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Robust speech recognition in car environment with echo canceller
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Abstract

The performance of speech recognition in car
environment is severely degraded when there is
music or news coming from a radio or a CD player.
Since reference signals are available from the audio
unit in the car, it is possible to remove them with
an adaptive filter. In this paper, we present
experimental results of speech recognition in car
environment using the echo canceller. For this, we
generate test speech signals by adding music or
news to the car noisy speech from AuroraZ2 DB. The
HTK-based continuous HMM system is constructed
for a recognition system. In addition, the
MMSE-STSA method is used to the output of the

echo canceller to remove the residual noise more.

I. 48

SEd AHENVE0) wHHgo gz A AR}
GPS (Global Positioning System)& £3 =2¢F

#d Muls, OAd B34S 53 u5AHE T

o

=
=
Mo w2 e

2

4% Hee] Anu2gE A g X(telematics) Al &E
3 AF s 4 AT AFEREY 2EE A HA|
ke AT HE J1E SdolM B W, 7]7]9
e FALE 1 Mulak Ao g £ 9

s A whgrAsioh ekl B dAdAe 7

ﬁom

Ju N lz o L

) 2 A7E daRsAwe) di7|zdT
(RO1-2003-000-10242-0) 9oz == AF L

A FAAHE A% 71e Aol ¥ APHT g
o 2 dREe] AR &3S 1dd 4
ATe FE E2 FY A A5 A #7304 2
Ade Feg didez AAEY AL FF FEAA
Ex AEA Feel 39 SARDE 5% 5o F
FEe T UtH23l 2y AA AR @B
FH Fol wAste wRFEET o} A of
S Azdle 2HAETE Aol o8 F22 wiAe
of melaz A JHEL 2N U445 AA AT

AZIA Bk b Deufe s Alasie] FAIQIE T

2]

2 =25 J}&FH i

&S A A FoloF ),
AFa B e deoga A
9y AAe DdoR2A, WA A e
barge-in 7] e SARJE Ao 2d]E o] &3t
AFEA FEeded dd AP S FPsigch ek
o] AA" Az FESE FeAHAES )71 YA
MMSE-STSA(Minimum Mean Square Error-Short
Time Spectral Amplitude) 71%ke] &A4/MH 7IH& &
Ag BHoz ALt 712 (baseline) &4214)7]
2% Aurora2-HTKE Al&stgen, 4% deolez&
ETSI (European Telecommunications Standards
Institute)el 41 ¥WIE 3 Aurora2 DBelA <2719 &3
< clean condition&.2 FaPn, HAE A A9
AZ 2t Fe(car noise)dl WA LY U FAE AUEY
AdE g 3

B =59 742 deH Zth 4 2FeMe B
ATellA ALEE WrEAAY] 2 SAMA BAe T

2
Lo
o

Ir =

tlo ox
N

o off o X

e

- 147 -



o

O. wFAA7IE ZE S4UAHH &

AHE2L B AA Y i Al 2dg a2 54
SEjFle) 29 BEERE ¥ 13 2. wEAAY =
TZ7b Zrdstn AtEFe]l & NLMS(Normalized
Least Mean Square) ¥318]&& 2+ HSFEHE o &
sto] FHIA o, TAIEFDT: Double-Tak) AZ
718 A&t XA SAHNZY EX q4FE #
oz 202 AT Ee A WAR T &9
S ZoF+= barge-in 715 S E£3stxm th E3], B
{&IEE Algsled DT d4& A5 o
A& A7) g HSLEE BN Fhe 2
oz HgHE 9 AAANEL FHATI A s THAL

719 Y. Ephraimeo] #|¢t3sH
B FEe ~HEHe| FAHSIZ MR

=94 7t
Al9HGaussian) £EZE 7Hvz 7HASZ, 27 2"HE
# W(bin)el el FHP s L B AL o] £}
o o535 E ol FAFoEN AIAHESL E49F
oH5l whebA] el Sgtare] £ FEgm ugt MM
Aol Zetxzd, 5% Ald AzoigSul(a
priori SNR)$} A% & f3k8-1](a posteriori SNR)2

gepoly] e AEF Abd AEddEee AFE A
ZoEen s 7 dark ok AME AsdiEu ek
AE Az PSHE a7 gelde 7 2HEY
of g3 244% D FegAsY AEE FAHH o b=
b, 4o &A% FAME FSHYEE F437
7 og$rz  Z+ ZyEdeior F8A 7|99
VAD(Voice Activity Detection)& AM&3le] & &
A FFE AR 55 FAAN FEAEE 4
e g wyel  ®Wel  AlgFHEd  oFE
hard-decision  ®iolgtm  Frh, B x
MMSE-STSA 7oA 4518 F4¢) Agss o
guE o e (0.90%Z, F&AY
Sl B g2 (.42 2AsAcHsL

2bE2E et]e E¥o 93 Fof 9 AL TFEE
el ASE AAE7l 98k oY 29 o] FHExA
ZxzolE Z+2zt 15 x 20 x ImE A AW $4 S
7}A 31 image method[6]& AM&dte] & dH~ &
< Ttk 2% 2019 o] mlola A, 4709 A

W 237, A% 4 83L ms] 50msel A
N Fsn stelazES SuA W AL 7R
W @® wel Bol glo] FuelA wAbHE WA
Achn s & 2 e4e TPSHE e
22 Az AN FE T QW2 $HL H e
WS AHeE, A4 Asd AFA FeeAol
Wgee tate] A A8E HAE HoHE
AT

Gain Contrel

(Barge—In)

Auxiliary

Aclaptive /

filter' (!

Fanln)
;+

l jin)
N d(n)/} _______

an) 4

N ——

Argptive
filter:Win

29 1 SHQE Ao 20 B tholo] 13

Speaker#4

Speaker#3 /

wol 1m
0/ - /
I 7 ‘ T
s ’ #
. i / s
L/ } : o 45 2m
S peaker# 1 ’/ _/ Spodker#2

/ + >
B ez By f
L Mic #1 J Bakel 13 (1.
3 Qa

125.0.7,0.8)

= y; nholzt 9} % : 123, 0.0.5)

) / - : 0, 0.3.0.3
, . 23] A2 914 15. 0.3.0.3)
— A CEEE 75, 2.0.8)

7FE 1.5m k;}f]i .9: :} ?ég 2. 8;1

_g.
HAE e84 W9 12 100) 9 274 3ol
2% ee4e daFe Agsdr 1
Feol THD FudlA FeeAel o
@ 4449 F9E dehie, 3b)e wEsl LY
2% B3hAA B AA

- 148 -



L334
(Aurora2DB
TEST SetA)

e esy

gesy R
(Auror2208 —»Q—){w gsse H HELY ]—-[ EREE |

TEST S2tA)

29 3 @ WHee] TE AuolAel FeEY A4 BF
b) SAAES o2 WFES AN Fol AW

QA AHe Aurora? DBolA ®HAE g A zA%H
2 A&l dsl, clean S4& EF3te 20dBY-H
-5dB7FAl 77FA #@Sde] oid £t T8
(baseline) 241212171+ AuroraZ-HTKE Al&3t%<=
dl, o] A& CUED-HTK ZAAaAxrle] dojrdi
ZHAANE W& AR Aurora2 DB HFF=H T
Ad Zolth, wolmde one, two, three, four, five,
six, seven, eight, nine, zero, chel 11712 A2l 5ol 3l
3,z do]rde 3 mixture, 16 stateE H<
CHMMI(Continuous Hideden Markov Model) &= T4
Aot QA 2de= 11719 deol2d 2o 2708 F
& 2do] ¥¥=E QEd, 2zt 3 state$} 1 state
CHMMe 2 FAdo] ol EAdelnel = 234 IH
W3z o443 123 MFCCY 12 2oy, 18
Zt7}e) delta ? acceleration & E§3 & 3932 74
At BA ZH e mv|E Bms o9, 10ms® olF
ANZ1HAN EAseuie & -’;“%3}9\1‘4

o])\lﬂ-‘:—jg} /H}:_ 517}_% -r]‘ﬂ'

_11}1:
HU
M
- o)
" O
A
4]

(sentence correction), ©o] ¢l (Word correction), T
o] A g & (WA: Word Accuracy) So] Ut} Aty o
XN Hs 2 PoldAs Bl A e

£ GNEd E@ANY QolHAES o Bl 48D
2, 8 ERAAE 4% VIS 9% ANES vold
52 AT vl gAES 4% 2ol A9 @
o}

wa ==L x100 (1a)

H=N—-D-S (1b)

ool F, J& AdE

5]

4714 He evtEA 449

o] &, DE A ©o] 7, S= UAE v +, N
o AA HAE ©o] & oudrh

28 4(a)¥E SNR 10dBe] A& e 72L& 2
7] €] Zd S ZteE WSS UT AEY 485 B A
A4, 4b)e WNIFAAZE e AT 2E o]

%3].0:} tg_&ok S AAZ AHAE B Aoy, 4o)=

& w
Fgo] AAR AFa FESAHNA MMSE-STSA &
AAR NEe HEsd F2 FEAAT B Aol
o eHA dde wEge TFHA e AEA
Feed g 298 TFetel 4(), 4b), 409 A
A Ao BAE g4 tetel FAstAE, A4
A37h F 1914 49) FIA ATk E 1 Wl ¥

& vEhdig, 8 2004 4=

&5
e 449 AdAEA, case AT WHEFS
_]

o] Mo FL L&A AY FIUT A$E vl
case B wak g o] ddo] S SA HHe 1/20] F
= Z$5 Au|grh
5000 -
b v
2
-5000:
0
5000
!
0=
5000
0
5000

0‘ 02 04 06 08 10 12 14 16 18
time [sample] xiot

¥ 15 29, SNR 15dB 7FA& 90% o)Akl QA&
°] Aol S ¥ 4 Utk iyt & 2904 whego] X
SAo) e A2 EL clean Al SNRe]
9] SAMME AWH o7 40% o]t H&
Bolm, uiskgo] H7IEA ke ] 3
Ao ANE g TS & F Uk A3
2 wFgAANE ALEste] ube A 71§
Aot & 29 A5-¢ v 23 clean &

{oX
o T
o =2

r:llo

- 149 -



dolv} SNRel 20dB &1 A-$-ole A4 Eo] 433 &F
2HEREE & F Aok 23y SNRe] 15dB ©]stll M
T ukgkgol Qle Aol vls 20730% HE A E]
AHATH X 4E HFL AAT F, FA AHe=
MMSE-STSA 71%E& AH&std #3& AZE $9
&4 gt °V4€3’~}°]E} SNR®] 20dB o]dellM=

ZAaPAT 10dB HYdAM = AHE
7}7@]_‘?_f4 HAA BIAHE]  3880%°1A
2%z FFEJEE B+ Ao

V. 2&

B =R ME 2Eal @70 e Al
< A% A9 AAME dozZA, BgAZsY
barge-in 71%5% 7FA8 SAQAEH AN AE o] &3 2
ge 8437 2gE AFa Fedd dE A4
AY & Ak SAAEHA |22 RES S AAY 7
4 SNR 10dB ©[dolA A2 Eeo] BWo] FAHULH,
i

=
|=) =
T A AAAoE & AHE THE A& 7

A,
HaE dole 44¢ f8 wEes 37
4 A9 BEAE 2ol el BReE o

L Aeeq Azel 377 Ae 3

JdonoZ
Hod Pﬁ&%"l V& AX SAQEH o] 27 vk

°
o
-3 AAGA Zdhe B47t gkt AFol
A A2 #RZNA e NFAA Fse FEANL
e wHel i A7E AL AFo|rt

) e mlo _ﬂ_ o g

E L wEgol XA ok FEedd dEd A4 3H%)

clean | 20dB | 15dB | 10dB | 5dB | 0dB |-5dB | Avg
98.96197.41190.04{67.01134.09}14.46{ 9.39 {60.60

E 2 uhgrge]l x3E S de A4 E %)

k3k2-| case A | case B Average
Clean 35.88 43.24 36.30
20 dB 36.86 43.81 36.87
15 dB 33.16 39.58 33.37
10 dB 25.71 30.54 26.08
5 dB 15,57 18.25 15.60
0 dB 9.48 10.50 9.66
-5dB 8.23 8.26 8.11
Average 24.16 28.54 24.32

E 3 BEES AAE Fo FEIAC W A HA(%)

HEGES-|  case A case B Average
Clean 92.10 94.12 91.96
20 dB 90.75 92.01 73.85
15 dB 48.14 60.10 50.24
10 dB 46.41 47.81 42.17
5 dB 23.98 7.19 17.02
0 dB 10.95 11.06 10.74
-5dB 8.68 8.44 8.81

Average 44.05 43.63 38.80

H 4 03E AA F SN & S0 didt dAAAH(K)
(MMSE-STSA, a=(.90 , 8=10.4)

kEES-|  case A case B Average
Clean 87.83 91.17 87.70
20 dB 88.49 89.92 74.87
15 dB 59.56 72.03 61.58
10 dB 67.28 70.00 64.80
5 dB 49.96 53.86 49.24
0 dB 20.19 22.31 16.12
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