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Introduction

The low performance of the two lowest modes with DTMF tones were identified by BT in their verification item on DTMF (see Tdoc S4-010021). When verifying the C-code for sine sweeps and other special signals we also noted rather low performance of the two lowest speech codec modes 6.6 and 8.85 kbit/s. This can be seen when comparing figures 1 and 2, and 4 and 5 showing the original DTMF-tones and sinusoidal sweep and the result after coding them with the lowest speech codec mode 6.6 kbit/s. After investigations, we found that for tone signals this behaviour was mainly caused by ISF-quantisation.

Solution

One solution is to add two new ISF-tables to cope with the DTMF signals and tones. The new ISF codebooks  replace the current one in case of DTMF signals and tones , and they use 33 vectors of 16 elements (528 words).  They cover all DTMFs and sinusoidals from 50 to 6400 Hz. A specially selected set of indices of the first stage indicates to the decoder that the DTMF or TONE codebook is used. These indices are selected in a manner, that the normal search algorithm can not produce them because it would be unstable combination if used normally for ISF-quantisation. No special tone detection algorithm is needed because the ISF-quantisation always searches the normal codebook, the DTMF codebook, and the TONE codebook and selects the best match. When DTMF or TONE codebook is used, 8 bits is used in the second stage to quantize DTMF or TONE codebooks. 1 bit is used to inform which of the two codebooks is used. In case of DTMF codebook, 4 bits is used to quantize the DTMF ISF vector. In case of TONE codebook, 7 bits is used to quantize the TONE ISF vector. The TONE ISF vector is constructed from a weighted average of two consecutive TONE codebook vectors. 4 bits describe the codebook index and 3 bits describe the weighting method that is used. 

Note that the search of the new codebooks can be only performed in the case of the two lowest speech codec modes 6.6 and 8.85 kbit/s, so it does not change the operation of the higher modes in any way.

Figure 1 shows all the DTMF tones without any coding. Figure 2 shows all the DTMF tones coded with the current lowest speech codec mode 6.6 kbit/s. Figure 3 shows all the DTMF tones coded with the proposed lowest speech codec mode 6.6 kbit/s. Figure 4 shows sinusoidal sweep from 0 to 8 kHz without coding. Figure 5 shows the sweep coded with the current 6.6 kbit/s mode and Figure 6 shows the sweep coded with the proposed 6.6 kbit/s mode.

Complexity of the solution

The data ROM Memory of the modified codec is increased by 528 words. However, the AMR-WB codec is still well below the requirements for the ROM memory.

For the speech encoder, the modification affects only the two lowest speech codec modes, which do not produce the peak complexity even after the correction. This means that the theoretical worst case estimate for the speech encoder remains valid.

For speech decoder, there is very slight increase of complexity because we have to check whether the received LSF-index corresponds to the new codebooks. However, this effect is quite negligible.

Conclusion

The main reason for the low performance of the two lowest speech codec modes 6.6 and 8.85 kbit/s with tones and sinusoidals is ISF-quantisation. One solution is to add special DTMF and TONE codebooks to be used in the two lowest speech codec modes in order to model special signals like DTMF-tones and sinusoidals. 
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Figure 1. Spectrogram of DTMFs without coding
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Figure 2. Spectrogram of DTMFs coded with the current 6.60 kbit/s mode
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Figure 3. Spectrogram of DTMFs coded with the proposed 6.60 kbit/s mode
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Figure 4. Sinusoidal sweep from 0 to 8 kHz without coding
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Figure 5. Sinusoidal sweep coded with the current 6.60 kbit/s mode
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Figure 6. Sinusoidal sweep coded with the proposed 6.60 kbit/s mode

