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Annex A of H.263 Version 1 and 2 specifies the required statistical accuracy of the IDCT.  Because this specification is not a bit precise specification, it is possible that the reference frame of an encoder with an Annex A compliant IDCT may diverge from that of the corresponding decoder which uses a different but Annex A compliant IDCT.  This divergence is especially noticeable when using the deblocking filter of Annex J.  To fix this problem we propose the optional use of bit exact inverse transforms which could be negotiated between terminals by way of a BOOLEAN or INTEGER variable added to the H.245 H263Options capability.


For example, the H.245 syntax could read:


H263Options


{


   .


   .


   .


   InverseTransformSpec1			BOOLEAN,


   InverseTransformSpec2			BOOLEAN,


   …,


}





The ANSI C code description of the Annex A compliant IDCT we are proposing is attached to this document.  Our proposal does not intend that this specification be the only bit exact inverse transform in the H263Options or that Annex A compliance be required for an optional inverse transform.  However all terminals should be capable of at least one Annex A compliant IDCT although it need not be one of those that has a bit exact specification.  Other participants are free to propose bit exact inverse transforms for inclusion in the H.245 H263Options. We further propose that if a bit exact inverse transform is negotiated for a channel by communicating terminals, the Section 4.4/H.263 requirement which says “each macroblock shall be coded in INTRA mode at least once every 132 times when coefficients for this macroblock are transmitted in P-pictures” be dropped. 


�
Appendix – Proposed bit exact Annex A compliant ANSI C IDCT specification





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


**			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];











	/*             4th 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);	


}
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