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Abstract

Residual-excited linear prediction (RELP) vocoding is known to be ome of the

best approaches to speech coding in the range of 4.8 to 9.6 kbits/s. One

problem agsociated with the RELP vocoder is that it ofcen produces some rough-
ness and tonal noise as the transmission rate becomes lower. In this paper,

we investigate three methods to improve its quality. These include the multi-
band spectral folding method, the method of using both the spectrally folded

signal and the pulsed excitation signal, and the method of using both the

multiband spectrally folded signal and the pulsed excitation signal. It has

been found that, among the. three wethods, the last one yields the best per-

formance. It produces no roughness and little tonal noise.

L. INTRODUCTION

_Linear predictive coding (LPC) technique is being widely used for narrow-band
speech communications. ‘It is well known that, although the speech quality
of this LPC vocoder is relatively good at the bit rate-of 2.4 kbits/s, it has
some perceptible buzziness that makes the synthetic speech somewhat unpleas-
ant, and it is very susceptible to acoustical distortion and background noise.
The cause of the buzziness is known to be due to the monotonous excitatioan
signal and the binary decision of the excitation source. This problem may
be avoided by using an improved excitation signal.

There exist several techniques of overcoming the shortcomings of the pitch-
excited LPC vocoder [1}-{3]. One method is the residual-excited linear pre-
diction (RELP) technique. This has been known to be one of the most promis-
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ing candidates for medium-low rate (4.8 to 9.6 kbits/s) speech communication
because of its relatively good quality and robustaess to noise and distortion.
Hofever, the syuthetic speech of the RELP vocoder often has some roughness
and tonal noise. -This problem can be alleviaced by properly designing the
full-band reconstruction system and the baseband residual coder.

Since the RELP technique was first proposed (2], various methods for recom-

structing the full-band excitation signal have been proposed (4]1-{10]. These

may be classified into three categories; nonlinear distortion, spectral du-

plication and hybrid excitation methods. First, nonlinear distortion mechods
incilude rectification (2] and waveiorm clipping [4],[5] methods which have

been most widely used because they are simple and easy to implemenc.. In gen-
eral, the use of a nonlinear distortion method results in roughness of cthe

synthetic speech. Recently, Un and Lee proposed i3n improve.. RELP system with
split-band coding. It has been reported that the synthetic speech of this

system has little roughness [6].

Second, spectral duplication method includes spectral folding and spectral

translation. It has been kpmown that the synthetic speech by the spectral du-
plication method has some tonal and metallic noise because of spectral re-

gularity (7). Viswanathan et al. proposed prewhitening and random perturba-

tion of the spectrally folded excitation signal. It has been reported that

the synthetic speech with the first method exhibits slight pinging sound and

with the second mechod slight roughness [8].

Lastly, the hybrid excitation methods include the pitch implantation methad
{91, the hybrid synthesizer method (10] and so forth. It has been reported
that these methods produce some static-like noise but no audible rougnness.

In this paper, we are concerned with the methods for recomstructing the full-
band excitation signal for improving the syathesized speech quality in the

RELP vocoder. Three improved methods for reconstructing the full-band ex-

citation signal are proposed and evaluated by computer simulation. Details

of the proposed methods follow.

ITI. RELP WITH IMPROVED EXCITATION

We now describe three methods for reconstructing the full-band spectrum of

the excitation signal, which can improve the speech quality in the RELP vo-

coder. These methods, which may be used im RELP vocoding in the range of

4.8 to 9.6 kbits/s, take m2inly the form of hybrid excitartion, and do not

require the process of nonlinear distortion, spectral flattening or gain ad-

justment. They irclude the multiband spectral folding method, the method of

using both the spectrally folded signal and pulsed excitation signal, and the
method of using both the multiband spectrally folded signal and pulsed ex-

citation signal.

In the multiband spectral folding method (Hereafter, this wmethod wiil be
¢alled the method I), we tramsmit two or three bands of the baseband signal,
and then use the received bands co reconstruct the full-band excitation$sig-
nal. In this method, multiple bands of the residual signal are obtained from
the full-band residual signal. To implement the integer-band spectral fold-
ing, the following comstraints are veguired:

fr; = awg, (n: integer) (1-a)

£y = (a+l) wi, (1-b)



(L: integer) (1-e)

i)
£ -= MW s (£, =0 and M > 2),

Ly I PRI @
where f1;, fg; and wg are the low and high edge frequencies and the band-
width of the i«th baseband, respectively, and £5 is the sampling frequency
of the input sgignal.

fs:’Z =Lo

The baseband signals obtained are then down-sampled by the ratio of Li=£g/
2wi, and encoded.

At the receiver, each baseband is decoded amd translated into bands corre-
sponding to those at the transmitter. Then, the full-band reconscruction
is done as follows:

(i) Each baseband is down-sampled and up~sampled by the equal ratio Li =
fg/ 2wy

(ii) The band-passed signal is obtained by passing each spectrally folded
signal through a band-pass filter with cutoff frequencies as follows:

ERLi = ELi, (3-a)

£ = £+ 2 (3-b)

where fgy; and fggi are the low and high edge frequencies of the re-
construction filter for the i-th basaband, respectively.. In this pro-
cess, if the high edge frequency of the reconstruction filter for the
highest baseband, frEy, is not equal to fg/2, i.e., fruy < £s/2. fruy
must be set to £5/2.

(i) Finally, the lndividually recounstructed bands are added to comstruct
the full-band excitation sigmal.

The reconstructed full-band spectrum using this multibard spectral folding
is shown in Fig. 1.

The second methed is a hybrid method that uses both the spectrally folded
gignal and pulsed excitation signal (This method will be called the wmethod
II}). 1In this hybrid method, we adjust the bandwidth occupied by the pulsed
excitation signal in the frequency domain. The spectral gap between the
baseband and the upperband of pulsed excitatiom is filled with the folded
spectzum of the baseband. The full-band reconstruction is done as follows:

(1) The pulsed excitarion signal is highpass-filtered with . cutoff freq-
uencies fo and £g5/2.

(ii) The baseband is spectrally folded by dowusamolzng and upsamuling the
baseband residual.

(#.) The spectrally folded baseband residual (full-band residual) is low-
pass~filtered with cutoff frequency £,.

{iv) The signals obtained from the steps (i) and (i) are added for recon-
struction of the full-band excitation sigmnal.

The resulting spectrum is shown in Fig. 2.

In the last method, we propose a method in which we combine the multiband
spectrally-folded signal for the lowerband with the pulsed excitation sig—-
nal for the upperband to obtain a full-band excitation spectrum (This meth~-
od will be called the method I). The procedure of recontructing the full-
band excitation signal is the same as for the method I except that the up-
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perband is filled with the high-passed pulsed excitacion signal im accord-

ance with the step (i) of the method II.
is showm in Fig. 3.

I is shown in Fig. 4.
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ITI. SIMULATION RESULTS AND DISCUSSION

We now present the results of computer simulation. In our simulation, we
adopted the pitch-predidtive -ADPCM coding method for residual coding because
it produced subjectively the best performance. We also used finite impulse
response (FIR) digital filters for various filtering processes, which have
passband ripple less than 0.5 dB, stopband attenuation greater than 55 dB
and the filter length of 128 coefficients.

We first studied the multiband spectral folding mechod (i.e., the mechod I)

and the merhod of combining both the multiband spectrally folded signal and

pulsed excitatiom signal (i.2., the method II) for 9.6 kbits/s RELP voced-

ing. In the simulation, we studied two different systems based on the meth-

ods T and TI. One takes the lower baseband of 0 to 900 Hz and the wupper
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sasebend of 1800 to 2100 Hz, and another takes the lower baseband of O to
300 Hz and the upper baseband of 1200 to 1800 Hz. Also, a RELP system with
3 single baseband of 0 to 1200 Hz that utilized the spectral folding methed
vas simulacted for comparison. In this simulation each baseband residual
signal was encoded by a 3-bit pitch-predictive ADPCM coder.

According to simulation results, the spectrum reconstructed by the method I
1as less regularity and is whiter than that reconstructed by the spectral
folding method. According to informal listening tests, the tonal noise is
significantly reduced with the RELP vocoder using the method I. We also
compared the two systems using the method I. The first system having two
bands of 0 to 900 Hz and 1800 to 2100 Hz yields better sveech quality tham
the second system. In simulation of the method T, the multiband spectral-
ly foided signal placed in the range of 0 to 2400 Hz is combined with the
hignpass filcered (2400 to 3600 Hz) pulsed excitacion signal. Fig. 5 shows
the spectrum of a two-band residual signal and the spectrum reconstructed by
the merhod M. Fig. 6 shows the original and synthetic speech waveforms.
In the case of the method T, the resulting syntheric speech at the rate of
9.6 kbits/s is superior to that of the method I, and yields no tonal noise.
It is nearly identical to that of the original speech.

Next, the method of combining the spectrally folded signal and the pulsed
excitation signal (i.e.,the method II) has been studied for a 4.8 kbits/s
RELP vocoeder. We coupared this mechod with the methods of wusing spectral
folding, center clipping and hybrid excitation {9]. In simulation of the
methed II, we used only one baseband of Q to 600 Hz and a 2-bit pitch-pre-
dictive ADPCM for residual coding.

Fig. 7 shows the spectra of the baseband signal of 0 to 600 Hz and the re-

constructed excitation signal using the method II. We can notice that the

spectrum reconscructed by the method II does not have the spectral regulari-
ty. Also, Fig. 8 shows the waveforms of original and synthetic speech by

the method II. According to- our listening tests, the synthetic speech

yields slight tonal noise and buzz-like noise. = The method II, however,, pro-
duced better quality subjectively than the spectral folding, nonlinear dis-

tortion and hybrid excitation metchods.

Iv. CONCLUSION

In this work we have studied three methods of reconstructing a full-band ex-
citation sigmal to improve the speech quality of the RELP vocoder. @ These
include the multiband spectral folding method, the method of using both the
spectrally folded and pulsed excitation signals, and the wmethod of using
boeth the multiband spectrally folded and pulsed excitation signals.. Accord-
ing to the simulatiom results, the miltiband spectral folding method is su-
perior to the spectral folding and the nonlinear distortion.methods, and the
resulting synthetic¢ sveech has little tonal noise. Comparing the method I1
to the nonlinear distortion, spectral folding a2nd hybrid excitation methods,,
it has less tonal noise and buzz-like noise. Finally, comparing the method
T to the method I, the former yields becter quality of synthetic speech.
The synthetic speech of the method I has no tonal noise, and is nearly i-
dentical to the original speech at a bit rate of 9.6 kbits/s.
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Fig. 8 Waveforms of (a) originmal speech and (b) synthetic speech of RELP

vocoder using the method II (Transmission rate: 4.8 kbits/s).
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