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Intra-frame Quantization of LSF Parameters
FOR CELP-Based Coders in Packet Networks

Fatiha Merazka

Abstract— This paper presents an intra-frame quantization
of Line Spectrum Pairs (LSP) parameters with interpolative
concealment method to improve frame erasures for ITU-T
G729 coder. The standard ITU-T G729 coder uses an
inter-frame quantization of the LSF parameters which causes
error propagation to the next frames. First a comparison study
is performed in order to find the suitable splitting in terms of
spectral distortion measure and bit rate. The intra-frame 4-6
splitting is applied to the G729 with an interpolative
concealment method since in voice over internet protocol
(VolIP) applications one or more frame, at least most of time,
are present in the so called playout buffer. Comparison is
performed with the embedded method of the G729. Simulations
results show that the intra-frame quantization with
interpolative concealment achieve smaller average spectral
distortions than that of the embedded in the G729. Enhanced
modified bark spectral distortion (EMBSD) tests under various
packet loss conditions confirm that the proposed method is
superior to the concealment algorithm embedded in the G729.

Index Terms—VolP, ITU G729, Error propagation,
Intraframe quantization, Interpolative concealment, Spectral
distortion measure, EMBSD.

1. INTRODUCTION

When sending real-time speech packets through IP
networks, there is no guarantee of receiving the transmitted
packets in a timely manner due to the best effort nature of the
networks. When one or more packets are missing and no
effort is made to recover those packets, the perceptual quality
of the received speech can significantly get worse. A lot of
schemes have been proposed to improve this effect and they
are often classified as encoder-based or decoder-based
[1]-[6].

Most packet loss concealment (PLC) algorithms embedded
in the standards speech coders are based on an extrapolation
method or a repetition method in| which the speech coding
parameters are extrapolated or repeated from the parameters
of the last good frame received. Since the lost packet causes
the corruption of the long term prediction memory, extra
performance degradation may occur from the use of the
incorrect memory even at the received frames in the future.

Forward Error Concealment schemes are effective when
the network loss is predictable and extra bandwidth is
provided. Decoder based concealment is of relevance for
bandwidth limited applications. Coded linear prediction
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(CELP) coded speech frames are adequate for this technique
since many coding parameters show good smoothness
between frames. Some ITU speech coders [7]-[8] have
built-in mechanisms that process the erased frames based on
predictive recovery. However, both of the coders G723.1 and
G729 quantize Line Spectrum Frequencies (LSF) parameters
via predictive methods. Predictive concealment can cause
error propagation to subsequent frames; this phenomenon is
illustrated in Figure 1, where LSF spectral distortions of a
coded speech with and without frame erasure are plotted for
comparison.
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Figure 1. LSF spectral distortion error propagation of G.729 coded speech

From figure 1, we observe that for several frames following
an erasure, the two spectral distortion curves diverge from
each other, indicating propagated distortion error.

We propose improvements over standard practice for G729
by the use of intraframe quantization of LSF parameters and
interpolative concealment that uses past and future
information.

This paper is organized as follows. In section 2, an
intrafame coding method is presented. In section 3 the
performance results of the interpolative concealment with
intraframe quantization are presented. The conclusion is
given in section 4.

II. INTRAFRAME QUANTIZATION

LSF parameters are well known for their ordering property
[9], which states that within each frame, LSF's are strictly in
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ascending order with their indexes as shown in ﬁgure 2. We TABLE I. CORRELATION BETWEEN LSFI AND LSF‘] OF THE SAME
can see from this figure that LSF in medium frequencies are FRAME
more variable than the LSF at high and low frequencies. They
are also known for their intraframe and interframe | j ix1072
correlation. I [ 2 [ 3[4 567809 10
1 | 1000 721 | 427 | 472 | 69 | 15 | 94 | 104 | 95 | -9
2 | 721 1000 | 772 | 576 | 323 274 | 325 364 | 276 195
L oo e e 3 [ 427 | 772 | 1000 | 745 | 480 | 491 | 450 | 509 | 411 | 300
3 ; ; ; ; ; i |4 [ 472 | 576 | 745 | 1000 | 728 | 512 | 490 | 432 | 441 | 259
FO00 - - g - d e oo R R T 5 69 323 | 480 | 728 1000 | 775 586 | 491 335 279
6 15 274 | 491 512 | 775 | 1000 | 757 | 629 | 456 | 301
rer] N L R S b P S i 7 | 94 [325 [ 450 | 490 | 586 | 757 | 1000 | 740 | 525 | 399
1 : : : | : : 8 | 104 | 364 | 509 | 432 | 491 629 | 740 | 1000 | 606 | 398
B gpop bt A S B Aol 9 | 95 | 276 | 411 | 441 | 335 | 456 | 525 | 606 | 1000 | 533
E | , , , , ; H 10 -9 195 | 300 | 259 | 279 | 301 399 | 398 | 533 1000
A M S SR WY 0 A A _ o
5 : : : : : : The quantizers of the subvectors are trained using the GLA
g 000 - SRR Y WU O ¥ 0 O L O for different bit rates. As the ITU G.729 uses 18 bits/frame
° for the quantization of the LSF parameters, we started our
o0 - ! simulation with 18 bits/frame in order to find a average
: : : spectral distortion (Av. SD) that is equal or better than the
standard’s one. The Av. SD computed for the test database is
1.543 dB, but for 18 bits/frame and 19 bits/frame we found
D " H " ™

that the spectral distortions are greater than 1.8 dB. The
results obtained from our simulations in terms of spectral
Figure 2. Histograms of LSF parameters from 1 to 10. distortion which are tabulated in Table II are close to the
spectral distortion of the G.729.

The localized sensitivity property of the LSFs makes them

ideal for split vector quantization as the individual parts of an TABLEIL AV. SD FOR D“;F LELR;(I;’ZTS;‘C’) LI\ETING AND DIFFERENT BIT
LSF VecFor can bfa 1nd§pendently quantized Wltl}out a leakage Number of bits | Splitting | Bit allocation | Av. SD (dB)
of quantization distortion from one spectral region to another 20 3-3-4 7-6-7 1.679
[10]. 20 4-4-2 9-9-2 1.645
In order to find the optimal partition of the LSP vectors, an 20 4-4-2 9-8-3 1.556
20 4-6 10-10 1.503

intraframe correlation has been calculated for 229829 LSP

vectors [11], namely the correlation between LSF; a nd From the above results, we can see that division 4-6 with a

LSF, within the same frame for i, j= 1, 2, ...., 10. bit allocation of 10-10 bits respectively, is the best one since
it gives an Av. SD of 1.503 dB which is better than the

. . . . standard’s at 18 bits/frame with additional 2 bits/frame
The intraframe correlation coefficients are represented in

Table 1. These results show that the correlation between
consecutive LSF is considerable. The common division  ypy  1\rprpor ATIVE CONCEALMENT METHOD WITH $VQ FOR
method as reported in the literature [11] is the split 3-3-4 VQ G729
in which the first subvector contains the first three lowest
LSF components of the vector the second subvector contains
the three middle LSF’s while the final subvector contains the
four highest LSF’s. However, according to table I, the fourth
LSF is more correlated with the third one rather than the fifth.
Moreover, we have identical correlation between the fourth
LSP and the first one as well as between the fourth LSF and
the sixth. From these correlations it can be deduced that the
fourth LSF must be displaced from the second subvector to
the first one. Furthermore, the correlation between the eighth ~ state “1” while probability ¢ is the transition from state 17
LSF and ninth is feeble, consequently the eighth LSF mustbe  to state “0”. We have simulated four loss rates as listed in
displaced from the third subvector to the second one. table II1.

From the above analysis, it can be deduced that the division
of the form of 4-4-2 is better than that of 3-3-4.

In consideration of a simple characterization of the
behavior of the network, the well-known Gilbert model is
used to approximate packet loss [4] that is shown in figure 3
and it emphasizes the ‘bursty’ nature of the Internet packet
loss.

Let state “0” represents a packet that is being correctly
received and state “1” a packet that is being erased. The
probability p corresponds to the transition from state “0” to
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TABLE III. SIMULATED LOSS RATES by | L | | | | ‘
rate(%) _ p q | R o R SN R =
0 0 0 = P
10 1 85 |
20 2 77
30 3 .65 1 55
40 3 50 0 5 0 15 20 25 30 3B 40

loss rate (%)
An interpolative concealment reconstruction was applied to ~ Figure 4. Average LSF spectral distortion with SVQ and interpolative
G729 with the SVQ 4-6 as described above. The decoder was ~ coneeaiment
modified so that if a frame erasure occurs, and if the next
frame is not lost as well, interpolative concealment is applied

TABLE VI: FRAME ERASURE PERFORMANCE OF SVQ 4-6 FOR DIFFERENT

instead of the embedded method in G729. LOSS RATES
The LSF parameters are linearly interpolated from previous frame Original G729 SVQ 4-6 with interpolative
and next good frames. The pitch lag and gain information are l‘o’SS — concealment .
linearly interpolated from previous and next good frames. 06 ';‘IV)' Outliers (%) A(‘:i'BS)D Outliers (%)
Voicing decision is used same as in the standard G729. (dB) ?1};1 4§B 2-4dB >4dB
Figure 4 shows the performance of the interpolative 0 1543 | 19.60 | 0.62 1503 13.89 0.02
reconstruction method with intraframe coding which is 10 19524 | 2621 | 659 1635 1336 254
cotppared \yith G.729 predictive coding. The Av.SD outliers 20 1 2359 | 3290 | 1243 1861 7592 290
Whlgh are important parameters that affegt the perceptual 30 T 277 396 1583 3045 745 53
quality of the decoded speech are tabulated in Table VI. We 0 29 5615 T 372 RV 553 02
noticed that with extra 0.2 kb/s which corresponds to 2.5 % i . i i i i
of the total bit rate, the LSF coding method with interpolative
concealment achieve 0.3-1.1 dB lower Av. SD. The
percentage of the outliers is also much smaller and yields e I

significant perceptual improvement in the occurrence of
erasures. sl

The histograms corresponding to the spectral distortions of
the standard G.729 and G729 with interpolative concealment
and SVQ are plotted in figure 5. It can be noticed from figure
5 that most of the lost frames are interpolated with small
distortions while using the intraframe SVQ.

- - - 4-6 SVQ with interpolative concealment |

12 original G729

We have used Enhanced modified bark spectral distortion
(EMBSD)[12 ] tests under various packet loss conditions for
perceptual speech quality measurement. Figure 6 shows the
perceptual distortions evaluated by EMBSD for different loss
rates.

It is certain that with extra 0.2 kb/s our proposed method
achieves up to 2.5 perceptual distortions (EMBSD) better
than the original G.729. The results from figure 6 are
compared with those of table VI.

Frequency (%)

Average spectral distortion (dB)
Figure 5. Histograms of interpolated LSF spectral distortion

It can be concluded that our method gives a “good” quality
up to 30% of the loss rate which corresponds to a fair quality
of the G.729 standard.
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