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and Associating of Multimodal Information

TosHIO SATOT and TAKEO KANADE!

This paper describes methods to recognize characters in video frames and methods to ana-
lyze video data associating multimodal information such as character recognition results and
closed captions. We introduce two methods to analyze news video data based on its properties
for viewers. First, an error correction method for the character recognition using closed cap-
tions is explained. Also, we extract a word included in both video frames and closed captions
as a key word. Frames in the video data and sentences of the closed caption that include
key words are extracted as key frames and key sentences, respectively, to make summaries
of the video data. Experimental results for the character recognition, association between
recognition results and closed captions, and extraction of key frames and key sentences are
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explained using seven news videos.
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Characters in news videos. (a) A frame including superimposed captions.
(b) Maginified image (204 x 14 pixel). (c) Binary image by simple thresh-
olding. (d) Conventional results for character segmentation.
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Fig.2 Flow of character extraction for videos.
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Fig.3 = Image enhancement using multi-frame integration.
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Fig.4 Result of sub-pixel interpolation and multi-frame integration (upper) and

its binary image (lower). The image size is 813 X 56 pixel.
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Fig.7 Results of character extraction filters. (a) 90°. (b) 0°. (c) 135°. (d) 45°.
(e) Integrated result of four filters. (f) Binary image.

8 |EHANEET 512k 2XFAHEEHORBER (BH)

Fig.8 Result of detection for segmentation candidates using vertical projection (white lines).
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Fig.9 Character segmetntation process.

WHERER L T A 0B Y BT, 22T, M
THEMEIE 1 BHOERTH D, HEEED 500 LL
TOIXFRT Ay MZEHEL v, 4, XFET A
VORI ERMEE RET A L TEROMEBET
5. BXFET A MBI ARAROMEIX, %I
Wb & BT OFEIOFENI I L T TS E R
FHEIZHHEL TRET 5.

29 0TIk, 3XFED ‘R’ I2BVWTESEIL 72
FIR (‘T L OEBPELE) OEUVENE L %505,
2BHOXF LT A F OFPESECOT, 1EH
DXFEXT AV P B> GERL v, 5EIDOTF—%
BAXFEOT VT 7Ry T E WD B XFOH%

BT, LPBZD 1T, EDP 200 BFEHEN
BEENILALTHADT, TNDEIRFETHES
R EERT RO BEIANE T A LN TES.

X 8 THH L 72 XFOFEMEMICL T, ZOHE
PEALERELE 10 IORT. EOBOREOLS
AV MR EIRTVAEREBRVWT, ELW
XFELT AV FIERTETNS.

XFEES A2 b RFEET HBRICIER S KEVWELE
EEBIC2FABLIUIFHIREVELEZRDT
BY, BRIICGEREINLS A PIIH L TEIE
WMETOBUEL A7V 22D T IXFHROER
ELTHATS.

3. BUBRDONFEBAER

METHEL -BEoOXFR#HEE, 305D=a—
AW T AE FVTEAML 2. BHEIX MPEG 57— %
ELT352 x 242 HEDY A XATEFINTEY, T
DOBMIX, XFeEL 7L — AN 256 AT, 375
DXFFIFER (FTIHIET 5), 965 BATEER TS

ZU B, CERBABICOWT, XFFFETh
TWAT7L—L0OBHE, 7V —2RICETNAXFE
FEROBRMMEREZ A, R1LIORT LI, XF%E
L7V — ADREERIT 91.8%T, FIHILT S5
FERIZOWTIT T6%ERETE TS



Vol. 40 No. 12

TOWIRIAINICHL:

=10

TEZH L REFEROMSEBICET V= 2 — ABED S O FF Rl

4271

CIAILHOIRINIA

X T AV P OBROEE

Fig. 10 Segmetntation results.
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Table 1 Results of character detection.
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Table 2 Results of character recognition (total 5076

characters).
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Table 3 Word recognition rate (total: detected 733

words).
I (EMR) HEE EWER
words(rate) *BIE  EIREIE
5 IF P 400 (54.6%) — —
HBIERHE (CC) 455 (62.1%) 162 107
BELHE (Ox) 442 (60.3%) 131 89
BIELHE (CC+0x) 514 (70.1%) 157 43
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Table 4 Vocabularies of dictionary corresponding to
superimposed captions (* included).

E{gPOE CCH##E  Oxford 8
WASHINGTON * *
GEORGIA *
AUGUSTA *

LYNNE * *
IAN *
KAWAKITA *
GINGRITCH *

CNN *

NBA *
WHITEWATER *
COURTESY *
MIDNIGHT *

85 —a— ABUROFED BWBAER
Table 5 Word recognition results for news videos.
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965 733 514 261
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Images

Frame No.346: TORANCE CALIFORNIA

Recognition Result: DURANCE

Frame No.1028: SHERMAN BLOCK
LOS ANGELES COUNTY SHERH

Recognition Result: FISHERBNM
Al

Frame No.2098: COURTESY MIDNIGHT RAIN PRODUCTIONS
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Closed Captions

AUTHORITIES ARE
ING THEIR INVESTIGATION

CHARLES RATHBUN IS BEING HELD
A IN THE DEATH OF LINDA SOBEK. ___
POLICE SAY HE BURIED THE FORMER
CHEERLEADER IN THE_A
NATIONAL FOREST, NORTH

WHETHER SHE EVER WENT WITH HIM -!
FOR PHOTO SESSIONS, WE HAVE NOTi

BUT THERE ARE PEOPLE WHO'VE COM]?'
FORWARD WHO HAVE PLACED THEM
TOGETHER IN ONE MEETING i
IN A RESTAURANT AND ANOTHER

o A2 AN OVPVALN ANVIDH S E.

WE ARE SATISFIED THAT THAT'S
BEEN ESTABLISHED.

!
>> RATHBUN CLAIMS |
|

HE ACCIDENTALLY RAN OVER SOBEK ;
DURING A PHOTO SHOOT
AND_PANICKED.

0.80 i2159 AUTOPSY- RESIILTS DO NOT BACK UP

————— 2190 HIS CLAIM.

11 BEFORL s u-AF ¥ v 7Y a v OIS
Fig.11 Correspondance between recognized words in images and closed captions.

TEROBMERL, ERTHAL 222 — ARET
E7a—-XFFy 7Y arvoisd “>>>" TRULR
LEHEE L CEBICROLNS, BUEDO N v 7 D
FiconTid, HiETa 7L —ABELBETE S,

H11 AT My 70Tk, ©BF “M” TRL
A HAORBRICEEATEY, ¥—7—F¢
LCRBREIENETES. BBEICA— )~V F—-X
ENDBZFCIE, R, AEXEES, EROEE
RLOEHRSEINTBY, 22, BiRE ARIT
Za—ABEO SWIH G L TWHEELRBFHRT
H5. K11 OHITE, MEORBCHFET SFELL
T22o0BEFTRINTEBY, M v o DREFHTIC
MT5%—7—FLLTHMBEATVS.

EHI, F—T—F2EOCBEFOT7L -4 (F—
TL—Ah) &, F—T—Fi&LIr70-AF*xS 3
YOX (F—kvFUR) LEEELRERE L CHE
TAHILEEZSL. HI11TIE, COXF—-7—-Fi&
C2MDF—TL—AbtXx—k TV R 2L EHN
TETWS, F—bkVFVADDLIE, AV T72r0=7T
CRELZBABHETLAORENFAESINA TR EEE

* = ZTit “LOS ANGELES” it 28k L T#5.

Z, 2BOF -7V — ATRENBBIHGAPRIRIRE
EDICHERTHIENTEL, KEORBETIE, 0
X ICHBL 22188t v, EFHEROERE1E
KT 5L EREtT 5.

4.4 E{BEIC & FmEBOKA

B OXFHERD ) bHE L L O—BOHHIC
&, 7u—XAFFx S arThiTR2LEBLHN
TRAINTWEL0WH 5. M11 OFITIE, BE
10 “SHERIFF” L WIHGER 70— A F&v S ay
ZEITR TRV, HUEBEMOERY KT “PO-
LICE”, “INVESTIGATORS”, “AUTHORITIES”
EVIENREINTVS, DX RERMLEES
TExAL, BEFDOEL 70X FX YT avD
SIS EEL, FHlkF—T—F2MR B EHT
5.

BRE % SR RSB0, TV —TF REHAWT
HFDLMFEOHFERSE TN ThEERZ RHLED
BEDMCTEREL ZEBED L EHT 5. ¥V —
FALLTHOF 2 THRLBRTLI AT Y~
% X WordNet 1.5'9% 7=, H 12 OBNCRERIE,
“SHERIFF” # / —F OFE & % n;, “INVESTIGA-
TOR” D/ —FDERS% n;, L£BO/—FORS%:
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life form, organism,
being, living thing

causal agent, cause,

causal angency
person, individual, someone,
mortal, human, s

defender, ardian, protector

Tawman, law officer, peace officer | Level5

policeman, police officer, officer Level 6

detective, tec Level 7
H12 YV—-FACBITHEOME
Fig. 12 Structure of thesaurus.

K6 FWMLAFELIZ7U—XFFy7varordiv
Table 6 Correspondence between recognized words and
closed captions.

MBORK  ELVHIE (H8)
HEOEE—EK 565 488 (86%)
HHREO—H 104 45 (43%)

ne L L7z &2, LTOFET 2BOBROELE
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Ne X 2
goE @
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ez, 0.7l EOBBES & IS0 2B
i, {11 TERBHRTRT 3 »IoxicEfEL ML
HIENRTEAS. “BLOCK” & “MODEL”, BXU
“COURTESY” & “RESULTS” O3 ik & -
TWw575, “SHERIFF” & “INVESTIGATORS” O
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Dec. 1999

BWTW5, BN —HTIHEDIEL WHIESIT DO
12 86% L B <, EHREBIIHT AT DA EPLE
LW eh5r s

B - EROMIEIT T THALT, F—T1—
AEF -V TV RARRES, EYOEREERLTIL
LTEETH A, M1l OFITIE, 1 20F—T7L—4
L20DF -k VTV AEMABILITES. 3K
HOF—T7V—LLBBEOX -7V RiE, ELW
FHED 1 TRIN TV A BERTIZ VA, FRIERIT
N8 430, BEASRAFFOAOHEDFH
PHATLIEELRHERT, COXDEETH S “IN-
VESTIGATORS” & Bt “SHERIFF” £ DIEL
WIHEDIFIC L D s T B

RFHETI, FUEIC L )T 2 BROEZ H#H
TEZLVIHIEELH D, ZOHEEEFIETAILT,
e ZE, 2-FOERICELETRMT 21EHESL
LS EBERT A VT ) 7 ORBEEE, T4 ER
DHFICESVTERTRICR S,

4.5 EFAEROEBHDOIER

11 2oesidtshidF -7 -2t d—t
FYRREMT AL, M18 0 X I RENEERT
BIENTEDL, —F, HEROFENC LY EHEHE
BT aE, 2214 DL ) RBERVBONS.
M14 12BN T, F=7L—aiFE£T7VL—AlloNT
RIV—LEDRGBELRAIFTADELRDBI L
THREL, ¥—t Y7 ¥ 222wk TFIDF #E)
VER ST 4XEHHBL TWwaAY, 2o TFIDF #iX
1My ZIEETNDIEADEBOEEIIONVT, +ﬁk
BicEshima—-AE @O/ u—XFFx S a
YICBIAEELOEIEE L TR S, K14 OBT
BA 723813 &\ TFIDF 2 H2o¥ -7 —FTh 5.
ZOF— 7L —AOMBERIIHEEL 2 WEDREIC
L DESTL A,

7O0—-XFF 27 aVBRIGEEL TARB L,
RECIR, BEZAREOBL W ELSUIESEE
BHEZICRRSATWBDICHL, RADHFETI
BBRAEL OBERICETTERFME S 50
T, ERE OERERL LT VWERNSERTE TY
BIEDTHD. HC, WEEVSEALZVEVIE
R EDWTERLEREAHORIUCEDO TV 25
A2, AHRTERSNAEHIERIC 2L EX
L5,

5. ¥ & 8

AEITIX, EF 4B O EELBERE T 5
BT, BUBIZ A —8— 4 ¥ R— X SN2 F% B



Vol. 40 No. 12

Frame No.
346

'ALIFORNIA

[LOS[ANGELES

TY [SHERTFF |
2098 7

Frame No.
12

0 >>>[CALTFORNTA| AUTHORITIES ARE

TR BREBHROMIERRICED V2 — A RS O O T

150
210
210

390
420
449
480

4275

EXPANDING THEIR INVESTIGATION
OF A PHOTOGRAPHER CHARGED
WITH KILLING A MODEL.

POLICE SAY HE BURIED THE FORMER
CHEERLEADER IN THE[ ANGELES
NATIONAL FOREST, NORTH

oF [Log][ANGRLES].

600 [INVESTIGATORS! NOW SAY HE IS

630
659
720
810
840

A POSSIBLE SUSPECT IN OTHER
UNSOLVED MURDERS, INCLUDING THAT
OF KIMBERLY PANDELIOS, ANOTHER
MODEL WHOSE [BODY] WAS FOUND

IN THE SAME AREA IN 1993.

2129 AUTHORITIES SAY PRELIMINARY
2159 AUTOPSY |[RESULTS| DO NOT BACK UP
2190 HIS CLAIM.

COURTESY|MIDNIGHT RAIN PRODUCTIONS

13 ERHOVESE

Fig.13 Summary of news topic.
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CHARLES |RATHBUN| IS BEING HELD

IN THE DEATH OF LINDA [SOBEK|

INVESTIGATORS NOW SAY HE IS
A POSSIBLE SUSPECT IN OTHER
UNSOLVED MURDERS, INCLUDING THAT
OF KIMBERLY [PANDELIOS|, ANOTHER
MODEL WHOSE BODY WAS FOUND

IN THE SAME AREA IN 1993.

IT WAS AN[ACQUAINTANCESHIP
>> CLAIMS

HE ACCIDENTALLY RAN OVER
DURING A PHOTO SHOOT
AND PANICKED.

14 BERBEC & 2 ERHOVERS

Fig.14 Summary of news topic using conventional method.
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