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Constructing a system for supporting researchers in history
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Summary: Our purpose is constructing a sys-
tem of supporting historians. In this paper, we
describe a method of constructing the system,
considering characteristics of historical materi-
als and examining how to support historians.
In this paper, we describe three points of im-

plementing the system. The first point is how
to extract historical materials in which histori-
ans are interested. The second point is how to
classify extracted materials. The third point is
how to display classified materials. We discuss
our methods of implementation and structures
of data. Finally, we evaluate the effectiveness
of our system by verifying the hypothesis which
were set up by a historian. The hypothesis is
concerned with the historical event ” Eejanaika”
that happened in 1867.
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Summary: A lot of relics are required to be

>~
—

efficiently managed. Managing them based on
the geographical information may bring us the
following advantages. First, the visual effect in
displaying the query results can easily be in-

creased. Second, the relic database may easily
be managed together with the other kinds of re-
main databases. We have constructed the relic
data retrieval system based on the geographical
information. This system can reveal the advan-
tages described above. However, it has several
problems, one of which is that data used is not
stored in a database. In this paper, we design
the database based on the geographical infor-
mation. We improve the relic data retrieval

system to use this database.

F——K: BT —FX—R, HBEER KR
FRAF A, GUI

Keywords: Relic Databases, Geographical In-
formation, Retrieval System, Graphical User
Interface
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Summary: Restructuring the semi-structured data on scientific database system for research of wooden slips, we
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Summary: In this paper, we describe an logical
analysis of structure of a short detective story and
extraction of logical relations among the sentences
of the story for its understanding.

First, we show the importance of emotion and
intention in non-technical texts and describe that
the computer processing and analysis by cognitive
science are interested as important issues.
Furthermore, we describe a logical model of mind
which includes processings of emotion and
intention as well as that of knowledge to conclude
that psychological states such as emotion and
intention are tractable objects by compters.

Second, we take a detective story as a typical
example text in which both emotion and logic
play important roles and analyze it to show a
logical structure including emotion. Based on this
analysis, we show relations between explicit
descriptions in a story and defaults knowledges
(common sense) which are necessary to understand
the story. Furthermore, we mention effects of
emotion on reasoning, and mention the logical
plots in relation to construction and amusing of
detective stories.
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Last, we describe results of experiments to
extract implicaiton and causality relaitons from a
short detective story in order to construct a logical
structure of it.
F—7— NG, RO CE, &,

:ﬁ:.:[_—;.j';

Bt B
Keywords: logical structure, non-technical text,

emotion, intention

1. BU®IC

INF T, EARCERLYEOKEFOHEF
VATAIDOWTOMNERCKRETIIBASHE
BO—BL LTEMTREINTELD, XF
EZ0EEMALEBOHEM Y AT LALHBRIHR
AT HIZONVTIE, WL OIDRfERIEH B
BEZRRECENTIEP Y E V) RIRTH S,
CoORELREME LT, BacER. B,
RIRRYICERE R E B 2 H o THB ) M
LBBIZNT WS L EZ HNTE A, ¥
ELRLIIOVTIE, ZORMBICEFERLEE
EREHRHCHE LEFSHD ., #5612
T 5 RAFER - EELER MR & B
ToTHo7zZ &, BRIER EOHEMMIEIC
EL B LELRVEDRABND Y, FHERL
HoOMzRELTE) BT ah oz
EBBH B, L, HE, RWEFERRMEE
DFEBIZLD | BIEVROWBEILFH REHR
ELTEsabh, TAREOHY DL
DI-DDOEHRW LV ATFLLE L THEINS
£y, ThEFERLEOM EICES

BTN OPEEINTWSI,

EEL1. BRIEBEOSMDPLED T, BIF
DWBETNE [BRBOMERIETIV] 2]
ELTHELOOH ), FEHMLEOFER
WD EBEE - d00H b, T7-. LD
BIBICET2ERE L VI, DMROBENE
EOHMBICOWVWTHRETLTE Y., HiRHER
NRIZDWT, REHBEEZER L TV 55,
SHIC, WMEBNKOHEELIIONWT, XD
BItR%E R FHD VEICED CHERREL.
BEREME L THLLDDH 508,

g3l AR yRYTA TAXRELT—

& NR—2 |

AEgETIE, £9°, RIFORE L RIEHIT
BRI EIC DOV TR, RIS, FEHAM
XEOFT, LBHRENTH ) »ORER
B BERMPKRE 22 EL 2N T
HHE LT, 20BE - B - B GO
RERBET DML, NHEORBIIE AT
LBEOIDH O, FHERIC X 2B
FHEIZOWTHRS,

2. BIF - BE - ERIOFRE L
7N

F4iZ, HERLBLE BV T, RIFED
G LREBEOREDETVEERKL, FD
WEEEYRL, BE - B BREEUHRA
BT HERBRIARE L/, 22Tk, £
DG Z DO N TR 5B,

2.1 RUBOREDEMEG EBEE
LT, MBELE] & [BLEOMRHE]
IZoWTEZ2 5, [BLE] OBESFGD—
HAEKIRT . (ML E] & EDRAESMtT
_neommm@mMﬁﬁkxbm&Lfm

UREH] MEL ] 0%tk

1) B EoidB8o L AMLEFEHV D D
(B o3y —WEHL) HLD) I
DWT, HOOFEZESEEZTWT,
f g 5 VIIHERRIR A & £ OFFEfE & D
BB ENAzL &, ZOFMOTIFIC
CEDINT A= HY ., izt TIT5
EEID, THICHBILMEL S0FET
5o

Q) TDNFTA—=FiF, ERELEZTWVS
BE (SCFLEER) EMBREICLD
HwEb, (0SSCF=1)

Q) EE -FEELZEIIOWTDSCFL#
A, FNORENTZITHECH LI EER
THhOLTH, ThIZkYy, HELZER
Bl Th, WELEDEZETHHIDIT
Bk LR EDOBAEERRTHILEHNT
&5,



19974£12H %3 M Y

7o, WL SOBHEE LT, i (A
oYy, BEEOL) . BH (WEHILHD
kB, JEHLT) . B BE~NOEE
R, EEOMROLE) | wik (HR%7%
T LT B) REHDH 5B,

2.2 R BE - BERORE
ST AV TWED [EohesnE) ]

2HELT BLE] ORELBHEORIC
DWTHRRE 72, ENDY AT (PT)
L LT, K(ﬂ%)\l(ﬁﬁ-ﬁi)%ﬁ
AL, EICSCFEPTZ2MML 7o<dvi,
SCF,PT>OFRD=2oMAKEE*H 5,
TA5E, BIZIERD & HERBRBIDIE Y 5

o

<L 72\ (P), SCFI1, I> , <T & 5(P), SCF2, K>

<L & 9 (), f(SCF1, SCF2), I>

Z I,

fid. SCF1:SCF2hoiER
LB EEDSCFEX IO LB TH B,
2.3 “BE=OHADRENKTE
BRE [BIELA]

[ZohenEd | BT AGEO=2MA
i,

LB E)BHEH,0.7,K>
<iBEEELAVL0,I>

L <k UV T € E £=2.0m,0.9, K>
C<BE) DEE=19m,0.98, K>
C<EE) D 7201.0,1>

LR EH U DI 5,09,K>
<R E) EHNS 09,K>
<KRE)EAI.0,1>

<R EERADICEKL0,K>

—“ mT oT"m-g oW

ERBAIN, BEEORBENKFRERIE, X
DD X H12keb, 72720, AW0T,K% I,

YERI A [ANXEEE F—

FNX—2 |

o, A <RZEH)HHEHWV0.TK>% EDOBE
FLTh b,

A0.7,K) B(1.0,1)

\ /

E(1.0,1)

C(09,K)  D(0.98,K)

N/

F(0.9, K)

/

G(09,K)  J(1.0,K)

N\ /

H(1.0,T) FIE(1.0)

M1 EOREMIKERR
M1licBwnwT, A, BIASEdENN,
C, DILFAEINFLLGHELIN, E
EGhOHYPEINS, HIZESWT, [k
U2 ] EWHFTEIZEITH, BRIZ] &
D, GEFET S, ZORKEE, GEEW
B THBHCE/E3DEBETSHL, SCF
*TFIFALEIESNED, SCFHELE
HLEV, ZITTHHOTIZEZ>TWV S B
I —D2DHRA, BORELLMLEBETS
Zt%E2, SCFOBEBWAZEET S,
b [HEE3H R = [HBEHET-
iz bPniwn] EWHREITELAICR S,

PLEIZ_7- & 912, NBEDORRE L RIBED
BN oW TR, HEREL - ENEZED
MERROBDOBERBEZERTHI LIZL
DEREM R RO TEEE 25,

. RO ERIEEE & 1B HEEY
B3R

FFFHEDE LTHEENERDEELRKXE
W, L2 b LB R HEH /NG
rHEBCED), FoREMEETRE L, mH
BELBEERNERLEOBBRLBELNICT 5,

WHEE L TWAHER/NGIE, FRE [»b
WWHEE | 610 [hbWwE) 98] T



1997412 H

HbH, TONGIE, HERNRMEOHANEIC
JOEE L TV B /NER O NICHEERDS, #x
FOVEX D SR ANGTEIO —5w%mY . FfED
BUgmEGI L, HEZECRAZHERL .
HEAHLET 20725 FT LThD, L
T, 3CHke] A5 051 () THD,
HHE/NH L BB T A543, Fogke
L him Rt E L, FNEWET ARA LE
ERBHG AN OMERE. BAE 7 EAF5HE O AR
BRREBENLRETTNVEEBETE L LD
Erb,

3.1 EBEOHE

WH/PNHOGREEEIIXES 121 D0
5 LI, MHOERDOFRRS HEED T,
BN ERERSREIGEVRITLZ EIC
o Ens, EhRGEICOHEINS,
CITW) s, BXEHEAL L, B
X =L LKD) %I Nt & D¥EE
HEEBTEDLL-LDTH B, B - EXE
WFHETICDE L, TARVICE BB T
VI RED,

TRV EEAT Y b EL -,
A0y h%&n : {En) (D

B IR BRI FEET 55 DNH
D, E2b0%FE2127-T, F/-. BRELR
HimBHED—HE X 3 IZRT,

F3m AT UIRIY T A [AREE F— 5 R— 2 |

FE]  HREFOTTEBLIADIIN
PRI E LTV, (0.7)

FE2  HmTHAPHEREFORIZYHRD
XA TV (1.0)

FE3 I EABRFIIEREFORE (v~)
TH5b. (1.0)

HEL EAETFZ- ) OB EERE T
BEFIIZL TV (1.0)

HES AR TLHTEE)ICELTWA
Bit, AR VI E—VAT Y

Tdh5b. (09)

R HBAERFOOSTHBITEANTH L.
(1.0)

M1 ARTFO/NIHEBTANATH S.
ANBRETFOB L S AIZBERE
Td5. (1.0)

Heem 2 L RGN (GRE) TH 5.

ABWRTEMEIRADOHES (KiXK)
Th5. (1.0)

- B E R

- I ) O ML B4

- RS

- RECBI LB ZORE

M2 BB OF R iRENEIR

HWHNGIP I, B L b REEED I,
FEDEBERT B OO FEH IR - F
B EddHs, Thbd, HFEOME
RREFICE D, PEEICHEMICEELTWS
ZEDE N,

B3 FEEhbimEEED—E
(BN OFEIZ FEARADSCEFDOHEENE)

3.2 wEmEEHTYS1EHR -

b

RIS, RSN A E EEROM
WMEBEERDIELTH, BRI TRUAL
WERHEEOE L L TR INTWE DI T
T\, L DBE, SBOEBLBEBICLS
WEPLETH S, EEVHEICHFL TV
5 HHIIREREDBUNE S MR T 54
HTHHLEZ S, 2F 0., WEEEDEH
FREYN TV EHT B L. FhEHTET
BEOMESBAERT A EICLY., FHEICH
BENTVIHBEBLILNTESL, 29
L TR ONTZABFEROFRE DM L ®E
BTHoIIE, HBICL > THELRTCH
BESHTH5,

G111 (5 1MRIE. NTORBREZS 7,
i, 2V TWB EB o7, IITOBEE,
ERSE CIED. TEEM. X% b0 rRir




1997412H %3 m ~B v

FTBITIT DX, 1EEDH) BLIF, 2 &
Db IIEEWL I EDPITFELEDS, EHE.
FENTBELZLLLTWS, OBz, fIT
[RAERERA) 24007, BHEEBIC X 2 8%T
rante) (48%)

LREDOFIXOFRERE L M IcEA S
B (F) 24IRT, 72720, £
ZENIC L o TG IR LB DML Eh 5
TRIOMER & (M BE/BRE) P8
tHanzZezRkbl, BRI EBOBES
ERT 572D THOFE P ER Sz 2 &
TRbYT,

<JEEDTEES

FEMARER) . 1EER0% &R

iFEs HFERLOLENES>

G EREEES

SENRER)  £IFENG LIS
>TREFBE 2L (T 5B

<FHEFBELL(TA>

EERMRKI-HIR)
FUERBL AL Ak B0 EHTES
~BEBRH(E )

ABHD B> CE S TR S E YA

BE . [FEEH) 43b9)

<GHb oW TWwa> GHE . [RELY] 2EbAL>

X4 61 DOELEDREHEE

RITA [ANIREE TF—F R—2 ]

T, LT L) 26l2E2 5,

[(F12] (LaL. HxExerxoimbbiricid
Whk\w, WEDHFET, FALI R LT
L, bIbRBHEME-TLE) S
Jo )

COXBXBET LH20I21F, BEEOAR
HOBEBENS SEH > TWALEND S,
ﬁVﬁoTw%#B’% FARIR [ F

RBEHIE-TLENLES), | LR
f%t@fbb CHIMEE D E T LT,
HoTwabok LTHEELTVT, AL
TWB G (B Thb, LidFoT, #
HNHROGREBEEXIER T A EICLD, &
DE)BREZEROTLIENTREL %25,
L2 L, $RTOFEBFHERORE L RN
WCHERFITonEbIF TRV, ZOFIXD
B ERICIIERERRR VDS, NEOBEEE
INEDLIDIFELTVSE, TDEH %
HEHELEHFET S,

3.3 RIFOEE

INREBBRD 72O DHHED LAt o b &
LT, BB ANWOBRIEL D D /IPDBS
AR KPLATEI S BAEEZFAEL, 72,
BAF L ATH R AR I EICEEY 5 2 Tnwh,
L7eioT, BRIBOREL ZOEBYHH1E
DELEDDH 5 mEEEIC L TBLLEND
b, BIE - BE - BENORHEETVIZ2.
THBRREY)TH 5,

APNFICBIT B EARIIEIBEOTZEIZLY
Bmo-HEE L TWD, K3 ITRLAHERE
ik, DHORERD S BIRANL BERIHEE
o2 DTHEHEH, BEL~5»5I1EH
S5ICRTEHLAVTY, HRLEROLDL
OB THLGEELMERTE S, FELH
b, BRI ETFOEMITVSHT, BRD
HHENNTHLUREEIEHV2S Lk,
ZLT, FAXTHBTMCH LTEZILT
TBY, BERATHMETES, ©LAZEDH
FFFLWEBoTWAEZ RS, [HEBT
NMEBETHLH] LV HELFH-THBY,



19974F12

Menk)ziEmeLTLE) EEILND,

(Y x XY ¥YKRAOAKRAYHIANB(x)HA
THNBRE(x,y) —
KiF(x,y)VEA(x,Y))

(V2 XV y )V 2)E (AL (y)A
Fig(x, YINFR(ZHIAT<(y,2)—~>

28X, 2))

VYV x)VY vV)YECOAKRAOAFH(y)A

PTnB(y,x) = 79%(x,y)

5 HEED—HE

Hesm 17 HERET O/ ONIERE T
HbH., NERETFOBL AR
HImTHTH 5. (0.9)

M2 HWITARFZEAIL (R&) T

HEH., NERE ZIIFRAOHE
& k&) THAH. (09

6 REEOZEIZLLHEM
(M D EE X T NS DSCFDHEEE)

4. RIBAEEDME

ARETIE, 3. TRRLHEBEL, 2
Y¥a—ZMEIZL ) BEIRICHIH T 5 T
rRE L, ERLABRIIOVWTHERS,

SEBHL OER SN L HRBMEEIX, X
DHE - EEBRICL o TEREHEINLZ LS
S\, BICHERRNSTIE, »H5ELMPERE
Lo TROEREF|EEIL, TALFDER
PROEZ LI EZRITERE - EROBRE
MMOEBELGESERICELLEWVWIEHE L -
TWb, ZORR - ¥FE - EESOHESE i
HL, REEEEHSHIZLTVL, 2D/
DIET, TE6IB7IZ0 L YRR - &5
2 ( TREMER] EER) 10H 230k %
HERMr O LETFEHIY) L2 25E2 R
DTV, RIZXHFDLH, ZOFHEH»DEE
2HEIEIERICE 2 RENBERICH L XD
WMHZTRoTwL, 22T, HEWHERFRE

B30 ARV YETY A [NLRFE 7= 5 <=2

. BEREFNICE > TE LU DR (BE)
EDRERIZITTIE R L, HIRATR»LHERIC
Lo THEDPN L. KA HEIPN SR
FLEHU,

4.1 EHARBEFRZERHLTFHE»Y
i

1 XXOHRT, RRMBEMRIEZL., OB
FHPY ERLEBELTCUTOLDEDH o7
(Do ZHITHBE) o [7-5] 3BhErE
TENDSMNIETERBFATH S, FH»D
EOHRTH, o & VHENEFRI DL S D

DEHWHEE L\ VL DHD B,

<E%EWR> <F#» 0 iE>

BER - #BH - 256D [0TE®))
<@®l

W, e - [Fas)) TEqo)

D NEFE

e, ke - [oiz@)) TnheE)

OBUIE:? @] TThl

B|EET. - [725604)]

RER

(B3] F#rVEELFHEOL

() LTHIREDZ LTI RS RWE
WIDT, FEHS7ZATT, )
(BEVWLoFETEFTIE, MehioT
(NBEBH, )
(BRICETIATERIEDo TV E TS,
MDO>%A o7 0TT, )

(RIS LTZED L) RFfflix LT,
RIIEEZERBS THRTAL ) LD T
Wiz, )

4.2 NENDORERBERERDLT
FHth VR

—XOHF TR, XEXEHT2ITTH
REBIFRAILYT B b DA D B,



1997412

4.2.1

BIE AW YHRT YL [AIREE 7~y R—2 ]

22 T [N R Y )

DREFOEBAFRROER LR LS ES

LbDELTHD (Do lWIZHBXE .

<E L EK>
NEH2

------

(Bl4] FHt 1 FE

<F#H» D iE>
(7559 [F#hTE)l

[+5&M] LT
[#5L75m) T22Tm)

[Z Lol .
[7Z5(n] Tu»L@E2))
Tezs2%6)] cdanl
[#hcidm)

(Fhea) 2RO

(BMiZ. bLAAANELZER, L L,
RESI OO, KBS LW
otk &FIL, FEECRBZIEEEZ

720 )

4.2.2

ERbhEICEL5bD

XHR[6] Ti, EICHREZ R, F0%IC
BEHR%Z®BRRD E W) /NHIFEORBIZL S
RBRORIANE K H o 72,

(BISyRsEA DRI
(RRF Tkl ol EAKETE VDR
2HThHb, )

4.3 FERVEFROHEH

DEOFHEH»NFEL VFIERICL 2HEN
BARIZH A LOMB L AR, FHEHMPDEE
TWI 7o, EEBITEIT- 72, \.Mi#
BEmADRS L-EREERBN S A 7 400
ZFRA L7,

[EERKER]
XHER (b WE D soN) OFEICEL 871X
-HEMEfR T KD T D211
SrEZICE B L2 12773
-FR S 3T T 663
-BAE 76%

BHERIC L 2 MM EROBERE. REMEBRIC
HAHXIX, ETHHETESLY, 9 ThWw
bMBLTLE ), R OERE LTKRE
ST TRDADDL DB -7,

i

(D) BOREERLTVUDE DD (EE.
B HEEDOHHETH ) D)

(B 7ThRIFREVT 2 VHEELZDIZ-)

[%1] HEWERICH 2 XOMEFEER

FHPY | BEERATOR T ADFE | L ] @ T“A@% SIER: BT
i PP NP i i e iﬁjé\$
X | X

B BFAGEALLER) § : : i
BJJEJJJ?"?IJ%ZK%HZ 183C ¢ 313 158.1% || 183C {243 1 75%
ByE R R EALRGT) : : : :

726 BI3(5 REHT) : : Il : :
BEMBRRERG REMHR) | 1430 200 ¢ 70% || 13C 1 183 i 833%
HER(TH 5 REHT) : : : :

v bR 70 | 93X | 75% | 703 | 87X i 804%

2 R EE B wmx i os3x ios3w | o3 iosax i 94%

DT BhENER(F A, s | 8% i100% || s i 8% i 100%

555 ) : : : :

5 b st b B El 513 | 563 i 91% “ SIX oS4 i 94%

DIz BB E (5 5 2 AE ) 3§43 o759 || 43 a3 | 100%

TRE | BB 3 oo 25 || 6 | 9% i e6.6%




19974£12H

Q) OB EEINT, MRV OICE
PRTVSE LD,
(FENRWEBS-0E, HEHITD,
EH U T VDb TH D, )
3) EEDOHEVRREROEREZ L2V O
(BEMERZ 572, BEEVWTT X, )
(FtoZamz 3o, )
@) WREEBITOFERIPEE > TVBE LD
GEFICAT— LB, )
L] PHSCERIA TS, KEKiT
B 2 DI EmBE LTS TLE ),

D)~@IFLLTFoRA* W TBIELITo 72,

) (1)) bREWEFROITE LTRYE -

) £ XD P TFHED ) EBEORICKRIE N
L HBER, BROLERILCDOTED
2\,
(B2 2@BH2ZL2 5, )

) F#HH» D EORICEE . BEA D S

Baid, IREDNEREZ KRB L TV BHDEH,

HEWEREZROLENTELVDOTED
2\,
LELEFETIETIEOVDZ, )

4.4

[~ #HRA & L THCWERRMBERDOIC
DO EITo 720

(B IE#EERKER]

R (BDWE D %) ORI 8713
-HEHREREERDLT X 12213
eI amB LT 1 2563C
Sthiling'd D353
- A 1 86%

DEoMEER L) 2RI EEERIZ LI >
oo &R XIMB LTS AMEE LT, ¥
w NX) T&] c&BAn, FHLPVED
HiEBHPRENEGEL Ly Q)DOERDS
KELHD, TRIEFERBOERIZTTRET
LI LHVHETH 5,

E3m R IRY YA [AXRFRETF—F =R

5. BbYIC

REETIE, PHRO LD RERE, 5E5%%
EUNEFORENFEARLED S DM, W&
CHETLHEE (MEBOEENLSE) | HE
ZOWSFICLY, EDLHIlREARS LD
R, 50, FEEVIERLAZOLI L
ST A VHERT L L STV ERER
LN DR DOBRIZ DOVWTEE L, T2,
INROHEEEY BENICHET 5720 DF
FEIZOWTHRET L., wmEBERE0 X — & %
LHFHPNEORERICL AMBERETo
THERIZOWT bR,

INSOMAB X OEZRHEMIL, FEEMT
EWMB L UONA =T F X Mbi EoHfF
TRV AT LOBE, SOICIIFERMLED
L DB T — 5 N — AL OEBERIN & &
bLEZ b,

Z2 @k

M FHEEE : afEEEA [BE] AzgrL
TWHERT TS T A, HEKFHRE, (1992).

(2] EH, R, MH, S | BN Ial—Yary
&7 =7 =21t BHFELSE 0B ASRITE
pp.60-61,(1993).

[3] M, Ti 5 : BIFICB T AREBOKRE, 2k
EKE1B KSR, pp.176-177, (1994).

[4) FEH, FO S | MEMBRILBRICBIT A RIEORE
LR ORI A H = X b DRE, BARE,
Vol.1, No.2, pp59-63, (1994).

(51 BEM, 3, #H, =iF, f 5 | BRIEORERR
EFN, BHRFELAEREREHLE,
pp-168-169, (1995).

[6] EEFEE - b\ Z ) s EEIE2A4

[hbwWonHEE| L1, £3EH, (1979).

[7] &M, #l, BB | EHEEE NHORERED
i, BARZaEEAS URIRERE,
pp.254-255, (1997).

[8] %L, W&, BEH : IMFHICBIT AHREBEEERD
LHORE - EEBBAOHE & o, B
FAESSHEERKRTHLEAI-07, (1997).

[91 Fill, Fi 5, B © BN ICBI) 5 EREHE
BT, FHSEREABRESNMIEES
KEFRICE, No.1530, (1996).

[10] IRAH KAt | BAFERERZBIT S AT 4
ChaSenVerl.0 f§ fl 3B &, 25 B CmBHFHAN
KEFEBEKE.



~

19974121 B AR VHRI YA [ATREL 5 — 5 <2 |

BRONY-VOHBLEDRA
- BRRRENNRCBEOARL2OM —

A Shape Analyzing Tool and Its Applications

— ldentitication and Classification of Actors Drawn in Ukiyoe Pictures —
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Abstract This paper presents a person identification and classification system of the actors
drawn in Ukiyoe pictures. The system is based on visual features of the face from the image database
files and is organized as a set of classifiers whose outputs are integrated after a normalization step.
Line profile from the picture has been extracted in this investigation and has been approximated by
Beézier curves. The effectiveness of our method has been confirmed through computer simulation.
The method developed here can be expanded to one of three dimensional shape analyzing tools.
Furthermore, we hope that it has many applications in the field of not only natural science but also
humanities.
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Keywords: Ukiyoe pictures, Person identification, Bézier curve, Curve fitting, Affine transformation
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1. Introduction

The identification of a person interacting with computers represents an important task for automatic
systems in the area of information retrieval, automatic banking, control of access to security areas and so
on. The need for a reliable identification of interacting with users is obvious. The possibility of integrating
multiple identification cues, such as password, identification card, voice, face, fingerprints and so on, will
in principle enhance the security of a system to be used by a selected set of people. Person identification
through face recognition is the most familiar among the possible identification strategies. Several
automatic or semi-automatic systems were realized in the early seventies. Different techniques were
proposed, ranging from the geometric description of salient facial features to the expansion of a digitized

image of the face on appropriate basis of images[1].

The objective of this research work is to develop an identification and classification system of Ukiyoe
actors[2] based on visual face features. The strategy for the identification system approaches the
comparison of the selected regions of the face. A set of regions, respectively encompassing the eyes and
nose of the actors to be identified are being approximated by Bézier curves and the locations of the
control points of these Bézier curves are computed[3]. The locations of the control points are compared
with the corresponding locations of the control points stored in the database file for each reference actor.

Ukiyoe actors are being classified as fat, moderate or slim depending on the operator sigma as the
ratio of the area of the face outline to the: length of the outline, i.e., o= S//, where S is the area of the face
outline and / is the length of the outline.

2. System Description
In order to be able to recognize faces by computers, face images are analyzed and then normalized,
that is, are transformed to some invariant representation to size and direction. The fundamental steps

employed for the face recognition process are shown in Fig. 1.

Approximating by

Original| |Segmented Face Freehand Bézier Curve Matching of Computation
— — —p P
Picture | |Pixels (160x160)| |Drawing |

(by Using Finding Control

Control Points of Similarity

Mouse) Points

Fig. 1 Schematic diagram of the face identification system.

(1) Acquisition of Data

Acquisition of a number of Ukiyoe actors faces are done by using a scanner (Canon canoScan 600), as
shown in Fig. 2. In this investigation, Ukiyoe portrait has been employed for image database in TIFF file
mode. The TIFF file mode has been chosen because of its suitability for a wide range of applications and
its independence of computer's architecture, operating system, graphics hardware and so on. It is
reasonably compéct and handles black-and-white, grayscale, and color images well, allowing the user to
adjust for the unique characteristics of a scanner, monitor, or printer.

The whole images are being scanned and only the face parts are being taken out. During scanning
operation, standardization and geometrical normalization (size and direction) of the images have been
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performed. Faces are stored in 10x7.5 cm size and during analysis these are being made as 160x160 pixel
resolution, as shown in Fig. 3.
(2) Line Profiles

Line profiles of the nose and eyes are extracted from the pictures by using free hand drawing (by
tracing the face outlines using mouse), as shown in Fig. 4, and approximated with Bézier curve, as shown
in Fig. 5.
(3) Control Points

The control points of the Bézier curves are being computed and are stored in the respective data files.
(4) Preprocessing for Matching

This is for comparison of the location of the control points with the images stored in the database. In
order to compare the image of an Ukiyoe actor with those stored in the database, different parts of the face,
such as nose and eyes are drawn by freehand (traced by mouse) as binarized image. These images are then

translated, scaled, and rotated so that the co-ordinates of a set of reference points take corresponding

standard values.

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7

No. 7

§ i
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Fig. 4 Face outlines as traced by using mouse.
Top portion of Left eyes Noses Top portion of right eyes
S, ZL d {f ol e
No.! No.2 No. 3 0. No.2 No. 3 No.1 No.2 No. 3

Fig. 5 Face outlines of different actors are compared by control points of approximating Bézier curves
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3. Approximation Algorithm by Bézier Curve and Curve Fitting
A Bézier curve Q(¢) of degree n can be defined in terms of a set of control points P; (i=0,1,2,..,n) and

is given by[4]:
o(t) = X BB, (1) M

where each term in the sum is the product of a blending function B,.(¢) and a control point P.. The B, ()

are called Bernstein polynomials and are defined by:
n i n—i
B(t) = Ci t (1-1) (2)

We can evaluate a Bézier curve in terms of its important properties: movement of the control points
around influences the shape of the curve. The curve does pass through the two endpoints (P, and P,) and
is tangent at the endpoints to the corresponding edge of the polygon of the control points[S]. In order to
find the control points of the third order Bézier curve, we applied a two stage (slope following and
learning) algorithm[6].

Ist Stage:

This stage is dedicated for finding the approximate location of the control points. So at this stage, the
2nd and 3rd control points of the Bézier curve are assumed to be located on the tangent lines made at the
end points of the curve. Therefore, the 2nd and 3rd control points are moved along this line and the
location of the %th and (n-?‘)th points obatined from the curve are compared with their corresponding
points generated from the newly assumed control points. The reason behind this choice is two folds: (i)
Since this is an approximation stage, so comparison of the —g"th and (n- "51‘ )th points with their
corresponding points, instead of all the points with their corresponding points, obviously reduces a large
amount of computational cost, and (ii) It has been found from observation that the more complex the
shape of the curve or the less the number of points obtained from the given curve the better is the choice
of the comparison points near the ending points. The choice of the comparison points just near the end
points, however, boils down to another problem of finding the exact location of the control points. The
algorithm for this approximation stage is given below.

[Step 1] Compute average tangent for both end points. Starting from the end points, move the 2nd and 3rd

control points along the tangent line.
|Step 2] Compute error for the % th and (n-%)th points. If error is large enough, then goto Step 1, else

goto the end of the 1st stage.

2nd Stage:

This stage is dedicated for the exact location of the control points. In this stage, first the control points
P,and P, are changed alternatively by a large step and the error, that is, difference between the points
obtained from the given curve and their corresponding points generated from the newly found control
points are computed. As the contribution of the assumed control points in the error calculation reduces,
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the step size is made smaller. This process is continued until the error becomes less than 0.00001
(minimum permissible error).
|Step 1] Initialization: Count=0 (Learning time),
4,=0,~1 (Variable displacement for the movement of the 2nd and 3rd control points),
MAX=50 (Maximum Learning time),
€=0.000001 (Minimum permissible error or difference between the corresponding points)
|Step 2] Count++;
if E(x+8,, y) is minimum, then goto Step 3
if E(x-6,, y) is minimum, then goto Step 3
if E(x, y+4,) is minimum, then goto Step 4
if E(x, y-&,) is minimum, then goto Step 4
if E(x, ¥) is minimum, then §,=*6;, §;=*5,, goto Step 2
[Step 3] Searching minimum error for x-direction
While (E(x+6, )<E(x,y)) {Count ++, x=x+5,}
While (E(x-4;, y)<E(x,y)) {Count ++, x=x-J,}
if (count>MAX || E(x,y)<¢), then goto the end of the 2nd stage
else goto Step 2
{Step 4] Searching minimum error for y-direction
While (E(x, y+6,)<E(x,y)) {Count++, y=y+4,}
While (E(x, y-6,)<E(x,y)) {Count++, y=y-3,}
if(count>MAX || E(x,y)<€), then goto the end of the 2nd stage
else goto Step 2

The data points obtained from the different curves of the face outline (nose and eyes) of the Ukiyoe
actors are being fitted with piecewise geometrically continuous cubic Bézier curves. For curve fitting our
particular interest is in the problem of converting bit-mapped images into its outlined representations[7].
In this case one piece of cubic Bézier curve is approximated to fit the complete outline.

4. Affine Transformation

The Affine transformation is the core of all geometric manipulations. It allows concise expression of
the graphics transformations, such as, scaling, translation, and rotation needed to be performed on objects.
The Affine transformation compensates for various viewing conditions.

Scaling is the process of expanding or compressing the dimensions of an object[8]. Points can be

scaled by s, along the x axis and by s, along the y axis into new points by the multiplications:
x'=s x, y' = sy 3)

In 3x3 matrix form, this can be written as[9]:

x' S0 0 x
y =10 s, 0y 4
1 0 o0 1|1
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In translation, an object is displaced a given distance and direction from its original position. Points in
the (x,y) plane can be translated to new positions by adding translation amounts to the coordinated of the
points. For each point P(x,y) to be moved by ¢ units parallel to the x axis and #, units parallel to the y axis
to the new point P(x,y), we can write:

x'=x+1, y'=y+ty (5)

In the 3x3 matrix form, this can be written as:

. T -
x' 10 ¢ |lx
yol=10 1 1, |y (6)
1 0 0 1 1

In rotation, the object is rotated 0 about the origin. Points can be rotated through an angle 6 about the
origin given by:

!

x' = xcosB — pysin0, y' =xsinf + ycosO 7

In the 3x3 matrix form, this can be written as:

x' cosO -sin6 01l x
y'|=|sin6 cos® 0ly (8)
L 0 0 11

5. Development of the Database Management System (DBM)

A computerized database management system has been developed for the expected Ukiyoe actors.
This menu driven software has been developed with control over the storage, retrieval and statistical
analysis of data and information. The database has been furnished with 42 fields such as, name of the
actor, photograph, control points -of the left top eye, left bottom eye, right top eye, right bottom eye and
nose. Once the actor information has been stored using the DBM , all or any part of it can be retrieved and
manipulated by the system with the given options: add new records, edit a record, delete a record, search a
record[10].

6. Experimental Results for Similarity

For the identification of different Ukiyoe actors, their face outline (nose and eyes) are approximated
by Bézier curves and the control points are matched part by part basis and as a whole. The result of
computation of similarity between different actors as a whole and part by part basis are shown in Table 1
and Table 2, respectively.
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If the threshold value is chosen as 180 for Table 1, then we can declare that persons 1, 2 and 3 are the

same and persons 6 and 7 are the same and all other persons are different. Again, by choosing the

threshold value of 24 for Table 2(a), we can declare that the nose of persons 1, 2 and 3 are similar and that

of persons 6 and 7 are similar, whereas the nose of all other persons are different. For the eye information,
as shown in Table 2(b), 2(c), 2(d) and 2(e), although person 2 is similar to that of persons 1 and 3,
butnevertheless yield some dissimilar results. Since the photograph of person 2 is right sided (all other

persons are being left sided), so similar number of data points are being compared first and then his left

eye is being compared with the right eye and right eye is being compared with the left eye of different

Table 1 Similarity of different actors as a whole.
Person 1 2 3 4 5 6 7
1 0 143 108 636 558 307 326
2 143 0 156 657 523 326 331
3 108 156 0 693 577 338 348
4 636 657 693 0 210 287 291
5 558 523 577 210 0 236 227
6 307 326 338 287 236 0 126
7 326 331 348 291 227 126 0
Table 2(a) Similarity of different actors as their nose information.
Person 1 2 3 4 5 6 7
| 0 21.3 23.7 33.6 46.7 34.8 37.5
2 21.3 0 23.5 30.5 46.8 27.5 313
3 23.7 23.5 0 30.5 46.3 304 32.8
4 33.6 30.5 30.5 0 72.0 1114 122.3
5 46.7 46.8 46.3 72.0 0 192.6 186.7
6 34.8 27.5 30.4 1114 192.6 0 22.7
7 37.5 31.3 32.8 122.3 186.7 22.7 0
Table 2(b) Similarity of different actors as top portion of the left eye.
1 2 3 4 5 6 7
| 0 8.0 | 19.8 15.1 34.3 66.4 48.6 49.3
2] 80 ] 1938 0 93 1227 |30.1] 362 | 583 | 73.8 [ 40.2 | 56.4 | 41.7 | 53.2
3 15.1 93 | 227 0 35.2 61.4 50.3 52.8
4 34.3 30.1 | 36.2 352 0 50.6 40.7 43.7
5 66.4 583 | 73.8 61.4 50.6 0 26.1 27.9
6 48.6 40.2 | 56.4 50.3 40.7 26.1 0 7.8
7 49.3 41.7 ] 53.2 52.8 43.7 27.9 7.8 0
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Table 2(¢) Similarity of different actors as top portion of the right eye.

oA [AXREE 7= 5 % |

1 2 3 4 5 6 7
4.5 | 9.6 5.2 14.8 8.7 12.6 12.9
21 45 ] 9.6 0 4.4 83 | 125(162] 76 [ 113 |105 (167 | 113|178
3 52 44 | 83 0 14.7 9.1 12.3 13.1
4 14.8 12.5 | 16.2 14.7 0 14.0 20.7 22.1
5 8.7 7.6 | 11.3 9.1 14.0 0 17.8 18.3
6 12.6 10.5 | 16.7 12.3 20.7 17.8 0 5.3
7 12.9 113 | 17.8 13.1 22.1 18.3 5.3 0
Table 2(d) Similarity of different actors as bottom portion of the left eye.
1 2 3 4 5 6 7
1 53 | 85 7.3 12.6 22.7 24.3 26.1
2| 53 ] 85 0 6.1 l 105 | 98 | 148 { 153 [26.5 |20.7 | 36.5 | 22.8 | 35.3
3 7.3 6.1 | 10.5 0 12.3 20.8 24.7 25.8
4 12.6 9.8 | 14.8 12.3 0 13.6 19.8 20.7
5 22.7 153 | 26.5 20.8 13.6 0 27.5 25.3
6 14.3 20.7 | 36.5 24.7 19.8 27.5 0 6.7
7 26.1 22.8 | 35.3 25.8 20.7 25.3 6.7 0
Table 2(e) Similarity of different actors as bottom portion of the right eye.
1 2 3 4 5 6 7
2.3 | 6.3 3.9 13.2 8.9 12.3 13.1
21 23 | 63 0 2.1 | 53| 87 154 | 7.5 J 10.3 | 10.7 14.3 114 13.9
3 3.9 2.1 5.3 0 12.9 8.6 12.1 12.9
4 13.2 8.7 | 154 12.9 0 8.3 14.8 15.3
5 8.9 7.5 | 10.3 8.6 8.3 0 8.9 9.3
6 12.3 10.7 | 14.3 12.1 14.8 8.9 0 3.4
7 13.1 114 | 13.9 12.9 15.3 9.3 3.4 0
Table 3 Computation of similarity between different actors.
Person S / o=5/! did; Comments
1 14534 28498 0.51 di<d, Moderate Left-sided
2 11089 22630 0.49 di>d, Moderate Right-sided
3 12973 25973 0.50 di<d, Moderate Left-sided
4 9736 36059 0.27 di<d, Slim Left-sided
S 13065 23807 0.57 di<d; Fat Left-sided
6 13570 25603 0.53 di<d; Moderate Left-sided
7 13631 26213 0.52 d;<d, Moderate Left-sided
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persons respectively. These results demonstrate that eyes of persons 1, 2 and 3 are similar and those of

persons 6 and 7 are similar.

7. Experimental Results for Classification of Different Actors

Actors are being classified as fat, moderate and slim, according to the ratio of their face areas to the
length of the face outlines. Their facing is being obtained by computing the difference between the
location of the 2nd control point of the nose to the 1st control point of the left eye (d;) and the 1st control
point of the right eye (d). The result of computation of similarity, which is defined as the summation of
the distance of the corresponding control points measured after Affine transformation between different
actors, as their face outline is shown in Table 3. Persons are being classified depending on the threshold
value of 0.53 for fat and 0.47 for slim.

8. Conclusion

The human face is an elastic object. So changing in facial expressions may change the position of the
control points, reflecting the elasticity of the face and relative independence of its parts. So recognition of
human faces is a problem that appears time. '

In this investigation, Ukiyoe pictures has been analyzed, searched and classified. Detection of
individual features of the actors such as eyes, nose and head outline have also been performed and the face
models are being defined by the relative position of the features and their size. We have justified the
system on a face image database of seven Ukiyoe actors with a success rate of 100%. Experimental results
demonstrate that our system is reliable and no special tuning is required if the face occupies the same type
of impression of the image.

In this investigation, the third order Bézier curve has been used to identify the face outlines. The
adoption of Bézier curves has reduced the computational cost, as only four control points are sufficient to
express one curve. But this type of image recognition may also be developed by using B-spline curves,
Fourier descriptor or contour lines. For the classification of the Ukiyoe actors, we used o=S/l as a
characteristic operator and chosen some threshold value of 0.53 or above to be the fat and 0.47 or less to
be the slim person. But development of region features may also be employed for this purpose. So our
next approach is the automatic identification of human faces using these above mentioned features.
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Abstract

tools are introduced here. Such tools have

Three dimensional shape input

been expensive, but now some new products
are anounced at low price. It is expected that
these tools will become useful tools for
humanities. Then three dimensional shape
analyzing become popular and possible. Let’s
try to use these interesting and powerful tools

which have maybe infinite possibility.

F—U—F : SRR ATI, TEAREEHT, EB
BB, TAVINARAS, RER&TR

Keywords: Three Dimensional Input of Shape,
Shape Analysis, Picture
Digital Camera, Fight&Health
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