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XEHE D EfgA N hOEEIR
ToHICEoTHE Bhﬁ_gﬁmﬂ#-ﬁﬁUT*— ne, E
HERTEZ o7 N> NEEMT BITIE, REERICR
DSHENESHNWLENTNS. l@’lﬁﬁé%@l:ﬁﬁé
R DOH WAL, KEL T T (1) PEMRFREICE D
EFILE (2) A X2 (FEMER) KEDETI
fEmd 5. (1) IFREEEZ 1 X >~ OBHRITKFL W
—RRIEAT = ELUTHRY, M AR ES HERIC
Ko TREBBOERLETS. BEMICE, BN A
FLPREERB THOSENS HMM, UAL Y hZa—
FIWFxy NRENETENS. (2) @iﬁfﬂﬁ%’i’ﬁ%ﬁﬁ
SNZERNBRAIRN BT, EREAAR2B)
THEEL, INSBHRAN FOMTORE Eﬁ’i’%
Z%5. Thbb, BOEDWMERKE TR, TORET
FFRRICRFET S OLIIC, BRI NZKE &K
DO TREEB LR T 2. BEANETIVELTIIHRE
REEF — R ;> Petri Net I ENEL < HWEN 5.
P&, (1) % clock-based EF )V, (2) % event-based &
) EIEA.

Clock-based 7 )L TIZIREEERL & W) PR ] & B &
L TREDRMIMBEIRZIR L TWa D, FIUIKREEIZ
BELRHHERES, FACHREBRED 2 DDRIIF DM
BETHICEBRTERNEWIHERDD. ZHIHHE
W22 0w 7 IZHbETREBEOETIEEIT-o TV
HM5THY, HMM IKDWTHIEHIN TS [4, 6].

Event-based €5 )L TIIEMRAT S N2 RKBZEHWT
REEDFFRIMBIfRZ LR L TWA /29, Interval Logic
I8 EDHERRMNUIRE, WHIRFEROBBRERRETEL R E

ﬂﬁﬁéﬁbﬂém.~ﬁf,®éﬁubﬁ%mg
DWTHELESNTVWABENRH D, [MEFEOERI AN
PRTEDKSICAELT DN ENIHEND S,

FIT, FHRLTIEHINS 2DEFILEHES LIZIRE
BERETINERETS. ZHER1IZRTISI, clock-
based EFI THHERDERI AT A&, event-based
EFINTHBHEERLI— R RNz, AhEINHE
HFyr—%%, B—0O#HNI AT ALATERTELXMEICS
FE L5, EOXSBIEFTINSEHI A7 LN
B L TWIDNZE- T, EHRAX 2R T 5
EFNTHD. AR T, 0K 2 DORMEZE
Fpo 7 IREEEM E5 )V %, Hybrid Dynamical System &
WA, ZERITERINT—Y 2 RKBICHEZHETT, Ih
5EDMELT DD BBERY M FI VA EH o281
AT LEEBRTE, TOREHHNICTHRETE 58
23D, event-based ETFIN DRERINEED LD
WZHEE L TRBOEZ T X2 b T ffiriudLnun
EWOHHEERRTES. 35T, BHREBHAI b
ERMICEDWERIBICEMR T 5 Z & T, clock-based &
FIIVTIIREE TH - 7R DOREFR NI E T 51
R hORBRNFREE /2 5.
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1: Hybrid Dynamical System {5V} 2 REED K FE R {R

transition of continuous state

AKFETHROHRIT—F :

AFETRABOESE, BOBE/ EOEMRR
FiL, BOBRUNBRT H5RERELOMAEHE TEHRE
INBERETS. HIAE, BOBETHNIXOWE,
#ETH L Action Unit, FH THNIZFFR LIEIEIN
HHEMBBCOERA N N TRIBEIND Z ENL N,
INSHERARY MIZKOBAAFTREL THBN,
%5%@1iifﬁ])\%%ﬁfb@l&jfﬁ(%f&%iﬁ% D, RFZE
ETTZ0, B - FRERPABRIZRDZENDS.
AFIETH, j(%kﬁ(ﬁ'éﬂt EYmBmER EDREE
DRINEANTHILET, FORTHRDRLIANSER
AN NEEHEWICHERT S ENTES.

BHRAANY MEHOBREL T, AFETE, ARR
BA— b b TREIND LS BRERGEETLAK
bz, BOBELRELL, HEOHECHBENDOT
RRFIBE, \HPEZHRT TUETLIL DRI X2k
12, BRSEICHR, ZoLd BB GEESE T
RKETEBEEZ BN S.

BEMR: AFEEMEERIC, RRIIZEROBEES
B AT LTRETESBRS THEIL TH D witching
Linear Dynamical System(SLDS) 72 & O FENRRES
NTWVW313,7,2. LML, SLDS 3BT AT LNDIRK
EERETTRIBEING A7 LMOBBE TLAE
THHEHEMTETIMEINTVD NS RIZBNT,
REFHEEIFKRESERS. Ok, SLDSIEEUCH
B2 AT LB E BEEENE T NUTEWFERENE N
EVDSRARBETIVICIE>TWS. JHUTH LIREF
ETIRUOEDDEZ AR MLEEE 5 FER M ZHR
I ETILRIRETH 5.

XD ELEIT WIS S HEEHHIC A X b ZFLIR g
5ET)IEL T, Segmental Model(SM) % Segmental
HMM 2387505 6. LvL, BT ATLEANY
FOERETINELT, YATLNRTAYDHNI AT
LADOEERNLT v THICRE L DIEIEFENMICD
TTH5.

2. Hybrid Dynamical System

KX TIRET % Hybrid Dynamical System I,
clock-based EF I THHEM) T X T &, event-based
EFNTHEEERA— TR D2BMSRD, TNE

transition between Dynamical Systems
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NOBZEFRER B ZVBERIRERE ST

EHURERBII N HOEM S AT L Di(i = 1,..., N) I
5750, FOEEINLY A FI T ACEDIWTHIBIR
He (B THRNAEEIRE) 22385 KNI AT
L3, BHEIT-YOELEFICTFRLED>ETS. 2O
EE, BTy EHIIOESKRETELHN I AT A
WNEMALT 5. BERUREERIT E OB > A 5 L ISTEHEAL
LTWaNhEYr70/iikeE TR2EEHIRE) &L
THD. ZDEE, BRET—YOELBLY, H5hU
DRV INLBBRERICEOSVWTEHNS 257 A0 % E
BLTWSZENTES. UT, BEBIUOSEDIRE
WOWTERT 5.

BT —5: RIIPAAT TR TFr—LIeF—
5 EREH T 5 Z & TRERFIFHAR Y ML (BEINXS
MV BESND. BRI MVO/BENDBI NI Y
2, AASOH T T L —RREIREIDHBDEL,
BRI t THRONABBEINT BV E y, DEDHITH S
X, Bl 1 h5R% L FTOBENY MVRANIT
Y1, yL 2y DEDITERINS.

EEURRE:  EGRERBIEROBN S AT LN S
D, INSEIIS AT AROED DI n RITENY

FIVZERI R ZIREBZERIEL THDHD ET S, ik
HEfE DIREEB L OREBZE A2 T E N TEgkeE ), [E
FRIREEZERT ) SIRA.

BESCIRAE: BESCIREEEIL, EEHREEN G DB
FhE =X UZRERZ S D, 8IS AT A D;
IZHET BIREBIZAE ¢, TERET 5. EFRERICBW
THHL AT ADIBEDOEDMEHLL- & &, B
KEEBOIREITES Q= {QL .‘.,qN} DHHEHR q; € Q
EWBIEITRA. e [BEEURRE) IR, £6Q
Z [EEECIRAEZEM]) SIRA.

AT AREDIREE: VAT AEEOIREZS ML E
i - BEBCIREEZIOEREERTH Y, SATLDEDR
REIT T - BEBUIREE 2 HE A L2 AT LIREE (X, ¢) (X e
R™ ¢ € Q) &> THE 5.

RES: PATFTLOEMERICIE, YATL0DED
REEZHRSAMATRIAL, REBBEHRBREELTE
FIUELT 5. BE% ¢ 10 BT BEpeREER L OEEELIREE D
WERET K = Ty = X(X € Rn) ;BJ:U‘;St =q; (qi S Q) &
T5HE, TOEE, EEIRESM P(x,), BERUKES
P(s;) B AT LBERDIREDNT P21, 8,) BEZD
ZEMTES., ZITP(s) 13, BEHRERBIIBNTIE
ML L TWBEN S 2T LADERESFICH 5.
2.1 READRESBE

BXBNIEENETIEELHN S AT AL > TRR
ENs. BN AT A D; DREHERB I OBAISGE
RiIKRRTERINS.

Fig, i + wf?
Hx; + vy

Tt
Yt

ZZTFY 3BBTHITHO, BN ATAIT IR
5. £, HISEHZEH SRBZEME KO D T A 8HEET
FITHY, FREFN AT LATRESMEZLBETS
%, BRITASH®EELS. 00, vi3TOvR 1
ZBXOBHE )1 XTH5. INSRTFNFNEDIE O,
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{AEITH QW BXU R OIERAMICKD LT3, X

LB ERADERFEEREEEZ D LIRS,
P(z¢|zi-1,8: = i) N(FDz,_y,QW)

P(ys|zs, 50 = qi) N(Hzt, R)

ZZT, N(a,B)3F a £938 B DZXTH T AR

2RT. $2L, BEOAINI T4 )VE ERRICAY

A-RNIATBERERETDHILITHEBED, t-1F

THRANMESNAERHEDOTT, —HkDiREBEIOEA

EWETHIENTES.

= N Vil

N(Hz)_,HVS HT

tlt—1

P(zely} ™' se = ai)

P(yelyi ™" 50 = @) + R)

< :Twift)—l & Vt(\?—1
DWTEHFINS.
P [b, €] TS NIZRI 42 = yb, ..., ye HIF LEIHY
AT D TS EIRET D E, KR (b, €] ICBNTHE
BURER TIIBERIRE ¢, A2 &Ik 5. bbb,
s5=q THB. TDEE, yf ORE AL, WUTOLD
WCEET=E5.

WA T74 Ny OEHAICE

d, = Pslst = a:) = [[ Pwelye-1,s: = @) (1)
t=b

7B, ST LAOUMA I ERSHERETS.
2.2 XHEOEDIKESERE

HBVEDDEN L AT AT DK% L, &L,
EXMDBE DRRN%E by, KOOKAZE e, &5, &
DEE, RHOEZIE 1, = em—bm+1 &E705. 0WE, £
TOXM Iy, (m = 1,..., M) XTI AT L
D;(i=1,..,N)IZHEn, BHEINT MLy (t = b, ..., em)
MERIND ERETS.

B A5 LAOFEMWLT BIEFIL, #IZ—DRIOBIN
VAT LAEKBEL TRED EET . Tiabb, KiH
ERBORICEM~ I I T7HERETS. BN AT A
D; RDKM 1,1 DRIZ, BN AT L D; ITHEDK
L, MENDHEE A;; ZRNWTET S, BESIRED
BBHBRIIROLDITRS.

Pl = qj|Im-1 = @) = Ayj (2)

B BB AT LIRS KR [ OEGEEL, 55—
EORIHES EARET B, B AL D, D
PURET BHEE L(r) 2B WTETE, KB, 12
B BERBRIHEIIROLDIT/RS.

Pl = 7|I;m = q5) = Li(7)

2.3 BRAKTEICEDSEEMEZE7IIUIA
EFINOEBRBLHETICE DWW TITODRS, LnL,
RKEDERIT—INEZ5NIEET, IhsE2kE
THDICEYBEN AT LAZRAEL, TORERET
5121, RO EFEOREE BN TR 570,
1. 8189 A5 A DRIEICIIEAT — & O 8L w2
2. BRI —4 OAELICITEN S A5 ADRIENNHE

(3)
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. Subspace Identification

——

’ Dynamics Clustering ‘

observation matrix : H
observation noise covariance : R

Hﬂ f

fix

number of dynamical systems :N ——=

interval transition matrix : A
2
—fix
ok

2: Hybrid Dynamical System DZE A5 v 7

interval duration p.d.f.: L{t)
transition matrix : £ ..., F°
process noise covariance : Q) ...,

I EM-Algorithm

Ly

initialize

interval transition matrix : A
interval duration p.d.f. : L(t)
transition matrix : F/°..., F
process noise covariance : ;' ...,

ZIT, ¥TREBRT Y EIEECZOFHNI AT
LATRELTHE, TNEUTTRRS Y FAY ) T
WEDWTREBIZHAEL TWERNS, HERY 4TI
JRAESOEHNS AT AEHBRTDHIEEZEZS. T
&, B AT LADEBLIURENBINSG XY BHRE
TEB10, INEPOPREELTEM 7L JY XL2T
HIENTES. Thabs, FEOATy TR 20K
31275, LAFTIE, EM7ZIVOdY X LEFSBICHE

BEE, TIROBBBIRA L NMEohEEicIng
ETINERT DHE P(yf) 25t E T2 HEITONWT
BB,

Y, Bt ITB W TR CBEBUREED W TV 5 Rk
W 2 FERAR , TR, T5&, Bl icBWTHERIR
B8 q; DR T ZUF RV TV B HEIL P(sy = 5,1t = 7)
DEDICRTIENTES.

a, BRI 1S ¢ ETITERRA o} = y1, ...,y DED

MR, = 7 BN TWAET B L, ZOEAHERIT
W, Bt TEDDBETD sl DEICELT, 20
HEAWRERETIETHETES.
N Trmax
Py =33 PGl si=ali=7) (4

i=1 7=1

iU, T BREDVRDBLEIORKETHS.

LEM-> T, REFGTREICII EXATUORKEHEERD
LZHEMNH DN, ZNEENTOSSI > TEHWT
PR ORISR TRHET 5 2 EMTES. Pyl, s, =
gi, by = T) = Ott(qi,T) EBFIE

N Tmax

QJ»T) - Z Z AZJL

i=1(i#5) Tp=1

[t ¢+1t]at T(QZ’TP) (5)

TTC, diprpr,g R [t — 7+ 1,¢) IZBIT B BT —
5@IWT%DT() THEEAND. Ay, Li(r) 13, T
NTN, BERUREE ¢ 238 < XTI S BEBCIREE ¢; 235 <
KEANOREBSHER, BIORBIRE ¢; 2R 7 6t
<HERTH 5.
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Dynamlcs A Dynamics B
ldentiﬁcanont "’ ldentification o
—

Interval B

Interval A

K 3: BIRYY AT LRI IR

3. B ARTLADBCERE
BN AT LD TAZ ) T, ERTIIAR A
Ty TOMBRIY 525 ) L TICEoTiTha., T/
HE, WokABHT -5 2EEROXKBITRYD, £
NTNORMEDPBIOER S AT LS ELTNTAY
DEFEZETD. H<RELET, SRERHITVWEINS X
TLhEHEL TS, HEORENET, BHF—5 42
RO EDDEN L AT LA TEREREIND ZTITONS.
IEL, B AT LDRERD DD, KENED
BETIE, AN THRARSEEICE DN THEEZEEL
THE, ZOFMBENRKNELD EZOHMPS AT L%,
RIETCTRRZEM 7NV 3 ZLAOHUMEE L THWS.
3.1 M RTABDIER

B AT LOMOEBREEL T, (a) /S5 AFD
EHEHE, (b) WoltAE LIZBOLEDRADE, BX
O () HHBEBEICE DS ERBRENHEITENS. (a) P
(b) IIHBREHTIED E<HREET 2N, REBMIZIT
(c) WEDEBEERDOANETERENDRL, hDOET—
IMEREIENNI AT LERRTES. LENST,
TR MHEBEDODEDTH S, Kullback-Leibler
(KL) divergence ZHEBEREE L THWS [5]. B X
T D; & D; @ KL divergence KL(D;||D;) &, B
i, OB AT L D; #RNT, (DB X
T I D; ZEET HBICHW BRI ZFRIL, TOF
BRRZEZEMETS. 72£ L, KL divergence I3IEXFR
THHID, B AT A D; & D; @KL divergence %
MERKZOAFzy 7 THEICUTOIICERT S.

Dist(D;, D;) = {KL(D;i||D;) + KL(D;||D:)}/2  (6)
3.2 FMIRATLBODRERLE

—RICEN S 2T LAOEMEANTEZ 513E, ©F
IMEDREET ENS. UL, ZRUCfE-> TEHEOa X
IR BMNR BT TRL, over-fitting DR Z B nJREMED H
5. LTI TN AT LADRZRET 5720 DEENL
BERD. JIAZY T ERITSBOFHMEBEIENT, FIF
SETER, 7S AYMBBEY T AINFRDILEE
A% E L TRET 5.

4. BOBEGERB\V=BEDODEMEEER

AIETE TOFREERICBEORGRINEA L. &
DIRLUERA N> MHEY 5826 & U T/mama-
mama/EFHFE LI ADEZ 30fps THREL, FEEZU
TOFETHE Lz, 9, BHIKELYyPERANT
BOYDHL EFBRELETY, 2TV —LZHANT
KLE#ZEITD LT, 71— A 16 RuORERI%Z
@Bz, CHUCEREREEREEA L, EeeikgzE
SRBEMANORMBEERZ ED SBRITSI H 2R 7z

"RONIZRBRIAN OB AT LB TR L TZBRORE
RER4ITRY. BEh3EEETH D, RizsAITHR R
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coefficient value

Y K2 gE
X 4: B AT LANBRSNHHT (LRIBEGROSE 7L —
L% KL WML TESN-BERID

#

frame 11 21 26 frame 35

5: BI T AT LEAY 4 D& EDFEALHER

BEML AT AL E > TREEINDKETHS. ILD
HETORBNFOBMI AT LE LU TEEINDA,
B AT AR OBEBENTEN S ONREITKRASI N,
BEHIZZ 1 DOBW I AT LAIHEEINTHHKT
MEMMB. ZDIHA4DDFAFIT AR NI
FHERS5IZRT. B2, frame 1105 35 FTZRTH
BE, ZORTIEREDOZELA open”, "remain opened”,
"close”, "remain closed” @ 4 DDF¥ A+ 37 AlZk»-
THEIEIN TS ZENTN5.

ZDEZDEWS R T LEIRE DD DFFHEEDEAL
ZR6IIRY. FITLVEWNI AT LADENE6DEE
BAEZRS. ZOXDIZ, MEREH AT LTRE
TELHFEEOVEODRMELTHEILT S ET, B
DELE 2 LB ABIOBERIGEVWEOFMN L AT L2E
R B EMREETH D EMNDN5.

RiZ, TNES BT 23HITEDIDWTHEE I NI A
FAD, WEBDY A F3I 7 ACEH DTV THEMIZKREZ
BRIBAELZICEDLDIRBRFNEBET HIENTE
BERAN. £, OHMES L TIIEEALREE
REXRY MVELTEZ, TORIT—-USNELEDAR
ZHEZTI, YATLDREEEBRIE. ZDLE,
BEREEE TII~ 7 DR B L OIEFB L URENRE D,

INEMTL T, XM TITEGAIRER TOIREEZD

5. Boh/RFE KLEROEKZTIC U TER
ZRICERLAEDDER TITRY. HNSFEITHNW
BOBE LIZIEF CHEGRZBETEDL I ENTD 5.

ihem
Clock-based ‘EF )\ & Event-based EF7 ) %2, X
HEDOWTH A UJz Hybrid Dynamical System Z2E L,

5.
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Ratio of Inter-Intra Variance
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Number of Dynamical Systems
B 6: B AT LBURTE D= O i DAL

0 10 20

T FPINE AT LM S BENICER S NBE GRS

BOEIEGZERAWTHEMETo . TOME, BilkE
DENEEFAFTIVAELTHOIIREROHBNI A
FLEBEICER TE, TOEFEGRERETNICEE
TELHZLEHRAE LR, AFEZERFT—F (BEDOH)
CEG LB, BESERIGHST AREICHEHEE N
r. ZOESIT, WP LT X2 FELTOR
fi1B84% #4% X % Hybrid Dynamical System &, AM®
LbOBRDEBREVWIENEEZD L THEERREE
BEz5%. 3512, ADTHERIT—FN, BOERLH
Ry 5@HETIN CTRRATETH L, BERUSORR
FIF—% TH->THNELCERMNAIEETH O, BEE
RO RS E O A TR HNE Z 5 5.
—5T, EBOBHTIE, FREREL (EFTEX
WETFERE) O, HEifRRFIZHR S BOZEMANRIE
BitEEdiZ, KEOT—IRBETH B ENDHFHE
FOMBEELENHSZ. oL TIE, ERICERL
FOWEET IS TENESDHINZE AT LIS
AFITHA D E WS FERENET 515,

HEE: ARFFEO—-EIE, FEHR RS 13224051
BXU16700175 O EZIT T /.
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