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ABSTRACT

This paper proposes a speech enhancement method which can be independently applied to different types of speech
recognition systems . Feature compensation methods are well known to be effective as a front-end algorithm for robust
speech recognition in noisy environments. The feature types and speech model employed by the feature compensation
methods should be matched with ones of the speech recognition system for their effectiveness. However, they cannot
be successfully employed by the speech recognition with “unknown” specification, such as a commercialized speech
recognition engine. In this paper, a speech enhancement method is proposed, which is based on the PCGMM-based
feature compensation method. The experimental results show that the proposed method significantly outperforms the
conventional front-end algorithms for unknown speech recognition over various background noise conditions.
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1147|.

o

olr

upeba] ZF HAE] 7|He 54 54 & 7Ha -
fof bt ARH S mdllo] 54047
T S et

3% 2+= “Unknown” ASR 2710l 4] 7} 35 27 o] o
3 E SNR 2745 H4#3t dafolch o} A&
SHA] 982 7, “Known ASR” Z710] ula] 4% A5
st A& K QIth o]= HTKE &3 MFCC 4 &
= A gAlA 712 Adgre s 488 dE, 4
113 S0 I o] Z-S g7 o] )3 MismatchS 7FAA]
21 Ao wekEh o gt do] Aol AMgE HE
A2 7]%o] “Known” ASR 2713} H|walo] tf=
stelehs 21 < 5= Qlrk “Unknown” ASR Z 710 A
= ETSI-AFE E4of| thgt Ail= Al Q= g, o=

2372



01| B4 oAl AlAH| SRS o= 58 Jhss

Et}7] mEol -

Alket 54 FA 712 v A2 7IvEe
o

3l “Unknown” ASR ZZ oA 7} 22 914 A&
Holil, “Known” ASR =3} v]usto] Jrfaoz
WS A 5ehg Relth el 401419} 2] SNR

sl W2 A% Brhol M= BE SNRo| tha A2k
Io] b2 AA e 7| M SR} WS WERS LEh
]t E3], “Known” ASR 2o A 7}
Bho] AME-E| Fuh4 42HH I CMN
SSHCMN) HTHE 9531 A%-S Holi 7
RIS o]tk 0|9} 2 =t
=7 HAE 0| g3t
o)

o| A}
e g 7]

N
I

4

'z e
2 0
N
fru

Mo 10 oX fr
AN o M
o
o

o x

Y

me r2 I o
fe

1

e

rr
[ i o
o2 rr

v
2
tlo T 4
o 2

Ir
S

ofN @ Ny
:
>.

>
$2 >~ o rlo
o N pg

oo

rE

o
fu
o)
fot
i)
2

o
il
>
o
i)
A

st
2

o i rh
o op i
o _>|:

rr

e

N

ofN

o

X

o

>

>

[>

T

2

I

i)

ol ox Mok

— e
>
=2

(]

N
30
rr
o dlo
oo
2 o
2 o
o3
°
HU ﬂ_{lo
me
_Vt‘_ﬁ rO
23
30 32
r &
ANdmome

flo o N T e ju
op 1E ok
LN
foy
=
2
lo
il

i)
o

ol
ol

7 719

PCGMM 7|4ke] £ A} 7]Ho)| A HojR]= o] 5L
g Ao
= 7] o] 1]z 2] (Unknown)
oA 7122 A 2] 71l

o4 Q4] Al2E] A g
Hlaf chaket 2hg W SNR Ee A YETF Q14 A
2 ek 212 Bl olelat Ant Aok
4 T 7o) AR AR eIA QA UL o]/ F
4 AN ALY BYHOR HET 4 USS UF
sh= Zlolek

0

Am
ook

A 2A7|gto| a7y

0|

(=]

HE 2. “Unknown” ASR ZZi0jA QIAl M5 It (WER, %)
Table. 2 Speech recognition performance with the
“unknown” ASR system condition (WER, %)

Subway | Car Babble | Music | Avg.
No . 28.12 31.50 40.33 40.58 35.13
processing
SS+CMN | 20.09 22.34 29.27 41.25 28.24
VTS 19.06 18.47 31.67 4531 28.63
PCGMM 14.27 15.18 26.97 31.11 21.88
Proposed | 11.05 11.70 27.49 16.96 16.80
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Fig. 4 Speech recognition performance over different
SNRs with the “unknown” ASR system (WER, %)
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