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Abstract Introduction of hands-free interface into speech recoguition (SR) systems is expected for natural it-
eraction between humans and spoken dialogue robots. In hands-free SR system, Signal-to-Noise Ratio (SNR) of
input signal becomes worse because of background noise in real-environment and other reasons. This will cause
degradation in recognition performance when using conventional Voice Activity Detection (VAD). In this paper, we
evaluate hands-free SR algorithm using decoding VAD based on acoustic and language models for robust VAD in
noisy environment. We performed experiment for comparing proposed and conventional VAD method, for example,
based on amplitude power, statistical model and GMM. And, we evaluate effectiveness of the proposed method.
Key words Voice Activity Detection (VAD) by decoding based on Acoustic Model and Language Model,
Hands-Free speech recognition, Real-environment spoken dialogue robot.
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Fig.1 Real-Environment Speech Train Information Guidance Sys-
tem “Kita-chan(back), Kitarobo(front)” : System installed at the

local railway station since March 2006.
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Fig.2 Hands-free Spoken Dialogue Robot “Kitarobo”.
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Fig.3 Outline of Proposed Voice Activity Detection.
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Fig.4 Recognition Algorithm using proposed Voice Activity Detection Method.

BREFEOSERERBMEET T T VOME, McEgTT
JVOMREICERRTES B C L MRITIISE [12] I K D EERRE N T
W3, HERETCERICESEEREEITS kDIIEER
B, SBMSEYRESLELLEH T 0ENDS. 20
eV AT LA RBRTAREL SO TEEETVERLT S
T THRMCBRFERAMT 5T AR 55,

3.2 RESSKERHFRERVERRTNVIVXL

BELFEFREREFRR 7 L—LAHC—LERIC KD
FRERLERCRD B, EHNT L—-LEY - LERITERE
TRHPIHITHEERAEIICENEIEA WD, BREL
TTOERET TREFERETES TR, i, RRET
REBTFVIEDFE N TV BB TLEEADORND
HERAATNBAHEELRSD, FOBE, 1—TORETK
STHLERBER L UTERRRBHUEMOS MR BRSO
FEOHEICARD 5%, ZLTREFETRIZTOL> AFAET

EFERERESMTONTLE S o, ERBFEEETSIHTR
BELEREROTLE S ITRENNH S L FHEENS.

FLTBARBEFHRERWIENY AT U—BHEERERT
WAVALEUT, 2 008BERAETS. £9 128K, &
BEEOHBOHIEERMRAFICB SN RBiEHZE
WTAEBESTERERZITS C L TEHEOTRRERERD 3.
2 DBIEBETVTREELENTVEE, FIRE%PEN
H, MEPEOERERSHOLMCHER LI GMM ZHNBT
L TRERRMERENTS. BET7IVIVALOFEHOFNE
4IRS, ChoDBEERD AN, BLIZRELERY
VAV X LREEERTI— X Julius [13] [14] lcRE L=

3.3 Julius BELRER7IVIY XLEZEA LS Julius

Julius REFHOMERLEETM I AT LORRICHIAE
NABEEES DY TV 2 A LR EAERERSHRR T Y
VTHS. Julius BT LI RATV—DA—T VY —AY 7
F% 27 C, Linux % Windows 23 Lo#HLETT v Mk—
LTS %. $EEVRREER-TEY, BEETLIRE
BET, BHBELPEFEROSTY a—VEANRAECL
TEEBICHBARETH S Y, BEVHARIISHATES.

BITD Julius(ver3.5.3) DEROBERK 5 ILRY. HHig
K7 N X LEERAATE Julivs OFERE 6 I0R77. BT

BH| [DL—LARBE—L4
s [ 1EE (1-bestiifsl) 5 (A<EFH)

- ——————

(BEEFD
B 5 EEZEERTYY Julivs DR
Fig.5 Outline of System Organization of Julius.

EBETNL

[Fo—ZAme 2]

$£% (1-bestif {tD)
L EEXERH

T

(BAFET))
B 6 REFEEHEMAAR Julius DHEREK
Fig.6 Julius that Integrated the Proposed Method.

5N AR B AE| |
TBRAER)

- 1

O Julius TIHEE, FEANIDSHS LRBLAVBLUERE
BicEDSESFREREETTS. RIC MFCC HREBEHIEL,
FNH ORHEE (BR) 175, RHEHIE HMM 5EET
IVRHENSEHBT T VA EESETbN3. FLTHERCE
2NRAERT NIV XLBAVGNS. £§ 1/3X8ikk71L—
LEABE — LERETORRMRIEZ DAL, OB GMM &
BLERICITbN, ANDRETHEIIHETHI RS
3. S UAADRE LB ENZES, K2 SABERLLT
REBHBEBERITDN, TRBERERDS. ASIHESET
HZHE, 21RARRIITONT, AHEFTEHEh3.

BE7VIY XLEZEA LU Julius TR, ETERASES
PREHEBEL, JL— LA LERCIDBETFIVES
BETFVRBDEEFRKEREB L URBIRSBRHOEHNEZR
FHTITS. RICKRHE LK% GMM It E D& HEs/HEHE
275, L LR L KB ARETHOHNILEBHERERI
KO EBBERERD, HETHNIRE LXBEEHL, FF
RERE D= DFRTZBEHT 5.

4. FEEER

AREBEIEFRASATL T3 EZ AL TF2beA -
FAUR) REPIKEEIhANS X7V —EER#H7NVIV X
LOBELEHEEBRBLELTWS. ZORDELNFE AT I
P ER SRR U TR T L BRFRR LT
5. EREERKERHEEDOERLITS.

4.1 ERBR&H#

RERFEDFHDI-HICK 5 THR I NS Julius ZRHVE.
F-REFHEOFMIIN 6 THRE L Julius ZRAWV . F74E
F=RELT, REBRCRELEFZ2BrA (R 1, ENRE)
ERWT, BELAVOEBEELT (5, 1m, 1.5m) X

-16-



£l EBEH
Table.1 Experimental Condition

ANEE ESip #35, SNR=50dB
(2E3RNIA| &2 # 1m @R 7=(zE, SNR=10dB
TY—BY) | &3 # 1.5m #hi=fif8, SNR=6dB
E8/ETN 2000 IKHE, PTM, Gaussian
FENH 12MFCC, 12AMFCC, AE
BEETIVEY Baum-Welch, 3 Iterations
BEEFIVER MLLR-MAP, 3 lterations, 256 Classes
BHEETNV 3-gram, Kneasr-Ney smoothing
Vocabulary size is 40k.
HEXIRY TEHEN (BUEA, B, BDY MRk, B KK
News), BEPHESATLEFICHT2EMELE
FET—% BEE 1 &, 204 HE, 1024 B3R, KEEL0 %

FLI-SNRDRKEB 3 DOEFEANS. SNRIZTIhETH,
#EEIEH 50dB, 1m BEN/ZAEH,SDEHFIIH 10dB, 1.5m
DOEBEILDEFIIN 6AB R THB. JFFET—2IENe
FUXENS XD L 204 HETH Y, THENHEELREEOH
TIFEERY 5 FIc Kk 3~4 WEOIEREFER M2 EH 1 204
HET1DOEFFT—2TH3.

FERT2EEETTIVE INAS BT L EL, RiFESL

A (BRRE) TR LUIGEE 2 EMSO7T—% (KA 23,417

R, T 120671 ) EBROTEY - HBEL, FE2BRAT
INFENF—r BEDF— & (KA 6,661 BiE, T 0,472 5
£8) Z AV TEREIEIC MLLR EE 1T - e RISEN T 7V
B93.

WERFE TR, BFECBIZMERECTTNVEDORE
RETEFREREB L URBREENIEILT 2. ZOHERH
T, FTRELNVEBREFCE O FETRIRELA
NRBREHOMEZHRLCEL TR TEHRL, BILHEDOS
Mo ERERETS. MBEFVCEILFRELBWVTYL,
HHAEURED-DDORER DT L —LEBED/IT A—%
EEATERL, BLEFTH-IERETT. GMM IKED
KFETRHONUHFET— X LALRE (F2B2A) T
NS LI-HHERMOFTE T — 2 (15,001 ¥55) EHVTETF IV
BEE - BEL, EBRETo. BRFEBIUETHL LD
CRFEOHIZREMICH ST 2EZTKMEFE R TRAZMFICR
L.

7 7R M5 LEHESE (CMN) AT TEHD, #
EOFHEANDREE S WD TR M5 LFEHERNT
V5.

4.2 RBER

ETRUDICTFRERE LT, %I 12) TRUERTE
ROBEETNVOREEINEEIC X 3 TBEEORVER TIC
Y. PHRERTHERLEBEET VI, 4]l CRBRLEE
BERSETFNVERBARBEOTTFVEL TP ESLA (B
NEE) E7VEBEUIU—VEEE UTINAS EFVTH 5.
EEIOREFREISECTVEREEINT % C & THEENK
BINBT RN B.

RCRBEFE L RFEORBEROEREE 8 IRT. #
B 5 EFANDBEDL S % SNR ABVESITIEREH,

Word Accuracy[%]
~J
L

s,
‘~.'~ i,
65| [mmamor =—— el
| BIRRE),  eoeon Wy,
60 clean T wanm pats
55t
30 b0 Im 1.5m
(SNR=50dB) (SNR=10dB) {SNR=6dB)
Distance (SNR)

M7 RBEFEOFZTTNVORERCHBICLSER
Fig.7 Result of Proposed method using Acoustic Modelwith or

without adaptation to environment.

100
95+
90 t ‘%%
& g5t «
Py
g 80t
=
g 5t
- 70t £
5 ",
2 65} P y— N
60 Power level & Zero Cross s %}«Q
GMM = = - Sy,
55 1| Log Likelibood Ratio Test stsaies “R
50 3%%% im T5m
(SNR=50dB) (SNR=104B) (SNR=6dB)
Distance (SNR)

8 REHR (WELENE)
Fig.8 Experimental Result ( Word Accuracy ).

PERFEL BICEVERERLTVBH, NYXTV—EEA
FDE ST SNR BMEWF A, REFELIERFEOHEER
B h, BRFEOMESBNC LAIERTES.
EERESREEREC DV TRERITS kR 255 41383
RO & VAD RO DERERT. EHO False Acceptance (FA)
BARRERECTRECEBZREL LTRELZESH. oF
DEMEN R TH % £ 204 BEFELNOREER > TRHLZEE
ZZLTHBY. False Rejection(FR) I ARRFERETHBK
EERHTERD /B, DE D2 204 HFFD > BAIKE
RETEE o7 BRLTWS. ZBINLOERITZE
O GMM HELBEZTRDONIERDOD, TERER
HENTH 2 LTS, RERBLSEDICE -T2 ADE
TH>THRBRMIC &> TS L UTEN T NATEERS
5%. BRIOEEFERIERFELY bRBEENENC L
Mohd. BEFEEFRA 1L EEZHHCE0HDET, &
LAY FR DIRNERFEL D BHIFRE D BAMEL. TR

-17 -



KFETUEITRIRSRHEINELS, FLALETOERIC
HUTKEEDHDVIISCREBAREL TWBDICHL, B
BFETRFNSHREL TVWEWSLELEI LN, R
FEOMBRL LTNY KB FRIEFETH > TLXHE
RXKROBEDEHE L HICNV AT ) —EFERBTRRETT
HoTLHREMBTKEFEMALNTLE S DI T HiciiED
EFLTLES. BBEFVEEI FHETRESORRHESE
EFoThRVEDBL EHTOFET 2 ZRECIEENE
BT D BEEMET T B LELILNS. GMM KB TS FET
&, NYRATV—EREBTRITFERXRIEZLICH MRS
HENTLES T AL, UBRMEERRS/L—LLL
THREENP®TL>TLES. Z0HEIF/ ST—IcESL
FHELIERIC A TREEALNS.

GMM i &3 EFREREFETRER L ST 2RI
% GMM ZIERT B8, FABE2ATIRE LR RESFDT—4
EHERALTED, SEETNVOBREEEHERALETF—20
— 5 B¥EDF— 2L DERBOT—HEAVTEFNVEBEL
TWAEDERFEU LICEF - HRESOHRIEALEVIE
A, RECTBREEIRERFEOAMENTNS. TDT
LHGETL—L, HBVEET L—LOBERHEIEG TS
REREETTS KD L EEFRERV TP ORBELRET
BLLHNEMNTHELEALNS.

5. ¥ & &

AR TRBTEETNVEEBEIINKES ERKEARHER
WINY A7V —EEZH 7NV TV XLOFEEEITS e, 1#
ROBSERERHFEL OHBEBEIT- /-, ZROFER, &
FEDESICAND SNR HEVRERBREFE, #EFELE
ICHEER B, BNV AT Y —SEZED L S I SNR MK
VIESRRRERE, ERFELLCHEENTHZE00, #R
FHRIMEREFEL D L ZHERRERE, SEKUREEEL BIC
KigicHEE NS T BRI, ERENY X7V —-SENE
VAT LNOEARER LR, ERFEIESICNLTHE
BTHEH, HBEEOLIUADENERME THHIEEM
BEEMNHELTLES. ZTTHSRIEN ATV -EENGHEY R
T LOWEER L= DIc BRARME R ZOEFNE S HHE
DREVAT LOBERTS FETHS. E-EHTIEEE
FIVCBELT, EFVEERTZEBO%YET — 23 BENEE
NESERFERLED, NYATV—IGFEhEEFEAVT
BPRIToIHE, HHESNREBEBINZHFET I LELNDHZ L E
AbNb.

6. 24

ERFEEIFREED ) —T 1 T Tud 2V F [e-Society
ERVI M2 TORAHR KL ORBELAELDTHS.

X i
{1] R. Nisimura, A. Lee, H. Saruwatari, and K. Shikano, “Pub-
lic Speech-oriented Guidance System with Adult and Child
Discrimination Capability, " proc.of ICASSP, pp.433-436,
2004.
2] H. Kawanami, M. Kida, N. Hayakawa, T. Cincarek, T. Kita-

# 2 %ff 1(SNR=50dB) Ic 517 BEHED & VAD Eb
Table.2 Recognition and VAD Error in Condition 1(SNR=50dB)

FE BEROE | HIERELH (BAELE | FA | FR
REFH 2.45% 0.69% 0.98% 0
|IgST— | 2.65% 0.98% 0.69% 0
BEREFIN | 2.65% 1.37% 0.78% 5] 0
GMM 2.55% 1.67% 1.47% 71

# 3 %4 2(SNR=10dB) ic B4 ML & VAD 8D
Table.3 Recognition and VAD Error in Condition 2(SNR=10dB)

Fik FEERDE | HBREOE | HABYE |FA|FR
BRFEE 9.50% 6.95% 0.59% 0|3
WET— | 15,21% 14.62% 0.88% 0
HRETIV | 14.80% 15.00% 1.18% 15[ 0
GMM 13.86% 13.57% 2.65% 41

# 4 %4 3(SNR=6dB) i B 2540 & VAD 8Y
Table.4 Recognition and VAD Error in Condition 3(SNR=6dB)

FiE FHBROL | HRREDE | HARDE |FA |FR
REFE 12.65% 15.20% 0.69% 0|11
TiIg/ 87— 17.96% 26.50% 0.59% 5|0
HREFIV| 17.78% 27.41% 1.08% | 24
GMM 17.29% 27.37% 2.17% 715

mura, T. Kato and K. SHikano, “Spoken Guidance Systems
Kita-chan and Kita-chan robot.Their Development and Op-
eration in a Railway Station, ” tech.rep., IEICE, SP2006-
14, 2006.

3] L.R.Rabiner and M.R.Sambur, “An algorithm for determin-
ing the end-points of isolated utterances, ” The Bell System
Technical Journal, Vol.54, No.2, pp.297-315, 1975.

14] ITU-T Recommendation G.729 Annex B., 1996.

{5] Kristjansson Trausti, Deligne Sabine, Olsen Peder, “Voic-
ing features for Robust speech detection, ” Interpeech 2005,
pp.369-372, 2005.

6] ETSI ES 202 050 Recommendation, “Speech Processing,
Transmission and Quality aspects(STQ);distributed speech
recognition; Front-end Feature Extraction Algorithm; Com-
pression Algorithms, ” 2002.

[7] Jia-lin Shen, Jeih-weih Hung, Lin-shan Lee, “Robust
Entropy-based Endpoint Detection for Speech Recognition
in Noisy Environment, ” Proc. International Conference on
Spoken Language Processing (ICSLP), 1998.

8] Jongseo Sohn, et al. “A statistical Model Based Voice Ac-
tivity Detection, ” IEEE Signal Processing Letters, Vol.6,
No.1, 1999.

[9] Norbert Binder, Konstantin Markov, Rainer Gruhn, Satoshi
Nakamura, “Speech/Non-Speech Separation with GMMs, »
Proc.of ASJ Fall Meeting, Voll, pp.141-142, 2001

[10] EHAh, “EBRENCXT)-BEZRORDOFTEETINEE
BEFVICESC EERBRHLERTVIY XL, » 82K
#, SP2007-17, pp.55-60, 2007.

[11] Y. Ephraim and D. Malah, “Speech enhancement using a
minimum mean-square error short-time spectral amplitude
estimator, ” IEEE Trans. Acoust., Speech, Signal Process-
ing, vol. ASSP-32, pp.1109-1121, 1984.

12]  @Hh, “SERENVXT7V-BEEEHORDOFEETIVEE
BEFNVCEN-EFEEERHOFRE, » SE¥R, 2007 £K
FEPLERES, 3-3-12, pp.167-168, 2007.

[13]  Open-Source Large Vocabulary CSR Engine Julius devel-
oped by A.LEE
introductory web pages at: http://julius.sourceforge.jp/

[14]  A. Lee, T. Kawahara and K. Shikano. “Julius - an open
source real-time large vocabulary recognition engine”, Proc
Burospeech2001, pp1691-1694, 2001

_18-



