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Abstract

In this paper, we implement the embedded speech recognition system to support various application services such as
audio and video control using speech recognition interface on cars. The embedded speech recognition system is
implemented and ported in a DSP board. Because MIC type and speech codecs affect the accuracy of speech recognition.
And also, we optimize the simulation and test environment to effectively remove the real noises on a car. We applied a
noise suppression and feature compensation algorithm to increase an accuracy of sppech recognition on a car. And we
used a context dependent tied-mixture acoustic modeling. The performance evaluation showed high accuracy of proposed
system in office environment and even real car environment.
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Table 1. Speech recognition accuracy using Aurora 2
speech database (Word Accuracy:%).
ez Explicitb VAD
A4 3§ |Baselin s ARHE ss A=
i e SS SS
clean | 99.02 {98.99] 98.81 [98.93| 98.93
20dB 1 97.97 (98.24| 98.06 |97.88) 98.36
15dB | 94.24 |96.93| 96.99 196.66| 97.91
10dB | 78.17 |89.98| 93.20 {92.45| 94.69
5dB | 42.59 |64.42| 82.11 |82.49| 86.31
0dB | 14.67 |27.14} 52.67 |53.36| 59.32
-5dB | 9.25 |10.14| 18.19 |18.85| 21.12
Ave. | 69.79 |75.34| 84.60 |84.57| 87.32
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Table 2. Performance evaluation of RATZ. on real car
noisy speech database.
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Table 3. Performance evaluation and comparison about
speech recogniton accuracy and speed
between HTK and Workbench.
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A
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A4 A2 T 0.57T
E 4 Ax HAE ZEI
Table 4. Test results on real-cars.
Z8&%] Al 1%
. Eiy 2F
ag | 79 | z9 | ° &
o= 99.69 | 94.44% |(82.10% oFaLe]
alel R X () . o /RO 2
' EFz4
A - 95.4% % .79
3=} 6 | 96% | 9H.7% £l SM5
EFzJy
Z - 89.5% 9.2% 32
oz} % | 89.2% | 89.3% g SM5
EFz4y
iy - 92.5% 2.6% | 92.5%
| 6 .| 92.6% 5% & SM5
AME 24g o =80 He AL A & 5 ¢
At
E 3% Cland AAPdd e AFAM 538
40l U A4Eolx SSHRATZE AW 2 &7
g Al =&F g4 Fd AEH RATZ AN
FaAEe BA0 A4t AN Aol A4A
e 7 AEoiA BE JF-AIHE MSAE A 43

I 289FES AMNS e A5 AYANLE TIFe
g ZdiA vlgolt.

o2 9yl 2084 F 4089 Aol EFxyest
SM5 AFex Ax H2ER AAE 7jedh 7 &
Y 2032 S804 iR gL duiss gy
22 B ok dFEEE 200, 30, 4092 G

HHEA TYT| LY 202/ BYMAE AR YHOES SHYAY NLEY FH

ALY 9

AEE

742} 77694 H2EE FRYPTH GolBEL 2T |
AX A4 & g g8

AdH 0N 222 ATk H2E §4L A%
9 z5Ad glE AupolAd mlolag AR £4
o NFNEE gay] 98 MES DSPRES A&
A, AHEAL Be-e 87) Aol HES ¥ 29 §
=2 ok $ge 7 At AuFY T, 185
3 =3 % 49 g Pk ‘

E 45 4% H2ES @ ZARE Jdgad. 397
025%2 %S veERlth w9 o) L AL ofY

A, 348 FE JAE d4ER dddd. @A

07 A BT BI%Y $5E 45 UYrhd 9,

(818)

olE X

Azt 2099 39 80.3%9 wE2YA] £ e 7t
Akt ol wtolae Y Ad(gain)E HAse I
AojAel ey & ¢ vk 4489 A4 diE
&2 717k EAel vl I F2ert Fobd S44E
Bgo] A Eol7tn A FEI ST e W
go] "ol g oz Adsin Yok FA who]a
EES J5oA 248 F 7] dEel FF oo o

g diuj o] "o g HAAo|,
VI. Conclusion

B =Bd4 739 dyrgs wwvle gugs
LAY A2RE ARG BRI A4E T} %
o7} Tha AT AT £E ZFolm YAERE]
gt Mus 7188 Bo) A4 Az A8
& Qe Fzodn weRn. a8y WA £das,
QYo He At 2 AL, FF I A7,
24 2y 53} 2& 3Hd ARL B¢ Be w44
9l EAje] AW "k wad FF e 839

A e 874 uolA ZeAA 2 9T @ Asey
24 J4Te By A pAsds AT wad
Wt 8 sold dgol A4A5H 2
5 7L 91 ATARE BLH Aol
& 7% 8¢ JdAAE ¥ 2oy o
9o A% A& AA7W L AN HAas 7)ol
d7E ¥ed Ao @y

[e)

=
5]

g2

[1] X Huang, et al, "Semi-continuous hidden Markov
models with mammum likelihood - VQ", IEEE



- 2005 118 MXI3ES =X M L2ATCHA N &

Workshop on Speech Recognition, New York,
1983.

21 S. ] Young, The HTK book, Cambridge
University, version 3.2, 1997.

[3] J. Duchateau, et al, "Fast and accurate acoustic
modeling with semi-continuous HMMSs", Speech
Communication 24, 1988

[4] KM. Knil, et al, "Use of Gaussian in large
vocabulary continuous speech = recognition using
HMMs”, Spoken Language, 1996. ICSLP 9%.
proceedings, Fourth International Conference on,
Volume: 1, 3-6, Oct 1996.

[5] Pedro J. Moreno, "Data-driven environmental
compensation for speech recognition: A unified
approach”,” Speech  Communication,  vol.24,
pp267-285, 1988.

[6] SAEED V. VASEGHI, "Advanced Digital Signal
Processing and Noise Reduction”, WILEY, Second
Edition.

[71 Steven F. Boll, "A Spectral subtraction Algorithm
for Suppression of Acoustic Noise in Speech”,
IEEE, No. 1379, pp200-203, 1979.

[8] Jounghoon Beh and HanseokK Ko, "Spectral
Subtraction Using Spectral Harmonics for Robust
Speech Recognition in Car Environments,” LNCS,
Vol.2660, pp.1109-1116, Jun, 2003.

[9] Wooil Kim, Sungjoo Ahn, Hanseok Ko, "Feature
Compensation Scheme Based on parallel
Combined  Mixture  Model”, 8thEuropean
Conference on Speech Commumication and
Technology September 2003,

[10] Junho Park, Hanseok Ko, "CONSTRUCTION OF
DECISION TREE FROM DATA. DRIVEN
CLUSTERING,” International Conference on
Spokent Language Processing(ICSLP) 2002, Vol. 4,
pp. 2657-2660, Denver, Sep, 2002.

[11] Taeyoon Kim, Hanseok Ko, "Utterance
Verification Under Distributed Detection and
Fusion Framework”, 8th European Conference on
Speech Commumnication and Technology
September 2003,

(819)

99



100

A 2 A(FA9)

1987\ 3€~19919d 2¢
aAWetE AT o)
s}

3¥9~1993d 2¢
SEEEERE TS
4}

39 ~1996 89 TR AT e}
2} |

20008 39~AA AYLEUF) A%

19961 89 ~2000 38 AARN(F) A%
<FBYROE: AT, Yulv=N 29>

1991

19934

HYn gL B2 Yo 202/H|02 FENYE AR YHIUEE Y4 ALEY T8

X X & W

- (820)

#ed 9

o & #(R3Y)
1992 39 ~1997d 2¢
A A sl 7 FE e
A}
| 19973 3¥~1999¢ 29
A7Adeta BFe e}
. , KA '
1999 39 ~2005 89 wy sty AxFstyt
AR RAYEERA AL
2002¢ 1€9~@A "8 F), 248 94/
AT o]} ' '
<FBAEL -
A>

S9A4/2A, 2ERE AHY



