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ABSTRACT 

This paper presents an LSP quantization design method for band- 
width scalable coders such as the MPEG-4 CELP coder. In  the en- 
hancement layer of these coders, the LSP parameters are quantized 
using both interframe and intraframe predictors. The proposed de- 
sign algorithm enables us to jointly optimize these predictors. Ob- 
jective and subjective test results show that the quantizer obtained 
with the proposed algorithm provides better performance than that 
used in the MPEG-4 CELP. 

1. INTRODUCTION 

A number of scalable coding algorithms have been developed for 
packetized speech communication. In these algorithms, the en- 
coder generates the bit-stream in a layered manner so that the de- 
coder can recover the output speech in cases where a part of the 
entire bit-stream is not available. The bit-stream of the scalable 
coders consists of a base layer and one or more enhancement lay- 
ers. The base layer bit-stream provides a minimal quality and the 
enhancement layers allow a stepwise increase of the bit rate and 
quality. In some coders [1]-[4], even the transition from narrow- 
band speech to wideband speech can be performed by the enhance- 
ment layer. This type of scalability is called bandwidth scalability. 

This paper deals with bandwidth scalable CELP coders such 
as [ I ]  and [2]. Our focus is particularly on LSP parameter quanti- 
zation for this type of coders, in which intraframe and interframe 
predictors are used to quantize the LSP parameters of the enhance- 
ment layer. A design algorithm for such a quantizer is proposed, 
and the performance of the two-stage, split vector quantization 
structure obtained with the proposed method is compared with that 
of the bandwidth-scalable MPEG-4 CELP (BWS-MP4-CELP). 

2. BANDWIDTH SCALABLE MPEG-4 CELP 

Figure 1 shows a block diagram of the BWS-MPCCELP encoder. 
In the base layer, the input wideband speech is down-sampled 
and narrowband speech is encoded by the base-layer CELP en- 
coder. The wideband speech is encoded with the enhancement 
layer CELP encoder while making use of the available informa- 
tion from the base layer. In the decoder side, the narrowband 
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Figure 1: Overview of bandwidth scalable MPEG-4 CELP en- 
coder. 

speech is reproduced from the base-layer bitstream, and the wide- 
hand speech is obtained from the whole bitstream. 

In the enhancement layer, several parameters obtained in the 
base-layer CELP are used to improve the coding performance. 
These parameters include the LSP parameters, pitch and pulse ex- 
citation. In the next section, our attention will be focused on the 
LSP quantization of the enhancement layer. 

3. LSP QUANTIZATION IN BWS-MP4-CELP 

The LSP quantizer for the enhancement layer of the BWS-MP4- 
CELP coder is shown in Fig. 2. To utilize the LSP parameters 
obtained in the base layer, intraframe prediction is incorporated 
into the quantizer. This prediction produces estimated LSP param- 
eters from the base layer's quantized LSP parameters. In addi- 
tion, moving-average (MA) interframe prediction is employed to 
remove frame-to-frame redundancy in the enhancement LSP pa- 
rameters. The prediction error obtained after both interframe and 
intraframe prediction is quantized using the residual codebook. 

The reconstructed LSP parameters at frame n are expressed as 

h(i) = ~ / , ( ~ ) ~ l - / , ( j ) + ~ ( ~ ) ~ ~ ( i ) ,  1 L i <  20 ( 1 )  
P 

p=o 

where tI(i) is the residual codebook output at frame n, and al,(i) 
and p( i) are the interframe and intraframe predictive coefficients, 
respectively. The parameters ( i )  contain the quantized base- 
layer's LSP parameters in the first ten parameters and zeros in the 
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input LSPs 

The interframe prediction uses two prior frames, so that P = 2, in 
the BWS-MP4-CELP coder. 

The LSP quantizer selects the index of each codebook which 
minimizes the weighted Euclidean distance between the input and 
reconstructed LSP parameters: 

20 

i= I 
D,, = xwr i ( i )  ( f f l ( i )  - j , , ( i ~ ) ~  (3) 

where wll (i) are perceptual weighting coefficients that emphasize 
regions close to the formant frequencies. 

4. DESIGN ALGORITHM 

In this section, we discuss a design procedure for the LSP quan- 
tizer described in the previous section. For simplicity, the algo- 
rithm is presented for a single-stage codebook. The predictive co- 
efficients and residual codebook are optimized so that the overall 
distortion 

D = (4) 
ri 

is minimized. To solve the minimization problem, an iterative 
training algorithm is used in this paper. The algorithm is based 
on the generalized Lloyd algorithm and alternately performs two 
processes. The first process encodes a training set of LSP param- 
eters for given predictors and residual codebook. In the second 
process, using the indices obtained from the first process, either 
the predictors or the residual codebook are optimized. These two 
processes iterate until the overall distortion change since the last 
iteration is below a threshold. 

4.1. Initialization 

The intraframe and interframe predictors are initialized by setting 
~ ( i )  = . . . = c l p ( i )  = p ( i )  = 0. Assuming that all predictors are 
zero, the initial residual codebook is generated by the LBG algo- 
rithm. 

4.2. Predictor optimization 

The intraframe and interframe predictors are optimized by solving 
the linear equations: 

X 

where 

The above equations are obtained by setting the partial derivatives 
of Eq. (4) with respect to [al(i), " ' ,  ap(i), p( i ) ]  to zero. An im- 
portant point here is that the intraframe and interframe predictors 
are simultaneously optimized. 

LSPs from Zero- 
Base-Layer Padding 

.--r&-l Minimize 

Figure 2: LSP quantizer in enhancement layer of BWS-MP4- 
CELP. 

4.3. Residual codebook update 

Taking the partial derivative of Eq. (4) with respect to each entry of 
the residual codebook and setting the result to zero, we obtain the 
following equation for updating the j-th centroid of the residual 
codebook: 

) 
P 

w l l ( i ) w ( i )  f i l( i)  - 1 ap(i)L-p - P ( i ) i r i ( i )  
n:/,,=; ( P=l c,( i )  = 

w f l ( i ) 4 ( 4  
ri:I,,=l 

(7) 
where I,, represents the residual codebook index at frame IZ that is 
obtained in the last encoding process. This equation can be easily 
adapted for a multi-stage vector quantization by including for each 
stage the effect of all other stages in the numerator term. 

4.4. Design example 

Fig. 3(b) shows a typical example of the predictive coefficients ob- 
tained with the proposed optimization. For comparison purpose, 
the predictive coefficients of the BWS-MP4-CELP are plotted in 
Fig. 3(a). It is evident that the coefficients for the proposed op- 
timization show different characteristics from those used in the 
BWS-MPCCELP. It is also found from the figure that, in the pro- 
posed optimization, the intraframe predictor provides better es- 
timation for lower predictor orders, while the interframe predic- 
tion becomes more important at higher orders. An advantage with 
the predictors generated by the proposed design method is that all 
components in the residual vector will have values in the same or- 
der of magnitude. For example, this means that the vector could 
be split at any point without causing any problems. For the BWS- 
MP4-CELP solution, on the other hand, the first ten components 
in the residual vector will have magnitudes significantly less than 
those of the last ten components. This is a consequence of the very 
strong intraframe and interframe predictive coefficients used. For 
this design the residual vector has to be split at the middle in order 
to make the MSE meaningful. 

5. EXPERIMENTS 

Two LSP quantizers for the BWS-MPCCELP were designed us- 
ing the proposed design algorithm. The quantizers have similar 
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Table 1: Bit allocations for three quantizers. The total number of 
bits for each auantizer is 32. 

MPEG-4 
Proposed-I 
Proposed-II 
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Figure 3: Example of interframe and intraframe predictive coeffi- 
cients. The order of MA prediction is two. 

41 % 

configuration to that used in BWS-MPEG-4 CELP: second-order 
MA interframe prediction and two-stage structure for the residual 
codebook (the input vector is equally divided in each stage, two 
splits for the first stage and four splits for the second stage). The 
bit allocations for these quantizers are summarized i n  Table 1 .  The 
proposed Quantizer4 has the same complexity and memory size 
as that of MPEG-4 CELP. The proposed Quantizer-II employs a 
switched predictor scheme, in which each set of the intraframe and 
interframe predictors is associated with a different residual code- 
book. The Quantizer-I1 requires almost twice as high complexity 
and memory size as the BWS-MP4-CELP quantizer. 

The LSP parameters for training and testing were obtained 
with the same pre-processing and LP analysis as in the BWS-MP4- 
CELP. The training and test sets consisted of 79640 and 381 3 LSP 
vectors, respectively. 

59 % 

5.1. Spectral distortion and outliers 

Table 2 lists the objective performance of the three quantizers. The 
results show that the proposed quantizers achieve a significant im- 
provement over the BWS-MP4-CELPquantizer. Note that the pro- 
posed quantizers are able to reduce the number of outliers with 
SD between 2-4 dB significantly and remove all outliers with SD 
above 4 dB. From perceptual point of view, this is a promising 
result. The Quantizer-II with the switched predictors has slightly 
better performance than the Quantizer-I with the fixed predictor. 

I I Pred. I 1st stage I 2nd stage ] 
I MPEG-4 I 0 1  4 7  I 4 6 7 4  I 

I I I 

Proposed-I I 0 1 5 7  I 4 5 7 4  
5 7  I 4 4 7 4  

Table 2: Ouantization Derformance (dB). . % ,  

Outliers (%) I sD(dB) I 2-4dB I 4 > d B  I 

5.2. Listening test 

To complement the objective results presented in the previous sub- 
section, an informal listening test was conducted. In this test, the 
Quantizer-I was integrated into the BWS-MP4-CELP coder, and 
its subjective quality for wideband speech was compared with that 
of the conventional BWS-MPCCELP. The wideband speech was 
generated from the 6 kb/s base layer and the 10 kb/s enhancement 
layer. Eleven people listened with headphone to 16 sentences ut- 
tered by 8 female and 8 male speakers. 

The A-B test result is presented in Table 3. It is shown that the 
proposed Quantizer4 provides better quality than the BWS-MP4- 
CELP quantizer without increasing the complexity or the memory 
requirement. 

6. CONCLUSIONS 

This paper has presented an LSP quantizer design for bandwidth- 
scalable coders. The new method is able to jointly optimize the 
interframe and intraframe predictors and iterates between optimiz- 
ing the predictors and the residual codebook. I t  has been shown 
that the proposed design algorithm yields higher performance than 
that used in the bandwidth scalable MPEG-4 CELP coder. 
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