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1. Introduction

AMR-WB is using exactly the same DTX-frame formats as AMR-NB meaning that the comfort noise update should be transmitted using 35 bits for actual comfort noise parameters. However, the c-code which was delivered to the AMR-WB selection tests, was using only 34 bits out of 35 for comfort noise generation. So there is one unused bit in the comfort noise parameters. This document is proposing a modification, which uses the currently unused bit to improve the quality of the comfort noise.

We have done studies of different ways of using the currently unused bit. One obvious and easy way would be to increase the gain quantisation by one bit, i.e., changing the 6-bit quantisation to 7 bits. However, the investigations showed that it does not have audible impact on the quality. 

One problem in many comfort noise generation systems is that it sometimes sounds unnaturally constant and smooth compared to the modelled background noise during the end of active speech segments. Therefore we are proposing to use the currently unused bit to increase the “naturalness” of the background noise. That is done by adding random variation (spectral dithering) into the comfort noise parameters in the decoder in similar manner it is done in US TDMA EFR codec (IS-641) [1] (annex A).

However, in the IS-641 codec the random variation or spectral dithering is always generated and the amount of the dithering is constant. This limits the possibility to use strong enough dithering and thus limits the improvement possible.

We propose here a method that analyses the variation and stationarity of the modelled background noise and uses the currently unused bit to signal the decoder whether the spectral dithering is activated. This makes it possible to use stronger dithering when the background noise is very unstationary and to avoid unnecessary dithering with more stationary background noises, thus giving more improvement than in the IS-641 case.

2. The description of the algorithm

In the proposed algorithm, the encoder first determines how stationary background noise is. If the background noise is unstationary, dithering is generated into the interpolated energy and spectral parameters. If on the other hand, the background noise is stationary, dithering is not generated to the interpolated parameters in order to keep also comfort noise stationary. The information about whether to use dithering or not is transmitted to the decoder using a binary information (CN_dith –flag).

The CN_dith -flag is found using the spectral distance 
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 is already performed in the current version of the AMR-WB codec for other purposes and is described in Chapter 5.1 of 26.192. If DS is small, CN_dith -flag is set to 0. Otherwise, CN_dith -flag is set to 1. Additionally, variation of energy between frames is studied. The energy distance 
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 is sum of absolute deviation of enlog(i) from the average enlog. If the distance is large, CN_dith -flag is set to 1, even if the flag was earlier set to 0.
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Table 1: CN_dith –flag polarity for different 
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The proposed dithering control algorithm was tested using three different background noise types. With car noise, 92 % of the comfort noise frames was classified as stationary. With office noise, 26 % of the comfort noise frames was classified as stationary and with street noise, 16 % of the comfort noise frames was classified as stationary. The result was expected, since car noise is mostly stationary background noise, whereas office and street noise are mostly non-stationary.

When dithering is used, the ISF vector f is modified by
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where L(i) = 192 + 4i and rand((L(i),L(i)) is random function generating values between (L(i) and L(i).

Dithering insertion for energy parameter is analogous to spectral dithering and can be computed as follows:
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where L = 75 and en'log is the energy value used for scaling the energy of the comfort noise excitation.

3. Conclusions

The proposed modification to the comfort noise parameters and the comfort noise generation makes the comfort noise sound more natural when the modelled background noise is unstationary. This will decrease the audible contrast between the periods of active speech and DTX. The modification is very simple and introduces no additional complexity. The annex B and C of this document contain the required modifications to the C-code. The updated C-code will be also available to the verification organisations.
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Annex A: The C-code of spectral dithering in IS-641 specification

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

 *

 *   FUNCTION NAME: lsf_dithering

 *

 *   PURPOSE: Function applies dithering to the LSF coefficients to make

 *            the comfort noise sound more lively and less synthetic.

 *            The range of dithering is fixed to +-40 Hz, in the steps

 *            of 2.5 Hz.

 *

 *   INPUTS:   lsf[0..M-1]        The LSF vector of the current frame.

 *             *dither_seed       Dithering pseudonoise generator seed.

 *

 *   OUTPUTS:  lsf[0..M-1]        The dithered LSF vector of the current frame.

 *             *dither_seed       Updated dithering pseudonoise generator seed.

 *

 *

 *   RETURN VALUE: none

 *

 *   REFERENCE: IS-641 Revision A, Section 6.4.3.4

 *

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

void lsf_dithering (

    Word16 lsf[M],

    Word32 *dither_seed

)

{

#define LSF_GAP 205  /* 50 Hz = 205 */

    const Word16 dither_tbl[32] = {164, 154, 143, 133, 123, 113, 102,  92,

                                    82,  72,  61,  51,  41,  31,  20,  10,

                                   -10, -20, -31, -41, -51, -61, -72, -82,

                                   -92,-102,-113,-123,-133,-143,-154,-164};

    Word16 temp, temp1, idx, i;

    idx = pseudonoise(dither_seed, 5);

    temp = add(lsf[0], dither_tbl[idx]);

    /* Make sure that lsf[0] will not get negative values */

    if (temp < 0)

    {

        lsf[0] = 0;

    }

    else

    {

        lsf[0] = temp;

    }

    for (i = 1; i < M; i++)

    {

        idx = pseudonoise(dither_seed, 5);

        temp = add(lsf[i], dither_tbl[idx]);

        temp1 = sub(temp, lsf[i-1]);

        /* Make sure that lsf spacing remains at least LSF_GAP Hz */

        if (sub(temp1, LSF_GAP) < 0)

        {

            lsf[i] = lsf[i-1] + LSF_GAP;

        }

        else

        {

            lsf[i] = temp;

        }

    }

/* Make sure that lsf[M-1] will not get values above 16384 */

    if (sub(lsf[M-1], 16384) > 0)

    {

        lsf[M-1] = 16384;

    }

return;

}

Annex B: The proposed C-code of dithering decision algorithm for AMR-WB codec

static Word16 dithering_control(

    dtx_encState *st

)

{

   Word16 i, tmp, mean, CN_dith, gain_diff;

   Word32 ISF_diff;

   /* determine how stationary the spectrum of background noise is */

   ISF_diff = 0;        

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

      ISF_diff = L_add(ISF_diff, st->sumD[i]);

   }

   if(L_shr(ISF_diff,26) > 0) {

      CN_dith = 1;      

   }

   else {

      CN_dith = 0;      

   }

   /* determine how stationary the energy of background noise is */

   mean = 0;            

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

   {

      mean=add(mean,st->log_en_hist[i]);

   }

   mean=shr(mean,3);

   gain_diff = 0;       

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

   {

      tmp=abs_s(sub(st->log_en_hist[i],mean));

      gain_diff=add(gain_diff,tmp);

   }

   if(sub(gain_diff, GAIN_THR) > 0) {

      CN_dith = 1;      

   }

   return CN_dith;

}

Annex C: The proposed C-code of spectral dithering algorithm for AMR-WB codec

static void CN_dithering (

    Word16 isf[M],

    Word32 *L_log_en_int,

    Word16 *dither_seed

)

{   

   Word16 temp, temp1, i, dither_fac;

   /* Insert comfort noise dithering for energy parameter */

   *L_log_en_int= L_add(*L_log_en_int, L_mult(Random(dither_seed), GAIN_FACTOR));

   if(*L_log_en_int < 0) {

      *L_log_en_int = 0;      

   }

   /* Insert comfort noise dithering for spectral parameters (ISF-vector) */

   dither_fac= ISF_FACTOR_LOW;   

   temp = add(isf[0], mult_r(Random(dither_seed), dither_fac));

   /* Make sure that isf[0] will not get negative values */

   if (sub(temp, ISF_GAP) < 0) 

   {

      isf[0] = ISF_GAP;    

   }

   else

   {

      isf[0] = temp;   

   }

   for (i = 1; i < M-1; i++)

   {      

      dither_fac = add(dither_fac, ISF_FACTOR_STEP);

      temp = add(isf[i], mult_r(Random(dither_seed), dither_fac));

      temp1 = sub(temp, isf[i-1]);

      /* Make sure that isf spacing remains at least ISF_DITH_GAP Hz */

      if (sub(temp1, ISF_DITH_GAP) < 0)

      {

         isf[i] = add(isf[i-1], ISF_DITH_GAP);        

      }

      else

      {

         isf[i] = temp;          

      }

   }

   /* Make sure that isf[M-2] will not get values above 16384 */

   if (sub(isf[M-2], 16384) > 0)

   {

      isf[M-2] = 16384;        

   }

   return;

}
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