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Unsupervised Topic Identification by Integrating Linguistic
and Visual Information Based on Hidden Markov Models

TOMOHIDE SHIBATAT and SADAO KUROHASHI'

This paper presents an unsupervised topic identification method integrating linguistic and
visual information based on Hidden Markov Models (HMMs). We focus on instruction videos,
especially cooking videos. We employ HMMs for topic identification, wherein a state corre-
sponds to a topic and various features including linguistic, visual and audio information are
observed. The features consist of case frame, background image and discourse features, such
as cue phrase, word chaining and silence. Our experiments on two kinds of cooking programs

show the effectiveness of our proposed method.
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Fig.1 Topic identification with Hidden Markov Models.
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Table 1 Features for topic identification.
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Fig.2 An example of closed captions and action extraction/generalization. (A

phrase sandwiched by a square bracket represents an utterance type and a
word surrounded by a rectangle represents an extracted utterance refereeing

to an action. A bold word represents a case frame assigned to a verb).
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Table 2 Utterance type classification.
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Table 3 Examples of the automatically constructed case
frame.
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Table 4 Cue phrases for topic change.
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(R, G, B) = (183, 165, 174)
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Fig.3 An example of background image.
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Table 5 Characteristics of two cooking programs we used
for our experiments.

oo oooooo DDDDDDDDDSD

oooo 200 00 7000
1000000000 25 0 100
100000000 240.4 00 183.400

goooobooooooooooboooooooon
geg

(11) a. ODODOOUOOODOODOOODOUODOOOO
b. 0000 00000000000000O0
oooood

c. OO0 OO0OOOOOOOOO

000000000 0000O0OooOoOooOanon
OM@b0O cO0OD0ODOO0OOODOOOODODO
O0bO cOO0O0OO0OD0 a0 bOODOOOODOODOO
00bOOOcOOOODOOOODOOOODOOOO
gooooopooOooooooOoogooooooo
Joo0oo0o0o000dbad bO0OOO0m@McOdOonO
Joobooooooooooooooooooooo
al bOOODOODOOOOOOOOOOObO cOO
JoooooooOoooooOoOoooooooooo
00o000o0oooooooooooooooooon
Joooo0ooooooooooooooooooo
000000o0o00oo0oooooooooooooo
00000oooooooooooooooon

oog3l1poooooooooogoooooooo
goooooO0opoooooooogoooooooo
joooOooodoooooooooooooooo
00oooodooooooooooooooogoo
0oo0o0ooUoOw/ocfliOoooooon
Joooooooooooooooooooooon
Ow/o utypell Barzilay 000000000000
0000dddObigramO0 00000000000
O700000000000000000000O0O0
0000000000000 0000000000
00 5% 000000000 proposed vs w/o cfl] P
= 0.02190proposed vs w/o utypell P = 0.006710
proposed vs bigramOP = 1.23¢ 800000
goooooooooooooooOoooooooo
ooooooooooo

000oooooooooooooooog

Y 31100000000000000000000000000
gooo0oo0oooo pbOOOOOOOOOOOOOOODO
gobooo0oOooooooooooo



Vol. 48 No. 6 goooboobooboooboooooooooooboobooooobo 2137
06 OD0O0O0OOOOOODODO
Table 6 Experimental result of topic identification.
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Fig.4 An improved example by adding visual information.
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Table 7 Results of the experiment that compares our
method to three methods.

od od
gopoood goooo 3oooood
proposed 61.7% 66.4%
w/o cf 57.1% 60.0%
w/o utype 61.7% 62.1%
bigram 54.7% 59.3%

00000D000D0000000 00000000
000000000000000000000MO
00000000000000000000 (1)000
000000000000000HMMOODOOOO
00000000000000 (1)00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000D00000000000

00000000000 000000000000
000000000000000000000000
0000000000000 O00000000000
0000 (3)@M{00000000---}0 {<00>}

gooooooboooobooooooooooo
(12) DOOUOODOOUOOOO

00000000ooooo<ooooooo>o<oos

0o0oo<0oO»>0 {0000 yooooooouooo
goboooooooooooocoooooooboooo
goboooooooooooooooooooboooo
gooooood

gbooooob Oooooooooooobooo
gooboooooboooooooooooooooo
gooobooobooobooooooooooooo
gobooboooooooooooooooood
goboooooooooooobooboooooobod
goooooo
gobooooooooobooocboOoooooobooo
gobooboooooooboooooboooboooo
goboocoobooooooboooooooooboo
goobooooobooooooooooooooon
goboooobobobooobooooobobooooDoobo
gooooooooobooooooobobooooobooo
gooooooooooobooooooooDbboobooboo
goboooooooooboooooooooobood
gooooood

6. 0 0O0O0O3

ooooooooooOobOOO0ooOooooboOoHMMO
gooooooooooooooEMMOOO0O0DOO
gobooooooobobooooboobooooooo
gobooooboooo20000000000000
goooooooooooooooboboooonn



2138 goooooooo

0000000000000 D00D0DO0OnOOn
00000000000D0000?® 0000000
000000O0O0OO

g 0 0 0O

1) Chang, P., Han, M. and Gong, Y.: Extract
highlights from baseball game video with hid-
den markov models, Proc. International Con-
ference on Image Processing 2002 (ICIP2002),
pp-609-612 (2002).

2) Nguyen, H.B., Shinoda, K. and Furui, S.: Ro-
bust highlight extraction using multi-stream
Hidden Markov Models for baseball video,
Proc. International Conference on Image Pro-
cessing 2005 (ICIP2005), pp.173-176 (2005).

3) Phung, D.Q., Duong, T.V., Bui, H.H. and
Venkatesh, S.: Topic Transition Detection Us-
ing Hierarchical Hidden Markov and Semi-
Markov Models, Proc. ACM International Con-
ference on Multimedia (ACM-MMO05), pp.6-11
(2005).

4) Barzilay, R. and Lee, L.: Catching the Drift:
Probabilistic Content Models, with Applica-
tions to Generation and Summarization, Proc.
NAACL/HLT, pp.113-120 (2004).

5) Hearst, M.: TextTiling: Segmenting Text into
Multi-Paragraph Subtopic Passages, Compu-
tational Linguistics, Vol.23, No.l, pp.33-64
(1997).

6) Galley, M., McKeown, K., Fosler-Lussier, E.
and Jing, H.: Discourse Segmentation of Multi-
Party Conversation, Proc. 41st Annual Meeting
of the Association for Computational Linguis-
tics, pp.562-569 (2003).

7) Marcu, D.: The Rhetorical Parsing of
Unrestricted Texts: A Surface-Based Ap-
proach, Computational Linguistics, Vol.26,
No.3, pp.395-448 (2000).

8) Jasinschi, R., Dimitrova, N., McGee, T.,
Agnihotri, L., Zimmerman, J. and Li, D.: In-
tegrated multimedia processing for topic seg-
mentation and classification, Proc. IEEE In-
ternational Conference on Image Processing
(ICIP2003), pp.366—369 (2001).

9) Babaguchi, N. and Nitta, N.: Intermodal Col-
laboration: A Strategy for Semantic Content
Analysis For Broadcasted Sports Video, Proc.
IEEE International Conference on Image Pro-
cessing (ICIP2003), pp.13-16 (2003).

10) Kurohashi, S., Nakamura, T., Matsumoto,
Y. and Nagao, M.: Improvements of Japanese
Morphological Analyzer JUMAN, Proc. Inter-
national Workshop on Sharable Natural Lan-

June 2007

guage, pp.22—28 (1994).

11) Kurohashi, S. and Nagao, M.: A syntactic
analysis method of long Japanese sentences
based on the detection of conjunctive struc-
tures, Computational Linguistics, Vol.20, No.4
(1994).

12) 0000000000000 00000000
000000oooooooooooooood
0 0 O No.2004-NL-164, pp.117-122 (2004).

13) Kawahara, D. and Kurohashi, S.: Fertilization
of Case Frame Dictionary for Robust Japanese
Case Analysis, Proc. 19th COLING (COL-
ING02), pp.425-431 (2002).

14) Grosz, B.J. and Sidner, C.L.: Attention, inten-
tions, and the structure of discourse, Compu-
tational Linguistic, Vol.12, pp.175-204 (1986).

15) Kawahara, D. and Kurohashi, S.: Zero Pro-
noun Resolution based on Automatically Con-
structed Case Frames and Structural Prefer-
ence of Antecedents, Proc. 1st International
Joint Conference on Natural Language Process-
ing, pp.334-341 (2004).

16) Sasano, R., Kawahara, D. and Kurohashi,
S.: Automatic Construction of Nominal Case
Frames and its Application to Indirect
Anaphora Resolution, Proc. 20th Interna-
tional Conference on Computational Linguis-
tics, pp.1201-1207 (2004).

17) D000000000000000o0oooOoo
000D00o0ooooooooooooooog
00000000 0OVol.J85-D-I1, No.1, pp.79-89
(2002).

18) 00o0oU0oO0oooooooooooooon
O00000U0oOoooooooooo (2002).

19) Young, S., Evermann, G., Gales, M., Hain,
T., Kershaw, D., Liu, X., Moore, G., Odell,
J., Ollason, D., Povey, D., Valtchev, V. and
Woodland, P.: The HTK Book (for HTK Ver-
ston 8.4), Cambridge University Engineering
Department (2006).

20) Huang, C.-W., Hsu, W. and Chang, S.-F.: Au-
tomatic Closed Caption Alignment Based on
Speech Recognition Transcripts, Technical re-
port, Columbia ADVENT (2003).

21) Gillick, L. and Cox, S.: Some Statistical Is-
sues in the Comparison of Speech Recogni-
tion Algorithms, Proc. International Confer-
ence on Acoustics Speech and Signal Processing
(ICASSP), pp.532-535 (1989).

22) D0O0OoO0o0OoO0oO0oOo0ooOoooOoooo
00D00o0oooooooooooooooog
00000 01100000 (2005).

(00 180 50 17000)
(0019030 1 000)



Vol. 48 No. 6 oooooooooooooooooooooboobooOoooooobooOOoboo 2139

oo 00
197900020020000000
oobooooooooob2e07roO
gooooooooooooooon
3 | dooooboobooooboooomo
‘\\"/\\ ooooooooocoooooo
gobooooobobooooooooono

dom

goooooo

o0 O0o0o0oooo

1966 0001994 0000000
gooooooooooooooon
00ooooooooomo2o060 4
gooooooocoooooooo
goboooooooooooooo



