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Robust Speech Recognition Based on Feature
Normalization
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Abstract

In this thesis. Some robust speech:feature processing algorithms were proposed, in
order to improve the speech recognition performance*under the noisy environments . First,
the well-known robust speech feature processing algorithms such as mean variance
normalization(MVN) and histogram equalization(HEQ) was implemented in a Mandarin
AURORA-like system database as the base-line system. Then, the class-based MVA was
proposed to further implement the speech recognition performance. The class-based MVA
algorithm was first categorized the signal into speech and non-speech parts and applied
MVA:s to each class separately. A 82.26% recognition rate can be achieved comparing to
81.31% in traditional MVA. Final, a Three-class voiced, unvoiced and non-speech MVA
was investigated. A 86.25% recognition rate can be achieved under the ideal category of

voiced/unvoiced/non-speech case.

Keywords: mean and variance normalization(MVN), Histogram(HEQ),AURORA,MVA
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20 A ehR JETREL SR 0 Uk v SRdr ] & 20dB ~ 15dB ~ 10dB ~ 5dB -
0dB ~ -5dB 12 2 % 230 = A48 R » & F H#3E e s &k Bk

VAR B - R

BACIEE S PIBER Y 0 MSTR L L A2 4 F ERGER 20 7 B e
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LfGEE L 454 & 4 10 9 0 £ 900 7 0 5,796 B dHcF 5 A4 & PR Y
.V»Pp‘} ﬁ'{% )"ﬁmr‘]‘% ”"T'iﬁz—l_yrbi v‘g;l"ﬁﬁﬁ_ A 900 & ‘}l . Eé

* A R 1,800 AP HGER R T3 L 20 B e G EA N Ro S
TE s e r B R IRBAEI R P et Rl 0 AR BRI Y R
AR T b2 - o ERGEER . T RF A EEF L5 F L1000 K
100 # - 642 B #cF o Ity A ERE K9 R AL 0 271100 S RIERFE R £ A
RANLBIRDORERAER Parikt chie &9 K5 40 wipligle o & W E
AERB IS A it £ B e S 4B s R - e R LR

AP P e R iR 12 &k @4 @ % B (Mel Frequency Cepstral
Coefficients, MFCC) » 4: + # - (gt = dgeng it £ - 2 it £ 2 - o= geng it
B2 39 i B oo £ 345 N H A B BB LT Ak T B HT g
FAole A HcNE S e i A soenR 2k ¥ > B E Y Bk B2 E BB R R

RET AR LR

# 3-4 15EF ARG P 5Bk T

P~ 4E & (Sampling rate) 8 kHz

% =& A& (Frame window size) 25 ms

4 =T # & (Frame window shift) 10 ms

7F 9 23 i 3% 5 Hc(Pre-emphasis) 1-0.972

¥ kit B 2 (Mel-frequency filter bank) 23 Bkt B

3% % 4w £ (Speech feature vector) 39 s (#* #[12-MFCCs,log E]
KR defs ali)

ERGUE T AR A e 2 PR AT D A 2 W T 0 B 9 o
FEHY O F BEFWAR AL 8 B (State) 5 B
(MMW%%%"W$&4m§§wJPuJ CIR R S
2 %% -] (Short pause model ) =h#-# 7] > % kfyitEH G5Y #4nL o

FIEEW AR o oo b2 3 > A5 3BRE > B AR R

F" ~=%

A ( Silence model )

¥
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kg b FEF2 Fepgd X5 1 BRE - ARG LrpE (Skip) &

WoAlene BB S (Tying) > @ BASHA Y 5 BRGER 7 16 BRER

m

PUREE ORI A A ] 3-4

The Training Process of HMM model

HMM prototype model
{(mixtare = 1)

Proto (8 state)
Silence (3 state)

L Repeat 3

Parameter Re-estimation
{HERest)

h J

Copy sp from silence

Tie sp
(HHed)

]

Repeat 3

|

Parameter Re-estimation
(HERest)

Repeat 2

.
Double Mixture
(HHEJd)

13 Mix 01 to Mix 02
2y Mix 02 to Mix 04

Eppeat o 3) Mix 04 to Mix 08

¥

Parameter Re-estimation
(HER.est)

1

b

Digit model (8 state)
Silence (3 state)

HM M trained model
(mixture = 8)

Bl 3-4 BF A R
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322 A# AP HRES

3221 #iHENGE

%352 £ 364 51F EEHRES,FEZE ATER

AN BRI T e e &

o B L AARB RN T 2 T e S Lk R

AURORA-2 T sayei ot & = 38> 2 skt 20dB 7] 0dB 7k 5 T a5 T

[

T 1518 (20dB~0dB) 75.26
EE T
(dB) Rh | Wy | LAk | T
joit 98.91
20 95.48 9657 9657  97.2] 96.45
15 92211 9252 9548 9548  93.92
10 8302 8614 89.25 9206 87.61
5 68.07 7445 7897 8193 7585
0 4299 5296 5514 6106 53.03
5 2228l 2342 2486 3752 27.02
T 3518 (20dB~0dB) 76.35 80520 83.08 8554 81.37
NEE T R 80.08




S TagE 97.51
20 97.04 9751 97.35  97.35  97.31
15 95.17)  96.11  97.04f  96.88 96.3
10 90.03 94.08  96.11 91.74  92.99
5 81 8551 90.65| 82.87  85.00
0 59.03 63.86 74.61 60.75  64.56
-5 31.15| 31.15  43.46  27.41  33.29
T 35 (20dB~0dB) 84.45 8741 91.15 8591 87.23
B
(dB) W | L E | T
g 97.51
20 96.11 9751  97.23
15 96.26| 97.35  96.57
10 93.15| 9579  93.38
5 87.69) 90.19  85.35
0 704  71.03  64.48
-5 . 36.92] 4595  35.90
T 3518 (20dB~0dB) 83.24f 8729 8872 9037, 87.40
AR OB R Z T AR T 35 87.32

3222 EHEHIE R 2 ARMARA B2 %8

B 3-5 5 EPEFE R 22 ARMA jpit B2 % 6 2 ZF 4R > Bz 5 Lkis
FoEpE s S L S R 2L S ARMA Rk B4 3-7% £ 384 5 &

FEIEE D VAN R A & R RS T e %
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MFCC
Features

=)

MVN

ARMA
filter

B13-5 EPE L 28 ARMA ot B2 % & 2 4L

% 37 EHEH I A E+ARMA Rt BE % 2%

Robust
Features

CACE R

io s 98.44
20 9533 9766 97.04 9507 96.26
15 9206 9486 9517 9283 9373
10 S 8692 B8.16. 9112 8287 87.26
5 f w7009 7508 - 8224 6745 7371
0 b 4786 472 6231 4408 5031
5 0601 2134 3162 1931 2457
T 455 (20dB~0dB) 7841 8059 8558 7645  80.25
(dB) £ R =511 Wi | VB | T
itk 98.44
20 968§ 97.04 9751 9813  97.39
15 9268 9424 9424 9688 9451
10 8258 8723 905 933 8840
6713 7788 8146 8396  77.60
4315 5358 5607 6277 53.89
5 22.43 31 2773 324 2839
T 455 (20dB~0dB) 7648 8199 8396 87.00 8236
e T LR R TR
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% 3-8 @E D AT 2 +ARMA SRtk BOA G E i 0 40 & RV RIS

(dB) BT AR | R BT 64 Ti5E
it it 97.35
20 972 9829 97.82 97.04 97.58
15 9502 972 9766 9502  96.22
10 919 9346 9611 9128  93.18
5 8053 838 8894 8146  83.68
0 5872 6573 7103 5857 6351
5 3287 3131 433 2773  33.80
= 35 (20dB~0dB) 84.67 87.69 90.31 8467  86.83
(dB) £ R (=1 Wi | LBk | e
it .. 9735
20 9798  97.66 9766 97.98  97.82
15 - 9704 - 9595~ 972 9751 96.92
10 | "9237 9081 9548 9657 93.80
. 82248567 8394 9019 86.76
5436 6246 7181 7399  65.65
5 2857113832 3863 49.07 3864
= 45 (20dB~00B) 8479 8651 90.21 9124  88.19

N R B M2 T f8 sk b o T ¥ E | 8751

3223 ARTNE S M Su2 1 W R PE B B AT

%3-9% £ 3104 5 5 15 GG S BB A A F R SRS L R e

SRS BACE T VRIS XA A R SR T R

21



039w RIF N HRITH R R 0 GEF R PR
(dB) pogg | ok | w2 [BWese T
joit 98.1%
20 94.9% | 93.3% | 97.0% | 94.7% | 95.0%
15 90.3% | 91.7% | 95.6% | 91.4% | 92.3%
10 84.4% | 87.5% | 93.8% | 84.7% | 87.6%
5 66.7% | 77.4% | 86.0% | 70.6% | 75.2%
0 41.1% | 52.0% | 60.4% | 42.1% | 48.9%
5 16.4% | 20.1% | 19.9% | 15.4% | 18.0%
T 457 (20dB~0dB) | 755% | 80.4% | 86.6% | 76.7% | 79.8%
ok
(dB) ’%{Eﬁm 11 ﬁ%g P | LBk | TioE
it % O e o 98.1%
20 - 9. E)%r 95\5% [ 005% | 95.3% | 92.8%
15 186, 1% ,f,gét‘.glt%f | 89.4% | 94.9% | 91.2%
10 80. 7?"——5_1;4% /|-86.6% | 90.3% | 86.3%
67.0% | 80.2% | 815% | 86.3% | 78.8%
48.6% | 48.3% | 57.2% | 65.4% | 54.9%
5 21.7% | 24.0% | 31.3% | 38.6% | 28.9%
T 350 (20dB~0dB) | 745% | 81.2% | 81.0% | 86.4% | 80.8%
AR OB R Z T fE A s T 35 80.3%
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F03-10: 2 WRFF T HASTR RS A & RV RS

(dB) B A | A2
o 96.6%
20 95.8% | 96.9% | 97.2% | 97.2% | 96.8%
15 95.0% | 96.0% | 96.9% | 955% | 95.9%
10 89.1% | 93.0% | 96.1% | 91.1% | 92.3%
5 77.1% | 84.1% | 91.4% | 80.7% | 83.3%
0 48.0% | 62.0% | 68.1% | 52.7% | 57.7%
-5 17.3% | 25.9% | 26.2% | 15.7% | 21.3%
T 3515 (200B~0dB) | 81.0% | 86.4% | 89.9% | 83.4% | 85.2%
kL
(dB) % B =511 W | U dh | T
§o ik 96.6%
20 94.2% | 955% | 92.7% | 95.5% | 94.5%
15 .;94 1% #1195:0% 1. 94.7% | 96.0% | 95.0%
10 ! 8816% 1180,6% | 92.7% | 93.8% | 91.2%
5 :%5.78 5% | 84.6% | 86.3% | 90.5% | 85.0%
0 . 56. 9%——5%21% 1°69.6% | 76.5% | 64.1%
-5 25.7% | 27.4% .| 40.7% | 46.7% | 35.1%
T 355 (200B~0dB) | 82.5% | 83.6% | 87.2% | 90.5% | 86.0%
AR B R E T AoV o T 3SR 85.6%

323 REHESH®H

B13-5 5 = fd A Ak M dgiEiF 5 RS 2 A4 & FHLY U T 6020 1) 0dB
TIEFRR SO BBV OBLRTCE T PR e S BT 3R AR & R
P RS R L > e PR A - R TG AR &R PTIUE fre ad
ROBF HABVRIFF R T R R Fl R G R E R IRE SRR T
FOEFE R VP PR SOL AT & YRS e S o 4 % TG AT
FRPTRE A 2 B R R A fosgE REEFE F ARG T el s MVA
Bd N RHE Sy S R A Rk i o
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g6 E MVA

g4 | O Extended Advance Feature Extraction

82
80
78
76

Clean training Multi-condition training

B 3-6: 4% 5 20-00B T $oyiaih 5 ot i ]

RMA ok B > S BFRHFT >
FA A A Btk o T i A PRS0 Bl A U R T - A L
121 ) &F A LT EHEHDE R L ;ﬁ{%ﬁgfxr@ Beh- FEE ZprE LR
B A R SR R e R S R R R LR R 5
Pl AL F R 22 ARMA R BiS L o 4P

T e o

%
4ol 3-6 5 4 &4z ARMA R B2 55 6 2 R 2P RAE ORI
FHAGLCELS FEZE L SBADT AH LR MVA 1% * - 12 ARMA R

B o kIR I R R

MECC v ARMA Robust
Features v HEQ = filter Features

B 3-7:4 & it 22 ARMA gt B2 %

ik
>l
(w.
Py
&
=
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332 FEmEE

23112 £ 312 4w 545 EPE S S 8cS @B A FE V228 ARMA ik Bis >

BECIEE S VBN R & R Y B T enpE s % o

#31lrmE 288 ARMA ik B9 %5 % > 40235 TR

(dB) P B | AR (B4 TIBE
it i 98.75
20 9533 9642 96.88 94.86 9587
15 91.9 947 9486 905  92.99
10 8458 8894 9361 8546 88.14
5 70871::,76.01 8427 67.76  74.72
0 L5171 4969 6807 447 5354
5 3255 2259 4112 2445 3017
T 35 i (20dB~0dB) 7887 8115 8753 7665 8105
A
(dB)
§oiE .
20 96.33 9642 9642 9735  96.63
15 0321 9502 9377 9564 9441
10 838 8816 9019 933 8886
65.73  79.75  80.06 8536  77.72
4455 59.03 6012 6589  57.39
5 2396 3349 28.82) 4424 3262
T 35 i (20dB~0dB) 76.72 8367 8411 8750  83.00
AR TR OB R Z TR R h T 82.03
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% 312: A mEZEEEARMARAE 48 & 8P RE

(dB) BT AR | R BT 64 Ti5E
ok 97.51
20 972l 9798 97.82] 97.82 97.70
15 95.64  97.35  97.35  96.42  96.69
10 9159  93.77 9595 91.120  93.10
5 8333 87.23 9237 8458  86.87
0 61.21 6511  78.04  62.77  66.78
-5 36.14 3427 53.74 3411  39.56
T 5% (20dB~0dB) 85.79 8828 92300 8654  88.23
(dB) £ R (=1 Wi | LBk | e
ot i, 9751
20 97. 97, 96.73  97.82  97.27
15 95951 9657 9642  96.88  96.45
10 | "9174 9299 9424 9657 93.88
78668785 8707 905  86.02
o 6713 7352 7399  67.40
5 3058 173025 4143 5389 4128
T 151 (20dB~0dB) 83.67 8841 8959 91.15  88.20

N B R B OFE R Z T fE R M in T 38 | 88.22

333 &S EHH

pa il
=
@
\‘
e
b
@
o)
!
B
=y
E-)
3
,44:5

FOEE R VR A E R S
Al E i EEE ARMA Jaik B1 0 B - et fRT apEs g 30 g
P E_ A Mk a0 @ AR 20 3 0dB chT dayesi g 4 b MVA B & 43
RE e FEMZELE ARMA Jaik Bick SN PIERlan > GuEG 3 4 ehde 2ok 0 @
LB RPN oL w i % - 4o )z FRMPTIRT o FERGT F'K VR EE T

PR R SRR R A
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100
90
80
70 N
60 |
50 O HEQ 5
40 @MVA |
30 OHEQ+ARMA i:l
20 ‘ ‘ ‘

Clean 20dB 15dB  10dB  5dB  0dB (-5)dB 20~0dB

B 3-8:52% 3% 5 ¥ RH-;Y 0 HEQ ~ MVA ~ HEQ+ARMA & & faz skt 2 20~0dB =~

L !
@ﬁﬁ‘ix%ﬁ

B

*??}} = F|S :ﬁﬁ Fﬂf,:

L

100

90

80 B

70 B

60 HEHEQ H

50 HEMVA s

40 OHEQ+ARMA |

30 -
Clean 20dB 15dB  10dB  5dB  0dB  (-5)dB 20~0dB

B 3-9: 4F & Fs P st > HEQ ~ MVA ~ HEQ+ARMA & & fazu skt 2 20~0dB =+

$ogEa 0 )
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Fr R A FEHEET R

-gn\.
m&

AR GREPFH L R OB X B E A R &
FRA AP A D s FAMVA G AL A Mk cnf R T o FER T OR-F A ok
FoEA TE S FR AP D T e AN A EMVA KRR R AL -

=

Hend|® e ot BT 2RI A FEMVAS S0 k0 24 EMVA & st 1T

Bofs T 48 NI 18 = FNMVA K S0 kg sende 2 pER S o

4.1 @D R0 2 B A

FlA-124 574 Rl sd Al o 47 5GP o 3 - e Gl ifeid 2 o 5ABeis 5 %
S AT OUELED > FICE g oo RIS 0 B SRR Sfiens B akR
’ﬁ LR I Nt WART = sRaE =N & ERaRl: AR skl a2l S ok R N A

¢1 "clean” and "5dB pdf
0.18 ‘ ‘ ‘

0.16 - ;o clean

0.14] L |
0.12} P i
0.1} i
0.08
0.06
0.04

0.02 -

0
-40 -30 20

c1 coefficient

Bl 4-1:3c% 2 5dB BIRF RS F A i
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Flatd AR G R R 2 RTEF AR RA T RF A BIRA S
&mlﬁﬁiﬁﬁiﬁ%ﬂ’A%{%ﬁﬁﬁ%=$§S&ﬁ#$lﬁ%;0’%
Ed

I 2

BZ5S Lo K20 T feld o ikt sod FRsoci o

EEE D I AT REIR R (S R AL o8] 4-2 rr 0 T ORLR IR 2 e

PR S F W F AN FRITOEL 00 RELL 1 AT FEH T P

e PR 4 F R o

cl "clean" and "5dB" pdf after MV
0.5 T T T T T T

0.45

0.35+

0.3

0.25+

0.15F

0.1

0.05

-6 -5 -4 -3 -2 -1 0 1 2 3 4
c1 coefficient

B A-2: S AT o 0 R 1 RIR (5 40iE 2 5AB RIRF A P A

S Er %lgi%ﬁﬁﬁﬁ—ﬁﬁﬂWWMMMMﬁﬁ’4%{%$&W
A - FEFEROE > L@ R A (order) ik A R RaEF L o FHR

Sp F T A G 3E T (speech) 2 2533 F (non-speech) s #F 035§ 2 255F 5 7 il € Flie
A2 ek A

AFFE A -f S8 8 B (order) s % 0 F] i = EHE
Fofm o SR - B 0 AT 2 25F 5 4 W R D
Lk, 7]‘9 f?;.?i}é\' s s ngh.lg“ﬁ é’:‘liffé s %ﬁ j\ifi’J w;;%& °

o
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4.2.1 #3223 80 H

WoBl4-3 > A PEBIEFRLAES EAFIPIAG 0 S X I oG F
PEAREL  PELF LT R 0 F AR AR

clean c1 "speech" and "non-speech" pdf
0.16 ‘

I speech
0.14 | I non-speech

0.12} ;o

0.1- ! !

0.08 - I |

0.06 -

0.04 -

0.02 -

-30 -25 -20 -15 -10 -5 0 5 10 15 20
cl coefficient

W 4-3: 4 B HE S % 285 o 4 i

bk e FlA-4 0 A PR L ST R emE S 2 2SE S A G 0 T U TR
& s

%@‘;‘miiéﬁvﬁ‘&ﬁf/}fﬁ’z%"{%ﬁ%m} BIER AL LA G T S E I L
T DA L e @R R AP A5 3
EERBT A zi%‘iimﬁ?la%'f P H T SRR L it R G LR F

BRAFH 2T ovE R (order)BE T2 0 » A4 7 i o 78w e E AP A4, ]
STIERI AR > i S BHEHE R E Ak A5 F A PR AT

E R j;w:.l' (RN e SN IR LIPS ol P
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5dB c1 "speech" and "non-speech" pdf
0.25 T T T T
speech
/\\\ fffff non-speech
0.2 po .
0.15+ 1
J“ //7\\\
| \
/ \
/
0.1t /, i
/1
// !
/ ““ \\ “‘
0.05 i
\
7 A\
0 — S T
-20 -15 -10 -5 0 5 10
c1 coefficient
B 4-4: iRl Ak i 5B 52 23E 3 cha
cl "speech”.and "non-speech” pdf of clean and 5dB
0.25 ‘ ‘ ‘
clean speech
fffff clean non-speech
5dB speech
02r s 5dB non-speech
0.15- i w i
oy !
,’ \\ “ ‘/'f \\\ |
J’ \ \‘ ‘
I 1\ |
0.1r - | ,
| \\ / |
! \ // 1
/’ \\ /'/ | \‘
0.05F B
G . . ‘\R\ oo
o — — I | | ~ | |
-30 -25 -20 -15 -10 -5 0 5 10 15 20

Bl 4-5: RIFFFFFR 2 2558 i

c1 coefficient

v
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4.2.2 AHEEPEHLD

A2 A0 S e S PR R SR e B R e

B N AR~ Fezz 2 T2z | > AW RiamIgae i % > H ARG
B N FEUE N o F A, IS T s 2 P L
Y O x\1/2
Xs = Hsx +(Ys _zus,y)( ) (4—1)
s,y
Xn _:unx +(Y — M, y)( )1/2 (4‘2)
ny

Fmen oy o R R E T DGR R I R A e 2 T
B0 0y, 2 0y A B & R GIPGERT RS R 2 A LY 2 Y,

Bl A R RIGREAE R A AR R L S B A L
RIBFFF L2 FF L2 TG0 o &0, A H RS REERERE S
gAaﬁgﬁggiﬁﬂi’ﬁyahﬁwﬁ%wigbﬁ@ﬁ%ﬂ%ﬂ%@%ﬁ
Heamg§ 304 2 25955 4 300 2 e S g

4ol 4-6 2 B 4-T 4 ) 5 5 FEPEET R 2

FoEE XAt %ﬁh;ﬁﬁ » NPT LT 0 S A B EE DT R R EID S sk &
i;@-;%l%'rﬂ /‘Z»FJ”J;%,:—%K 'gvbﬁ'g:/n R = %ﬂ:&g M(jnbﬁa‘lﬁm’fﬁpﬁﬁ
0 FRE AT RS AR FHRS TR G R RS F R T A 4P
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006

0.05

0.04

0.03 -

0.0z

0.01p

I:l 1 = 1 1 1 1 1 1 d

35 =30 25 20 -15 -10 5 I L 10 15
1 coeficient

Bl 4-6:3F % 5o T A 2 AdgiE vk 5dB T A F

016 T T T T T T T T

(0 by o

(I

0os

006 |

004

002 F

L L = 1 1 1
=35 -0 225 -0 -15 =10 -5 u} ] 10
ol coeficient

Bl 4-T 2535 3 S A ¥R T R0 2 gri vk 5dB T gha &
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ﬁxfb ) ;\. ]FE;'Z_

R Sha U E I

1

/7;\ 3—3; H_,J”;F. F%J__L_ L.FL/L /2_

Lo B R i

Fo b 4-8 2 B A-9 0 A u 5 @A EATHED S0 E 2 A HEE D R 0

LA AT

S -

\\?{r

HEGEG ANCEE X RAFFFIRT R RSGFR > FLERD G
TORTGE e A AEE 0 BN B E R Rk Ko > £ T 4
FEEAES FHEER > YREGE- R T B EPEE R R
Bl § T AR HROT A T PEROTI S R AP R
1 "speech" and "non-speech” pof atter My of clean and 06
I:Ig T T T T T
clean speech
0at N Clean non-speech | A
i | ——— 5B speech
o7k R 508 norkspeech |-
06} .
0s5r .
04t .
03r .
02r .
01F .
I:I 1 1
-8 -F 4 B

Bl 4-8: 5 s isig s 0 S0 2
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clustered for c1 "speech” and "non-speech" pdf of clean and 5dB

0.16 T T T T T T T T T
clean speech
0.14+ A clean non-speech | |
L — 5dB speech
AP 5dB non-speech
0.12- v i
0.1r i
0.08+- |
0.06 |
0.04 - i
0.02 - i

0 - | M I
35 30 -5 20 -15 -10 -5 0 5 10 15
c1 coefficient

Bl 4-9: S aE T iR 35 2233 Aari ek 5dB T ke n
4,2.3 R %R TEAR

AP AT ERE S ER AR B S B2 MR R T &
RA L HAp o @ i suaynizhe B 4-10 #1570 7 L1 AA L 5 MVA B8 H03
" UE L 4 i S B iase 18 ¥ (Forced Alignment) » 3 3R] 38 3% 51 43 e S Bic faresds

(Recognize) » k@ F|ZEALN B et & 28 > F]% B o 2 =8 kBB Sl 53

FEFE AN LB AT A ES R R R TR AmE S 2 2R PR
T HE R I SR TR AP ERRAFES EPEHE R BT

B - I FEROT 0 ARG E A FEPEH T R R e b L SE
ARMA it & > R rp it i Sodiet rig & 3 Bt A Beeh B e o BB ko ff
F % ~ ¥ 35 (Clustered) MVA i st o
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Foree
i pee Compute
Training Alignment | Speech and Py Mean and Variance of

Data Tr 4 ";:;E:::h Speech and Non-speech |

-

MVA hmm 5 Clustered
model > MVA
. Speech and _ I
Testing JL : nﬁn—s h »] Mean and Variance of
Data - pee ¥|Speech and Non-speech
Recognition features | Compute

Bl 4-10: ~ F EPE e R 2 F Rz

4.2.4 3% %%
% 4-1 2438 MVA & sinpli SR Sk Y PCIE S YRS R

4,\‘J._3:°

PR SE

% 4-1: A %55 MVA % shf: @éﬁw ;J%;&?%eﬂ SPEEIE AT S VB

LN
(dB) R | A | w2 [BEgal Toe
FTopes 98. 75%
20 96.32 96.98 98.04 96.13 96.86
15 94.08 95.19 97 92.68 94,73
10 86.6 87.82 90.92 82.83 87.04
5 71.18 74.65 82.87 65.16 73.46
0 44.87 49.75 58.16 42.09 48.71
) 22.64 24.6 29.53 18.89 23.91
T 5 (20dB~0dB) 78.61 80.87 85.39 75.77 80.16
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(dB) BR | wg | e | e | e
joiE 98. 75%
20 0782 9813 972 98058 978
15 93.42 94.97 95.59 97.62 95.4
10 87.04 8832 9065 942 9027
5 6589 7334 8019 8315 7564
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