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## 4270258421 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: ROBUST SPEECH FEATURE / SPEECH RECOGNITION / MEL FREQUENCY
CEPSTRAL COEFFICIENT / NOISY SPEECH AUTOCORRELATION
JETSADA KARNPRACHA : ROBUST THAI SPEECH RECOGNITION USING MFCC OF
NOISY SPEECH AUTOCORRELATION. THESIS ADVISOR : ASSOC. PROF.

SOMCHAI JITAPANKUL, Dr.Ing., 54 pp. ISBN 974-17-2127-7.

This thesis has the objective to develop a robust Thai speech recognition using robust speech
feature with Hidden Markov Model. The system is an isolated word speaker independent system. Mel
frequency cepstral coefficient of noisy speech autocorrelation is proposed to improved the robustness of
the system to additive zero mean white gaussian noise. Thai isolated words are categorized to 5 classes
according to their tones, mid tone, low tone, falling tone, high tone, and rising tone. The average
recognition rate using MFCC of noisy speech autocorrelation is compared with MFCC of noisy speech in

the same order.

The experiment results show that the average recognition rate of MFCC of noisy speech
autocorrelation order 32 is 12.60 percent better than MFCC of noisy speech at SNR < 25 dB for the mid
tone, low tone, falling tone, and high tone. In the rising tone, the average recognition rate of MFCC of
noisy speech autocorrelation order 16 is 3.99 percent better than MFCC of noisy speech between

5dBa SNR @« 20 dB.
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irG o+ 1D r G FrGo- 1> L ;<1 r <o > %ij+l(j+1)gjw°z 0 4
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irG o+ 1> sG> rG- 1> L PRSTS r<o> 40 g %y
' |J19) T I 1 4
M g, = 0 Wlda,., = @, 9> 4, 2> L .a, ¢G>, 0] Humnnme3
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r Q> L

r G rGo+ 1€ 0 & Yg, ¢
! a7 g
RS r o> r<1> L G- 1D r(j):j a; ¢G> A 20
S
F > RSE F<0> L r(j-2)r(j-l):jaj(j-1):: o0
g A= g (2.22)
M M M e} M M I M AP Mq
9 a g
rGY>  rG-1> PG 2> L r<o> ra> g a,a> g :o::
9 a @
rG o+ 1> r G rG- 1> L r <> r<o>§w -1 @W@%Q
{ Y 4 Y 9 o v
FIUAUNIT (2.21) Lag (2.22) ﬁﬂmﬂflﬂﬂ"lﬂdﬁ G, lﬂﬂﬂflﬂﬂu‘ﬂ%hlﬂ
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g Qg a, G =1 @ 0 w 0
S J 4l &
R ..y . G., — a+ G., " a (2.23)
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23 o
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¢ U Al ] 8, 4y 7€y
Y] P 9 = = [ A 2K o
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Y
I
g
G = - - (2.24)
%
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%ZhlﬂﬂWL'Jﬂ!@]ﬂiﬁllﬂigﬁﬂﬁ (s NABDINITAD
2, <Eo% s 4G 8
—— i - Kl
:aj(Z):: :.aj(j- 17
. Il 4
a T M ::‘F r— 1: M : (2.25)
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i I . 4
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0
Q 4. Q 1 4
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A 5 a9 @ 1 = o3| :’1 3 @ dy
maunmu,ﬂ{lmmmﬂanmwﬂuzﬂumumuﬂmﬂumu
33 d' o d’ Q' 9 [ dy
YHUADUN 1 ﬂmuﬂmu'lmimu AN
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iy H 1 % a Qo’ Q'
Yunaui 2 Muumdulszanimsaziou G,., 18 ; 130N 0,1,k ,p - 1
J

gj=-r(_j+1)+’] a, k2 G- k+ 1D (2.29)

(2.30)
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T8 - G + 1> » G - & + 1> MU ldnnaums (2.13)
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=

g’J Y o U d o a a
VUABUN 3 AUIUANINADTTNUTLANT « Tag j GUN 1,2,K ,p - 1

jt1

a GO>= a, <G>+ G, a0, G- i+ 1D (2.31)

j+1

a,, G+ 1>= -G, (2.32)

upoUN 4 AuMAaNaa ¢, 1

See

e, = ej(l- G§+1) (233)

A o c?/’ QEJ} ~ PV 4 A 9
WOAMUIUIUATUNIA VUADUN j = p - 1 ﬂgulﬂﬂ']!'lﬂ!ﬂ'ﬂﬁ a, NABINTI

2.3.2 duszansuoatinead (Linear Prediction with Linear Extrapolation Coefficient,

LPLEC)
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9

$Ch - kD= s - 2kD+ LG - 2k + 1D s - 2k DDk (2.34)

1 % 1 { o QU a Qf U =) 1
mdaana i ldeshunlsmdulssa@ntmsssnaiusesadu «, ae'ld 3914

O 9

malsznadyananaribyiunndyaralueds dsaums (2.35)

P
$oen >= ) @y - 2k 2% G- 2k + 15 s G- 2k ORE G (2.35)
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ﬂ’J”IllﬂaW]mﬁﬂmm‘]m'”laﬂwmﬂﬁ”lﬁﬁﬁi’)ﬂmﬁﬂﬁ@ﬂﬁﬂ (Minimum Mean Square Error) Lla“’olﬁff}
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mmu“l%mmﬁuﬂimmuaawLmaa a, AIAUNIT (2.36)

kg - 2k - 2g + 1 2g - 2k |y
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<

Qq - 1o QgO- QgdOrQq- 1>= 1 af+ Qk - 4kgDr d2q - 26+ 1> (2.36)
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L
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k=1
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Re<z> = H<o>H U/z°) = H<w>H G '
- p
G (2.43)
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Linear Prediction with Linear Extrapolation Coefficient, ALPLEC)
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2.3.5 dulszanssansea (Cepstral Coefficient, CEP)

[

o a o a J . o
duilszanslaaseaiimuannmsuilas3ies (Fourier Transform) voddayans A
aun1s (2.45)
cen >= F ! {loglF i on >3 3 (2.45)
a a 4 [ a Q‘{ o
uonaINMIAeIsMsulasysiesuds dulszanflanseamuisofiuinldnn
o a @ a Y £ ! o 9 9 ' ad o
duilsza@nimalsznainssdady Fahedemsdanesldnandesni 3duum

duilszansisddansoa uaasluaunisn (2.46) uaz (2.47) (Rabiner and Juang, 1993)

m

i Rl p )
P — ] (—)c,‘,am_k Lﬁ’ﬂl“’u m U p (2.46)
m

k=1

L
k A
iy (m—)ckam,k Wom > p (2.47)
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A 14/ a QOJ o a 9
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U g q

ﬁwuﬂﬂuﬁqgﬂﬁ 2.2 Haumsne (Deller, Jr. John R., Hansen John H.L., and Proakis John G.,

1993)

a@ L L
[+ — —) .» = 0,1,K ,L
B pE (L ) B (2.48)
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2.3.6
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® Uniform Spacing (Fourier Transform)

® Exponential Spacing (Wavelet Transform)
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a a c'dy Y A 9 ax . . A A a A &£

Tunendinusil ladenldnssuis Perceptually-derived Spacing ¥i59L58NDNFDHUIIN

< A A o = . < A

Mel Scale 1flumsilasutnuanudvesdaanandes (Acoustic Frequency) lihiflununud
Ya =< 1 =~ 1 Qddy J c?/l Y o

ﬁllﬂﬂmi"lﬂflu (Perceptual Frequency) 3ZNAIDIMANTTUITUNIUY Mel Scale l¥vianms

. A A a Y . I Aa 1 a

Mapping MnmMsdszanannudsndursaau (Linear Frequency Scale) WHuanudn lua

[ ) Jd o {
1y (Nonlinear Frequency Scale) mmﬂymzmi”lsé’fﬂummmwﬂmuﬁﬂﬂuﬁumiﬁ (2.49)

(Tolba and O’Shaughnessy, 1998)

mel (f >= 1127 In (1 +

) (2.49)

7000

[

A A ' A 3 a Y A = Y1 o ya o
o 7 AFIANNDNT U WITILTU Elnﬂglh/l 2.3 mu”lﬂ’naﬂymzms'lﬁﬂmlmmwﬂu
] A a 9 . A [ A 09/1 1 = 1 ~ [~/ Aa
¥ uyaau (Linear Scale) A0 TTUIUFIANUDANULA 0 99 1000 Hz uazmm"lmﬂqu
F) . =} 1 A 09/1 1 dg} Ia J
174 (Logarithm Scale) ABLINANNDAIULES 1000 Hz mu‘lﬂ UUUAIANUDINITNTDITTINITD

o 9 A @ dy
My lannaunsn (2.50) Al

0.69

BW 4vivical (= 25+ 75(1 + 1.4 (101;)0)2) (2.50)

as o = d'l d‘ Y d‘d a A
ATNITATUIUIINYAINIING B (Filter Bank Model) vmfmqmmﬂwwamﬂﬁzﬁmmw
a J o J
ﬁﬁammﬂawjiwi (Fourier Transform) ﬁUi’JQﬁﬂ]uﬂﬁmllagW]%@ﬂ;ljﬁ@@ﬂﬂl@ﬁ%ﬂ’)ﬂﬁ]iﬂii’)\islli’NLm
az2995 <, > nnanuadladll msduramdeyasonvesgaiwinsesainsamuim

Taenuaumsn 2.51)

.
Nopp

1
X, = 1 wrs k22X G+ df CfE D (2.51)

Nrp k=1

d‘ A o v 1 A Y 1 =
Ho v ., ADIIUIUUDIA0E19N 1T IUMTHIALRGY

= d v 1 3’ [y
Ao laNFuUNITI9IKIN

Wrp
A o Jdou A a = A [l 9 A @ = A o Y
df <.k > foflandunesuieninnudNeglnamesiuanud ;e ly

AUIUNIAURDEY
] A

° 1 A ~ s A Y Y
611!ﬂ'lﬁﬂ']ujﬂ‘lW'Iﬂ']ﬁll‘]Jﬁgﬁﬂﬁli]awi!ﬂ')u“lf!clfﬂﬁﬁ3ﬂa1%ﬂ1mﬂﬂaﬂ@ﬂﬂulﬂ%'lﬂ3ﬁsﬂﬁ

U

] d’ [ a R [ [ = 9 d‘
NIDAUDUNIU N ’N%i!llﬂﬁlﬁﬂWQfJﬂﬁ‘VIiJ"UfN"UuWﬂﬁLﬂﬂ@]iNﬂlﬂ\‘]ﬁﬂlﬂﬂmlﬁﬁlﬁﬁﬂum WD

99

e

[l
o

U3217UANNDABVAUBIVDY Basilar Membrane 114 Cochlea Niogluysuln 2995n509M1iN
Sldyd 1 = o ~ 09/’ o 1
Tstiilugesnseauaudunuuaumasyaaadlugln 2.4 mazasiumsiiuiana

o A I [ y
dullseanswarsinludlansen «, > awnsomldvinaumsasae il (Tolba and

O’Shaughnessy, 1988)

N .
c, = ”l X, cos(pN—n(k - ;—))lﬁ’l’) n = 1,2,K .M (2.52)
k=1
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