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Using presentation slide information for lecture speech recognition
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Abstract We propose a dynamic language model adaptation method for lecture speech recognition in which the
information of text on slides for lectures is used. The speech data corresponding to each slide are recognized with a
language model adapted to them by using the slide texts as adaptation data. We evaluated the proposed method by
using the speech data of three classroom courses in Japanese, and confirmed its effectiveness. The average speech
recognition error was reduced by 3.1% by the global adaptation using all slides used in a cource. The error rates of
recall and precision for keywords were also reduced by 21.5% and 13.8% respectively. Furthermore, we achieved the
improvement of keyword detection performance by the adaptation using each slide locally. The error rates of recall

and precision for keywords were reduced by 3.1% and 1.4% respectively from global adaptation.

Key words Language model adaptation, speech recognition, classroom lecture speech.
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WEEINRIAT DD, 6L RO F A EHK
MEAVWEHEEOSWHBEZEI LA RTHS.
HETHE ORBIIBERAITHTEN TN S, Trancoso
58] 1, RV M HIVEOHKRIIH L EFRBORIZE
Fiolz MBOHHBZEZI LICEL TIEE<OMR T O
Pz MEHET S, BK Tid CHIL (Computers In the
Human Interaction Loop) [9] %2, the American iCampus
Spoken Lecture Processing project [10] 21%F 5815, &
To, FREREZHLELERBRIBT—FIR—-ZLLT,
HAEELSEI—/YZ (CSJ)[11][12] ®°, TED 2—/%
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KA UFF D D JICHWAHAEDBRINT NS [13).
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RETBIDERBEDENERRDBANLNEE X
SND. FBIGHEERRD, BRREY R EO+272 R
BENEITREINTNDERBES RN, E-AELEEA
THEDITFRIL 7 V=XV RINDRE, TERRY
DMLV ERoND. BHEENSOEMASIZLDH#E
EVFHEINDZLOLIELIEH D, BEDOZY AL
MEEFICENEIOHDEEA5ND. TOKIBX
FANDORFEZERENE L, BOFTHES, JESENRE
EEVELPEVWREARENEIAELNE. Zhe0
HEHNS, #REAORBMITMRICHL <, 2LHET
DEBFHL D DEREMME . TSI, RFEHFL2PLE b,
FHBHOEZDDET VHERIHATELLO>BES N
e KRBT — & N— 2 3B TR L iz,
RBICBWTE, EREOEBET S0, HRED
A4 RZIIUH E LR BBMERMEDNS. &
N DERNIARITBIZ2EERF—T—REEIE A,
FRICODENSOF—T—KNELHEHNDEEZZ NS,
O TINSDORBEIFFEETNOBIKIIBNTHIT
HDIEBHREIND. WEREEHWEET)VEILO
FHERINITICVLDONRREIN TN D, FES (15
RREBRAST ROTFAMEREMH W ZFHEEZELELT
5. Cettolo 5 [16] IZ¥RXDTHED T+ X MM#H %
RO, 22REFORBICE L THEZTo /-, ok
ORBFEBNSTF A MEREMHTHEE #HETH
WONLERBERNRET D&, TNANKTLHETFL

INTVDERBEST, FAMNEL L. —7F PowerPoint
REEHNTHRSNIZHEREA T R SIETFA M
HEMBITHH TSI EMNTES, Ko TAT1 RER
ERHWEEHEET VEINGERTERBIIBNTLLHE
HTE&5&EEZHN5.

AKX T, AT71 RERMERAW-BNRZEEETIViE
JRICDWTHRET D, AFETIEERA T RNEBROH
RPIER SN EREOFREFIAT S, §X 51 RiC
KELEEBEETIVEHBEL, A1 RICHIET 55 H
DIEFITHV D, HBOETICEDYE, EBETINEHN
WEAET LI ETREHEOMEERS.

AWXIILTFDOLDITHRINS. 2 HiTRBIEKCS
FER—RAFA AT LADBEIIDNTRRS. 3 Hi
TIRETHEBHETINVHEEFIRIIONTRNRS. 4 Hi
TIRBERZIT VY, FIEOMEETS.

2. UPRISE: Unified Presentation Slide

Retrieval by Impression Search Engine

UPRISE (Unified Presentation Slide Retrieval by Im-
pression Search Engine)[1][2] IJEEE O H Y 2K
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W FIRENGZAF—T7—RIZHL, BeT2#EED
= 2%Z4ERT S, UPRISE 2B S HEEHROFIHIZ
DWTHE, EFEEREZRBOEAFICHWE FENR
REINTWDH (3], TOMAICHL, FHEHIEEO—B
D LR HENTN S,
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MY %2 E&ECTREEICGHSEF IV EREERLE. K
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RERWEERET VBN FELIRERT S,
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MEBTICHWONDIEZAS1 Mg, ehaMER SN &
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W, BXAT1 RNEHRFOEDWY THEHAINN2E
EEINBRENS BB TREL, BBELTWLS[17). Zh
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Video Frame  Text (Titles of slides)

¥ 1 UPRISE D#E#.

JVEINMCFIHT 2 EMNTES.
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EERERTD. AT1 RERAVWDIET, #H IR
HFHBAREICH UEIRTHZENAETHDIEEAL
N5, BEETTINOBEINE, R T4 ROZHEFHN S
L N 7o L08EZ, SIIETINOEET—& 15 i
tﬂw" N 7S LADOEEICEAMHNTLTIMAS I ETiTD

CHINEEETINOBREICORE T Y DERE LM
ST OEEESDOEE DELE.

BISFEOT7IVTU ZLAOHMIL FOHD THS. 7
WIVDZAE 3 DDATy T nhind. AFv7 1 &
LT, 1 3—AR0EEHTHERHSINERASA ROLTZHE
WTF—F &L, FO—NIVREEEFRD. 8N TS
I N; QBB F(N;) &, BN EDRROLIICHEFS
ns,

F'(N;) = F(N;) + wiG(N;), (1)

F(N;) BOET NV OEET—HIZBITD N T I4 N;
DEEETHD. G(N;) BT —FIIBITD N I A
N; DBETHS. w FEHBERTHD, ERICKDE
WL BEWTATy 72T, ATv 7 1 IZK D
INENEBEBEETIE, 517, BMNDOAS1 REHANVT
O—HAIVZHEIRT 5. BEETIVICBITEE N I A
N; DEREE FY'(N;) BREFOL 31Tk 515,

F'(N;) = F'(N;) + wo Hj(Ny), (2)

H;(N;)y 3 NZSAN, ©;FBDAS1 RIZBIT 55
ETH2. w BEARETHSD. A7y 7 2I2B0T,
BHOZ A RIS T 2BRETIVIE, & N 75 4LIC
DWTHAEE FJ'(N:) EHL DI ETHEIND. a5
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A5y 7 3T, j BEHOZXAS51 ROERNERAS N
kBDASA ROE®ZO—AIVITHL, #BEETZD.
ZOFIEZ, HORHTORBKONED, EHRDOXDAID
MAPONBEEEGATNDEEND PRIZETVWTWVS. #
IWETWICBTDHE N T4 N; DEEE FJ(N;) 138
TOXIIRDENS.
k
F'(N:) = F'(N;) + > " wpa Hy ((N:), (3)
=1
A E  BEDOZX A ROEH (wy) 1T j - FE
DATA RODEADLTHD. ATv 7 3IBNWT, j &
HOZATA RICHETHERETIVE, & N 7 I LD
WTBREE FJ/(N;) 2V D I E THRESND.
4. AR

4.1 EBEH
BEOT—IN—ZELT, EETERZFIIBWTH
RETHTODNCHEROTEEBRGEENE L. 2051
& AICLKD 2 Dmi#F (LECL, LEC2) &, 38# B I
£5 1 D0#% (LEC3) oMb, FREND#EEIT 1
OA—ZAT12EM#EIN, —ETEDH#HHBDOEZIL80 4l
BTHD. 2L, BEIDERDD B, HFFICHENH -
FENIEBRD 5854 L. LECL Tid 1 @4, LEC2 Tid
2 @43, LEC3 Tld 5 BN LLDEHMN SRS 7=,
ERIBE YA IV THRESNETEEZRA W, £22
NS OHFITHBVTHL 5072 PowerPoint DX 51 K
BRD, THeMEBROEROP THEA S NIREHOF
HEEht NEIN EET—YIEFDR T4 REEHE
BFHREZHANTRY 7. ZHICEK D BEREFORY) DY, xf
BT B2 T4 RORYID EFMENS. FEEN 2 DDX
T4 RIZEZM>TIHrbhEEEE, TEEORYDIZE

DREFENRYNERITHE L. FEODINSD
WELETAFTHESREILE. COESHBEICLD

HEREDHEBOFELINMIELDRE IR, #HIC
R EMAZEREE #HOF—T—RELT, E&R
WMEED 1 AMEBTERLE. A2y bR BH
HOFEMEZE 1 ITRT. £/, X541 RIZDODVWTOE
MExE2I1TRT.

MR ERBEEEYRNIIM LI B b IVHE
W, BERIULSEHINZABEZHEZET —IX—X
BT HICHNWTEBETINEEBETINEERT
H5ZETHD. LM LEFOLIRKEEI—/NZITEHER
TIIHFHELRRW. T TARETIR, 22 EDRFEREK



R1 TRty MREOHM.

LEC1 LEC2 LEC3
HEWT— | T—IX— | tEHET
. £ B .
FFI0Fv | X %
BE A A B
ilakedalin 136 56 53
7— R¥
HE DK 11 10 7
FHEE (F5R) 12.8 13.8 9.1
251 RO 265 282 136
2 A4 R 1B DB,
LEC1 | LEC2 | LEC3
PR 52.1| 60.2| 525

EHF—T— REK 9.3 5.5 8.3
PR (5) 3.1 4.1 5.0

DTF—FERKBIZED CSI D OBBELEEF)ILAER—Z
A4 LUz CS] DRET— 1, BEDRE w217
DUTDE) O—FTHBNRE, #EE LA FHE L
DL, BBHEICHEE T LN,

BUSOFHIEEETINE LT CSI O3 DIR 067 #
B (3M BIER) 25N 25 AET I EHHEE k51 2
TLAETINEBEL . HERMEITEIT ChaSen ZHN,
FREREEE L ipadic 2 M7= (18], BEMBERITEY T —
FIBWTHHEE OB VIED 5 25,000 B2 BRI L
2. BEBETIVONY I 7HBIIZIE Witten-Bell it
ZRWE19]. ZOMPEEET I E, AR L TIEHR—Z
TACBBETINEERRIE -T2,

ER¥ETIVIE CS] O%R#HIE 953 #iE & MR
L3 MENSHRELE. Zhos 03y N F RS
EXMBEOM S 26D, FTEHMRELT 12 K50
MFCC &£® AMFCC 12 Rit, BEW® A NT—DEf
25 RILZMWE., BRET LW CMS WEEFFo7- £
FIELT left-to-right & @ 3 RKEE K S5+ 74+ > HMM
ZR, 3000 R, 16 REORE{EEF N &L, £
TV DRBEITIE HTK 20] 2 U7, S+ 5873
MLLR % [21] 10k 2 872 LIS 255 - 7. ST —4
ELT, SEOHB O 10 HFIDFHEE M- EE
75 Z20¥iE 64 &L7-. MLLR HBICK Bk nag
BBLVHEICHET D2 Eptlieansg. i SL T
BHR#T -4 LT Julius [22) ZH . Erams
DEHHI B R EARMA T 7 e, F—U— RiCET
DIBBROIEE recall & precision Tffo/z. F—7—

BRI N2 HBETNIIL DR BHEEF— T — REIE O

R (%).

AM Word acc. | Recall | Precision | F-measure
LEC1 35.1 30.1 50.5 37.7

Base LEC2 33.0 31.2 63.5 41.8
LEC3 49.4 42.6 75.9 54.5

Avg. 374 33.7 59.7 43.1

LEC1 39.2 37.2 59.1 45.7

Adapted [ LEC2 37.3 36.1 66.2 46.7
LEC3 57.7 56.4 82.4 68.0

Avg. 42.5 42.2 67.3 51.8

REEH D HEREIR, #BORRZ EITHB T B MEE D I
BEREEERETEZEA OGNS, F—TU— R O=
fifild, PBHAERICBITDF— T — R OB LA t) EIEAR
BRABRETE 1o ZELERL THio/. £ & ¢y DEAT 500 I U
WUTFTTHORFEE, F—T— RPEL BB/ I N &
FINT B E& LT,

4.2 REBER

N=RATA VEBRBEFINEBHWEBBEEEEE 3 155
. BE2 USRI OSHET ) EEH LSS QS
IEFRASE DYMEVE 37.4% THot=. cpEaF—7—
RIETH D recall 12445 LT 33.7%. precision {3¥#5 L T
59.7% TH o7z, TH5 ORERIZZDHER E DT
OB T+ HRBELIIEA L. ERE L Tig,
1 ﬁ'@ﬁ’\‘t&ﬁli, HETNO¥BEFT—5TH 5 CSJ
DHEEHET AN LY N THEREOREZ YLD
BOUMEZ 505, MLLR iE% B 7 & Uit % %
BETIICHLmE T3, MERGEE: $— 15— R 4
MRS UENR SN, BB M OV EL
42.5% TH D, B2 UBISHOTEET )L 2 B/ 558
M5 8.1% DBV NEIRE NI, E7+ recall & precision

RORIIVHLTENLN 12.8%, 18.9% Bl =1
LA DHBITH T, E8EF )2 e Ui 2 5 L
ZbDE AN

KICHITRE L HBEZ 1 REH W EEETLE
SSFEDIRII DN TRIEZ 1T o 7. BREK wy &R
RBOMBEER 2 1507, MRICKD EEHEEK wy D
(B3R RICEUZIEH® LU ZDFERE D &E1T w,
W20 &L ATy T THERLE BHEETINEHWE
EEDMREX 4ITRLE. A5 T DEIIT LD,
WABIEMAS IV LT 31% DIR0AEIR S #1- ES
72— — Rl recall IKBNTHH LT 21.5% DR
DISHIBE S 41, precision IZBLTHE L T 13.8% DD
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Fd4 ATy T I REDBEEBEOEFRBLF—T7— FHHOKR

(%).
Word acc. | Recall | Precision | FF-measure
LEC1 41.1 50.6 65.9 57.2
LEC2 38.7 49.8 71.6 58.7
LEC3 59.9 65.9 83.0 73.5
Avg. 44.3 54.6 71.8 62.0
4.4 T T T 64 T T T
Word Accuracy —+— F-measure —+—
442
62 |
44.0
438 60 J
9 -
7 48 £ 5 4
g 434 3
g s L
® wof ”
428
52k J
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424 A i 1 L 50 n s L L
0 10 20 30 40 50 0 10 20 30 40 50
wy wy

M2 EAFE w, EBRBMEEOBGR

£5 AFvT 2 KEDBCHOEHBME F— 7 — REHORR

(%).
Word acc. | Recall | Precision | F-measure
LEC1 41.1 52.6 66.3 58.6
LEC2 38.7 51.5 72.7 60.3
LEC3 59.4 66.2 83.0 73.6
Avg. 44.2 56.0 72.2 63.1
446 . . . . 632 : r T
Word accuracy —+— F-measure —+—
444 g
£ szl 1.
§ /\ Z
g 4ol E 5
: !
T 438
436 - 622 R
434 A A A . )

. . 620 .
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
w, W2

M 3 EARE wy EBHREREOBR (i = 20).

MHIBEN., TNSORREIZATFY T 1iIcks S 0—
POVIZBISE R & F— 7 — R O/ 5 I8 2t
HolZEERL TS,

BNTATy 72 L DBINEHLZEEBEETIVICD
WT, IR DI ZE T o 7. EARE wy L REMERE
DRFER 3 1R L. AERTIIERRK wy OEL
VEREMERE I TR E RS A o Tm. T DR E ST,
BAHHEE wy 135000 &L A5 v 7 212k D% i
LIeEBETINEMN - E E0BMEREE 5 ITRLE.

£6 ATy 71 & RTy T 2I0&bF—U—REHICBITSF @
(%) (Summary). i

LM | Baseline | Step 1| Step 2
LEC1 45.7 57.2 58.6
LEC2 46.7 58.7 60.3
LEC3 68.0 73.5 73.6
Avg. 51.8 62.0 63.1

RT A7y T 3 RLDEHBOEFBREF—T— REHOKE

(%).
Word acc. | Recall | Precision | F-measure
LEC1 41.1 52.4 66.4 58.6
LEC2 38.7 51.8 72.7 60.5
LEC3 59.4 66.4 83.0 73.8
Avg. 44.2 56.1 72.2 63.1

446 T T 63.2 T T -
Word accuracy —+— F-measure —+—
a4 {1 &0 —/\/\
g 42 F———— 13 628 | 4
——— <
g S
g 440 | 4 3 e
§ 438 4% 624 R
436 | e 622 1 4
434 L ) . €20 . . N
000 005 010 015 020 000 005  0.10 0.15 0.20
a a

B4 HE o CEREEOBEFR (w2 = 20, wz = 5,000).

HEEMBERIAT YT 1 OEREREILDOL RN
78, F—7— Rl OHAEIC K BN R 5175, recall 12
DWTHEL T 3.1% DI YW X 1, precision 1T
DWTHEHL T 14% OROEVEIRI N, hso
FERIZBRFIENF —7— R 0fAEm EIc S EhtH
BIEEFLTNS.

AT T 1 ERATFvT 2 DFENFNOBEIEETo- &
EFOF—TU— NAHHEZFETRLEDDEE 6 IR
Ul R TEITHREEZ LB L& & LEC3 28T 3 X
Tv7 2 OMEVPMOBHRELEEL TIINENIER
Thol. ZOMRORERICET 2R/ EIISHOEEL
T5.

BWTAT v 7 3k 2BIEEHLZEEZEETIVICD
WT, BBRIC K D3l % To7-. AERTIE k=2 &L
o BB o EIREMAEOBIGRER 4 ITRLE. AERT
R o OBWIERESERICENIZEZEN RN - =,
IDHERERZT, B 13004 ELE AFvT 31
LB ZBELESETTINERAW - EORBEREL
R TITRU Tz, BIBIEMMEE F—7— RiiHtEgesIC
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