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Abstract
[n this paper, a speech enhancement method
based on phonemic properties and masking
[t is a modified type of
wherein the spectrai
in unvoiced

effect is proposed.
spectral  subtraction

sharpening process is exploited

state considering the phonemic properties. The
masking threshold is used to remove the
residual noise. The proposed spectral

subtraction shows similar performance as that
of the classical spectral subtraction method in
the SNR. But by the proposed
scheme, the unvoiced sound region is shown

view of

to exhibit relatively less signal distortion in the
enhanced speech.

1. Introduction
In the common speech enhancement techniques,
the noise subtraction or suppression rule is
applied to whole speech region equally, so that
information of phonemes in utterance is not
utilized effectively[1]l. The unvoiced sounds
have spectral distribution similar to that of the
white noise, so that their spectrum is degraded
by the

results

severely background noise and

subtracted have significant spectral
distortions compared to those of rthe voiced
sounds. In the spectral subtraction proposed in
this paper, state-dependent subtraction rule is
exploited. An analysis frame is developed to
make decisions on the data as either voiced
state or unvoiced and then, in the case of
unvoiced, noise subtraction is applied to process
The

exists in

the spectral sharpening the spectrum.

resicdual noise which atill

noise-subtracted spectrum is minimized based
on the masking effect. The masking effect is
a primary property of human auditory system
such that a soft tone can be masked by a
strong tone located closed on frequency domain,
essentially forcing the masked tones inaudible,

This paper is crganized as follows, In section
subtraction is
presented and its problem is formulated. The
its detail

In section

2, an overview of spectral

proposed enhancement scheme and
procedure are described in section 3.
4, the representative experimental results are
provided. Finally. section 5 contains concluding
remarks as well as suggestions for the future
work.

2. Qverview of Spectral Subtraction
and Problemm Formulation
Spectral subtraction is a method for restoring
the power or the magnitude spectrum of a
additive by
subtracting an estimate of the average noise

signal  observed in noise,
spectrum from the noisy signal spectrum{](2).
n( k)
has been added to a windowed speech signal

s{4), with their sum denoted by K&

Assume that a windowed noise signhal

Wk =s(k)+n( ). (2.1)
Taking its Fourier transform gives
e =S(e™+Me™). @2

The general spectral subtraction is defined by
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the following equatinn.

|3’ = | ¥(e™)’— alute™|®
if | Y™ alu(e™)

=8| re™|
otherwise 23
where u(e”™) is average noise value during

nonspeech activity. Note that (0<a<l and £

is 0 or very small value.

The estimation by  spectral  subtraction
described above is appiied to all speech activity
under equal criterion. This s a weakness

since it is well known that the approach entails
the phoneme
That s,
to fully
utilize the phonemic information carried within
The

acoustic
in different

a non-uniform impact across

sequence of a speech utterance.
spectral fails

classical subtraction

the signal for enhancement processing.

phonemic information inciudes

properties which are orginated
process of  each

production phoneme.

Therefore, when speech is contaminated by
noise, each phoneme in the speech has varicus
The

vowels, typical examples of voiced sound, have

distortion in time and spectral domain.

the resonant frequency components, calleg

“formants”, whose energles are

high[3].
influence on formants than on other frequency

relatively
Therefore the noise spectrum has less
compenents. On the contrary, unvoiced sounds
have spectral distribution similar to that of the
unvoiced
and the
restoration tasking is much difficult compared
to the voiced sounds.

white noise. Consequently, the

sounds are contaminated severly

3. Proposed Methodology
The proposed enhancement method explores on
the foilowing features for improved
performance.
1} Noise subtraction slgorithm dependent on
speech state
2)  Residual reduction

noise using  masking

T 2 i L] L]
Fraquaney(idiz)

Figure 3.1 (a)Clean spectrum of a frame in
speech, (b)Noisy(10dB), (c)Spectral sharpened
, {d)Subtraction result
effect.
3.1 State-Dependent Subtraction
As a new approach for reducing spectral
obscurity of noisy unveoiced sounds, the
spectrum sharpening before noise subtraction is
suggested. That s,

energy spectral

by making high-level
component mores high and
low-level ones lower, the waveform shape of
the noisy spectral can be made more clear.
For the spectral sharpening, a simple function

is iniroduced and it is expressed as follows:

—-0.5 -Lss/25i'=’-"L/33,"ﬁ
| 17 —LassisLot
SSO=\ _05  Luesisian OV
0 otherwise

where Lgg is sharpening function size.

Spectral accomplished by
convoluting the noisy spectrum with suggested
sharpening function.

sharpening s
Ys'() = Y()*5S() = LWDSS(i~)  (32)

Ys( !‘)'-'*‘ Ysl(l.— ng,'lz)
= ¥(3)

fYs'(i— Lgg/2)=0

otherwise (3.3

Convolution  with S8(3)

sharpening  function,
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has the effect that noisy spectral  shape
hecomes clear some  extent through summing
the close-adiacent [requency compaonents and
suppressing the far-components. Figure 3.1 {(c)
shows the sharpening function convoluted onto
the spectrum of noisy unvoiced sound n a
frame.

32 Residual noise reduction based on
masking effect

The enhanced speech signal by the proposed
spectral still

noise,

subtraction bears the residual

called “musical noise”, which makes

metal-like sound and annoys human ear. In
order te remove the residual noise, the
propased method exploits a process based on
masking effects. The masking effect is a

principal property of human auditory system.

When tones are produced simultaneously,
masking occurs in which louder tones can
completely obscure softer tones. In other

words, the physical presence of sound certainly
does not ensure audibility and conversely can
ensure inaudibility of other sound[4][5].

The residual noise is minimized possibly by

setting the negative subtracted spectral
compoenents to a masking threshold. The
computation of the masking threshold

intreduced in [6] is used. It is composed of

following steps 1) critical band anaiysis of
the signal. 2) applying the spreading function
to the critical band spectrum, 3) calculating the
threshold, 4)
absolute threshold, and 3) renormalization.
3.3 Integrated Enhancement Scheme

Block diagram in Figure 3.2 presents totally

spread masking accounting for

integrated  speech  enhancement
both  the

subtraction and residual noise reduction using

algorithim

inciuding state-dependent  noise

masking thresheld. Detection of speech state,
Le, voiced or unvoiced, is made by means of
energy and ZCR(Zero Crossing Rate). However
because of decision by ZCR is

dependent on ncise amournt, it is required to

reliability

study more  rehable decision rule  for

voiced/unvoiced state.
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Figure 3.2 Block diagram of proposed spectral

subtraction.

4. Experimental Results
For the
algorithms, an experiment of 3 subtractive type
algorithms has been conducted as follows.

performance of the proposed

1) Power spectral subtraction without residual
noise reduction (SPSUB)
2) Power spectral subtraction with residual

noise reduction proposed by 5. F. Boll
(SPSUB+RNR}

3) Proposed method state-dependent power
spectral  subtraction  with  residual noise
reduction using masking threshold
(ST-SPSUB+MSKRNR)

The orginal clean speech data is a word

"computer” which is recorded by a 20s man in

a clean room and sampled at 16kHz, The
noise is artificial white Gaussian. In
impiementation of spectral subtraction

algorithm, the size of a analysis frame is 16
msec{256 points) and a overlap lag is 8 msec.

Hamming windowed signal is analyzed in
206-point FFT.

Figure 4.1 (a) shows noisy speech and decided
region as unvoiced state and {(h) shows
enhanced speech by ST-SPSUB+MSKRNR.

Figure 4.2 (a), {b) present spectrogram of noisy
speech speech
From figures, we can see that

and enhanced respectively,
the residual
noise as

well as the background noise is

considerably minimized by the
The
improvement in intelligibility of the enhanced
speech.
of the

proposed

scheme. listening test also shows an

The performance comparison in terms

nput-output  SNR  shows that the
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Figure 4.1 (a) Noisy speech(10dB) and
decided regions as unvoiced, (b)Enhanced
speech by ST-SPSUB+MSKRNR
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Figure 4.2 (a) Spectrogram of noisy speech.
(b) Spectrogram of enhanced speech by
ST_SPSUB+MSKRNR

5 ] 1) " At 1
Hainy Gignal SNA (o)
Figure 4.3 Performance comparison in terms
of inpul-output  SNI: (a) SPSUB  (b)
SPSUB-RNR () ST-SPSUB+MSKIINR

"ST-SPSUB+MSKRNR” is much better than
the "SPSUBFRNR” in the low S5SNI cases
(Figure 4.3).
5. Conclusion

This paper proposed a spectral subtraction
algerithm based on phonemic properties and
masking effect. That is, an experimental trial
for speech enhancement modeling speech
production and perception mechanism of the
human auditory system has been conducted.
The proposed spectral subtraction indicates a
simnilar performance to those of the ciassicat
spectral subtraction methods in terms of the
SNR. However, in the enhanced speech by the
proposed scheme, the unvoiced sound region is
shown to display relatively less signal
distortions. A continuing investigation for
further performance improvement is being
pursued in the areas of developing a more
refiable state decision algorithm, utilizing
various phonemic classes (stops, silences, etc..).
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