FIREL MR 132— 1
(2003. 3. 13)

NRAVT Ry bV —=0 T —J 2 LBF = u@ERAZALET Y

f+E Al REE it R et Zm o AR Ot
T BERBRREREREOR - A7 «THER T 252-8520 #2431 BEERATHERE 5322
t BIEREB NS SFC BIEFT

E-mail: t{soh,ueno,tozaki,souhei,furukawa}@sfc.keio.ac.jp

HOEL FxuEBAXML, Lo CEBEND, HERROBESNE—EOEBERT IEATHY, ik
HMO—ETHD. FRNEBOBMNL, EE, BY, BHEOAF—VYRVOAIARB ESEBZLThHS. ik
OFEL, TABERETHY, BEEEZR, TuAR—Y 7 LA VY —BEE A% T T D5 Bk
WETHD. ARROBENE, HEEETT ML, TORBRMEEF LTI L THD, KA CIIEICERNS
FxaEBERXFNAD—DE LT, LESHRSOELEMERZRY BT, Z0EFMMEICRS T vy h T —2 %8
WARZEERF L., 2T, FOEKEEZELINCTS.

F—O—F EiEE, BEm, AFLEFILY, RAPT Ry U, HEER, Fxuo

Skill Modeling in Cello performance by Bayesian Networks

Soh IGARASHI!, Ken UENO™, Tomonobu OZAKI', Souhei MORITA!, and Koichi
FURUKAWA!

1 Graduate School of Media and Governance, Keio University 5322 Endo, Fujisawa, Kanagawa
252-8520, JAPAN
11 Keio Research Institute at SFC
E-mail: t{soh,ueno,tozaki,souhei furukawa}@sfc.keio.ac.jp

Abstract In this paper, we discuss the problem of modeling human skill in Bayesian network. The purpose of
skill modeling is to use the model to improve performances in such activities as playing instruments, dancing, and
playing various kinds of sports. The difficulty of human skill analysis comes from its tacitness: even professional
violinists or cellists do not know how they are playing. This paper defines a basic framework of the research by
proposing possible representations and structures of the Bayesian networks for human skill, and by defining the
purpose of model usage. We furthermore discuss how to assign conditional probability tables in each node of the
proposed Bayesian networks by accumulating observational data by a motion capturing system as well as by a sur-
face electromyogram. We also discuss how to compare professional players with amateurs using Bayesian network
representations.

Key words tacit knowledge, skill modeling, Bayesian netowrks, music, performance, cello

EBEIACHTHS. FiLblL, BROWE, ¥ o2, FHEO
ZR—=IRETHY, FRALBEFICTWY LT % &K maE
3+ BEEOHETHS.

1. F LIz
b A A RET ST, SEOBMICHT BRE

fafiEmiz & EFEBY, BBOEE, FrX, AR-YRE,
ZIR DT 2 HREDORROBICLIECEEIND. ZhT,
YOS LR TE I LIzLY, BohThD. EFOEE
BEATETIZIRIE, b R BSOEMICE S ELEERET D
A RbHRERENL, BLokBETHS. BIIRAB,
AR, Lin Ll s, LoEEREMECRD L, TO

BB BT D7 00iE, ELOBBESLETRIR Th
B, BEBEOUCE DL, FEOBFESMLNL TS, K
AR, WRRY =L, a7 A7—=Li i, FOFETH
L. IOX O REEEL, BBSERNE, BREFMORR
By7a B Y ik & «"I')'Cb‘éilf FYVORERFICED L,
THGH | Zed8iElT, BEHLE L BIT, HDVIE, FHiRicZ-TEAR

._‘1__



4. BEESTARE, oI TRTE, LERLY LICEX
BTN, EAEETIE, IAREESRTND
Fr o OBEEOHTE, ThECFzo 000 LT, ¥
BORBEEOFLIED L IITEZDLOBREETHo7,
Victor Sazer ¥, F=u® b b HEKOLEICEHFET, j‘il’ﬁ](fiIE
Wb RTHABECIKAD LI LEFRRY, LERLTY
7 [24]. E£72, BT = 0 R EEORER T ORI ONT
BAFBRELTELTDHEVIRE=— I REREZ LD,
Tk, BREROERANOBABVERICFEOTHDHLEE
FTERTEDTHASD
%%Hm%?»k,%évﬁ%%mm,:@iﬁ&,ﬁ&%
1B LIRS U URH RN BRI S B R T
ThDH. WBEIC Lo TGS DHER, FRAOEHEIC
LoTHLMCESANIE, #HB AT v/ OB Bk
20, o, EEEFZ LS THEBHOV D LERDTHS ).
FHEBOET AL, RO LIEEREEORAE, W2PRD
N5, ZOFE—, EREEEO7 S e —F (1], [11],[16], [17]
T, FhUL, SEVEHEZWEICTHEREIEL, FERIC
SWTERRZ YT, BRICK Y ZORBERAETIFETHD.
i, EBALE, SAFYUCOBKICELT, BEELT
DEOFDENT 2SI L, BEEE, SOMEICL>TESR
BRELERLRNIE, BLUEZIRTHICHESR O L NS
DEEPKENT L BRI (28]

UL, BBEBLUHILEONRT F 2 Y ADT —F b
Fe B A =2 T OFEMTE VT, BE LD EOECEY
BT AEETHS. Held, THET, FzudEFICD
W, WEA[21] RRMRET 07 IS 9 EHVT, Z
b OERMM T BEFEETT o T & 72 (8], [13], [31], [32].

AEFFNE, T ECOWEDT T u—F COEEELFHT
BrErREMELTWS, IhETR I LOE_O7 n—
FIzX 0, FTEF =0 OESEEOSTEED TET. T OIR
BCEEE L OLEOBROERIT 2 2 LKL, TOR
e — ISR E R LTy, ZoERFERE LT,
R L L EOBOICEGROEDLbI R RE CEEL T
BEEZOND—FT, BEOELITARIHERNICEEL,
MBI IERTERVERDLT oD, —RICABOHE
RHEFIIECEHBERZEORTHL I LAMONTERY, A%
AOBENE UTOSEBEIIFRERP OMRMLRBZ L LT
BHESAD LWV OSBRSS, E-HEOEESIIMAICEE
LThY, iR EBRRESsTFETS. dboztn
5, HEFRBLIUOEEROET YT Y=L ELT, (Y
TRy hT—27[30] EARBEICEBTIEENHHLEZD.

T, BEOBRBERIRFEHHVIEIMBE LB EER
THDHIERIND. BEEZRRBOOEBEERD L, &
ROEREOICFECELEN L, EESERTIEFEEER
35, TR BOIAHET, BV THIBY ICFe. FK
W EDEER, BETORFAOREFHEEL, VY ARITO
EREED, L EERBRETCORRBCHYETEEALN
5. ThbOTFu Y=, BROMIICELeraTeT v
(HMM) [20] A DT > F o b U =2 2AVBEZ Eh b, ¥

%@%mﬁﬁﬁﬂbf%@%m$&%ﬁmfé‘kmﬁﬁ&%
FE LTV [3],[4], [12]). &9 EEICHE, BEOBE, &
#?ym’ofﬁﬁiﬁﬂbﬂ%§§¢ém,%ﬁm%é_
REOQBERICHE > THDE Y ONBELEIN LRETD.

—F, BELEBORFZLOMESCLAEE T ETHS.
REOBROITE, FEP Ry NU—I D —FIZ@EPNDD,
EEA b B VITHBORE, ZOXRICHIGT S HOIEH
TV, SoZ kiR, HIM A P77 vy b 7—2 T
DEF EOBIC, BEE EOL SRR TRERPIED-T
KB, Ff, FFMECIoTAERITI>OmL, BERRET
BHaH. BRFEOBE, FOHMITITIICL S RHEARTHLRN
HEEDBHE, THEIBEICISRD DT T,

AERITH, TROHOMERUTOL O ICERERY L, #
BELTCHERD. 2HTIRET MEOBIE, 3MTIERED
BRSNS EREATS. AHTRRAPTURXy b7 —
EBEFARICHOVWTH LS. 5 BT, BRET —&0RHE
REEDIEIZOWTH LS. 6HITHE, ELHE5KOR
MEHZ5.

2. EFNEDEM

RO ET LD A OIE, SEMEORMK[14],29], HDHWV
(5] 21T 5 B TR, TOAR, HMM I & 53R
R KX ARD. XOEMIL, HHKEETELREED
WEEFLLPLEDThEFCCHBEL, TOMEZH LR
KB ThD. HHOIE, BEEOBERFOHEET IV
b, Bl s R T THOERET AV ERRELT, ATV
FOEREBEETDZOILENZY. EOEDICE, XAUT
iy b U— 7 OBEMEIRYEE AT IRL . £
=5 LEOMEY EET 0L, BT VB OERE, B
FOEFAMOEOHEEAERER EELH L 2T 0O HERE L
BLTD.

F v f o VI L ABBRAOET LG FEIZ, 1T
#0 7 vi—>k | (behavioral cloning) [22] 2381 5L T D73,
FOF—Fy MIBREOTEBEELNS J - T 0T T LD
ERTHD. FHIE, L—AOBRTELRS. L, TOL—
AREE Ao Ry OBES vy T AL LTRARERNIT
FRCTBLEMI o Ry NRARBETEL I LITRD. ERIC
3, BEEOTEI S — L BRI EE T VOBEERT ).

KIFEEOB OO —D, TOLHIRERETFVE, TITE
BLTWARA VT Ry ML DBREFLVERELT, E
MHRET L REET L L ThA[6),[7),[18]. EMEET A,
B R T LOEEMREETET2E7 4 THY, BT
AT ANOBREREOYENEREBRICESNT, Z0EL
OFHER Y = BERT D, —F, SAVT xR U—Y
WNEBT ZREEHEESHIL, ©T L6 ENRRBERICESS
BIET AR D DO TIRARVS, b FOREO L 5 RYERD
AHREZRMOTSIL, PEOERERMEEL LTLHERTE D,
Z O E RRCET T 3 FRE BiE L2V,



3. EFIEORE

— I F = HEEOEHDORAFNLEE T, I EI
Br BRI EEND. SEELE, FE2oh]ITmboLRRe
PRBOELEBECER TS, 2OBEE, LARHRS0ER
LEMER T o= o MBI BT 2D CERNZ2EMTH B & [FEF
12, B L OLLEORTOXF L LA OBEOBIEIZR N
LDIRTTHDHLEEZLNDZPLTHD. FHxDLUFMOBED
R, BOELBEOE, B#EICBWCEE, N, FEOIE
TERENOBEEHAELOE— 7 HHBT 0L, Hi
FECRXEOXHIRBENRRALARNEN D I EN I -7 [33].
BHEICR N D ZOBESRBREIEL, LeorRToRL
BERERT L OOBERAEFLO—DLEZILND. £
THxE, SORLECLBTZZ0L I 2EHmEcCORERL
Y— T OBBESRALA ST v Ry T =LA TETMET B
ZEERBD. FLTLARLPRR LBERERTE TWE A
BinkWwols, RMEELPLEORMTOAFLOE NE, <1
DT Fy R OBEOENE LTERTAIL2HEL
95,

4. RASTURYFIT—HIZ&BEFILE

RAVT Ry b U= T8 D HEMOET MALORBRE B
DBWITE, Ry N T2 D% ) —FIZEO L) hFEE%EiE
TV ODERD, &5/ —FHOBERFREZIRD D LE
BoHsd. £, F/—FOFHRERORFELRET DLE
Nhd. ZIZTH, TOPT, fIZHICOVWTHES. ®B%
WD ETHBEL LD, J—FICEPNIEROBH ST
H5. REEBHREEMETI80T, ThoEMELREOAT
FRTHZLELEIONS. L LEDOBE, HEFITHROER
EFROBERE LR LT, /R ELTERLOEROEE R
WEERRODS Ly, SLEOBELL, Heik10]ick
WTC, FBERARA DT ORI T =D LETILEBRATT
DRYR TG LS EDOTODFy MU I BERRE L.
IHOHEMBICHAT AL, UTOLDICRs. EFEPMS
HBICEDIHBHRONTFHRELGBERBEO VT I L TRET
BLbETh BEBRIATTURy NI —I T, &%/
NIZ7 h AR EPI, HEERICN-TBELTESL DT
L, BEFAVBBAA T Ry U2, K- FIUTS
NOEERBEL I LIZLY, HIBAICBT A HERORE (€
F) BREL, TORESEREICH > TBETD L0 0%
EEED.

LEHR &L, FRCER U Loz B R UBWEIC HE 2
RENERBTH0IC, EFPRIRA TSP UoREFT—I8
FUBBARMRA T ORI b T— LR ODET Vi
FlCRETS. ChHEiTHFEOBRTEAE, HERR
NRADT U Ry b T B LML LI b D EE XD T L
T&DH. ZODHLWREETT LVOGAE, Fafhoiy b
U— 7 REER, #H#F (kinematics, ¥ RvF 47 RX) BLY
EEA% (kinetics, FH3TF 47 2) OERALH>TVDHILIC
3%, BEFE LI OEEIFE, TESSTICBIT SEER

FEAFCTHY, MEMTILERICH D [27]. AL, E
BRI bEIEEC L0 EST oS LT A0 L, B
HERZOGEOFERTHDEZADHELERONE LT D
MFTCHDEE I LNTED. BREEAFIANDET VL&
WOBBIRDIARIZE S LTEZ KR, E<KRONDIEER
ML LT, REEOEEDILEOESED, —RLZEIA
FTRIEEAR FOBWZRNE VI ZERETORS. 2l
Do, BRELTOEBCIIREAENERBRDOLND.
ZOLSRBEEOBBL LT, BUBHERV D0t
FHOMAEDHICLoTERREINI DLV IZLEBTBZLND.
DED, PLEE, RT EEBEELFELCL S REEER LT
VT, FREERATHIGHHOBREZE>TWAETDIZ, EF
SERTERVWEWVWIZETHD. ZOLIRBEERSIT-D
Wik, EEERREIET — 2 S 0II o, ZORBN-E
Fofxd b EE LULERIENRFIERAEENRS.
HKaeDBRET B ODRL T Ry b U—24%, koL
ARBELIFHRELILTT L2 THBEY . UTTIE, *
NENOHTRXOFEHBIZOVTIRED.

4.1 EREHRA T Ry bT—0

EEEARA DT Ry N U= 2%, WEEOBMERLRTT
DEFNTHDEFIZENTED, FGR~BY, SH4%
WKEBT2ORBORLOELNE, ThbLIEEDSOR
LEICBWTRAT S, BrbFEICW2AosBHET
O, AERIE—IDEBEBOEETSHD. TOBBERETS
T B, EESENSA DT Ry b T— s OBRETCHB.
BEEIILBEISEA RS DT Ry b T =7 D% S —F I,
H, I, FEREOLEOEBEER, HOREALIIBVWTAE
BleOE— 7 Z A F-DEPEND QEDHEREEIE D BT
Hid, TLEEAHE LT, BRI FEOLERRLE L
BEOEBFSA DT v Ry N7 2R 1ICRT. FREE
M, (D) EEREEHEZEE L TR D VIAMIlIcEES S5
(FISHHE), (2) BEZ A BiF 5 (BAREE), L0 3) ik
W EY D (OME) @3 o0 BMEERR-TCWD. E0kd, FHE
HOWREBERAT L0, Xy hU—2oPTh 3 BHEICK
5320/ —-FERETS. —F, Fxf s34
(BHHRE) &0 5 1 BHELNERARVERTH 210, $ik
TH/—FiE—2Thsd. M1IZBOTiE, t1 bty TTO
4 DODRRAEEFEZD. I TREAREE ¢, BAREI
IUPBEEET LV IE I RLOTIERL, BREARUV D
FHITHHEEZTELIZAR. HORERICET 2BMAE
OIREEIL, ZTOROFAOBESMAEOREBIIEELEZDLE
Zbhb. Fv b U—Z P TCORBEIZE T &BESAERED
KEHF@MDY 7k, FOLIREFEREEEL D, £L

(FE1) : KR LTRET MM ALNSNA DT Ry DU —T 0k, BT
DHEEOERIC R 2 5L O TRV, 2ERLEABE CEREAT LTS
FATEES — 5 Dbk, SORETHIORIMEERD D2 LI TERPLT
Bh. BBRTHEIC, TIHLELALOE, NEMGBOELOATHD. L
PLICE X, (FTT D8O (on 7 off 23, D& H%) FEBNBIEHT CE
5. EFEOEIRT b0, FRLOEHERVE, WHhIEELGAEERT
HBEEOHEZING, FATEEAFLVITELABILELE



T, #EHAEMO— 7 OBEBIY, HOREE L KBV TE—

BEASNNE
p R ) — D, EDOROWEE tigy CE—7 ZHAL "
J=RapYrr LTRRSRS. B TR, FHEEONS EHERSE
Wefh, WS, FENG, T LCRBEOMEADIETHE B
Elenr—7 HERT BETRESA TS, REMER - 5
t1 12 t3 t4
— _— —_—
e O\O O—C —
)
BRSO <:> ;(:) =<:> "
Bt - RS \/
RM%&W%‘H’
mse () OO0 awen(e) £E0EL
T e O
HEED O O }O }1/_\ O on/off O RETh/ SR
Bt - BEA o/

&/ — RIZldpeek THINE IO ZIENAS
&1 EBEHRATT Ry T T

4.2 BROREAL ST oRy I

EBERANRA DT Ry P U= R, LaRehRBoRLE
WA, WhITEMEEDLDEERRT BET AE ST L
FEE SRR A T Ry b U—21F, FOBEORRERR
FREFNIELEI LR TED. ZITHRY PU—IFO
J—FRERT 2 L01L, EEOMEE, AIEEORE, B
L CERSOBEEICERT 2BOEBRETHD. T LT
O LT, BHEDRII L R (LR RIRLAITAL
PEM) RET /R 2HETS. K2 @B IENSA VT
Ry T OEERT. ZOXEFAHRTORH /KoM
i J— R~V 7id, WUBEREL, #Hnzhthy
OBEESACER LR I BRERT. DEV ZOET I
Ly, ikt ok, RZBIEERLCEETH-TH,
GREDFELAFTNERBTDICAFNLSXAOFENPECD L
WHORBNRKRHATED.

Hold, LARHSOELOLHIE, £EES, @No
LY LEREEIC O ERIOGRIC L o TEMhEhD
VERHD, EVIEREBELTVD. fEFE ORI,
W OABOBEC SO TIERM TR, B TRGE, &
By Yo, £& LTHIESOBEIZ L THIBISA TN D.
SEVINLOBGRFEESICL > TOBEOEBHTH .
ZRIZHEL, LARhaBoR LBECEWV L, KBRERC
—oPl FRIOGEE, Tbb X 0 EEBIOT BB EE, L
CEf R EIC Lo TR EBISOE LBES TR TS 20D
ORFxOEFRTHS. FOEHRE LT, SEMGOFERED
BRI LRTES. LRk BoE LEWEE{T 512
BITIE, FEER, ErRarbo—ADTED, WbhDHE
SINNMEREIC LT T EBSETHHEELLNDR, FIX

) BEOBORLE <:><:> B A &
ERFANDHA B A
LBOAEEOEL DA BERENS

LEOHEEOERL OB SELHENS
X 2 EEAEHSA ST Ry N T =T T

EFEEEORE, REOLHBH THAFBBOHEETE
&, FILTHLEERELIARY, MipRar br—A B TER
<roTLES. BSFRBLL, ZOXHRBRKEREL,
FEOERWMHEAEOTHIT, HRCRE LIZREDHEOEN
FELTWBEEZbRE. 5 — 2 LKW CEE 1A
RADT vy b T—7 2HEL, ERICFEREREZHTET
Brbichy, LLORROBRERTTI LR TES.

5. HEF—2IcB I EHESHE

S — & L LG, T—ia ¥y I FY IS4,
BEF —¥, BRICRY T ORENES Y= LDT —¥
RERBL. ZOhT, B—va Xy T Fx YTT—Fn
b, HkOABEESOAE, AEE, AMEEOHEHRBED
N5, EEIE, BRI LT, EEREREEEL
T, BT A MeEk LRIThIER B, S AL Muloow
Tik, IBIE, FERT AT XLEREFTHY, FIOHERIC
BETHTETHD. ThLOBEF—4 00, FREMOE
BRELHETES. IhDOBEREL, A TTrFyk
T ORI ) — K O&GRELEETIOCRMTES. T
bbb, B/ —FOREGETLIZ, TOBBORBET S
FEFTE L.

B0, FEEOKNTHE. —BIOCHATE 50
FEBERTH LN, FRENOHOFEEHOLELHATED
i TR, B ORBOESLIMb oz, BEOENT—
ZUMELRARY. ZoOMBEERRT D -200FIER, T
Y-z, BETIBEELEDTETF VL, EHOHSE
e ZEDNATT U ERy N YT L VEETDIETH



5. b LEHEMMICEHN Lz L xosESanhil, Zok
IRTELEHTHAH. b IH— O, HERNHOKE
SHEEXRIT RV ATH D, £, ThicHy, SHeEs
DADEBFERD Z EBHER . TEZ3DRBEBT LR
{EOBRIOHCHDH. KHFTRTIX, ZO7dH, BT,
Fv, AT702E, HBEVEFENRAEED T REMOSE
L BB EZE XD L LT 5.

6. FLHLSHBRORE

AL TH, _ATVT ARy bV — 2L B3 FxnEEAYT
NDOEF ALOBEEMBEHL M L. 2L CEBEB LG
EEINRL WY, BESF O __OOEBERBALDL, o0
Fy R BT LEEE L.

WDART o7k, BEIT — 290, EEKEE / —Fickits
FUREEERD, AVT Xy hV—7I0k»T, &F&
ERFROMEEETRL, ZhicLoT, HeDRHFEEBFE
THZLETHD. ARUTIHFC LSRR LE W HE)
RIZER > TEERED TR, 0K 5 R2E4 DBEDET ML
DEEESRIETEIE, HAIVEEETF —F L ABNICE
FAREITIZ LR TE, TOREMERTERIE, EE L
PLEBO, EHBERL AT THOBEOE VL, =7V
DFENELTRETHIENTES. £LT, BOhlET L
EERT D LITLY, BROLERAX VORI, Sk
BERIZRD B2 OLND.

RS E AR LT, BERT —F O asEs
Fond, BiolX i, REFER)HIIHORETS
HOKSHEIZB LR, ZORMBEICHT 5 —o0MREL L
T, Ry T RCHBHIHINT S/ —FEBhEB L AL
ENLO /) —F OFMHEREY EM 7 A1) AL MCMC 7
AT Y AL ETESTHEST D L0 S FEREZ HRD (25].

LY~ RE S LT, AL TRy b TS
L EMHEROBE ST OEEAER L. ME IS
BOREEEZRRTL LV IEBELRH D, THENE, BE
DEBRAGEMEEEZ D LA EELRECTHAH. £, K
REERDIBEOOEBW LI L LT bl bif,
FZRREAERRBGRET 0 r T L0 U EOMBEST
NFYXARHHTLILICLY, EHEETAEHEETEIL
BCEBZETTH S ([22],[26). S OICRBEORVEEET D
b, LoEBANKE L, PRISM [23] 2 SLP [19] 72 ¥ D
BB 0TI DEAGRET SMHESRDD.

Fiz, SEFER LS 0B UZBIT2EEAERMO E—7
OEBITOVTE, BxDZOBOERIZLY, ©—73BK
TREFIIEBOT U RBL UKL OBE (TIFahs LFs
N LFEBNOTFTFESMN I TRERD Z LR SR, —
RRENTI, 7RSSRV & 3 PEBEIGR LEES
BoY, 0%, M, FELESTS. —H7oRRE 2D
&, EPHICGR LEWERE X 2EASRY Hhi. Z08&D
L LT, BROBRLEFY, AR RGHTIREY F[2) &
W IFETVTEET A LW I FESEZ RS, EAME
Exg ZmhbBbLYETOEREI L LELE, XABE

BT B EIE D TORBR wo 1, wo=+/g/l L7285 LBME
NTVD. SOBRLFICEWT—FRMICE LEESE X 56
fiEEELEINE, JOESACLST, FURMERS
L —FEPICGR LR EE 2EEH I ENOHIEBED LW IR
Fi3, R wo OEKIZFED T OFih & LTHIRTE S,

SEHILIDE YRR LEEICRT 2BHAEY—7 0BG L
WHREGNT, BERENER Y LB L, WEE[S]) OB TH
BLbEZLRD. WEECOWTOERRIEEF AL, W
EEEZ LR TRV, RN, EDL D> BRAFEF AL
bRAVT Ry U FICERT IR TENE, AE
BRENTH S .

11

[10]

01

[12)

X [

J. K, Aggarwal, and Q. Cai, “Human motion analysis: a re-
view,” Computer Vision and Image Understanding, vol.73,
no.3, pp.428-440, 1999.

V.D. Barger, and M.G. Olsson, Classical Mechanics: A
Modern Perspective, McGraw-Hill, 1973. (FMm#f, ML
AR, A% BT LW RIS o T, AR, 1975.)

B. Balentine, and D.P. Morgan, How to Build a Speech
Recognition Application: Second Edition: A Style Guide for
Telephony Dialogues, Enterprise Integration Group, 2001.
R. Bowden, “Learning statistical models of human motion,”
Proc. IEEE Workshop on Human Modeling, Analysis and
Synthesis, pp.10-17, June 2000.

T. Caelli, “Learning image feature extraction: modeling
tracking and predicting human performance,” Proc. 15th In-
ternational Conf. on Pattern Recognition: ICPRf2000, New
York, IEEE Press, vol.2, pp.215-218, 2000.

J. Fernyhough, A.G. Cohn, and D.C. Hogg, “Event recogni-
tion using qualitative reasoning on automatically generated
spatio-temporal models from visual input,” Proc. IJCAI97
workshop on Spatial and Temporal Reasoning, 1997.

J.H. Fernyhough, A.G. Cohn, and D.C. Hogg, “Construct-
ing qualitative event models automatically from video in-
put,” Image and Visicn Computing, vol.18, pp.81-103, 2000.
K. Furukawa, “A Framework for verbalizing unconscious
knowledge based on inductive logic programming,” In K.
Furukawa, D. Michie, and S. Muggleton (eds.), Machine In-
telligence, vol.15, Oxford Press, pp.18-24, 1999.

TR -, R@Emth, WEW, REMET 0SS 107, #£37H
M, 2002.

K. Furukawa, S. Igarashi, K. Ueno, T. Ozaki, S. Morita, N.
Tamagawa, T. Okuyama, and I. Kobayashi, “Modeling hu-
man skill in bayesian networks,” Electric Transaction of Ar-
tificial Intelligence (ETAI), Linkoping University Electronic
Press, 2002.

D.M. Gavrila, “The visual analysis of human movement:
a survey,” Computer Vision and Image Understanding,
vol.73, no.1, pp.82-98, 1999.

X. Huang, “Spoken Language Processing: A Guide to The-
ory, Algorithm and System Development,” Prentice Hall,
2001.

S. Igarashi, T. Ozaki, and K. Furukawa, “Respirarion re-
flecting musical expression: analysis of respiration dur-

ing musical performance by inductive logic programming,”

Proc. 2nd International Conf. on Music and Artificial Intel-
ligence, pp.94-106, Edinburgh, Scotland, UK, Sept. 2002.

S. Ioffe, and D. Forsyth, “Human tracking with mixtures of
trees,” Proc. International Conf. on Computer Vision, vol.1,
pp.690-695, 2001. (http://citeseer.nj.nec.com/ioffe01human.html)
PR, “R—ABT TR, REFEROPLDLRHO T~
HEZEIERILE 500, 7 BRMEES Y VR Y T ARITE,
pp.33-34, 1991,



[16]

[17]

[18]

(1)

f20]
f21]

[22]

[23]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

L. Molina Tanco, and A. Hiiton, “Realistic synthesis of novel
human movements from a database of motion capture ex-
amples,” Proc. IEEE Workshop on Human Motion, 2000.
L. Molina Tanco, and A. Hilton, “A statistical model for
human motion synthesis,” BMVA meeting on Probabilistic
Models in Vision and Signal Processing, May 2001.

D. Moore, and 1. Essa, “Recognizing multitasked activities
using stochastic context-free grammar,” Proc. Workshop on
Models versus Exemplars in Computer Vision, held in Con-
junction with IEEE CVPR 2001, Kauai, Hawaii, December
2001,

S. Muggleton, “Stochastic logic programs,” In L. de Raedt,
editor, Advances in Inductive Logic Programming, pp.254-
264, I0S Press, 1996.

FIE—, “FHEABCPOTHMM & I A7 T 0EMRD
B0, 7 ALEHRESSEE, vol17, no.l, pp.35-40, 2002.

J. R. Quinlan, C4.5: Programs for Machine Learning, Mor-
gan Kaufmann, San Mateo, CA, 1993."

C. Sammut, S. Hurst, D. Kedzier, and D.Michie, “Learn-
ing to fly,” In D. Sleeman, and P. Edwards, eds., Proc. 9th
International Workshop on Machine Learning, pp.385-393,
Morgan Kaufmann, 1992,

T. Sato, and Y. Kameya, “PRISM: a langunage for symbolic-
statistical modeling,” Proc. IJCAI'97, pp.1330-1335, 1997.
V. Sazer, New Directions in Cello Playing, ofnote, 1995. (=
FHEER, LT =0, FRIKG, 1998.)

Y. Song, L. Goncalves, and P. Perona, “Learning proba-
bilistic structure for human motion detection,” Proc. IEEE
CVPR’01, December 2001.

D. Suc, and 1. Bratko, “Qualitative trees applied to bicy-
cle riding,” Linkoing Electronic Articles in Computer and
Information Science, vol.5, 2000.

J.H. Susan, Basic Biomechanics, McGraw Hill College Div,
2000.

W nE], EEER, EERL, S Y VERA—A 7 E#E
BT B AX DN, 7 ARITE, vol.30, no.6, pp.395-403,
1994.

C. Terry, A. McCabe, and B. Gordon, “On learning the

_shape of complex actions,” 4th International Workshop on

Visual Form (IWVF4), Capri, Italy, May 2001.

S. Russell, and P. Norvig, Artificial Intelligence: A Modern
Approach, Prentice Hall, 1995. (FJIIFE—ER, =—Y=
b7 e AT IgE, FaHE, 1997.)

K. Ueno, K. Furukawa, M. Nagano, T. Asami, R. Yoshida,
F. Yoshida, and I. Saito, “Good posture improve cello per-
formance,” Proc. 20th Anmual International Conf. of the
IEEE Engineering in Medicine and Biology Society (IEEE-
EMBS98), vol.20, pp.2386-2389, 1998.

K. Ueno, K. Furukawa, and K.Bain, “Motor skill as dy-
namic constraint satisfaction,” Electric Transaction of Ar-
tificial Intelligence (ETAI), Linkoping University Electronic
Press, 2000.

HESFAT, T8 B, BT RT 5 B e
EDREEL, 7 8 22 FlASA T A B = AN ERFRHAR THRE,
PP.25-26, 2001.



