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Evaluation of Transcription Cleaning Algorithm for
ASR Results using Sentence Level Knowledge and
Multiple Hypotheses

Yasunisa Fur* , Kazumasa Yamamoro and Sercar NaAKAGAWA !

In a previous work, we proposed a method of transcription cleaning for improving the
readability which dealt with multiple hypotheses represented by a confusion network to be
robust to the recognition errors. However, utilizing multiple hypotheses causes an addi-
tional challenge that sentence-level knowledge such as chunking and dependency parsing
is difficult to be incorporated. In this paper, we propose a novel algorithm which infers
clean, readable transcripts from multiple hypotheses represented by a confusion network
while integrating sentence-level knowledge. Objective and subjective evaluations showed
that using sentence-level knowledge with multiple hypotheses was effective for cleaning of
ASR results.
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Input: an observation sequence o K1 FTAMzY N (8 3 T). APP I1E adjusted perplexity, OOV & RHIFERZRT.
S:rtll:;tle : clean, readable transcript b Table 1  Statistics of the test sets (average of 8 lectures). APP. means adjusted perplexity. OOV indicates the ratio of OOV.
5,8, 8" : aspoken word sequence Duration (min.) #Words APP. 0OV [%] #Filler [%]
b, b, b : a bunsetsu sequence Manual ~ Paraph. | Manual — Paraph. | Manual  Paraph.
i,(ffb dwa icglcer;?::;;;:t;; i 67.6 11813 10192 182.6 159.7 3.5 3.9 7.2
CN ={C1,C,...,Cicny} - a confusion network
o Lot e BHEBBOODOEEEF VG, HABHLSEI—/SA (CS)) 5 5%E U 7 R
e BFOETFN (928 &) %M L7, F#EIZ MFCC, AMFCC, AAMFCC, N7 —0 A &
2o bepdegiod KU AA TEIBIGETH S, &EHilE left-to-right D SARIEM DY, BACREIAD 4 4k
4 rei&f;inz;‘{:zdu:g:‘ncij:g ;215:;3;102“;0"\ PO E D, {0k GMM T, RARIL 4, Xogfidlii7oy 78Thsd. 3
s =00 BEFNVIE, FUSEBIOESSHELEE }\7477L\%{%ﬁﬁb HFUSHAOSET
Do LIy awee FOVIE, CSI D2l v Bl (2702 #HA) , BIEHOLOOFEE ML, B
5o vilew zibdo FROTEDS L 91 4 1 D 99 48 12 A TO 9 EHDF—EMEEE LA Ny 24
0 f°;ff,-1:t?l%‘ T Y TV RVER VL) L REEEIE, CST DZEAEEE L S IC B U /2 EAL 20000
12 # = 5’ + GetHypothesis(CN. i, ) JIRBICHFNE MA 28 DEBA L. FEROBEIFEEARIIHR 11) LFAETH L. B
" e s I DAL, SGRBLV, FRLATY 72— 3V iy NI — s QBFH ALY Y L BIEEEER 21
6 Compe st b B 4w .5, 20 Ze
" e b Improved-SDA &, & (2) I/ P(b; — hy|®(b;, hy,, b)) DEBUFEN RS D Z L &R
19 WP(CC) ’ TRBOBBRTHEEL, ATIC &) HIHS £ CRAHEENSH 5 X N7 CSI 0 7 itz
» i HCTEE UL Bex ORI, P — hy|®(bi, by, b)) DFEBLFEDE D ST, X
ii dtor R L & AT M RRAT ORIFE 1 5\ TSR 13) & IBIERSOMREE 7 L 7.
S onaile LTONRTA—LIE, CSTIZEEND 4 DOMHEN LA LMLy b THREL 2. K (4)
2%  end ZBF B a, By IZENTNO015 00, 50 8-k ZHUE, XHiFryUFrrATT
_ BI1 Teraiive decoding & I EEH 7V TV XA, TG TH > 7285, WIEHERIT D A D7 RN TRIN 2 2 & 2 RS 5.
a1 Transcripton cleaning algorithm i eraive decodine. I, RIEREEM NS AR IR L TIRSE TH D -0 THd EZLND.
6. = & 6.2 FEEFMER \
REEZ G 2 72012, RHFER, N—AT7A1 VICLDBIEX, BIUREERICKL D
61 ERBRFH Bk ANFICL DB X ZNTNLEEL 7.
AEBRTHRE T 2D, KRERICB T D#HELLBUNGKL 72 CILC 2—/S219 2811 FERAERERIITRY. RLY, EFABEETOEDOEAVEZGANRS BEWEREE
B8 AV THD. INODFMBOEIRI UICH U TAFTEEXEERL, EfR%E RUTWDZ e Wbhhd (WER=64.2%). 575 iniia G 7 4 7 —%ED < Z & CHERE
W& Uk, RiER IS 2 BMAEROFER 2 1RT. £/, TAMT—XDHM% D ENR SNz (64.2% — 584%" ; Z 2T T IZFNTNEEKE 1% TRENEETH -

R 1 1ZR9 (Paraph. IZAFIZ & S BILAER). I EEWRT D, ). lbest I, v 7a—Yarixy NT—In5E6N05 Bk
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Fig.2 Examples of transcripts.

®2 WER BLUaY7a—Yarviry b —JOHFEANNLV Y Y & HERERE
Table 2 WER, Word coverage and density of constructed confusion network.

M (Z—7v ) | WER[%] | HaEh/ASLw Y (%] | HBEHE
AFHEXRIL 438 80.9 153
NFHIY 64.2 75.9 :

DHEHER & E S KD N-gram [HH 2z FIH U RD 5 EEARED SBIL X2 ERNT 25 Z L1

U T4 I —DARELTEVEADHIRVARETH D 728, BMAR T4 F—FHREIIHLT
BIZWEL 2 (58.4% — 55.2%7). X HIZEBURSIZMAT 2 Z & T, Ibest IKFHIZIXHBE

URMNOHEERRZ D L DIZRY, X5IZHWEL L (552% — 54.2%7). XVNwFﬁ%
WS Z & T, lbest BIEE L OEBIKGIXTNENLL XOVERE AVRWGEIZHEART
,mkﬁébtﬁswwaﬁs% 54.2% — 53.5%"). ﬁv«wlﬁ%th1Mn%%tﬁ
L, B E DT EAERIZWE L B> 22 (53.8% — 53.5%"), BHBUKFHOF]
%um:mﬁﬁmﬁxﬁﬁwﬁkv 6.3 fHillRT LD ICEREL B I DM EIZHIEEDH B.
R 4\ IR A ORISR 2 R, WAFAZIHIT 672012, BEXLAmE2 a0 AT

xR 3 HFIRIUOFHMFER (%]

Table 3 Evaluation results of the transcripts [%]

Method Del. Ins. Subs. WER

ARG G 6.8 182 39.3 64.2

71—k 87 110 387 | 584

1best ¥ 16.1 73 318 | 552

FXLAOVIER | 187 50 301 53.8

BEUR 154 70 317 | 542

+XUAROVIER | 167 57 311 53.5
IZEDBIEXDT T4 AV NERY, AREAMOFMEZFHAL 2. RPORGERAIL, EF
SR F W 7 U B, DR I R R FIA T 2 HIETH B, AREITHWT, SFFEREICAN
7 JUEE BAAT IS 200ms A EDKR—RIZH ENZ G HFRBTH D, K3 OFERE 7+ 77—
BRENC K DS AL, FEFEALICE DT R o7z, K&, FERHEALIC & B4 5 AN
REBEPENZ LD D DB (0.334). lbest BRIZ &Y, IV Ta—Varviry hJ—2o»
5DHEBZIER L, N-gram DFRE AWM RIFAZITD 2L T, KEEHRAIC X DA RTFA
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Table 4 Evaluation results of the insertion of periods.

Method Recall Precision F
FEHEANL ((R—X) 0.562 0.252 0.334
1best #jE 0.475 0.463 0.467
+ 3L ROVIEH 0.457 0.543 0.489
AR 0.487 0.421 0.450
+ 3L ROV R 0.497 0.517 0.501

RS WEHREAEBICMMHLZT A MY MEst. APP I adjusted perplexity, OOV I REIFER %R
Table 5 Statistics of the test set for the subjective test. APP. means adjusted perplexity. OOV indicates the ratio of OOV.

. . #Words APP. OO0V [%] .
Duration (min.) #Filler [%]
Manual Paraph. Manual Paraph. Manual Paraph.
8.18 1654 1410 148.5 121.2 22 2.1 8.8

£V H KIBITHEME E L7 (0334 — 0.467). 1best FEILIZRE U X SIZE RN % V7235
&, FARFARBEMET T 288 L o7z (0467 = 0.450). AUk, FJsiffiA% N-gram O
EHIZHED & T, EEIRRZAVD Z L ICE2EEIH UMY OFERKREILSRo-I 8N
JRINTHDLEZOND., XVVEREZ WS Z & T, lbest B E X OEBUNGL L © 12
1) s AKEE D% U 72 (0.467 — 0.489, 0.450 — 0.501). H#IZ, XL ~OVIER & MEUR %
RIS E IS DOMEREL 21 (0.501), 3L~V & EEURH % ARV 25
BEERLU TS,

INOREREY, EHRHE LIV IUEREAVS Z LIIXXBRICAERTHY, A
FECHEE T 5 iterative decoding # Wz FikIZI Y 7a—Yarvxy NI —I TRINSE
B % SV AOVERZ HOTRIEERICY 227V Y JHETH D LN R 5.

63 FEHFEER

REFIZE DBV S HERBEROBRADIBLCHBU B I 2WE L 20 E DS 02T
lid 2 72dI, #HERE 10 AL DMMEEREZIT o7, ARITE T dHiAs X B &L UHR
LRI IDERITLATDEY THD.

o ALY  KFTMANBREMOLLOHHRT, HIBIUNEROBKREZERLTVWDINE S
DS GFRAG MDD 72 E D,
o MRELGI : FEENA %2 H > 72042 T, EROREENE LI DM o720 D h.

WERFE EER L, CILC D 8 DDHHED S B 2 DDFHD 1 MM L TITo 7. #REE
BRIZHALZ2T7— 2 DA RS ITRT. /2, SRS LY, av7a—Yarvzxy b
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T—PIZEBHENNLY VY HEREL2R6IIRT. R1BIUR2LHEKTZ LT,
WEREEBUHH U 2T — A PERT — X 2ERORNY VTV T THD L Bbnd.
WERHEEBROFIEIZATIRTE) TH 5.
(1) AYBO@EEINhA)ESIRIUEZHD (TNTHN 3047, 8507, HIKI UK
4 OO/NKEIZATENTEY W77 BBLENEY ZIZHYT ).
(2) FTNTNORMEIZ, HARDIIZDWTHHET 2 (paired comparison).
(3) EMEIEIUEHA BOALBEHED.
(4) [EREIZ, BEFELBIIZOWTEEYT % (paired comparison).
Wil 1L, WHEOMIZEZMNTLNRNGEIZIE“r 2o THRWVE Uk, AFEDELE
WZEBNA T A% B 720, AFAUE2 T BROCTEHE L 7.
WEREFEROMRZR T ITRT. EHPO “count” &, FEFENREN-BEELTSY,
GBI P IR TENTN, BREKESDE LT 120 L THERIZEE>TWEZZ 2%
R
FdV, 747 —BREBFMEEISOTEEFREREARIC LA >TWS Z D hd. I
N&, 747 —XEIZRETIZEHNEZ LV EWVR D, Tbest B CLLNIVIEHML)
&, 74 7 —BREITHL, RABI TIREE U QB U S JIEHIE T 28R e Loz,
X, lbest BIEAE WIEAEFTZHIRT 2 Z L THADG I 2WET D0, S VIEARETF
DOREPFFITEHEE TRV ZOIZ, NEOHBIZAT RZHFEOREEZED, HELS
XZETIEAZEDEEZXLND. 1best(CLL SIHFREL) & 1best(X L NIVEHRAE YD) %
Higd 2 e, XUARVEY OSERHHREIIS W TERICKRELTEY, XL)VERIE
BRIZENTHD L VRD. —HT, lbestCLL RIVIEHRMEL) UG CCL VG A
L) 2 592 &, ERUGHROF TR L B I RN D o722 e nd. XN
IR & EBURER % R R T 2 2 & T, EEBUREE CCL~IVIEHA Y) & Tbest(L LR
IIEHREL) 2MFORETERIZWEL . — R, BEUKGEZ fHH LW bestCL L~
EWHEY) THFATHD LD ITRRADN, HEEUKS CLLNIVEEL) & 1best(SC L NIV IR
L) OHBSEER LD, ERRKGHE Ibest IZEE U RWKERIC E > TRICHE LB X 21 LU
THY, MADOBEREFAICHEHATIZIETEIYRVIERZE22 2025
AGIDBIENOHD &, XU R)VIER & ARG % RN U 22 8EUREE LR
WVERA D) IE, BMRT7 ¢ 7 —REITHL, “T1 7 —BE < Ibest(X L NIVERMEL) <

*1 RTH E ORISR E D RB 2 720, (EOEHEDHEITIXERE P BETHS.
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Table 6 WER, Word coverage and density of constructed confusion network of the test set for the subjective test.

Reference WER [%] BNV Y Y (%] | HAEEE
Manual 52.0 74.0
4.00
Paraphrased 69.0 70.1

RT PREEFRRE. T BL0 T ZTNTHERNKE 5%8 LU 1% THENNICERICERS Z L 259, * 1305
FHNERRD L ERT.
Table 7 Subjective test results. " and ' indicate statistical significance of the method under the significance level 0.05 and
0.01, respectively. * means that the subjects were different with other experiments.

. . Method Count
ELAIEER x 5 X B 3
AL 747 —krE T g 70 2
747 —kRE Ibest #J L L ~OVERMEL)T | 26 50 4
TG X *Ibest B LU ~AOVIEHMEL)  Ibest #IE e VEHRAE )T | 20 53 7
*1best B CLLV NIVIEIRMEL)  BEEUKE GV NIVIEREL) 34 41 5
Ibest BJ¥ (S L~V HRAE L) IR LV VA D )T 27 51 2
RTAE G T4 7 —kRE T 8§ 57 15
747 —kE Tt Ibest #&JE (L L ~OVIGHIE L) 60 18 2
WL 5 *1best B CLLU NIVIERMEL)  1best B CLLV NIVIEHRE Y ).H 4 65 11
*1best BEJP CCL AIVIHHRAEL)  BIBUREE CCL VSR L )T 3 66 11
Ibest #&JE (L L ~OVIEHRIE L) BURE CC L ~OVIEEHA )T 9 56 5
747 —kE BRURE CC L RIVIHHRIEL) 38 28 14

BEARE CCLVRVIEIRE D ) OBMRPOBERICHEL TS EWVWR D, L, BRLS

XU TIE“T7 14 7 —BRE > lbestCLL RIVEL)Y THEN 5, REEOEMMEZRTZ
EMNTERD. UBULARD, 717 —BRELEBIRG CCLOVIEHREL) BICHEGHKR
BREVENZ DG, 2RLE T4 T —BREIEEURG CCL RIVERE YD) 2HEHH
IZERIZERZ Z i3 Bmnenwz b, BFEERX, FLUTESWEARFOBREIZ L > TdE
ERTVWEED, AR IEZARICUEBLANDS, 714 7—RELHABREN EOMHREL S X
EROZLICRMLTND L WNZD.

WERFEEERIZ & 2 BB 5 €, XL OIVIER & Gk & R AW S 2 L 0Bk
PrREEE VRS,
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7. B Y I

ARETIE, SHRBSEROBEERO/ZOIZ, HR 12) TRE I NP iterative decoding %
FMALT, av7a—Yaryzxy N —2 TREINDEERH L XL ~OUEER % R
AT FEERELZ. XLV N)UEHE U T improved-SDA 65BN F ¥V F 7R
7B ORISR O AT 2 AT 2 ETXLARUVFREZFALUROGEAE LD Bk
EREEW % FEHTE /2. £72, improved-SDA IZ &2 XA MIEFER2ZETHI LT, A
FIFARE 2 KIRICWETE /2, HBREERICE>TE, REEOBEMEVSHERI N,

VT7NEA LMERERI N, IV T7a—Tarviry N —7 ORESKEELRLEIE, #
BURHIE UTT 74 A FHOW AR, SR 1) IZBWTREING 771 A LD %
XURVDOBERTY AIT7 V) VI T2-00FEEEATIRE, 571 ATREINLIHE
BURE & XL AOVIER % R U 72 B FEORM DS BROETHD. £/, FELE
EDZFOEL A BESEALMT 5V — VOB DNTESEMRG LTI 72109010,

BEE ARSI SCERIEE 70—V COE 7a s S A [TV Vv by v 7o
JOVTA4T ) OXEEZIT
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