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5.8.2
Quantization of codebook gains

Prediction of the fixed codebook gain (all modes)

The fixed codebook gain quantization is performed using MA prediction with fixed coefficients. The 4th order MA prediction is performed on the innovation energy as follows. Let [image: image1.wmf](
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 be the mean‑removed innovation energy (in dB) at subframe [image: image2.wmf]n

, and given by:
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where [image: image5.wmf]N

=

40

 is the subframe size, 
[image: image6.wmf](
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 is the fixed codebook excitation, and [image: image7.wmf]E

 (in dB) is the mean of the innovation energy. The predicted energy is given by:
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where [image: image9.wmf][
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 are the MA prediction coefficients, and [image: image10.wmf](
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 is the quantified prediction error at subframe [image: image11.wmf]k

. The predicted energy is used to compute a predicted fixed‑codebook gain [image: image12.wmf]¢
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 as in equation (53) (by substituting [image: image13.wmf](
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). This is done as follows. First, the mean innovation energy is found by:
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and then the predicted gain [image: image18.wmf]¢
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 is found by:
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A correction factor between the gain [image: image20.wmf]g
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 and the estimated one [image: image21.wmf]¢
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 is given by:
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Note that the prediction error is given by:
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12.2 kbit/s mode

The correction factor [image: image24.wmf]g

gc

 is computed using a mean energy value, [image: image25.wmf]E
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 dB. The correction factor [image: image26.wmf]g
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 is quantified using a 5‑bit codebook. The quantization table search is performed by minimizing the error:
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Once the optimum value [image: image28.wmf]$
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 is chosen, the quantified fixed codebook gain is given by [image: image29.wmf]$
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10.2 kbit/s mode

The correction factor [image: image30.wmf]g

gc

 is computed using a mean energy value, [image: image31.wmf]E
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33

 dB. The adaptive codebook gain [image: image32.wmf]g

p

and the correction factor [image: image33.wmf]g

gc

 are jointly vector quantized using a 7-bit codebook. The gain codebook search is performed by minimizing equation (63).

7.95 kbit/s mode

The correction factor [image: image34.wmf]g

gc

 is computed using a mean energy value, [image: image35.wmf]E

=

36

 dB. The same scalar codebooks as for the 12.2 kbit/s mode is used for quantization of the adaptive codebook gain [image: image36.wmf]g

p

 and the correction factor [image: image37.wmf]g

gc

. The search of the codebooks starts with finding 3 candidates for the adaptive codebook gain. These candidates are the best codebook value in scalar quantization and the two adjacent codebook values. These 3 candidates are searched together with the correction factor codebook minimizing the term of equation (63).

An adaptor based on the coding gain in the adaptive codebook decides if the coding gain is low. If this is the case, the correction factor codebook is searched once more minimizing a modified criterion in order to find a new quantized fixed codebook gain. The modified criterion is given by:
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where [image: image39.wmf]E

res

 and [image: image40.wmf]E

exc

 are the energy (the squared norm) of the LP residual and the total excitation, respectively. The criterion is searched with the already quantized adaptive codebook gain and the correction factor [image: image41.wmf]$

g
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 that minimizes (60) is selected. The balance factor [image: image42.wmf]a

 decides the amount of energy matching in the modified criterion. This factor is adaptively decided based on the coding gain in the adaptive codebook as computed by:
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If the coding gain ag is less than 1 dB, the modified criterion is employed, except when an onset is detected. An onset is said to be detected if the fixed codebook gain in the current subframe is more than twice the value of the fixed codebook gain in the previous subframe. A hangover of 8 subframes is used in the onset detection so that the modified criterion is not used for the next 7 subframes either if an onset is detected. The balance factor [image: image44.wmf]a

 is computed from the median filtered adaptive coding gain. The current and the ag-values for the previous 4 subframes are median filtered to get [image: image45.wmf]ag

m

. The [image: image46.wmf]a

-factor is computed by:
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7.40 kbit/s mode

The correction factor [image: image48.wmf]g

gc

 is computed using a mean energy value, [image: image49.wmf]E

=

30

 dB. The adaptive codebook gain [image: image50.wmf]g

p

and the correction factor [image: image51.wmf]g

gc

 are jointly vector quantized using a 7-bit codebook. The gain codebook search is performed by minimizing the square of the weighted error between original and reconstructed speech which is given by
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where [image: image53.wmf]x

 is the target vector, [image: image54.wmf]y

 is the filtered adaptive codebook vector, and [image: image55.wmf]z

 is the filtered fixed codebook vector.

6.70 kbit/s mode

The correction factor [image: image56.wmf]g
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 is computed using a mean energy value, [image: image57.wmf]E

=
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75

.

 dB. The adaptive codebook gain [image: image58.wmf]g
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and the correction factor [image: image59.wmf]g
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 are jointly vector quantized using a 7-bit codebook. The gain codebook search is performed by minimizing equation (63).

5.90, 5.15 kbit/s modes

The correction factor [image: image60.wmf]g
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 is computed using a mean energy value, [image: image61.wmf]E

=

33

 dB. The adaptive codebook gain [image: image62.wmf]g

p

and the correction factor [image: image63.wmf]g
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 are jointly vector quantized using a 6-bit codebook. The gain codebook search is performed by minimizing equation (63).

4.75 kbit/s mode

The correction factors are computed using a mean energy value, [image: image64.wmf]E

=

33

 dB. The adaptive codebook gains and the correction factors are jointly vector quantized every 10 ms. This is done by minimizing a weighted sum of the error criterion (63) for each of the two subframes. The default values on the weighing factors are 1. If the energy of the second subframe is more than two times the energy of the first subframe, the weight of the first subframe is set to 2. If the energy of the first subframe is more than four times the energy of the second subframe, the weight of the second subframe is set to 2.
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