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An Approximate Matching Method for Bibliographic Data

in Academic Article Images

ATSUHIRO TAKASU," NORIO KATAYAMA,! KEIZO OYAMA,*
JUN ADpAcHIT and Kyo KAGEURAT

This paper proposes a method that extracts reference relationship among articles in digital
library of academic journals. The proposed method is regarded as one of fundamental tech-
niques to capture articles efficiently from printed journals. The key of the proposed method is a
fast approximate matching of reference data obtained from scanned article images and records
in bibliographic databases. The indices consisting of title substrings enable fast retrieval of
candidate records from large database. The proposed method achieved 87.2% accuracy in the
experiment using a bibliographic database containing about 2 million records.
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Fig.1 Outline of bibliographic matching process.
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Accuracy for index string length: k=1 s=2
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Fig.6 Relationship among number of indices, accuracy, and average candaite record size.
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Execution time for the number of index words: s=r=2
T T T T

Execution time (s)

3 4
Number of Index Words (k)
08 0O00oo

Fig.8 Processing time.

boooooooooooooooooooooboo
091.24%00000000000000000O0ODO
0000 9%.6%0000000000000000OO
gooooooobo ioooboooooobooooon
0000000000000 99 T% 0000000
goooooooooooooooooboooboDbOo
gobooooooooobooooooooooooo
oood

54 0000

goooboooooooobobooooobooon
gboobooboooooobooobooooboooooo
goooocoooooobooobooooboobooo
gooooboooboooooooooooooon
00000 B-Tree0OOO0OO0O0O0O0O0O0DCODODO
goooobOooooooooooooooobooboo

00 0000 O(logn)DO0OOOODDOODOO

000000000000000000000000
000000000000000000000000
000000000000000000000000
t0000 O(tlogt) OO DOOOOOO™OOD
000000000000000000000000
000000000000000000000000
000000000000000000000
08000000000000000000O0
000D000000000000000000000
0000 1,57 0000000000000 100
000000000000000000000000
00000000000000000000000 s
000000000 »0 200000000010

3000 4000000000000000000O

O6(b) 0000000 0O0DODODUOOOOOOODOOO

ooboobooobooooooooooooboooooo

gooboooooooboooboooooooooboon
00000000000 O000000Ultra Sparc II
0360MHzO0OOOO 1GOO0OO0O0OOODQOOOO

Jan. 2001

ooboooooodoo 2000000000000a0
goobooooboooboboooobocoooooooboo
obooooooooooooooon

5.5 O0O0O0OOOODOOOO

oooooooooooooooooboobooooon
goooooooooobobOoboooooooDon
goooooooobODoODbOOoOobbD sO0bogoooo
430004(Mb)00 2000000000000O
gooooooooooooobooooooboboo
oo0oooo0oUooo0 r0005(GO0O 1000
0000000000000000000 1000
ooo20000005((M)0000Oooooooo
goooooeocobOOOOOOOCOOOOOCOOO
ggbooooooooooooooooooobooon
O04(p)0000000O00O0O0O0OOOOODDO
oOoooooooooooooooooogl>20d
0000006(a)00000000O0O !=3000
Ok030000000000O0C0O00O0O0C0OO0OO
000000ooooooooocrROOOOOOonO
gooooooooooooobooboooooooan
gobooobooooooocooooboooooooobo
gooooooo

6. 0000

goooooobooooooooooooooon
gobooobooobooooboobooooobobo
gooooOoooooooooooooocrOOO
gooboooooobooooboooooooood
gbbooooooooboooboooooooooo
gboboooooo0oooboooobOoooOoboooo
uooooboooobobooobobooooooo
oogr2%0l000000uooooooooooo
obOrmoooooooboooooobooooooon
gooooooooobooobooob 100000
000000000000 9.9% 000000000
o000 2000000000000D000DOD0OO
oo0o0ooooboooooogooo
obooooo4000000000000D000O0
ooooooOooooocrROUOOODOOOOOOO
O00o00o0oooooooooooog OoCRODO
gbobooooooooobooobooooobooboobooo
gboooboobooooooooooobooboooboooo
gooooooooooooobobooooboooboooo
gboooooooobooooooooooooboooo
gobooooooooooooooooobooooo
00 43000 (nHo004000000000



Vol. 42 No. SIG 1(TOD 8)

00oo0oo0oUoUoooooooooooooooo
00000 Harald Baayen 0000 0O0O0O0OOOO
000000oO0oDOoO00ooooOooooooon
000000000000 0Oooooooooood
o0oooOo0ooooooOoDooOoooooooog
000000000000 JSPS-RETEFI96P0060200
oooooooooo

o o o o

1) Ayres, F.H., Huggill, J.AW. and Yan-
nakoudakis, E.J.: The Universal Standard Bib-
liographic Code (USBC): Its use for clearing,
merging and controlling large databases, Pro-
gram — Automated Library and Information
Systems, Vol.22, No.2, pp.117-132 (1988).

2) Belaid, A., Anigbogu, J.C. and Chenevoy,
Y.: Qualitative Analysis of Low-Level Logical
Structures, Proc. International Conference on
Electronic Publishing, pp.435-446 (1994).

3) Bunke, H. and Wang, P.S.P. (Eds.): Handbook
of Character Recognition and Document Image
Analysis, World Scientific (1997).

4) Fujisawa, H. and Marukawa, K.: Full-Text
Search and Document Recognition of Japanese
Text, Proc. Symposium on Document Analysis
and Information Retrieval, pp.55-80 (1995).

5) Good, 1.J. and Toulmin, G.H.: The Number
of New Species, and the Increase in Popula-
tion Coverage, When a Sample is Increased,
Biometrika, Vol.43, No.1, pp.45—63 (1956).

6) Goyal, P.: Duplicate Record Identification in
Bibliographic Databases, Information Systems,
Vol.12, No.3, pp.239-242 (1987).

7y 00 0OO00OOOOO0D—000/0000000
0ooo (2000).

8) Kahan, S., Pavlidis, T. and Baird, H.: On the
Recognition of Printed Characters of any Font
and Size, IEEE Trans. Pattern Analysis and
Machine Intelligence, Vol.9, No.9, pp.274-288
(1987).

9) Kukich, K.: Techniques for Automtically Cor-
recting Words in Text, ACM Computing Sur-
veys, Vol.24, No.4, pp.377-439 (1992).

10) Leeuwen, J.V. (Ed.): Handbook of Theoretical
Computer Science — Algorithms and Complex-
ity, Elsevier (1992).

11) 00 000000000 ODOoOoooooo
OO0 HMMOOOOOOODOO 00000
000000000000 pp.4P-3 (1999).

12) O’Neill, E.T., Rogers, S.A. and Oskins,
W.M.: Characteristics of Duplicate Records in
OCLC’s Online Union Catalog, Library Re-

goboooooooooooooooooo 157

sources € Technical Services, Vol.37, No.l,
pp-59-71 (1992).

13) Parmentier, F. and Belaid, A.: Bibliogra-
phy References Validation Using Emergent Ar-
chitecture, Proc. IAPR International Confer-
ence on Document Analysis and Recognition,
pp-532-535 (1995).

14) Ridley, M.J.: An Expert System for Qual-
ity Control and Duplicate Detection in Bibli-
ographic Databases, Program — Automated Li-
brary and Information Systems, Vol.26, No.1,
pp.1-18 (1992).

15) Takasu, A.: Probabilistic Interpage Analysis
for Article Extraction from Document Images,
Proc. IAPR International Conference on Pat-
tern Recognition, pp.932-935 (1998).

(00 1206020000)
(00 12090 28000)

goooooo ooooo

o0 0ooboooooboo

1984000000000001989
gooooooooooooooon
gooooooooooooooo
gbooooooooooooooo
gbooooooooooooooon
oboboooooooooboobooooooooobooo
gboboooooooooobooooooooooobooboo
ooACMOOOO

o0 ooooooon

19900 00000000001995
oooooooooooooooon
gooooooobooooooooo
goobooobz2o00000000
goooooooooooooon
oboooooboobooboooboooooooooo
OOO0OOOOOIEEEDACMOOOO



158 gooooooooooooobooo

o0 0ooboooooboo

1980 00000000001985
gooooooooooooooon
oooooooooocooooon
- . gbboodooooomseadnoon
e oooooooosrooonoono
1998 0000020000 0000000000000
gbooOoooooooOoboooooooooboOobobo
gooobooooooboooboooobobobo
ooboooooooo

oo gooooo

1981 00000000000D0
gooooooooooooooon
gooooooooooooobooon
oooooooooooooooon
gooooooooooooooon
goooooooooooooOooboooooooooo
gboooocoooooobooboooooooboooboooo
OO0OOUOOO0OOOIEEEDACMOOODO

Jan. 2001

oag O

1986 D0 00D0D0O0ODO0O0ODODO
1993 0000000000 PhDO
1996 00000000 O0ODODODO
goobobobooooobobooo
goobooooboooobooo
0000000000000 0O Association for Com-
putational LinguisticsO International Quantitative
Linguistic Association0 0000000000




