

  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. */

  /*             Initialization :                   
*/

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

  for (i=0;i<8;i++)   shadow_column[i] =  column [i];

  /*             first phase                        
*/

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

  for (i=0;i<4;i++) {

    column[i] = shadow_column[i] + shadow_column[7-i];

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

  }

  /* update shadow */

  for (i=0;i<8;i++)   shadow_column[i] =  column [i];

  /* the input range is now 10 bits */

  /*             second phase                       
*/

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

  column[0] = shadow_column[0] + shadow_column[3];

  column[3] = shadow_column[0] - shadow_column[3];

  column[1] = shadow_column[1] + shadow_column[2];

  column[2] = shadow_column[1] - shadow_column[2];

  column[4] = multiply(OoR2,shadow_column[4],-1);

  column[6] = shadow_column[6] - shadow_column[5];

  column[5] = shadow_column[6] + shadow_column[5];

  column[7] = multiply(OoR2,shadow_column[7],-1);

  /* update shadow */

  for (i=0;i<8;i++)   shadow_column[i] =  column [i];

  /*             third phase                        
*/

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

  column[0] = shadow_column[0] + shadow_column[1];

  column[1] = shadow_column[0] - shadow_column[1];

  column[6] = shadow_column[6] - shadow_column[4];

  column[4] = shadow_column[6] + shadow_column[4];

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

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

  /* update shadow */

  for (i=0;i<8;i++)   shadow_column[i] =  column [i];

  /*             fourth phase                          
*/

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

  FRotate (column +2,column +3,-1,0,cpo8,spo8);

  FRotate (column+4,column+5,0,0,cpo16,spo16);  

  FRotate (column +6,column+7,0,0,c3po16,s3po16);

  return;

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

}

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

**                                                                       
**

**  FRound:                                                               
**

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

**                                                                       
**

**  input:                                                               
**

**      REGISTER block[64] : input block                                 
**

**                                                                       
**

**  output: block                                                        
**

**                                                                       
**

**  return value: none                                                   
**

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

void FRound(REGISTER block[64])

{

  int i;

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

    if (block[i]) { 

      if (block[i] < (0x7FFF -0x0004))

        block[i] = block[i]+ 0x0004;

      else block[i] =0x7FFF;

    }

    block[i] = block[i]>>3;

    block[i] = (block[i]<-2048) ? -2048 : ((block[i]>2047) ? 2047:block[i]);

  }

  return;

}

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

**                                                                       
**

**  fdct:                                                               
**

**      Performs 2D fdct on a block          
**

**                                                                       
**

**  input:                                                               
**

**      REGISTER block[64] : input block                                 
**

**                                                                       
**

**  output: block                                                        
**

**                                                                       
**

**  return value: none                                                   
**

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

void fdct  (REGISTER block[64])

{

  int i;

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

    Fbutterfly (block +8*i);

  Transpose(block);

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

    Fbutterfly (block +8*i);

  FRound(block);

  Swap(block);  

}
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