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Performance Comparison of Out-Of-Vocabulary Word Rejection Algorithms
in Variable Vocabulary Word Recognition
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Utterance verification is used in variable vocabulary word recognition to reject the word that does not belong to
in-vocabulary word or does not belong to correctly recognized word. Utterance verification is an important technology to
design a user-friendly speech recognition system. We propose a new utterance verification algorithm for no-training
utterance verification system based on the minimum verification eror. First, using PBW (Phonetically Balanced Words)
DB (445 words), we create no-training anti-phoneme models which include many PLUs{Phoneme Like Units), so
anti-phoneme models have the minimum verification error. Then, for OOV (Qut-Of-Vocabulary) rejection, the
phoneme-based confidence measure which uses the likelihood between phoneme model (null hypothesis) and anti-phoneme
model (alternative hypothesis) is normalized by null hypothesis, so the phoneme-based confidence measure tends to be
more tobust (0 OOV rejection. And, the word-based confidence measure which uses the phoneme-based confidence
measure has been shown to provide improved detection of near-misses in speech recognition as well as betier
discrimination between in-vocabularys and OOVs. Using our proposed anti-model and confidence measure, we achieve
significant performance improvement; CA (Comectly Accept for In-Vocabulary) is about 89%, and CR (Comectly Reject
for QOV) is about 90%, improving about 15~21% in ERR (Emor Reduction Rate).
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Fig. 1. Block diagram of variable vocabulary word recognizer.
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Fig. 2. Variable vocabulary word recognizer with utterance
verification systemn.
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Fig. 3. The network of existing variable vocabulary word
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Table 2. Performance of existing utierance verification method
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A

NGl SLTEE #7te dele)
nop

CA | CR |FAI|FAO| FR | CA j CR |FAI|FAO| FR

e
Aol oI,
= 90.37|49.4314.26 | 50.57]5.37|94.07 15227 | 3.21 R7.73{2.72
G,
A4 90.00|54.36|3.89|45.64| 6.11|94.07 {56.06 | 321 43.94| 2.72
2o eI,
AH 82.44169.3213.70 | 30.68 | 6.85 | 93.82 | 67.42 | 2.47 32.58] 3.7
el 3,
A 76.67|87.88|2.04) 12,12 21.29)82.22 | 84.34 } 1.73 {15.6616.05|

4.3. 2 =20A HQSH Ll AS glo] Ay

2 w=@aA Alcket 22 FE $EE 336 AA
3] ATt 7] e fAE E U3 A5 Aa"e
g Hten], 4 4 ddle Uslzs H3d
Yol Geje] A%, F 4 @OF o $F goltk

E 38 wkgd 29 PHA] best Gaussian, 2nd best
Gaussian7}bA] X} ZARjolrd, H 43= best Gaussian,
2nd best Gaussian, 3rd best Gaussian, 4th best Gaussian
A EGY doolch Arldd & 4 %), Dgl
Bde 27l F2E AP ©E EE Fad e
Gaussiang X&+F v|EH0] AY 7% Qwe]
HQoH, £ ZRIY dnelde) g€ RIF ¢ UG
THHe2, & 394 APS belse dAZ -0.0634
4 CAS} CRo] @gkeni B71g tolel Az -0.068
AX CAgl CRo] 22X, M2 & AN CA
¢ CRe] 232 B FUck &, AJYR wlojeisg) Ho}
& BlofEl Aleld] B F5g Boxl RYoh

H 3 2 =R AQe @ A wie] A%
(24 2 FYHA] best Gaussian, 2nd best Gaussian7}t
A E3)
Table 3. Performance of proposed utterance verification method
(For anti-phoneme model including best Gaussian,
2nd best Gaussian).

ol¥] Alg g wlolg B7HE welH

oA |CA| CR |FAI|FAO| FR | CA { CR | FAI| FAO| FR

-0.060 FB4.63 87.50| 1.4812.50{13.89{83.95|91.67|0.99| 8.33 | 15.06

-0.062 [85.75/86.93|1.48113.07|12.77185.1891.16| 0.99| 884 |13.83

-0.063 186.12|86.17 | 1.48 [ 13.83| 12,40|86.91 [90.66|0.99| 9.34 | 12.10

lel&]
e Y clol] Bk ol

o 0.064 [86.67(85.80{1.48 | 14.20| 11.8587.16[9.39| 099 | 1061 [ 1185
gage | CA | CRIFAIIFAQ| FR | CA | CR |FALIFAO| FR -0.066 |am1 84.66] 1.66 | 15.34| 11.30|87.90| 28.64 [ 0.90 | 11.36] 1111
474 go]H,

A2 85.37(69.134.44(30.8710.19(89.14(69.193.70|30:81| 7.16 0,068 Iss.sz 83.71| 1.66] 16.20| 9.82 |38.64[88.38 [ 1.24 | 11.62] 10.12
3;2']*"%'9" 84.81/76.89(3.70/23.11]11.4988.89|72.98|3.45127.02| 7.66 o070 |99_45 83.7111.66(16.29) 8.89 190.12/187.37/1.24 | {2.63| 8.64
Aol 0072 |99_45 82.95(1.66|17.05| 8.89 [91.35|86.11 | 1.24] 13.89 | 7.41
2 183.52|83.71|2.96{16.20[13.52[88.1582.83{ 2.46{ 17.17[ 9.30

1700} 4de] 9,

A 66.30[04.70{1.48 5.30 [32.22{73.09(02.17[1.23| 7.83 [25.68




MY Bo) ANelMe) nlSFe] AR AR A% Ma

HHE, E 4olMe YAk 009494 BHAE dole9l H
718 dole7} FAlol CA®} CRo| $LHE HYdezy,
dEdolyis Al 580 AM e HAF
Ak F 4o & £ UFe] ABE "o g ddiNE
CA: 87%, CRE 87%3 %9 A% 2o Folown, HJ}
£ dlojelel] tisirli= CAYE: 89%, CRE 90%HLe] 4%
YeEhHTY. weFA] best Gaussian, 2nd best Gaussian,
3rd best Gaussian, 4th best Gaussian7bX| E¥3F 9434
BE o] A} 7Y %ol e ¢ % ey,
AAZE 0.094904 F= Ho| 71 AGHS & ¢ Atk

a3 6 71E U AF ST AN g 2S5
Holl tigk CA-CR FAo|th o] FAHE & 5 SI%
o] A 23 AF Wl 7€ 22 AF WPEEG
CA-CRZ ol $& Autd] fx|3te24 CA-CR A%<l
Br} 5898 88 + gk

B 5¢ 5809 vE550lE PAsa e 54 o9
ol REE e el o] BollAM £4 ©welo] e
#e 3 A7 e AR gEd AkE ¥EY gl
], E 4ol dAZE 00942 ABFor, $29
2 ALdle 4 9o A% o] -0094 o]ste)H
2F77F e Aold, vlFEoid Aoz 0093 o] Fe]
A 27 U Reld, oldy A= A BAlESHch
a2, 5209 A9 4SS NtmA] ghga 29
gtew Agrin B & 817l W Hyl 71Fel E ¢
et el $202 Afe 24 @ A3z g 71E
oz Hrlsjol @k o] FA & & URe), HAHE
U4, fof Saod wiga medape] R F A ¥RS
FA ¢ Aok g F Fhd iy 2dd dgd
2de ¢ A% 2ot ok 89, F Solde 7 240t
e AR HES A Bad golnE XEHIP]
ol A& evE o|F Foj7] Y =& o} Pk

AN RadF 2 7FE Hedlr] sl B8 99
APe L 23 G M A AME, 4 7Y 9
Wea gl ey 8 P M o] a7t

B4 8 =244 AUy ¥ AF uyle AT
(242 29 FHA best Gaussian, 2nd best Gaussian,
3rd best Gaussian, 4th best Gaussian7}4] X%
Table A. Performance of proposed utterance verification method
(For anti-phoneme model including best Gaussian,
2nd best Gaussian, 3rd best Gaussian, 4th best
Gaussian).
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Table 5. Phoneme-based confidence score for each phoneme.

ok 2209 48E &
39 a5 50
a 0,011 0.175
ja 025 0118
v 0.049 20.147
jv 0.053 0.182
o 0.048 0.140
jo T 0068 0178
u 0,088 20.113
ju 0.082 0.118
U -0.099 0.131
i 0.035 0,149
we 0,091 0.149
wa 0.062 0,106
Wi 0022 -0.188
0.071 019
e 0118 -0.141
wE 0.045 -0.070
wi 0044 " 0157
je * *
wv 0040 £.157
g 0063 ©0.133
G 0.046 0.164
n 0.045 0173
d 0,056 0.157
D 0.055 0012
r 0.064 20.144
m -0.034 0.150
b 0.068 0.129
B -0.063 0.145
s 0.053 0.142
S 0.033 -0.031
N 0.043 0.124
z 0.051 .0.182
z 0.070 0.107
¢ 0.069 -0.203
P 0061 -0.152
k 0.052 0312
t 0.065 0.115
h 0046 0.195
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Fig. 6. CA-CR curve.
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