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5.7
Adaptive codebook

Adaptive codebook search is performed on a subframe basis.  It consists of performing closed loop pitch search, and then computing the adaptive codevector by interpolating the past excitation at the selected fractional pitch lag.

… <cut text>

Thus, for 12.65, 14.25, 15.85, 18.25, 19.85, 23.05 or 23.85 kbit/s modes, there are two possibilities to generate the adaptive codebook v(n), 
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in the second path, where bLP=[0.18,0.64,0.18]. The path which results in  minimum energy of the target signal x2(n) defined in Equation (40) is selected for the filtered adaptive codebook vector. For 6.60 and 8.85 kbit/s modes, v(n) is always 
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… <cut text>

5.8.3
Codebook search

The algebraic codebook is searched by minimizing the mean square error between the weighted input speech and the weighted synthesis speech.  The target signal used in the closed-loop pitch search is updated by subtracting the adaptive codebook contribution. That is
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( 40 )
where 

 is the filtered adaptive codebook vector and gp is the unquantized adaptive codebook gain.

The matrix H is defined as the lower triangular Toeplitz convolution matrix with diagonal h(0) and lower diagonals h(1),…,h(63), and 
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 is the correlation between the target signal x2(n) and the impulse response h(n) (also known as the backward filtered target vector), and 
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 is the matrix of correlations of h(n).

… <cut text>

To simplify the search the signal d(n) and matrix ( are modified to incorporate the pre-selected signs. Let sb(n) denote the vector containing the signs of b(n). The modified signal d’(n) is given by
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and the modified autocorrelation matrix (’ is given by
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    i=0,…,N-1;   j=i,…,N-1.


The correlation at the numerator of the search criterion Qk is now given by
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and the energy at the denominator of the search criterion Qk is given by
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… <cut text>

6.1
Decoding and speech synthesis

The decoding process is performed in the following order:

Decoding of LP filter parameters:  The received indices of ISP quantization are used to reconstruct the quantized ISP vector.  The interpolation described in Section 5.2.6 is performed to obtain 4 interpolated ISP vectors (corresponding to 4 subframes). For each subframe, the interpolated ISP vector is converted to LP filter coefficient domain ak, which is used for synthesizing the reconstructed speech in the subframe.

The following steps are repeated for each subframe:

1.
Decoding of the adaptive codebook vector:  The received pitch index (adaptive codebook index) is used to find the integer and fractional parts of the pitch lag.  The adaptive codebook vector v(n) is found by interpolating the past excitation u(n) (at the pitch delay) using the FIR filter described in Section 5.7. The received adaptive filter index is used to find out whether the filtered adaptive codebook is v1(n)= v(n) or 
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… <cut text>

6. Noise enhancer: A nonlinear gain smoothing technique  is applied to the fixed codebook gain 
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in order to enhance excitation in noise. Based on the stability and voicing of the speech segment, the gain of the fixed codebook is smoothed in order to reduce fluctuation in the energy of the excitation in case of stationary signals. This improves the performance in case of stationary background noise. 

The voicing factor is given by (=0.5(1-rv) with rv=(Ev-Ec)/(Ev+Ec), where Ev and Ec are the energies of the scaled pitch codevector and scaled innovation codevector, respectively. Note that since the value of rv is between –1 and 1, the value of ( is between 0 and 1. Note that the factor ( is related to the amount of unvoicing with a value of 0 for purely voiced segments and a value of 1 for purely unvoiced segments.

A stability factor ( is computed based on a distance measure between the adjacent LP filters. Here, the factor ( is related to the ISP distance measure and it is bounded by 0(((1, with larger values of ( corresponding to more stable signals.

Finally, a gain smoothing factor Sm is given by


Sm = ((.
(64)

The value of Sm approaches 1 for unvoiced and stable signals, which is the case of stationary background noise signals. For purely voiced signals or for unstable signals, the value of Sm approaches 0.

An initial modified gain g0 is computed by comparing the fixed codebook gain 
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to a threshold given by the initial modified gain from the previous subframe, g-1. If 
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 is larger or equal to g-1, then g0 is computed by decrementing 
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 by 1.5 dB bounded by g0( g-1. If 
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 is smaller than g-1, then g0 is computed by incrementing 
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 by 1.5 dB bounded by g0( g-1.

Finally, the gain is update with the value of the smoothed gain as follows 
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( 65)
7. Pitch enhancer: A pitch enhancer procedure modifies the total excitation 
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by filtering the fixed codebook excitation through an innovation filter whose frequency response emphasizes the higher frequencies more than lower frequencies, and whose coefficients are related to the periodicity in the signal. A filter of the form 
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( 66)
where cpe=0.125(1+ rv), with rv=(Ev-Ec)/(Ev+Ec) as described above. The filtered fixed codevector is given by
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( 67)
and the updated excitation is given by 



[image: image24.wmf]).

(

'

ˆ

)

(

ˆ

)

(

n

c

g

n

v

g

n

u

c

p

+

=


( 68)
The above procedure can be done in one step by updating the excitation as follows
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