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Model with Multiple Feature Streams

Student: Cheng-Wei Ku Advisor: Dr. Zen Chen

Department of Computer Science and Information Engineering

National Chiao Tung University

Abstract

The main purpose of this thesis is to develop a method of analyzing and classifying a
set of primitive human motions fromimage sequénces using a computer. Hopefully the
computer can be made more effectiveito visually pereept and interpret the human motion.

In this thesis we use an extended Hidden Markov-Model (HMM), called an HMM with
multiple feature streams (HMM/MFS) to-¢lassify the human motions. The traditional HMM
only allows a single observation stream; whilen our HMM/MFS multiple observation
streams are allowed. With these multiplé observation streams we can analyze the complex
human motions. More importantly, we modify the HMM/MEFS to deal with the human
motion data corrupted by noise or the imperfect human motion data, which cannot be
handled by the standard model. We propose three different ways for handling the corrupted
or imperfect cases.

In the experiments the proposed HMM/MEFS is applied for the classification of 2D and
3D human motion data. The 2D motion image data are obtained by shooting a person
performing some motion by a camera mounting on a still tripod. There are eight different
types of these motions. Three observation streams are extracted from the motion image data.
Each observation stream consists of 3 to 20 possible labels which describe the
characteristics of the selected feature value. The HMM/MES is first trained and, then, used
to classify these types of human motions. The 3D motion human data are in the form of
symbolic motion label sequence, each label categorizing a basic motion unit based on some
3D motion data clustering technique. There are two kinds of motion label sequences, each
corresponding to a motion at a higher semantic level than the basic motion unit. Again, the
HMM/MES is trained and, then, used to classify these different kinds of motions. The

considered label sequences may contain noise and have different sequence lengths.
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TR DETTEMERY IS - SRR AR B BB BT R G YA
TR IREH LRI B (B - A EE S E TG B B A b - mT LU
R NEHEIRS | ~ TIEEESREEETIne A E B COF5 ~ FeEHRE) > 7T
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SOETTEN RN - B EUS PR EEN G e —TERE S 2 BT e &
(time-varying data ) ZHETT o3 Hre AHLTHY AT - HRIEE LR FE R AR T
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HFH 2D&EERI7I0101(11]

FIFfE B — R A _ B ABSIAR AR S 7F E R E A -

G LIEwSC “Recognizing Human Action in Time-Sequential Images Using

Hidden Markov Model” [71#Y777% » BL2$t $1 B — G ARI4ERRE R - REHH

R (Mesh feature ) - M AR & (feature vector ) HYSELAM T HHAIIEE -

ERHERME R E e i > SRR - Z5RE - BRRRE RS

Heem B e A - 1] HEEeRlf Eal Bl5 EERMHEAR © tAh - B

ERHE - IREER REFHYER A FTEAIR S HAE 57 Bll7E B ELECRHYEI(E -

HIFH 3DEER6](8]

S FHEIERTE (motion capture ) FYRZ{MT » iR ABGHY S ELHY SDALEIRE] -
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it BB R R - WA S EM 0 SREHIRA S 2B F e AR
B o FlF - AR ERE AR SR R R B -
2. State-Space Approaches[6][7I[8][9][10]
RAEHERFREHY LB E 78 5+ (EHIARE Cstate) » (A FH2IRRE 2 IV » 2k
a—(EZRERIBIE o EREYIIE o A A A2 DU G m SR AR A
(Hidden Markov Model > fEifEHMM ) FBLBERT{T4R LRV A4S T4 -
AEFAMY T AR SRR R AT LA e Eh {E R ks ] 22 B 48 (B2 AHENE
A MHIET R E R R ERE - TIRRRE H B YRR - R R AR -
FEIE - PRAMTEEELLSE —(#77ATHY HMM R ALOE A Er B IRy TR -

1.2.3. Hidden Markov Model gy/i5#

Hidden Markov Model[3][4][12][13][14][15] (HMM ) 2 FiMarkov Modelf;T{HH 2R HY -
Markov Model J&— | F{RREAVEER AR - At il — {8 S A FHI BB E
(stochastic process ) : FEHERREET B MEEIE IE o] DB R BIRVE(: ~ 38 ¥ —(E
ZHE 0 A B S IR RRH ARG AL o TR IRREERSIT - AR B ARE S SR
RS H LALLE B H 5 A RGINEER IR - & —ZIAIRRE S &R E—ZIAYIRRE
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NS~ Tk e

BE - B SR TR AR SR FIRUREAY » 222 {E fE A SRR (Hidden
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255 KRS (Hidden Markov Model, HMM) J&— (&l S A tiis el Fr T
HIZ3HT ~ WEREVERIN4] - BRIMEES ~ THXXT - TR L S EHIER
EZ4021015) 5 TAEEIESAT F o W E A8 -

HMM HYEAZE » g2 HNER T IRER | (states ) 7 FIEVEEHA DU 20IRRE 2 ER A T )
£4{H , (observations) AL (E ERIHIERY - TIEE L - FrREfSRIRVER A AEE
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2.1. HMM (NERTE

HMM 2 Z (ERRERTIRIHY > TR RS A - I I AR ARG 2 R AR DL

FOEHRRE 2 2R AR ZR B2 AE - (A > E HMM s MYIRYESITER ¢
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S ={S,,S,. .S,  BIREEAI SRS » FEA S, Bk (state) » j=12,...,N ¢
V=V, v, BT R AR AR S E R G oy, Ry TSR R -

k=12,....,K o
q Bt OBFAVIRRS - t=12,....T > g, €S -

O,  JRIFR] t AUEZEE - O, eV - 0=00,...0, Rt =15t =T Ay

R -
7, ARk aE R - afr ), 1202, N ¢ 7 =P, =S,) - fREL =18 -

IRASRE S, vtk - DD s T, 2o =
A, IR R IR . AsTa ), 1=12,...,N, j=12,..,N ;

a; =P(q, =S5, (q,, =S,) FARHIRER | EEESIRES j iR > FTLL0<a, <1,
iaij =1

B, HEIRAE FIEEHE SRR - B=,(v)f. j=12...N,
k=12,...K 5 bj(v)=P(O, =v, |q, =S,;) FRETEIREEj O T > BZERY,

IR > FTLLO<b, (v, )< Zb v, )=

MEMERT » &itr ~ A~ BEZ(ERFERGE L > 5 HMM Y281 -
=(7,AB) ; MMEMEL - HEF A > g IR —(E52 5 HMM S0 -
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2.2. HMM By =1 = A5
FFEH HMM B » &5 = FEAYRE - o502
L HeRE
AEFGEA=(r, ABYIIEIE T » 0=0,0,...0; Z4HEZE P25 4 ik
% PO | A); gk EBEEEE O BB ZE T E H A FEEk HMM B

L RG]
FEEMA = (7, AB)FIHZEFS]0=00,...0; (N5 T FHEEH A 1]
RERVIRREHEIZERIE Q = 0,0, -Gy

2. FHEFAISE
RIS ZHEFFY0 =0,0,.40; F%: HMM V28 1= (7,AB) » 3 P(O | A)1IME

1

ORI a2 25 HMM AR A RERE AICER 22 (H 51 O -
SRt Es HMM e B2 AT -

2.2. 1. BRETH

R R T BT A = (7, A B IUIEIL T> 0=0,0, .0, iS4RHZ (E 7518
£ PO | A) -
SR 2R A 1 O (R BEEHAE I s Q = 0,0, -0y > HIHLERFISeE T FHIY

e
PO | Q.4)=]]P(O,|q,.4)=b, (O, (O,) b, (Or)

P(Q ) 74, 8q0,8q,0, """ Ao g (2.1)

P(0,Q | 2)=P(0 | Q,2)P(Q | 4)
=74, (0,)a, 4, b, (0,)a, o -3, o b, (Or)
i P(O | )5k 2 FE AT ATAEMY Q (45
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PO|1)= ZPOQM)

allQ

- zﬂq bq q 0> 702 ( )a%q_z o aqTfqu qu (OT )

allQ
WREFHN AN TS BEFEL TR SRR ERTEIEN Y HIt
LI RS P(O | A)fY{E > BT LAf#E B Forward Algorithm 5%, Backward Algorithm
78 W BB LA AR ©

2.2)

Forward Algorithm

Forward Algorithm 2373 forward variable «, (i) > FHET{¥1% » HEEHEHZUE TS0
TESEA TSR -
a (i) EFER THESA o EIFREE > IRRER S, > EAERFR t > AIAVEIZE S
#50,0,... O HIHER |5 gz
a,(i)=P(0,0, 57050, =S:. | 1) 2.3)
T E PR R T B R TR T 2R

[1] Initialization :

a,() =7h(Ops I<T <N (24
[2] Induction :
a.,, ()= {iat(i)aij }bj (O,.,), 1=t<T -1, 1<i<N (2.5
-1
[3] Termination :
PO | 1)= ZaT (2.6)

TEAEER (1] o SERTEATAIRERIERE T t = 1BEI9#R o, (1) = P(O,,q, = S, | 4) » 1E
FhE e, (i) = 7,0,(0)) » TIfESEE (2] B DGRt o, (1) » AETE F—2% > BERTt+ 109

o, (J) + AT 0, (1) = P00, ...00.,, 0, =S; | A » AR IFAGR
RE (q,)» FIOMESTENS - WVAESEATAIGRE » it -
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am(j): P(Oloz :0,0,,1,0,., = Sj | ﬂ‘)

i=1

{za (i, }b,-(om)

Rl B

N
:|:Z(P(Oloz---opqt = Si | /I)P(qtﬂ = J | qt = I’/’L)):|P(Ot+l | qt+1 = Sj’l)

2.7)

Sl 4

% u\

Si ‘@ | ; 0[H1 ( J) = |:Z at (l)aij :|bj (Ot+1)
i=1

(9p)

=2
8, é g 6
[N

a1
at+1(j)

2-1"Forward Algorithm R~ Z [E

MEE R 3] ALRAERFTAN o ()3 LR - B FTARY AR -

f

=z

PO | 2)=3 P06 =5, | 2)

1

Il
M=

P(OIOZ"'OT’qT =3, | /1)

+ (i)

1

.MZ
N

Il
—_

AR
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2-2 Forward %G1 EREE

Backward Algorithm,

Backward Algorithm HIJ/2 %% backward variable /3, (I) » FRB1ERT » HEE N EIZE

FFI0ESH A THysdier < p (VIERR [EGESHA - FRIUGREEE S, 19
ST » TERRtZ (R ABIZE (s OOy ¥ Oy OB | ¢ M=ty -

ﬂt (') = P(OHIOHZ "'OT | q; = Sia/l) (2.9)
T ST B BT R T

[1] Initialization :

pr()=1, 1<i<N (2.10)
[2] Induction :
N
L= "a;b;(0.)B,(]). t=T-1T-2,.1, 1<i<N @.11)
j=1
[3] Termination :
N -
PO|4) =) B()xp(0) (2.12)
i=1

HFS R ERRIERTE - INIEAEPER (1] of - SoR A IRREAERS I T BRAVRER B (1) 15
TR 1 (KRR B (1) =P(O,0p, +-Or | 0, = §;, 4) » BEFREIFHt ZIRAVIEZR{E ; FTLA

14



B pr ()2 AFEFREVEZRE - WL 4 () =1) - MR (2] AL+ 16y

B (1) > AT HERI—Z] > B LAY B,(1) - KRB B (1) = P(O,,0y, -0 [0, =S, ) 2K

gt > AN KRRt + LRFEYRER (0, ) FrDUERT R > MRS REATARIREE > it

2

,Bt(i) = P(OHIOHZ "'OT | q; = Sial)

N

]

1

(alj bj (Ot+l ) t+1 (J))

I
.MZ

1l
—_

]

Rl B2

(s )
A
(5 8.0

©Jd;
X

i
B0 =" 2y, (O B, ) %N%:>AAD

Y:>A4m

t . t+1

X

B.(i) Beali)

2-3 Backward Algorithm R[]

Z(P(qtﬂ =] | g = Siaﬂ*)P(Om | Qi = Sjﬁﬂ’)P(OHZotH <07 | Q= Sjaﬂ'))

(2.13)

TTEHEE [3] BIRAERFTAN B.() SFEtAs - SRFERTETE: » 5HELH PO | 2)i

i

P(O.q,=S; [ 1)

M=

PO | 4)-]

1

I
M=

1

b (01) 1(i)

I
.MZ

Il
—_

15

P(g, =S, | A)P(O, | g, =S,,4)P(0,0;...0; | g, =S;,4)

(2.14)



2.2.2. BfEARREEAFE S

FERAEES HMM R » SREEATIR RS0 - R RIS (31 - BT RIS
AT A IERERS S - (SRS P S SIATBIE(E - R T AR R 1 o

SE RT3 fi Viterbi Algorithm » 21| Dynamic Programing (9773 » %
PR ATRERTIRAERE 1R op » SR H A FTRERT—(H - kA4 E O = 0,0, O, Fl A
BIET > 23— 4IRENQ=a0,..q; * HEPQ | O,2) A ; (HEREE
P(0,Q | 2)=P(Q | 0,4)P(0 | 4) » P(O | A)F1QHYBEIEHERE - FTLIZ(H P(Q | O,4)Hy
{ERAAIE P(O,Q | A)AIERATEH(EHY -

Bl o e —(E R

§t(i): max P(Q1q2"'qt—1aqt =S5,,0,0,---6, |ﬂ') (2.15)

G102 Oty

BB IIRERE 00, -G, EAAES]A OFER T BRI+ 1 2 Az (e
FEFI£5 0,0, -0, ~ R HTRAR RS I » HCRK (s (e -
TMAERFRETt + 1HE > HIJB] DI
6.(j)= max 5,08, b, 0,.) 016
MEMEEGTER > AInTH NP ERSER

[1] Initialization :

(=0 @
[2] Recursion :
6.(i)= ?giﬁ[at—l(i)aij] bj(ot)’ I<j<N, 2<t<T
(2.18)
l//t(j)=argmaX[5H(i)aij] , 1< j<N, 2<t<T
I<i<N

[3] Termination :

P* =max[&, (i)] (2.19)

I<i<N

16



o =argmax|5, (i)

1<i<N

[4] Path(state sequence) backtracking :

0 =wula,), t=T-1T-2....1 (2.20)

2.2.3. AR RI 8y

HMM g % - R R SR ESA 3 HMM B
HIRRATAAHTERIZEFS O » st & ZLE P(O | A)IERA  BHEHE S 1 % HMM
P AE (A RIS B P Y O HIBIE » B I HI4E (training) - BFRE - 35 (RS RED
SEATEBTHIME > TR FR (3 Baum-Welch Algorithm ( #5322 B B2 201
EM (expectation-modification) Method ) HUBHE. —BRAGRTAHHEAGNE » SR/ BATR(E
fi# (local maximum ) °

Baum-Welch Algorithm AY3EER RS04

1. ATERIRSE

2. E-Step(expectation step)

izt B BT S BRI TR PO | 4) -
3. M-Step(modification step)
ks H RTS8 (320 B A AT SE M A kR PO | A)E A -

4, ¥ E-Step 1 M-Step » HE|P(O | A) RE# kA

LA AREAT T

17



Azt O

fERh e y| TR EATAIAEN
A=(z,AB) P(O | 2)

v

GRETEES
A=(7,AB)
v

ST R AT R

Plo| ) A

A

Il
o

L

tw S
FIRERE Plo | 1)>P(O ] 4)

Plo | i)<P(0 | 2)

IIGREE R
BERI2E )

2-4 Baum-Welch Algorithm 72
R TR SO S IERE G, ) ) EWEEE - &G, ) REESEE
SEFFFI0 ~ SR ANIFIY T » WSRICRC+ 1 AIREE M S, BIAEI S, (UMK © it -
£, )=P(G, =S,0,,, =8, |0.1)

@ (Da;b; (O,,) .. (1)
- PO|4)

— at (i)aijbj(owl)ﬂtﬂ(j)
- a, (i)aijbj (OHI)ﬂHl(j)

, I<t<T-1, 1<i<N, 1< j<N
(2.21)

2

i=l j=

DB © B2

18



c
o
N

t-1

at(i) ﬂm(j)
« ‘ ‘ N
t t+1 t+2

6 25 &G, )
7 7,00) (RRAETERERFFIO » 22 BIIL T - ISR CEI+ 1 AR S, 0
S FE TR © AL
()= (A= | 0:4)= 3 & .
1<E<T-T, lSiSJT\l
L - EHRERIIE | EIT — 1 K5 VAR LA RS S, WHE S, HOISE I :

(2.22)

T-1
th (i, J) = expected value of transition from S; to S (2.23)
t=1

LUR T S, S AT RRERTIHEE(E

T-1
z 7, (1) = expected value of transition from S; (2.24)
t=1

A8 A 15 B4R & H Forward variable e, (i) #1 backward
variable /3, (1) 1% » DULEFEH &G, ) Rl y () 5 ABELTIIRTF - sHEHHINSH

A=(#AB) :

71() <i<
271 . 1<i<N (2.25)

(expected frequency of in state S, at timet = 1

19



T-1
. expected value of transition from S; to ;é (1)

expected value of transition fromS, <« ..
P DY A0
t=1
1<i<N, 1<j<N

Z%(J’)

expected valuein state S; with observationv, o7,

Bj(vk):

I<j<N, v, eV

expected value of transition from S L o
7 ()
;t

(2.26)

(2.27)

1L it Tt ey At - 51 PO | A)infissm PO | A) ks - s

PO | 1)> P(O | 2)HIRZHI 28 A LLEM S8 A BT AEIZEFYI0 © it » BT

DU A SREUR A o DU BRI » —E 232D Faliy 7 AR S E i A - HE

Pl | )< P(0 | 2) 5 i (Ems A4 SREEREET S EIF T O BB - thit Bi

TRAVEER -
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2.3. HMM BRI E

2.3.1. s B fhEt

£ HMM HYZERE > —BRaast i 2R E Ry 2 8ra TU(E - HMM AyRREEH (N ) -
A=(AB,7) - Hrr» 7 H1An]LUFEHE5 734 (uniform probability distribution) » ¥fJ7%
Baum-Welch Algorithm i (LA GHEFE  (HRAHR B {55017 > &% HMM
REFTAIRREAR R EIHGIRRS - MEASEERHIZE - It - ZREE HMM #Y
INREEL H A1 B IS W S BT E -

AREES H AZ ] DA SRS RV ENRE AR E » —fa] DUAISRE R
FERIER EFBZERE » (MR ZERRAREIER N - o] LA DAE ERYEEH]
AR4E/IN12]

B HYER S AIFR E A ISR & PR TR SN - R E A0 - A HEHR
EHEEEER EAHEERE - Frita R Ca e - f UK E
TEREAE{E41018] » A BLEUE -G/ BRI L S B XGE T R HAVE R A g HE - g
ZlFlsk5ets - stRDEREEAAY AT EN: | A ERE EWERER —ERRER » K5h
X HA A RLEE R E -

2.3.2. §lIlSRE

HMM FE5/lI 6k - BEISRERHR R E R REFRZELL HMM HIREE % - GAE
AR B AU E LA E - LESh > L AllH) Baum-Welch Algorithm 8 BE $1 3% —&H3
HERAMEREL > REERMZEIRER > MIFFEEEEE -
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—HEIN SR E R E AR

I ERRZ IR E R R - SRl —— AV A R3]
2 AR E ) B AR A —HE - By —4HFIISRER] - EhEt il DU e bl 22
EREAHRAEE  BZHER AR RIS ER - ArPARRHER T 7 5§
R HET TR Al AT

2. HZUHEFIRER S HIEEIR - EERE - FRHE A1)
HEFIISER SR EEEIR - EEFEIRERR - FHLUR ORI
B - HNEHEEERES B EEEIR - Fr A A B R bR Re 8 H D

R & 5 A Y [T

ASER SR 8 VAR R T A E R ITE L EOFIIES - MBS DA AR
EGE r RTRE 5 EHIE HEAVAESER] “DataiDriven Design of HMM Topology For
Online Handwriting Recognition” [17]52H3 F'Combining Models to One Multiple

Parallel-path HMM | Y5 A EMES ERZL EAHIE o

BT AT r RIRE R T S S SR A — RS - ISR
A &EEIN_E—(ERE B T HREE Null | SRS (REEME S5 H0IREE - W04 T itk ae— (s
(B Vyy ¢ TEERREE Null 897 ~ b EISE Ry 1 MIAEEAMREEAIEEE 5 0  tust 2HHAR
BE Null > 7y =1, by (Vg )=1 ¢ TIEEELAIE Null BIHREET > 7, =0, by(Vyy)=0 -

(ot Comn ol ome )

FEREZRRE T - HIIRRGE Null #5E2 2 ELAN SARRRAUBER ay, LR IR SIRRER 7, -

2-6 ZillRER SR EE

22



@ate Sequences of Data&

@ Null 2763@ Sequences of DataD @
aNu\W
\éate Sequences of Data@

2-7 FIIFH Null State i) A (£ 7

N R B IR RS

2.3.3.Scaling Problem

YIS Forward Algorithm A FETAENE » &2 PO | )= Y a; () - i

i=1

MEZ A F—THa, ()R SEARER R (1, Haq 0 Hb ) with g, =i)

%R+ Hep I8 (a ~ b)EDR— (e » FrBLEE /7 0 F1 1 2 « Ak —5k -
BRI » o, (1) BhErm il - A S (6 S B TR 7 B S PR P i
R E B IEREAE - BRI A SRR RN - SAS A
FHRE B AR AT HMM S0 » kst sl PO 4) -

By TR S (AR (ST AORIRE G AT — SR g R -
A - BIEELSEINIEN  MIITERIEE o () OB RS - T b —(EF IH G, -
AL o, (1) RN -

TEEEEERNG » ISR FIEET - RIS UFE Rt E R E L )
IR ERC, My
1
i& (2.28)

i=1

C, =

sRis TS G () A s sHEH 4,
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6%t (I) = Ct &t (I) (2.29)
HILEFTE R &, () ~ ¢, 3B -

HIt

i B RIS DUR AR B T Rt e 5E B, (1) % FELASTE &, (i) RTS8 o, At
£.i)

~

ﬁt(i)zctﬂt(i)

(2.30)

MtEFE e, () F15,() > 5HE4%H scale (1 forward variable F1 backward

variable - MAIEAER F e, (i) - B.()HEEL - HEIGE

P ):@jg}%m:cﬂxn
t (2.31)
ﬁIc] =D, A,(i)
e ]jcszct : ]l[cs=

s=t

T HMM B9S2 8EE G Bia)ft 5, () 2 RnIRifE - o FTe8e a4

b o DLA= [ B0 SoBTEEATE A a, B

1

T

t() Q;; 1( t+l) t+1( ) Ctat a; J t+1) t+1ﬂt+1( )
_ t=1

T T-1 N

a, =- t=1

-1 N
Zat IJ j t+1 :Bt+1

t=1 J:]

(232)
Ctat h j t+l) t+1ﬂt+l()

t=1 J:]
t T T

7 C, Dy :Hcs Hcs :HCS =C; > Pl

s=1 s=t+1 s=1
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4
L
~

-1

> Coax,(i)ayb; (O, D1 B (1) (C.D,,,Jar, (i)ayb; (0.1 )B..: (i)

—__t= _ 1
& = 1 T

S Car i)y, (00D, (i) 33 (CD e li)ayb, (O, )5 ()

t=1 j=I t=1 j=
1

—_
Il

._.
=

I
—_
—_

—

-1

2.Cren 1y, (0 )Aa (1) Cr XeniayD; 01)A (1)
T-1 N (2.33)

at() ij J( t+1) t+1( )

-
Il

—

t=1 j=I t=1 j
1

T LSEIRIRE R ER THEENa, § MB=1b,(v)} * 7 ={r LBk -

LR ERE RS - aﬁuz% (i) SR ER P(O | 4) & {HHc A&
% 0 HLLEE

Q%g%m:qg
>

(2.34)

MY a:(i)=P(O | 2) - FrLLATLAG ]

(Hc} 0]4)= (2.35)

PRI - BT RIS ¢ SRETELH PO | A)
1

Hcs (2.36)
TERMET AR T » P(O | A) A AT & R B | - B ERS BT ol LT S4 1Y

P(O]1)=

25



FlE NI > SIPMESRAYER - REE L P(O | A) itk » ikl log(P(O | 2)) » h
B
log O|/1 = y —logc, (2.37)

H R R E L log - NELAIAIEE /I 0 F -0 ZfH] -
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=. ZHiE

fEEAEAY Hidden Markov Model 1 > fERF—({EHRRE N —ZH REpRHE —(E#HZ2(E -

y

AR S A R ARV 48

AR R E Y] - HEAEADEL T - FEE—EFHEA M [HERE IS
% R ZZE AR 2R © B0 - IRPIER e R A RIARER] HMM ; FM 75 R m]
REA MR EE Tk -

1.

G R —FY]

e M 51 o [E]— IR R AR A2 (A & B — (T L » A FI4H & L ARV ERY
S E R E— B ZE T3 -

SE (E 7 AR BB P AH B AT RE B R E R RO Bl 5 vl SE BRIV A
WA ALV E EIEE R o RN M (BB E YR TR R E R E
TRIR K, ~ Ky~ Kig IVERZREEE SRR - ALFTAH & R Z2E Y nTgE 4R
LS H’%ﬁ]i[ K, i 5 fafk MEREE E RRVEUIRZER - R E RIVER
HFfE o

(il HMM ZH&

B M (EEZE YR, HMM AL SIS - 350 5 mie st EH]
BERGHORI - (ERFEFPYIRITREIGIER - EIRM EF51] LI M
BUNDAREE - SRIESHE BERe R E 2 -

EEAREE - HIAEAR HMM J5A A FZMH KRB ; Hi2ER
FGREE ) 23 A75 R [R —IF T T > M (B3R 22 (E ~ IR -

HMM with Multiple Feature Streams

ST “Speech Recognition Using Context Vectors And Multiple Feature
Streams” [15] - $FAHMMH Y E—(ERES - ZREIRFE M (#5751 2 EAC 8
RV © BERSHTIZZER i M ([EEIZE AR RAH R 1Bk
A DAEEAEE— RGP AT M ([EEZZME - ATV Ze i RE R A
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B ZS » AR it 2 S S TR TR (A T 1
PR <

A SR 7 A% Bty 7574 3. > LLE Hidden Markov Model with Multiple

Feature Streams ( HMM/MFS ) & 3 S fERT -
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3.1. HMM/MFS #&%

HR EEA Y Hidden Markov Model i) 540 [F] 352 25 SHBH AL - LS 2 R80T
FIETSEAEHMM L > HREEIES - MEDEAEEMUEL - RS0 Speech
Recognition Using Context Vectors And Multiple Feature Streams"[15]7 > $5fHMM{l; 1 LA
THYEDL

1. M BE—(ERFZIFrEE R ZERE -

2. TIREMVEIZEESESV - FHBRERVEA Bl RERESS - SILE

M IV = OV, VM sy O s (G (B TIPS T A
S VO = O v, v b T<s<M 5 K 55 s (B P4
P ZIHI TR ] AR 22 E Y E Y -

O R s (B E PRI < <K,

3. BZREFYIOC=00,:0; ) ARIGHRE /T AVEZEERF] -

o
o® i .

O =| . U RFETEREEI LM (EEIZ(E - HrpOY) eV, RFETAIERE L
o™,

FSEFFFIFRAERIZRME > 1<s<M ~ 1<t<T -

QI > A HMM g2 (E b, (O, ) il K

b;(0)=by|| ~, 3.1)
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o' o'

o® i o \ o® _ -
seepby| [ O || faeteiias > migE | O, oM 1<) <N - TRESEIRERY
o™, oM

BRERE M (EE R EAVRRIEARR R

o'
b 0, :b(l)j(O(l)t)xb(z)j(o(Z)t)x xb(M)J(O(M)t)
O(M)t 3.2)
M
=T]6";(0%:)
s=1
, 1< J<N

Hep o b®); (06 JRFALIRES | 55 - 1E5 s (HFF 5P ZZ 21 BIE E s O M ; ff
HMM 28 55 itk sl B i o/ @) 22 b5 (v =

Mi7E Baum-Welch Algorithm “P¥fby (O} Efif 5t - AR - $Hg—{H

b®); (0©) itefT ; BBz T

5 ( (s) ) expected valuein state S; with observation vy in stream s
W7k )=

expected value of transition from S
.

> 7))

t=1
068) =), 3.3)

> 7))

t=1

, 1<s<M, 1< j<N, 1<k <K,

AL - AT DAsE HMM B DUE AT M (R E RV ZE R -
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3.2. B {EHVEE
FHFYHMM/MFSEE# B 25 (E 22 1H - A E R EERITENL T > iEg
AAFERVEENE © AIRAESH ERILERL - 7] LIRS HMM/MFSTE S| SRHF 3/l SR i

FYETRENE « ARSI A H VB 2 EA R EVEZEN: - SRS AETED, (O, )F - ¥
ERZ(ENIAMEE 5 7£ “Speech Recognition Using Context Vectors And Multiple Feature
Streams” [15]F 5 7 ¥ M EEZE YRR TR EREER A © A ZHIEE
o B A PAEH R EARRE 1 HY M (E#RZ2E - #TRE A& B BILHIREE -

3.2.1 FrEiRRE—HE

BeI5AES > M (ERZREF S A EE TREE -

FraREIEC T
o)
o || _ M
seib || || =T [b®)(0©) )il normalize iz
: s=1
o™
o,
(2) M
b, O oy [To";(0%:)
: s=I
o), (3.4)

e Bz ﬁ FYERGT » Bk e] DU AR R S g2 (H B AR 5 P DA BB s ¢
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b, =, " |[=TTb®i (0% )" (3.5)
AL - W, BE S s (E Py HVERZZERIREEE 5 T w, DME ST iw =1 HIPEH] -

YR FE LR log AF - RIEER

o,
()
log| b; O: ' :iws IOg(b(S)j(O(S)t )) (3.6)
: s=1
o™,

FEEZE T F—(F HMM/MFS 1928 A & %—(F e - BIZENEESE
FEW = {w, } - FTLLEE 5 A = (7, ALB,W) -

3.2.2. ZiRREBIIEE

EEIFTRAYITAT - EEHINSEEET VIR R — AR5
FEEAEARIARRE TPt FHEHY - MRS EEAE tJRE G N RilREEHYA ] > 55
FHERZE AN FERYEEN: - R SCE BRI A S T el (EEEIRRE T HT M
(B2 EAA S EAVIEE - (E0e T

O(l)t
®
bjo? =ﬁW%©QW” 3.7)
O(;Vl )t B

Hepo w  BUSFEIREES j 0 55 s (EERENRE - w255 ZS: = LHIBRAL -
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3.2.3. HEERETER

FEEFERER] BRSO ETAE M (P(O|A)) JRiie o B e
EEE T R A BT DU ALK R T = AR B — 4R R Sy
BC o HEERE o M EAIEERE] (0<w, <10 > w, =1)» SFRIE T

{Ef# | HIKIE » least square B linear programming 7251 /7500 A B G 2K A « KIH

B AR BEAYETR - FIERENRR S BB REE -

DLT EARREBIIMEE | B2l » WVESEET B SAREE T M (E 2= (E Sy s gy

Var, (s)=Variance(¥; ), 1<i<N, 1<s<M (3.8)
H b (RFIREET T P91 s HFAEZRE R o370 5 Var, (s)RRIREsI o -
%11 s AR B 22 {E PR o MR S B e TTETAIARE | - 25 s (B IR 2 (EIREEE w,

" iVari (k) ) o 3-9)
M " ATAIRREE R - HERJetE M ([ERHBAER FHRRE T Y2 S0
Var(s)= ZN:‘Variance(b(S)i ) 1<s<M (3.10)
NGB LULET R P s HIREE w,

w, = Var(s) , 1<s<M

S M
S'var(k) (3.11)
k=1

MRS > 7] DUE Baum—Welch Algorithm gli[RH - EEICIRAEIRG G TE ~ BH
fEEE A LIRSk sE skt - HETE ~ B — R - Bl EE NIRRT G H
NERIE - Asw SCHRHE BRI - S RUARGS R E ML -
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/Y. FERRT-HE NHVER A

4- 1 . IE;ZF‘ \Tﬁi/\\\/ﬁ%%ﬂﬁ /?\ /'\

FEHETTHRER > IRPTE IR EPY B OfE S8 R A HUIEAL N3 A AR
P(O|2) » AEESELIBIEIMCHE : TIENE > P(O| )T LR Bk O RIS S8 By A 1Y
AU R REME (likeliness ) o MANSRETHYFTARYEILE AT REME B &y O HURS > LfURIESE
B FTARVERENAN ITRE - 2R eI E R A - EEBEPAERAZS

EHREISRE A e BCE R AR - SRR ISR B R SR R FTiE Ry -

T G i — e A P AR O [ R - 2P B 7ELL Forward Algorithm 5
EATREMER - VAN E e, () MRS o () 5 0, (i) 5 (ER A RAE S
it - za (i) = O f3E » FIFERSRET t RH9FE a, (DI EH &R 0 thste

_ o, (i)=0,t'>t

NPEEEEER > B EREE R AT REME R 0

-{%‘

Z = 0 2 URAENF R t HUIRHi8 5 R EHVR B P31 O #4.51

AT AT REAIRREEIRZER R ¢ IE RV IRIA LU BARRAYVE R A T E i AT AE -
. fAEEHEIRRE
2. AR AR
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4.2. FRSEEHEIRNERIYIE

RSE RIS S TR AT LR > B2 AR R ERAIR BT ] LL5E 4 I (exact

match) (RES - (RELEE—ZIES - WETAIGRER | - b;(0,)=0 : Kt

at(j):[zatl(i)aij}bj(ot) {Z tl(l)alj:| =0

i=l1 =1

, 1<j<N

B iETEET - £ HMM/MFS g 8 Ry 5L - AR —F &R O ot > AERFREItHYER s
(B 22 (g O SR 52 e A AEH | SRkl HER Y - AR BRI R a2 0

(b® 1(0 ) t)= 0, 1< j<N ) EEEHMEFIHVEEEE A HEE =SSR » 3ZBZHE
o
(2)
TR B T RE B H R 2 (B T PR B 00 b, O: CL|=0) o i R
o™),

RF 2R S AR B TS ERTIRRE - IR B AGH I REE &8 5 0

PO|4)=0)

HIEE - FefIa] LIFH HMM/MFS ZEZEFFHIRVRAE - 72 3R S R RER
EUUERET ER T > BRI AR 2 (E - HRETR AT DI BB Z(E - 5%
T A AR (B PR DR REACESE -

oW

t
SBFICH - MEBZE O, =| OC) | EFTAIIREES » # A bY;(0%) )= 0 iz
0(3)t
oW,
bj(ot): b, 09, | |= (b(l)j(o(l)t ))Wl,j ,(b(Z)J.(OQ)t ))Wz,i 07 =0 A4 B 2 b(ﬂj.(o@%)ﬁ/ﬁ%
0(3)t
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% b (00 )Ab®; (0% ) - ATt ER# R bY; (01 )= 0 5 Tyl
b;(0,)= (b (00 )" - (6@ (0. ))*' - (R it iz s e W (B SR (e Meery Tl &

T B B AR T AR L B 5 (R Do b —(B/INFS 1 6980 -

PRIt - TSR - w, +w), = 1 b)(0,)=(["; (0" )" - (0% ) -

ifi b} (O, )i HE 2 W B3 BRSL (E IIBIER (e » TROTRET s T A SBIBIER EieR | -
MRS E A2 EIR b (0, ) 1% » FIFID; (0, ) A4zt & o, () L P(O | 4)

A > BRAEE R D (00) )= 0 BT T » BB RFIBIAY TR PO 1) -
PR T A s iR | BTt aTRE M - T T S ETREME o DU
S L ikl -

BERE AEHETRE RS - FHEE Dl KR B
L A B

AT DY (0 )= 0 IS ERT I it - g bY); (0 )= 0 umBizz
2. HOEEHER/ NI AR

(REBHER A/ » IRFF ISR R SIS (-

4.2.1. fEFRTTE— © EERHEREM S RE

ATTEHFEARES » U ESI A e HIEIRRER R AN e R EH R
HEAET R DU AV (E - (BT ] DR E]—(E ] AE RV SRR -

SRS o k2SR Forward Algorithm $HELEE1E P(O | 4) « JofRFFstEH
a (i) BRAE Y o (i) = OHIRGE » KFEIBIZEROMED - I EOBIER E RIS
# o HRAAEDY (0 )= 088 » /208 s B — (il Z(E » Rt E B -
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thEb RIS TR IR ROV T » et EATAITD, (0%)) « g
b);(0%))=0 » AIEF W, , =0 » A% FFEHEE(F normalize 3 FELHFTATREE W, | » (F

M
S W, =1 AR -

=1

wn

W ;= b(s)f(ls)l)gto, 1)
0 ,otherwise
ol
y O | e TTO (O 1% 3 1) s .
it | ||t ats T O™ - bt R t s
O(.M)t o O o
>__£f§o
Il - A R R
M vl N
FboeaF it $a)-o
bi(0,)= B (o o - (4.2)
b (0,) ,otherwise

A7 SEE S MR T B Y AT RE M > SREASETTAENE PO 2) 5 Bt BTt
CAGHE R S RO N sl DR BB AR R T IR A DUE RES A E R LERA R
S

(R ANBEFTE B 22 E R RS H5E - Fb; (O)BEEE 05 ArblEfE 7 AT HIY

4.2.2. fERTTEZ © R/ NS EIRE
AT {EITE TSRS R B | ISEA 1 T
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B ELE | EE AT - RZDY) (0% )=0 - gheLans s E—(EELE -
PRI R FIRGIRES - FT2BS R Z2 S TR e R —HE - B B REEA A N ET B
(BB AT ERAE I E T - PR FIR SO % T B e A (52
{8+ SeteiR SR (R 2 -

e R Forward Algorithm 3HEITTAEM: » e forrst &t a (i) » (HRAE
N

> a, (i) = 0 HINRE - sEAREE AN (HUNEIR) » ERUSEEE - B E RN E T E

i=1

LR BRI EEE E?UZN:OQ (i) 0= M {22 (8 # 45 20HE; o

ERAEEHE T - MR R R ANBIZ SRR 0 193F - AV
PTG BB TR M (YR 2 0 B8 EAESIBAAURE % - SEBERELIR
% o [Nt - AIRSTLERIER - A 2 R | I A

ISR EIZEE | (EHEA R o TR TR PO 1) -

FH Y AR e S AR (S R s IR DN EEAE s BR AT - SR STTRp R S (B (0o S ARy

BEIOW,, 0%, ., 00 s w,  <w,  <-o<w | ARER T RIEEIERT - 288

Xp,j =

n [EEZENASSEIZERE ) "b(0,) » HE BT

5%, itn<m
y=n+1
nbj (Ot):
0 ,dfn=M
(4.3)
A
Xy, i M
D W
y=n+1

22 R D) (O, ) A -
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N
b,(0,) Y e (i) =0
i=1
N
b;(0,)=1"b;(O,) Jif Y a(i)=0andn<M (4.4)
i=l

IM[ [b(s)i (O(S)t )]Wé’j ,otherwise
5, (0 o

H ”%@iat(i)i 09/ INEES > n=1.2,...,M » 415 n =M HIRERER "D, (O,) %5

ﬁ%@iat(i)io L RO b) (O, ) = lM[[bmj(o(s)t)]w;,,- :

=1
b(s>j(§3(s>t)¢0
W, . .
wl—if b;(0C))=0
, D W
Ws,j = b(s)jfz(ls)t)w
0 ,otherwise

i DAL S S 22 1R b (O, ) s PRI BV ET BB IR bR S e Sl E R LLE IR IB 2

SEFTHEME P'(0] 2) -
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4.3. FAMGINGG

A

LIRS TR AR i > BEZNIR 22 (E ] DUPR BT ERIRAR - (B2 i % E
Pk EIHVAIEIRES - AR E— W ZIRIEE SR AOIRAE A - 0T E - IRREPRVEE R

H: forward variablea, (i) 1 RBEI, j 2 RIAGHEAIEa, >0 - ARz, =0 -

41 EIRECR T B

W _EEIEF > BEZRIERFEt B EZE O AR B FERRAE S, - (H2 N E—BFZ]
455 o forward varaiable o, (i)> 0HSIREER 'S, » i S, )4 AP AR S,

( a,, = 0): AT2A
a,(2) = [at—l (Da,, + o, (2)a,, +a,,(3)a;, ]bz 0,)
=[0xa, +a,,(2)x0+0xa,,b,(O,)
=0

MEHFRAE S, F1S, » AR D, (0,)=0 > Aibher(j)=0 (j=13)"

BN IEHEATRE - N ECAE IR EIEEAIREE - LI B S M S B ERE
FEAEBUEHE Wt > FM5EE DURRSZ IS FRATHRA T3 - G TR T s ReE
P(0]2) -
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4.3.1. fERTTE + RS IRREEAS mRE MR Z]

W7 A RIS AR » TRAE ) o, (i) = 01 - B R Iy

ek s WEbZ AR b, (O ) IVERTE Ry | - FRLAASHEZRERE » B2

. N -
b (0,)= 1 ,1f§at(l)=0 “5)
b, (0,) ,otherwise

LA SEER S E MR B IV ATREYE - SRR ASETTEEMEP(O]4) -

AP FERI A —E S g R ERAVE H > N e E R R
TS T REMEZARELRE © T LLRMESC BRI E H - WAEST RS A sh TR lR » fF
Fo EEREERAVIEE (FRESAYRL DR S ISR B A B E] - A LR E s mT e
M

HRY AN 2 R B ZEHYIEE > % ton] DUE R — iy HMM -
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. BEEEGR
5.1. 2D BIR&EF &R

5.1.1. Fhuaks
HHRERATHIRER 3572 > EHRTE AAGHY 3D B FEIR RIRE © M EriHmH -
WRREAEIEHE RV TR © [NIE  FEEEREREAVE D - AEwSCERER 2D AR ER
52 R AR BRI B LB R ABSIEAR AR AT -

Al AR sUERPESE, (HE) B ARRBIEE T > TelE
Y A RRENE « SR ~ SRS R~ i NS - PR - HE - B

T -
ETREIERARS) BB 1A - PraSssen s -
Al E R

FESSEIEET AR > SehBSE RS H I PR R AL 2 > S R R 22 (E Y
Fe3 o BB I EAHT ZE R B RG » INEE R 2 i R A HY R B 7 AT Hotiz
A
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4

ES-E R LIUN

4

SIS - THA

¥ BRI
%

%ﬁ%ﬁ |
(RHist, Hist, ) /50 1

o s A

IO L

N EReRIE AN VEGREITHIAZE « JER IE RS H S ERE
SAAER - ABHR I WIEA SR SCERS - NIRRT — (e R B4l O
B BB ERT AR R - MR ERE R A > BB rasies > A

BRFENEZ G P Y IR FAER > AGE AR RV TR A E R -

@ =& (b) & (0) FHRER-AIREG

52 KERPlE
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P HHprREGT - BRERHVEEERE AR -

BEH LAY EDE
5-3 FEEHEFY TP

EIR > AFRFEHUARH A BSE R > FERT RRF TR &y o MAIRAER
FIVRES T - FERIVBCE - §A88 - FBE R BN URAVESR © FTLEEE
BERTRERF - R S T AU R » KR -

EETHE

TEEHEHEETE Y - F B2 55" Ghost: A Human Body Part Labeling System
Using Silhouettes™[s] » {58 ABGHZINEZRTE ~ F E Wi {E 7 [ HY18E52 B 5 & (The vertical

and horizontal normalized projection histograms ). 2 = {F = B AVFEHEE R ©

B AT B2 (binary image) IMAGE#:52 HARMYEE S - o] DL e —4f
W% Hist, ~ Hist, 38757 ©

Hist, [ ZIMAGEX ] X SX<X

min
Y=Yi

(.1

max

Hist,, [y]= ZIMAGE[X yl. Y., <y<Y

X=X

Hist, ~ Hist, fERAEFEE B Al DIRIR M ARYZESS - BERBIN A B LI AR

HEEAYZRIF LA > (HR BN EALELEORHITEN - RZREMTE T - A TE (2) For > K
TR ARAB R LUE A (R — By - e (b) AT ARE : mfEEE T
Wi o - el LUEHE (a) Frih AV ESERZETT » ME (b) Al GmITEE
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(a) thZEPHYZEES (b) IEhAYZESS
5-4 e R EPE

B FREES Hist, ~ Hist, o BERVES - RREFETRZMAVER | NS HY

Hist, ~ Hist, Z5I 55852 - &It - SRJeEEE(E P51y Hist, ~ Hist, AYA/N—20 (AR
Bl o SRR/ NS Ry 128 HYEEESHD 2l normalize - 51

ZHistVl[x]zl, ZHistH'[y]:l (F.2)
X y

WL - &R ELEIE R HiStV, . HiStH,ﬁﬁHjL\/{ﬂﬁH Euclidean Distance (Y7577 » 2Kzt
HHERM: -
BB NI - G EIRE AW < HRVEEAIRA (% - Rt EaE

L _ IMAGERY& [
AT EA/NAIEL(E R = IMAGE &/

gk <R, Hist, . Hist,, > WLE L & AR EN TR Y = 4H R B 51

ST EEEARFSRAE
EEU?/:\<R, Hist, HistH'>EE%H%%ZF??U%B%@%EE@%%E%?%# BRI RSt ~ Ptk

AT B R BT -
TS SRPE ELHT - B EIATA IIISE RV EUEY 1R - B = 2= R (E B A
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FI T K-Means 73884 | K008 (EBCSBFEHEMBEE ) - Maokg  HHSRS
AT FEIRVERER - WELAS B9 E (EER LA EEEERZEE - R
RE—EBFRI =400 > wha] DURIEEER S =R EFY]  ME=HBRE
HIRFSRFS1 - BLUERE K HMM/MFS Z2CHEIISRATE R ©

AEHRRIE B > AL ELRE(E P AR SR P B Fr S S S B P (E 2 AR (RRE
O EPERE MO EE ¢ 20t > AT DS BTG GR P B — BTk -

BT e —4H A AR ECGE TR BV EUE

R ©0.237143
Histv’ - S5.77E-05 7.76E-05  0.00019  0.00012 -+ 0.000057  0.000020
HistH' - 0.00052 0.0015 0.00196  0.00235  ---  0.003057  0.002157

THAEB B > TTLUEEHAR ~ Hist, ~ Hist, RIS EZERIP s 3 B - 5 2 8 -

3
2
4

% 4B NIE > ATLURF sk | 21 o MEPAMEARFIR LI Y23, - BN ERG T

HE—18 (frame) - LA ABIE (AR 88 & B Rl i = (8 BHR AR R R (R

G e

WL > SR e & R B by = (E BRI AT P 540 T

1 3 3
O, [ 21,1]2],-...
6 12 12

TTANSRARIE SRR R ~ 7 > AlE R T 5IRP

R 1, 1, 3, 3, 0, 0, 0, 6 6, 4, 4, 4, 2
Hist\/’ : 03 O’ 29 2’ 25 2’ 2’ 14 143 s s s
HistH’ 6, 6, 12, 12, 14, 14, 14, 0 0, 13, 13, 13, 13

EZAIER LD 15 5% (1SFPS) ZERAVES » —F 30 PPAYENFREILERE A 450 5REG:
W Ry DRI RS  FRAIRE e 2 450 18 o 10k TR RR VST E LIRS
A LURF Ly B R (o MibR T - S TASMEAVER (D - S M ERVP L
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R : 1, 3, 0, 6, 4, 2
Hist, ) 2, 2, 14, :
Hist,, L6, 12, 14, 0, 13, 13,

i o USRI AR E R ARG — AN E(E -

BIISR ~ HEak

A SN E R T > Ry T EVESHERE I T s HMM/MFS BYBEE0T AR EL
RGN T HE RIS ) ARV - FrDABR T — AR ERYE ISR R
Eash > 2R SRE R E A AR &R & -

TR PRRAS SRR - ER Rk | ARy 28 J70% ) B T AR AR |
WE g -

HYERIS2B ~ A

BEdlskE R - L8R DI ~ A PERGRATE A M HIEL -

L diskER: ~ Al ERRIEAREH
TRV TEENESEL S ~ 10 20 SEERARE MEISRER > HL 10 EEREE
M -

2. rERERFIY T EREHEOE
/2 K-Means JHEELES K #{H - AN RS E B HAE R 3,7,
7~5,10,10 ~ 7, 15,15 ~ 10, 20, 20 H:PUfs -

3. MEEAVETEGE
BEe A FrrlEEEE - ERERS A > RIEDREARITE
A, AJ0fEE(Uniform)

BAHFHEERE A )

B. ZREEEIMEE > BXGTREAW)

C. ZHIRIBIMEE - 5HHE—RAWO)
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D. ZiRREE—MEE - GRETEESW)
E.  ZiRREE—#EE - 51HE—R(SWO)
4. HERTE

T THERTIE MBS ) AR =AU U R R

T3k o AR MR B - AR TURE AR [FIRY 5% -

1. AEEES M (None)

2. HHEEROEEEAH () #Z2 (A (FeatureSkip)

3. PhEEREE/NIVEN (22 {E (StepFeatureSkip)

4. 7RUHHIRAGEIRS AT RE MEAYEE Z](TimeStataSkip)

TEL > FRATRE S AT R ATA T AERVAR G AT HE T HIE - gt 2ttt » 4adt

A 12 TEHE IREREE - 7R E ) e —TEEk - M S HAFERHI4R
(REEAVEED) - Fik T L alidh 60 AHFRI0 3E(T 4 R EHYHRR T -

AN ER

R T B S EE R B YERGE RS S NEA = (E AR I N R L E e AR

L gk
Sl SREVE AR BRI R PRV R B R E R BRI AL - G RIRAYIETT
WEBAIEMER » 2 AlE KRR o Fr U2 RGN SR &R RDHIENE Y - Eh2
PRIMBREEAY 505 Tk THEPRE BRIVA M - F— ORI E L TLAHAE
ARl ~ ekt MMM R HERES RS -

2. K-Means HJ45 5
H AR EFISRE IR - RS AT A IR E R S AR B B - LA B
SRR SRE AT E RS R R 9751 - (B2 F B R A Y
K-Means 73 EFHYT5725 » WA BLECIGEEARI 0 B0 - BT AR HI 2R &5 5
AFAME - FNIE > FEERSEHFHAE ISR - PElE R TR
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RITEE - F—RINVGER SR E M -
3. BLEHYEIAIEEY

£ HMM 15l FFY EM Method RVHZES4E T —4HAEIARY S8 R AREIL
w5 I R EIFEEIA S BEAE R AR ERIHRRE © TR AGRSCE Y HMM
WRIES B S R PR LS - Rt - RV E R & AR 58 2 E R4S
R o Ry T R BRI HVAS AR - ¥ E — 4R kA AR B E R [F B At
BOEFTHIGR ~ Wk > WHUAGESRAYE9(E -

T S EBEIEE TR XU L GFEEIER RN - FrLR_ Bt

RARZ > #EA S THCEES AT -
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5.1.2. B

HAT=ARE A ERE L) i GinEE - SRET - BT B NES - B -
e ~ BaE B3 - F—HEEFEATUTEDLEAVEA © BEARTEYEEIR
Bexdnt > AETARAR AR E—ESFRE -~ TtaRrAE - WA
ZIB L MAIRE IR - TREFTAEENVEHEYIZE -

Fh{F4TH FEAEH
i 43
SRy 43
=l 40
F NS 40
i 41
iz 66
ERVAE:= 42
B4 50
syl 365

TG LEEE A VIR

NIHIE S-1 2 5-8 0 F e EHE o BRI - BEE T R
Filrp s SR (R ERR AT R GBI -
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B 5-5 ByfE— wE
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5-6 BifF— ERLEH
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TR FE R AP sl - BIEE—BF Z Bt A HERERE - TYIEER
EEIEEERTERLARAGER CEBEISER 10 2 oHBHER S, 10, 10 (VE

B

3,3,3,0,2,2

Samplel 3,5,5,5,5,5
9,9,3,0,0,5
4,4,4,3,0,2,2
Sample2 9,1,5,5,5,5,5
9,9,4,3,0,0,5
1,1,1,4,4,3,0,0,2,2
Sample3 4,6,8,9,9,5,5,5,5,5
9,9,9,9,3,3,0,5,5, 1
1,4,4,3,0,2,2
Sample4 4,8,9,5,5,5,5
9,9,9,3,0,5,1

=& 2 BifF— BRERTIFIR

2,2,0,3,3,3

Samplel DR sES. 5,3
1,5,0,3,9:9
202,0,3,4,1;1,1
Samplée2 OS8O Om/, 8
5,0,3,3,9,9,9,9
2,2,-:0,0,3,3:4,4,1,4,1
Sample3 5,5,5,3;9/2,8,4,4,4,4
1,5,0,0,3,3,9,9,9,9,9
2,0,3,4,1,1

Sample4 5,5,5,9,7,6
5,0,3,3,9,9

& 3 BifF . BIRERTIFIR

1,1,4,3,0
Samplel 6,4,8,2,2
9,9,9,7,7
1,1,4,3,3,0,2
Sample2 9,3,9,9,2,2,2
9,9,9,9,9,7,7
1,1,4,4,3,0,0,0
Sample3 8,4,8,8,2,2,1,1
9,9,9,3,3,3,3,7
1,1,4,3,3,0
Sample4 6,4,8,8,2,2
9,9,9,7,7,7
T 4 BE= BZEEFTIPIE
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0,3,4,4,1,1
Samplel 2,1,1,8,8,6
7,7,9,9,9,9
2,0,0,3,4,4,1
Sample2 2,2,1,1,2,9,8
7,7,7,3,9,9,9
0,3,4,4,4,1,1
Sample3 1,1,1,1,4,4,6
7,7,7,9,9,9,9
3,3,3,4,4,1,1
Sample4 1,1,8,8,9,7,6
7,3,3,3,3,9,9
F=i& S BFU BIRERTIBIR

1,1,4,3,0,2,0,3,4,1,1
Samplel 7,9,3,0,0,0,0,5,5,7,6
9,9,9,9,4,4,9,9,9,9,9

1,4,3,0,2,0,3, 1
Sample2 7,9,5,0,0,0,5,9
9,9,4,4,4,9,9,9

4,1,1,4,3,0,2,0,4,4,4
Sample3 4.:4,7,7,5;5,0,5,1,8, 1
9594195954, 4,4, 4,8, 8, 8

1,1,43,2,2.2,0,3,4, 1,4
Sampled 4,9.375,0,0,055,2,2,4,8
9:9,9,4,4,3,4:4,9,8,8,9

T O BRI B EHR Y IFI#R

1,4,3,4,4,4, 1
Samplel 7,9,3,3,3,9,7
8,8,6,6,8,8,8

1,4,3,0,3,3,4,1, 1
Sample2 7,9,3,0,3,3,3,7,9
9,8,6,2,6,8,8,9,9

1,1,1,4,3,3,4,1, 1
Sample3 7,9,9,3,0,3,3,9,7
8,8,6,6,2,6,6,6,8

1,1,4,4,3,0,0,0,3,4,4,1,1, 1, 1
Sample4 6,7,9,3,3,0,3,3,3,9,8,8,4,8,6
9,9,9,86,2,2,6,8,8,8,8,8,8, 8

TA& T BEN BIEEFIIPIR
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1,1,3,3,3,4,4,1

Samplel 8,7,3,3,3,3,9,7

8,8,8,6,2,6,6,8

1,4,4,0,0,3,3,3,4,4,1

Sample2 6,8,9,3,3,3,3,9,7,8,6
8,3,3,8,6,6,8,8,8,8,8
4,1,1,1,4,3,4,4,4,1, 1

Sample3 8,6,7,6,9,3,9,9,9,7,7
8,8,8,3,8,6,6,8,6,6,8
1,1,4,3,3,3,3,3,3,3,0,0,3,4,3,3,4, 1,1, 1
Sample4 6,4,8,9,2,3,5,2,1,2,2,2,2,5,5,2,8,4,6,7
8,8,8,8,9,9,9,9,8,8,6,8,8,8,8,8,8,8,8,8
Fi& 8 BIfFE BIRERYIFIR

1,1,4,4,3,0,2,2,2,2,0,0,3,4,1,1, 1
Samplel 6,7,9,3,5,5,2,2,2,2,2,2,2,3,9,7,6
9,9,9,9,9,9,8,4,6,8,8,9,9,9,9,9,9
1,4,0,2,2,0,4,1

Sample2 6,9,5,2,2,2,9,6

9,9,9,4,6,8,9,9

1,1,3,0,2,2,0,4,1, 1

Sample3 6,7:3,5,5,2,2,9:9,6

9:9.,9, 8, 65658;9,9,9
1,1,3,0,2,2,0,00,4, 1,:1

Sample4 6,7,3,5,2,2:2,5,3,9,6
9,9,9,8,8,6,6,8, 8,9,9

FAE O BB EH T BFR

M EAL By > mT DA - B BB FER Aot e st - AV ERH
oAy > EA S B AV RS TR0 rT EUSCRIRY & (A HMM 32—y -
FITe] LU F A AR 2R s Ee 8 b
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5 1 3 E%ND

BRI aEE R

RERGARER > AIRIRTE TR ) VRSN A MRS MNYEREE - AR ISR E Y
BHBZ > PERHV RS . A EFISEREE T - & A A ERED
B -

O ISR S
W 3SR 10
O ISk E R 20

FlleE e - 20
ASRERE - 10
Ella=vat ‘e

3,1,
5,10,10
7,15,15

v FlEE=S
SEEE 10,2020 sleRE g E

| g "
L 3
LE | | e

& 5-13 A EHISE ﬂ%@@ﬁ%ﬁ@?%%%ﬁﬁ?

MAREMTEHGIEE - BB B RS A RPN E ) HAER T E

O sk - 5
B 5l SRR : 10
O S & - 20
s
2
EllEca=vat e
FISREREL 10
10,20,20 7.15.15 HIGhER © 20 EllEcs=vat =
5,10,10 377
paria eS| .

& 5-14 AEFISEREH SR EH T HEEYERER
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R AT - SR R Do SRR E S - A font &
K EREPEEEETT » B HER e SR e AT R -

TTANSREE AR SO AR MRS R ) Frfe iy =fEasl nf RE VT &7
EAHER A AR E RIS - FERE IS T o #RELL—ERR RV IERENE -
AR B PR LR - MR R RGH PRI S e iR E - EHEETISE
gD > BB H SO MR - SRR R - TREIRHEAVEER (FEF /4R
EREH FEYUHEE - rRlE EEE R 3,7,7 2 5, 10,10 ~ 7,15, 15 ~ 10, 20, 20 £
SR -

100
90 F B
80 | o
70 | 0 SR
60 | e
50 |
40 | B A
30 | £
20 |
0k —o— LI AR
0 B i
E=
555 5101010 10 20 20 20 20
ClE v =

5-15 DUASE AT RE My R FEAS IR

B EE AT
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GlIE =y BB Ao EmE DA 58 v BEVE BRI R R4
FHEH IChE | SAMER | $EER 1EHE AR | SRR
3,77 72.5 1335 | 1415 |  79.41 0 20.59
s 510,10 | 69.04 1823 | 12.73 81.02 0 18.98
7,1515 | 57.73 33.58 | 8.69 80.88 0.07 19.05
10,2020 | 44.08 47.14 | 878 76.89 0 23.11
37,7 81.1 3.77 15.13 85.18 0 14.82
10 510,10 | 80.62 9.81 9.57 87.51 0 12.49
7,1515 | 74.78 15 1022 | 86.19 0 13.81
10,2020 | 68.71 21.6 9.69 84.16 0 15.84
3,77 87.17 1.56 11.27 88.12 0 11.88
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0
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78.25
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A
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0
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IW [44.87
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45.76/10.09174.43| 0 |25.57
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0
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15.8
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(=1 R
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None FeatureSkip StepFeatureSkip | TimeStataSkip
RightNone[Wrong|Right [None[Wrong[Right INone|Wrong Right [None[Wrong
Uniform|80.62|9.81] 9.57 {87.37| 0 |12.63 N/A 85.36| 0 |14.64
IW [80.42(9.69( 9.89 [87.18] 0 |[12.82|87.45] 0 |12.55|85.19| 0 |14.81
IWO [80.81|9.71( 9.48 [87.39] 0 [12.601 KyA-aUMNVERRWRIORSS. 73| 0 |14.27
SW [79.58(9.62( 10.8 [86.43] 0 [13.57]86.95] 0 |13.05(84.28 0 |15.72
SWO (80.43|9.68| 9.89 |86.84| 0 |13.16|87.21f 0 |12.79(85.13] 0 [14.87
FHE 16 FIFER 10 F - 7EFEHE S, 10, 10
None FeatureSkip StepFeatureSkip | TimeStataSkip
Right|None |[Wrong|Right [None[Wrong|Right |None|Wrong Right [None|Wrong
Uniform(74.78| 15 [10.22(84.23] 0 |[15.77 N/A 84.07] 0 [15.93
IW [74.93[14.24|10.8385.25| 0 ([14.75]85.93] 0 |14.07(83.31] 0 |16.69
IWO ([74.97|115.02/10.01 (85.36] 0 [14.64 EERCAMIMEREINS4. 16 0 |15.84
SW [74.05(14.43]11.52184.29] 0 |15.71(83.96] 0 [16.04(82.81] O [17.19
SWO (74.61|15.17]10.22(84.75| 0 [15.25|84.36] O |15.64|83.91] 0 |16.09
FAE 17 JISERE 10 5 > RFEHE 7, 15,15
None FeatureSkip StepFeatureSkip | TimeStataSkip
Right|None |Wrong|Right[None[Wrong|Right |None|Wrong Right{None[Wrong
[Uniform|68.71{21.6 | 9.69:| 835 0 /| 16.5 N/A 81.11] 0 |18.89
IW 169.01{20.96] 1003 rZR{E1] ‘ IBRZAR8Y 88(0.16[16.96|81.55 0 |18.45
IWO [68.36/21.58| 10:06 (83.79) -0-[16.21]82.24{0.19|17.57180.89[ 0 |19.11
SW [67.84(21.09] 11.07182:43[" 0. 41757 [81.61| 0 [18.39(80.09] 0 [19.91
SWO [68.28|21.87] 9.85 18372 0 [16.28(82.34] 0 [17.66|81.05] 0 |18.95
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None FeatureSkip StepFeatureSkip |  TimeStataSkip
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[Uniform(87.17[1.56 | 11.27 k3 PARVEEE B R N/A 87.87| 0 |12.13
IW [85.96[ 1.5 |12.54(86.94] 0 [13.06|86.77) O |13.23186.58] 0O |13.42
IWO [86.44|1.42(12.14187.33] 0 |12.67|87.31f 0 |12.69(87.05| 0 12.95
SW [83.73|1.51(14.76(84.71] O |[15.29]84.78] 0 |15.22184.47 0 15.53
SWO [85.92|1.53(12.55|86.88| 0 |13.12(87.04] 0 [12.96(86.63] 0 | 13.37
FAE 19 FSRERE 20 5 - SpEFEHE 3,7, 7
None FeatureSkip StepFeatureSkip TimeStataSkip
Right [None|Wrong| Right [None[Wrong| Right |None |Wrong Right [None[Wrong
Uniform|88.075[4.195| 7.73 EANIRIEN0) ‘8.935 N/A 90.22( 0 | 9.78
IW | 87.5514.295|8.155[90.59( 0 | 9.41 [90.685]0.005 9.31 {89.79| 0 |[10.21
IWO ([87.46(4.27| 8.27 190.475| 0 ]9.525[90.795] 0 |[9.205(89.585] 0 |10.415
SW [85.97514.255[ 9.77 | 88.85| 0 |11.15(89.015] 0 [10.985[88.245] 0 |11.755
SWO [86.94(4.25| 8.81 |89.97| 0 [10.03|189.97( 0 |10.03[89.06( 0 |10.94
g 20 FIIRERL 20 2 > pEFEH 5, 10, 10
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5.2. 3D HKEE B

5.2.1. FEEERE - B

HIR 3D Y A BSERIENER 5 » BRI AR SCEE 3D INBHE R » SR Bty
T -

RHSTEIS 3D (RS ERRR LR AR B BE D BAT - T -
I~ RSB T (B » AR A & SRk 3D FEREf » SR S B
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