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Spoken Term Detection Using Multiple Recognition

Systems and Evaluation with CSJ Test Collection

NATORI SATOSHI, ! NisH1zakr HiroMmiTsu'?
and SEKIGUCHI YOSHIHIRO 2

This paper describes a spoken term detection (STD) technique by using mul-
tiple speech recognition systems’ outputs. In this research, we built six kinds of
indices from the single or multiple recognizers’ outputs, and empirically evalu-
ated the detection performance of these indices on the CSJ test collection for
STD. To the Kind of index, one index is made from ten sub-indices, each of
which is from 1-Best output of a single recognizer. Another index is represented
as syllable confusion network form which is constructed using 10 recognizers’
outputs. Experimental results showed that using multiple recognizers’ outputs
improved the STD performance compared with N-Best outputs from a single
recognizer’s output. Furthermore, the syllable based confusion network made
by 10 recognizers made the term detection rate to be improved especially on
out-of-vocabulary term detection from much speech data.
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Table 1 Word Recognition Rates for CSJ Core Lectures.[%)]
oooooo Corr. Acc
WBC/Tri 76.68 71.93
WBC/Syl 67.54 64.10

02 CSJOODODOOOO0ODOOO0O0O00 [%]
Table 2 Syllable Recognition Rates for CSJ Core Lectures.[%]

1-Best 10-Best
goooooo Corr. Acc. Corr. Acc.
1 86.46 83.01 89.96 44.88
10 94.19 -11.67 96.25 -241.04
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Table 3 Indices for STD and the number of their sub-indices.
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Input voice data : Cosine © (/ko sa i N shiita/)

LM/AM Outputs of 10 recognition systems
(all outputs are converted into syllable sequence)
WBC/Tri ko sa na i @ @ shi i i ka @ @
WBH/Tri q o su a a N shi ri i q ta a
CB/Tri ko sa ma i chi @ @ i @ ka @ @
CSB/Tri ko sa @ @ @ N shi ki @ @ ta @
Non/Tri ko sa @ @ @ N shi te i ka @ @
WBC/Syl @ sa @ @ @ N shi i @ ka @ @
WBH/SyI bo sa a @ a chi ri q @ @ ta a
CB/Syl @ sa bi @ @ @ shi i @ ka @ @
CSB/Syl @ sa @ @ @ N shi i @ @ ta a
Non/Syl @ sa @ @ @ N chi i ki ga @ a
(nal

2
e

Terminal
Node

01 0ooooooooooooo
Fig.1 Example of converting output of 10 recognition result into Syllble Transition Network.
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Fig.2 Example of perfect term matching on Confusion Network.
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Fig.3 Example of term matching when there is a mismatch between CN and term.

(BABYSBEELCREATALL ) (

oobos30uooooo

00000000000000b00b00000OU0o0oD 30 (bh)oODOooOOooOUOUOOO
gobooobooooboooooooboooooboooo

4.1.3 Filter 00000O0ODO
goooooooooooooooobooooboboooooooboOooooboobo0oooooo
oooooOOoo0o0000 STINOOOO0oO0OooopoooooooooooboDOOoOoOoOoO
goooobooooooooooboooooboooooooboobooooooboooooDoooo
gobooooobooobooooooobooooboooooooboooooboobooo
goooooboooooooooooooooboboooobooooboobo0o0ooooonor
000000000000000000000000Y 0000000000000 0.20
goooobooogo200b0O0O000oboobo0ooooooDbO0b or0bOO
goboodoobooooo1l1ooooboodobobooooooo

5. JOogooooboooog

51 STDOOOOOOOOO
oo0oOooooocsJoooooooooooooooooocsJoooooooon
000000YOoO00O00000000000000000000

e JOOUOOD (IV)OO500076900

e IOODOODO (OOV)OO28008900
goboooboooooooooboooooooboooOooooooDoooOooOoobOboOoOoOoo
gboboooooooobooobooooobooobooOobooboooooooooboooooon

SDPWS2010-13

04 O0O0O0OODOODODODODOODODOOO
Table 4 Combination of index and search method.

Match | Tol.1/4 | Filter
WRD(1-Best) o - -
WRD(10-Best) o - -
10SYL(1-Best) o o -
10SYL(10-Best) o o -
10CN(10-Best) o o -
STN(1-Best) o o o

000000o0o00o0oo0oooooo0oooooooooooooooooooooo
ooooooovioooo 200000000

52 0 00O

00000 0O 0dRecalld Precisiond F-measure0 0 00 NISTO STDOOOOOOODO
00000000 ATWV(Actual Term-Weighted Value)'® 0000000000000
000000ooooooooooooo

Recall(t) = 322 8 (1)

Neorr(t)
Neorr(t) + Nspurious(t)
2 x Recall(t) * Precision(t
F —measure(t) = Recall(t)(—l)—Precision(t())
ATWYV(8) = 1= (Puias(t) + BPra(t)) (4)
Pmiss(t):kRecazz(t),Pfa(t):#}% 5)
Neorp 10000000000 00000000Nspuriows 0000000000000
O0000ON+,. 0000000000000 00DO000ODO0O00DOOTetalDOODOD
goooboo (D)DDDD144X103DDDDDDﬂDDDDD 14x10°000000
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Precision(t) =
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05 0000000000000 (IV)
Table 5 STD performances on spoken lectures (IV).
Search Match Tol.1/4 Filter
Index Recall Precision F-measure ATWV Recall Precision [ F-measure [ ATWV Recall Precision F-measure ATWV
WRD(1-Best) 0.59 0.91 0.69 0.54 - -
WRD(10-Best) 0.61 0.90 0.70 0.55 - -
10SYL(1-Best) 0.68 0.90 0.75 0.56 0.84 0.34 0.41 -20.80 -
10SYL(10-Best) 0.72 0.88 0.77 0.54 0.88 0.26 0.34 -42.15 -
10CN 0.73 0.77 0.75 0.32 0.90 0.20 0.26 -83.26 -
STN(1-Best) 0.70 0.82 0.73 0.32 0.84 0.17 0.23 -60.84 0.84 0.18 0.24 -53.78
06 00000O0O0DOOODOOO (OOV)
Table 6 STD performances on spoken lectures (OOV).
Match Tol.1/4 Filter
Index Recall Precision F-measure ATWV Recall Precision [ F-measure [ ATWV Recall Precision F-measure ATWV
WRD(1-Best) 0.00 0.00 0.00 0.00 - -
WRD(10-Best) 0.00 0.00 0.00 0.00 - -
10SYL(1-Best) 0.32 0.43 0.36 0.32 0.70 0.29 0.31 -6.03 -
10SYL(10-Best) 0.40 0.46 0.42 0.40 0.76 0.26 0.27 -12.64 -
10CN(10-Best) 0.41 0.46 0.42 0.40 0.76 0.16 0.17 -23.30 -
STN(1-Best) 0.40 0.41 0.39 0.37 0.83 0.09 0.12 -19.23 0.82 [ 0.09 [ 0.13 -15.45
54 0000 000DbO00o0ooOoOOo0ooDoOoOooobooon
Os501IVOO 60 OOVDO SThbODOODOOO 6. 0 O O
000000000000 000000D00D000000000000000 Recall O )
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10BN EERB AT LD EEH R E%]
1Best 10Best
Corr Acc Corr Acc
WBC/Tri 86.46 83.01 89.96 44.88
WBH/Tri 86.27 81.42 89.95 35.06
CB/Tri 81.83 77.42 85.99 41.74
CSB/Tri 85.66 80.96 89.26 37.16
non/Tri 71.00 51.20 74.56 21.06
WBC/Syl 79.11 76.35 84.19 35.73
WBH/Syl 79.32 75.83 84.29 29.90
CB/Syl 73.84 71.18 79.47 42.10
CSB/Syl 78.58 75.36 83.55 33.03
non/Syl 63.68 45.43 67.96 21.57
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【付録】音声認識システム毎の認識率および検索精度
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RERRFFICH T HSTDIERED R
REBRREBICEITAEHMATYIRASYLDH TA Ty RIZx T HSTDIEEED NER[10SYL: O0V]
1Best 10Best
Match Tol.1/4 Match Tol.1/4
Recall | Precision FiE ATWV Recall | Precision FiE ATWV Recall | Precision FiiE ATWV Recall | Precision FiE ATWV

WBC/Tri 0.0537 0.1429 0.0661 0.0537 0.3476 0.1440 0.1271| -2.3157 0.1053 0.2143 0.1255 0.1053 0.3578 0.1245 0.1145| -3.9791
WBH/Tri 0.1725 0.2857 0.2036 0.1725 0.3952 0.1612 0.1673 | -2.3445 0.2278 0.3571 0.2629 0.2278 0.4411 0.1542 0.1653 | -4.5348
CB/Tri 0.1005 0.2143 0.1270 0.1005 0.5248 0.3419 0.3120| -1.6280 0.1704 0.2500 0.1941 0.1704 0.5987 0.3111 0.2999 | -3.4570
CSB/Tri 0.1743 0.2857 0.2087 0.1743 0.5506 0.3391 0.3129| -2.0814 0.1885 0.2857 0.2200 0.1885 0.6246 0.3124 0.3082 | -3.8062
non/Tri 0.0862 0.1786 0.1048 0.0862 0.3763 0.2137 0.2033 | -1.6377 0.1021 0.1786 0.1190 0.1021 0.4668 0.1978 0.2107 | -2.6479
WBC/Syl 0.0000 0.0000 0.0000 0.0000 0.3074 0.1554 0.1279| -1.9739 0.0071 0.0357 0.0119 0.0071 0.3356 0.1283 0.1219| -3.6784
WBH/Syl 0.0434 0.1429 0.0620 0.0434 0.3027 0.1368 0.1317 | -2.0966 0.0434 0.1429 0.0620 0.0434 0.3168 0.1011 0.1119| -4.2771
CB/Syl 0.0857 0.1429 0.1026 0.0857 0.3735 0.1975 0.1842 | -1.3627 0.0976 0.1429 0.1133 0.0976 0.4640 0.1957 0.1971| -3.0604
CSB/Syl 0.0621 0.1429 0.0826 0.0621 0.3535 0.1823 0.1666 | -1.8202 0.1031 0.2143 0.1257 0.1031 0.3956 0.1484 0.1560 | -3.5386
non/Syl 0.0280 0.1071 0.0440 0.0245 0.2071 0.0773 0.0694 | -1.2374 0.0423 0.1071 0.0589 0.0388 0.3535 0.1461 0.1363 | -2.1639

RABRFREICHITHI10BEDCNA LTI RA0CN(10-Best) DY T T v AIZxt T BHSTDIERED N

Match Tol.1/4
Recall | Precision R[E ATWV Recall | Precision FiiE ATWV
WBC/Tri 0.5882 0.9402 0.7002 0.5162 0.7752 0.3727 0.4170 | -17.5003
WBH/Tri 0.5882 0.8698 0.6790 0.4968 0.7716 0.3423 0.3911 | -21.3854
CB/Tri 0.2865 0.8064 0.3965 0.2496 0.6817 0.3726 0.3713 | -16.8453
CSB/Tri 0.4302 0.8564 0.5441 0.3699 0.7557 0.3561 0.3966 | -20.6974
non/Tri 0.0647 0.3788 0.1060 0.0550 0.4714 0.4533 0.3146 | -16.0345
WBC/Syl 0.4450 0.8236 0.5462 0.3264 0.6098 0.2924 0.3127 | -19.1803
WBH/Syl 0.4528 0.8254 0.5537 0.3186 0.6186 0.2864 0.3096 | -21.2192
CB/Syl 0.1606 0.5931 0.2373 0.1198 0.5183 0.3160 0.2855 | -13.4809
CSB/Syl 0.3154 0.7770 0.4144 0.2318 0.5938 0.2804 0.3040 | -19.9157
non/Syl 0.0337 0.2800 0.0560 0.0317 0.3403 0.4390 0.2544 | -8.4822

ER[10CN(10-Best): OOV
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BEENRFRBICH T HSTDIERED AR
AR BREICBITEIXFEINATIIAMWRD)DY T ATV A% BSTDIEEED NER[WRD : 1V]

1Best 10Best
Recall | Precision FiE ATWV Recall | Precision FiiE ATWV
WBC/Tri 0.5412 0.9360 0.6613 0.5237 0.5701 0.9257 0.6824 0.5429
WBC/Syl 0.4106 0.8132 0.5163 0.3794 0.4380 0.7925 0.5380 0.3855

BABREREICBITA2EHATYIAA0SYLD Y TAT v A Zxi3 BSSTDIHEED NER[10SYL: V]

SDPWS2010-13

1Best 10Best
Match Tol.1/4 Match Tol.1/4
Recall | Precision [R[E ATWV Recall | Precision F{E ATWV Recall | Precision FiiE ATWV Recall | Precision FlE ATWV
WBC/Tri 0.5463 0.9686 0.6712 0.5210 0.7179 0.4989 0.5064 | -6.3954 0.5810 0.9608 0.6977 0.5440 0.7564 0.4304 0.4653 | -10.5554
WBH/Tri 0.5362 0.8987 0.6471 0.5187 0.7125 0.4834 0.4927 | -6.7431 0.5759 0.8752 0.6724 0.5312 0.7609 0.4213 0.4596 | -11.5485
CB/Tri 0.2242 0.7951 0.3243 0.2126 0.6222 0.4999 0.4457 | -6.2753 0.2731 0.8125 0.3822 0.2478 0.6786 0.4137 0.4052 | -11.1642
CSB/Tri 0.3779 0.8545 0.4926 0.3623 0.6937 0.5080 0.4955 | -6.5558 0.4084 0.8505 0.5176 0.3676 0.7501 0.4176 0.4528 | -11.8879
non/Tri 0.0403 0.2985 0.0684 0.0384 0.3951 0.4344 0.2948 | -7.6069 0.0549 0.3585 0.0911 0.0530 0.4595 0.4492 0.3151 | -13.2015
WBC/Syl 0.4006 0.8293 0.5112 0.3676 0.5400 0.4487 0.4068 | -5.7740 0.4335 0.8113 0.5384 0.3771 0.6042 0.4023 0.3905 | -10.5772
WBH/Syl 0.4080 0.8301 0.5132 0.3575 0.5706 0.4282 0.4138 | -5.9204 0.4399 0.8466 0.5428 0.3641 0.6105 0.3785 0.3774 | -11.1854
CB/Syl 0.1056 0.4592 0.1601 0.0881 0.4226 0.4093 0.3055| -5.1855 0.1537 0.6033 0.2280 0.1304 0.5076 0.3600 0.3091 | -9.7910
CSB/Syl 0.2660 0.7355 0.3642 0.2329 0.5204 0.4420 0.3901 | -5.6362 0.3033 0.7433 0.3996 0.2567 0.5859 0.3621 0.3645 | -11.1691
non/Syl 0.0174 0.1800 0.0305 0.0155 0.2702 0.4378 0.2237 | -4.0700 0.0324 0.2600 0.0536 0.0305 0.3364 0.4392 0.2571 | -7.4750
BEENIEFREE(ICH T 5H10BEDCNA Ty R(10CN(10-Best)) DH T AL Ty XI5t 9§ HSTDHEBED WER[10CN(10-Best): 1V]

Match Tol.1/4
Recall | Precision F{E ATWV Recall | Precision FiiE ATWV
WBC/Tri 0.5882 0.9402 0.7002 0.5162 0.7752 0.3727 0.4170 | -17.5003
WBH/Tri 0.5882 0.8698 0.6790 0.4968 0.7716 0.3423 0.3911 | -21.3854
CB/Tri 0.2865 0.8064 0.3965 0.2496 0.6817 0.3726 0.3713 | -16.8453
CSB/Tri 0.4302 0.8564 0.5441 0.3699 0.7557 0.3561 0.3966 | -20.6974
non/Tri 0.0647 0.3788 0.1060 0.0550 0.4714 0.4533 0.3146 | -16.0345
WBC/Syl 0.4450 0.8236 0.5462 0.3264 0.6098 0.2924 0.3127] -19.1803
WBH/Syl 0.4528 0.8254 0.5537 0.3186 0.6186 0.2864 0.3096 | -21.2192
CB/Syl 0.1606 0.5931 0.2373 0.1198 0.5183 0.3160 0.2855 | -13.4809
CSB/Syl 0.3154 0.7770 0.4144 0.2318 0.5938 0.2804 0.3040 | -19.9157
non/Syl 0.0337 0.2800 0.0560 0.0317 0.3403 0.4390 0.2544 | -8.4822
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