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A Noise Reduction Method Combined with HMM
Composition for Speech RBecognition in Noisy
Environments

Guanghu Shen, Ho-You Jung, Haun-Yeol Chung®

Abstract ¢ In thizpaper, a MEE-HOVO method that combines the HMM composifion method with a
noige reduction method iz proposzed for speech recoznition in noizy envirowments Thiz combined
method starts with noise redochon with modified spectral subtraction (M 23) to enhance the input
noisv speech, then the noize and woice compodtion (HOVO) method iz spplied for making noize
adapted models by wsing the noize in the non-uttersnce resionz of the enhsnced noizvy speech, n
order to evaluste the effectiveness of our propozed method, we compare MEE-HOV O method with
other methods ie, B5-HOVO, MWE-NOVQ, To zet up the noizy speech for test we add White
noize to ELE 452 datsbase with different ZME= renge from 0dE to 15dE, st 5dE intervals, From the
tegtz MEE-NOVO method showz sveraze improvement of 66,5% and 132,6% compared with the
existing S5-MOVQ method snd MWEF-HOVO method, respectively, Especislly our propozed
MEE-HOV O method shows a hig improwement of lowr ZHHs

Eewwords @ Modified spectral subtraction, Wener filkering HMM composition HOVO

I. Introduction

AntomeaHc speech processing systems are
gnd more often in resl
environments, Howewer they are coofrooted
with hish ambient noize lewvelz snd  their
performence desrades drastcally, Thus there
haz been a strong need to improve the

employed  more

performence  of thesze avstemsz o ool
environments,

The research work in noizr apeech
recoznition may be clasgsified ifnto three broad
categories:

a) MNoze reduction method pHor fo
clazzificetion, Techniques in thiz category
mclude spectral aubtraction (231 1], Wiener
filterinz (WE 2],

bl  Hidden  markov
*Corresponding Aunthor
Mamaoipt received Feh 25 2008 ;
ecoepted  Apr 10 2008,

Cmansho  Fhen, Ho-¥oul Jung Hiun-Yeol
Chung © Yemnsnam University

model  (HMM)

compozition method iz to adspt the =peech
model which haz the effectz of noiss,
Methodz uans thiz spproach including hiss
comp engation alzgorithm([3] and perallel model
combination (FMCI 3-5],

c) Uze festures that are rolmst to noise,

Uaally, 22 and WF are used to redoce
noize from onoizy speech, These methods
bhowewer, are oot shle to remove noize
completely, and they creste new problems in
that insufficient reduction
processing leads to remsining noize or speech
distortion, respectvely, The HMM composition
method ie noize sod wvoice composition
MOV and PMC are well-knowm az effective
noize adsptation methods thet can Improve

or  excessive

speech  recognifion performence o nolsv
environments, Howewer, performence of Hbik
comp ozition method like NOVO or PMC iz oot
aufficient when MR iz low  becanze the
festure of speech iz buried in the noise,
Approaches that combine the HiAM

composiion  method  with  ooize  reducton
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method auch az 25 modified Wiener filtering
(MWFIG] heve heen rproposed, for example
Se-MOoval a], MWEF-H OV Q[ 6], Theas
gpproachez include adsptabon processing to
handle the inewvitshle speech distorfion cemszed
by noize reduoction method imt they hawe
difficulies to et hish improvement in low
EHNE  environments Therefors we propoze
MEE-HOVO method which iz a combinston of
MOVD and modified spectral subtracton (MEE)
ingtead of Wiener filter to improve the
recoznition performence in noisy envirooments
by decressing the distorbon of speech in the
process of noize redocton,

The rest of thiz paper iz orgenized a=
follows In deacribe  the
prorozed noize processing  method  and

zecton 2 we

experimentsl reanltz are shovwm in Secton 3,
Finally, we conclude thiz paper in zection 4

I1. Noise Processing Method

2.1 Moise Reduction Method
21,1 Modified Wienar Filtering (MIF)

The noize reduction process iz bazed on &
short-time spectral amplitn de (BTRA)
estimation[2], Furthermore the backsround
noize iz considered additive sud vncorrel sted to
the zpeech sznsl, The nolsy speech can he
modeled a=

#(A) =5 +nid), (1

where A s(A) m(3) and =(3) denote the
Hime index, the originel speech the noize and
the input noizy speech respectwvely,

A Wiener filter iz the optimel Bayesian
linear filter that minimizes the expected mesn
gquared error (MEE) Alslai—s00F for the
noize corrupton model in equation (1),

In achieving noize redoction haszed oo
STSA esmsHon, the seech spechum F0E) iz
estimated as beinz obtsined from ATab) by a
mmltiplicative nonlinesr gein fimcHon (ALK in
the frequency domsin

Ta k)= AKX L (2

The gein funchon bhaszed on Wiener filten
Ak 1= siven v
A
o) = ISORE

| k0 F + MO I F

=)

where Sak), Mk} are respectively the
frequency spectrum of the original speech and
noize, Fignre 1 llushretes the block dissram of
Wiener filtering for noize reducton,

In [7], the noze redocion method
mintmizez speech distorbon by adding = part of
the mntreasted fnput noizy speech Al4k) to the
output of the enhanced speech $3.k), Finally,
the speech after ncize reducHon F4.%) iz siven
b

Z04) =(1- ) XK +aTa k), (4)

The added untrested input noizy zpeech
madrz the distorted componentz of the speech
zo thet zpeech qualitr will he improwved n a
roor SME environment,
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Fig 2 Block diagram of spectral subitraction

21,2 Modified Spectral Subtraction (M55
A hock disgram of the bhasic spectral
aubtraction method iz shown in Fig 2 Spectral
aubtraction reliez upon the szswmption that the
backsround noize siznsl has an slmost constant
masnitnde spectrum snd the speech aiznal iz
short-time stationsry, Let s(3) w32 and =(a)
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represent the orizinal speech noize and input
noisy speech, respectively, Then noigr speech
cen he modeled a=s equation (1)

Zpectral procesdng iz hased on a dizcrete
fourier frensform (DFT) filker bank with Weer
aub-bands The phase of the disturbed =isnd iz
wot modified We denote the dsta window T
R(A) and the DFT of the windowed distorbed
siznal @) by

W1
Ho = 5 a0+ Blu) - expl—jamk

a=i DET
(5]

where k& denotez frequency hin Typicellr
we nze & DFT lensth of Wee.=£285, The
enhanced speech are converted back to the
Hime domsin wsing =n ioverse DFT. The
mthesized enhanced mpeech iz dencoted T
s(x), the corresponding magnitude spectra by
154 k31,

Let Fi%0 ed KEF dencte the
eztimated noize power spectirm snd input ool
speech power spectum, respectively, To ohtain
the stshle power spectrum of input ool
zpeech, we do amoothing process with a first
order recursive nebwork as follows, (v=0.49)

)

LRT k0B = » [ETA — LEWP+(1—) « RT3 KIF
(6}

Following the proposal of Berouwd ef al
[8], we aubtract the maznitnde spectra with an
over- subtraction factor  osub(Ak)  and &
lmitstion of the meximum subtrecHon byr a
spectral floor constant subf (0.001 = =ubf = 005),

SrarE T e

LA QU8k)  offermse

where gl bk =[1 — e ubfh,k}%]

While a large owver-subtrachon factor
ool 3. k) eszentislly eliminstes residusl spectrsl

MER

(7
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resks ('muzical noize') it also affects speech
quality azuch that =zome of the low enersy
rhonemez are suppressed To  lmit  this
nndedrable effect the over- subtraction factor iz
computed a2 a funcHon of the =uhband
SNE (3K and the fremency hin & e
ostehlh ) = Flh b SAR, (b)), Tn zeneral we use
lezs over- subtracton for hish ZME cooditionz
and for hish frequencies thean for low ZHERE
condifionz snd for low frequencies When noize
rower @echrumn iz estimated to he larger than
itz real wvalne distortion will he happened and
zpeech qualitr will be degraded

Aocording to the idea in [7], we alzo
reduce the speech distorbon by adding a small
amonnt of the untreated input speech to the
output  enhsnced apeech  obtsined by the
conventionsl spectral subfraction method

And to find the optimwn walue of o we
alao did zome preliminsry experiments, From
the remlts we found thet 0.8 iz the best velue
of the adding ratio o and thiz walue iz alzo naed
in subzequent experiments with HOV O method,
The Hlock diasram of wmodified spectrsl
aubtraction method iz shown in Fig 3
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Fig, 3 Block diasgram of modified spectral
aubtraction

2.2 Hh Composition hMethod

Z2.2.1 Moize and Moice Compozition {MOWO)

HMM composiion method sssumes thet the
adapted HMM obtained by combining two or
more "zomrce HbMMz" will adequately model
the input noigr speech The =ource HiiMaz
may modsl  clesn  speech  recorded in
noize—free condifonz or the warimes noize
zources auch oz Sefionary or non- shefionsre
noizes hacksround woices et The HOVO
HMM iz the product of two or more somrce
HiM g

An edample of this process =
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represented in Fig 4 &l parameters of the
MNOVO HMM except itz output probehilifies can
be directly deduced from the =zource HMM=z az
product of the corresponding parsmeters of
the =ource HMMaz Uansally, Mel Freauencyr
Cepstral Coefficients (MFCCs) iz efficdent for
modeling speech in  ooimy  environments
Therefore we investizsted the sppliceHon of
HbM composition method to MFCCs
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Fig 4, Baszic procezs of MOV O method

To compute the onfput probsbilites of the
MOVO HMM, & domain in  which the
relsfonship hebween the sources can he
zested explicitly and sz simply &= pozdhle iz
peed to easily deal with the distribubonz of
the corresponding rendom warishles, The linear
spectrum waz chozen becamze clesn speech
and noize are additive within it

Therefore the rendom warishles are related

3
Ry =5, + N (kUSR] (8}

E(SMR) iz & welshting factor thet depends
on the ZFE bebween the clesn speech snd the
noize, Fizure 5 shows in detail how the
digritotions of the HOVO HMM cen he
inferred for one Gemzdan output prohabilibe
digribution, Thiz processz has to he repested
for all statez and for sl mixtore components
of the speech and noize HMMz We azaume

that all the distibwbions haodled o the
cepztrum domain sre normal =0 it will bhe
enouszh  to obtein their first snd  =econd
momentz to determine them,
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Fig 3 Trensform process of HOVO method

Let 5, =nd M, are supposed to hawve a
multivariate Genssizn distribwtion, Therefore,
their linesr combination iz stll  Genssiao
distribution snd the paremeters of A (zame
for §;) are ziven by

=t M= T T ()

where I'iz the transform operator,

2.3 MES-NOWD

An gpprosch  that combines the HbM
compozition  method with  woize  reduction
method iz the =solubon which =olwes speech
distortion heppened in noize reducton method
and low recospition performance of HbM
comp ozition method st low ZNE For examrle
the HOVO method iz effecive iIn noize
environments with the oormal lewel SMEs hut
it haz a =isnificant problem that itz recosnition
rerformence iz zeverely desraded af low ZHE,
To addres=z thiz problem, we propoze the
combined MEE-HOVO method which improves
the ZNE softer noize reduoction by uvanz the
M2Z2 method snd compensstes the remsining
noize by vaing the HOVO method o thiz case,
the NOVO method should be showed hisher
performence, becemze it hendles the speech
dats which has hisher ZME thean hefore And
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we cen also further expect that the combined
MEE-HOVO method shows a good performeance
in low ZNE environments,

Fizure 6 showz the framework of
MEE-HOVO method At first it redices noize
with M32Z method Then the noize thet
extracted from the non-vHersnce resionz of
the enhsnced speech iz used to adspt clesn
zpeech HMM to rield the noize adspted HOV O
HIiM,

Wd=y Speech

+ ulerarce
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Fiz 6 Block diagram of ME5-NOV O method

l. Experimental Besults

3.1 Parameters

To  ewaluste the of the
prorozed method the speech data vzed are
ELE (center for KEoresn Lensnaze Engineering)
452 dstshaze which iz a phonetically halanced
izolate word datshase The corpuz include= 38
male speskerz and each spesker pronouvnces
452 words for one Hmes Those were divided
into two subsets, Cne haz 15280 words of 35
speakers’ uhHersnce, which uzed for training
clesn zpeech HMM=z Ancther haz 1,356 words
of 2 apeskerz’ vwhHersnce, which nzed for
testing To =et vp the noizy speech for test
we add White noi=e to clesn speech defta with
different FMNE= ranse from 0JE to 15dE =t
3dE intervals,

Al speech data were zampled ot 16 kHz
with accuracy 16 hitz pre-emphasized with
1-0.97e"! Each frame iz mulbiplied by =
Hemming windows with 25 me=ec sod iz

performance

computed every 10 mseec
The recospition srastem in our experiments

H 3 A= 20084 52 5

iz bazed on the HM-Wet[10], which hawe 2000
states (4 mixures'state) for a nebwork The
acoustic modelz employ the 26 dimensdonz of
feastures which containz 12 MFCCsz pluz the

logarithmic frame enerzy, a= well az their the
1zt order derivakbves,

3.2 Experimental Results

Recoznition experiments are carrvied out for
nolsy  speech  date in different ENE
environments, Fisare 7 showrs thet recospition
performence of MEZ iz hisher than of other
noize redicton methods When we compared
M22 with 2% and MWE we con get hetter
remlts of 24, 4%, 23.8% of 0dB 53 5%, 30.2%
a 5dB, 40 2%, 9T =t 1048 21.2%, 0.7% o
154E,
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Fig, 7 Comparizon of recognition ratez for
noize reducton methods

Fizure 8 showsz the recosnition resultz for
three combined methods ie MEZ-HOVO
EE-HOVO and MWE-HOVO ot different ZNE=
We could alzo find out that MEE-NOVO
method showed the best performence T
improving recognition rates of 52,8%, 346% in
0de, 78,9%, 18 2% mn 548 To.0% 27% in
1048, 59.3%, and -12% in 1548, compering
with 33-NOVO aod MWF-HOV(Q respectively,

From the shove experiments we find that
E2E-HOVO method shows the relstive worze
performence of recognition, Thiz iz beconze itz
noize redocHon iz imperfect and leads fo
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ZeTEre aeech distortion, Howrenrer,
MEE-HOV0O method shows much improvement
performance in  nolsr
environments egpecislly in  low EHME
environments sch &= at 0dB~10dE, The
lower apeech digtorbon
happrened from noize reducton with MES

of recogniti on

reszon iz the

method comparing with the 22 method case,
And thiz iz slao the benefit obtsined from MES
method Then the HOVO method iz pozaihle to
showsz itz better effect for the fest noimr
zpeech which haz lower distorton Therefore,
the comhbined MEE-FNOVO method shows
further hisher recosnition performence than
other comhbined methods
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Fig 8 Comparizon of recognition ratesz for the
combined methods

I¥. Conclusions

I thiz paper a MEE-NOVQ method that
startz with noize redocHon with modified
spectral subtraction (M33) to enhence the
input noisy speech then the noize and woice
composiion (NCVO) method iz spplied for
malking noize sadapted modelz by uwsing the
noize in the noon-ubtersnce resionz of the
enhanced wnolsy speech,  From  the tfests
MEE-HOVO method, showed
improvement of B8 5% and 13,6% compared
with the ewistnsg S5-HOVO method and
MWE-NOVQ method resectwely, Especisll,
the propozed MEZ-NOVO  shows  hish
effectivenesz at low HEs3
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