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Recognition of Conducting Motion using HMM
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Abstract

In this paper, a beat recognition method from a sequence of images of conducting
person was proposed. Hand position was detected using color discrimination, and
symbolized by quantization. Then a motion of the conductor was represented as a sequence
of symbols. HMM (Hidden Markov Model), which is excellent for recognition of sequence
pattern with some level of variation, was used to recognize the sequence of symbols to be

a motion for a beat.

» Keyword @ Motion Recognition, Beat Recognition, Gesture Recognition, Hidden Markov
Model (HMM)

* 2 oTE 20034 SR T AP0 oA ATHAZ |
T R R ARE Ry



26 wE DREEREE w6 (2004, 3)

A ol DA S & o, FE ol
Fab) o WE] NRES A4 ALeEINT e%
e4& ol ellage] BlsdA B8l

A4 EAE B¢ oPiagel wuHY e 3
28 4 oo 42 59, 47 AT @ seht, A9
A7A Aoldlle] BHE B SAIAE S0 Al

F 9% Aolth 0|, £% o8 AxA

(=1
7P 7?& F3Ho %OW QI7tAFE ClHF ]~ &8
(3)

HZH EEHeRTH At WAt
Atz RS Aketn ok ARtE #
HeE JAstele 715z ®3et
, Sgd 2l 7|sEd) et A
A E EJrL%P—E TS AN s Xste 712d
DTW (Dynamic Time Warping)&
ol &3t WRI (41(8)(12), AFANA (Artificial Neural
Network) o] && o] W (6](10), 18z &4 nt2x
= Zd(Hidden Markov Model) (11(2](3](51(9]1.13]
(14)(15) & o] &3 ¥ o] AM-drt

DITWE £2 T2 7tz Foxl F
Aele] #Hee] s £ e A fAE (global
similarity) & Z243hzd 2900k DTW #l2] Faid
B wEe R sfo] 7 AR H]AEL HeE e 9
2l A FEE 7 F slen, FH dlol|rt AL 8
A= Aol THssitt. et e et F kg
Ax FAEE Adstoksly] wiEdl FbAQ FAEE
Heslr] g #7189 Axaele] Fasin | o2 Felsl
7] g Ate] BostEE EA8= U B2 ARte] &8
Hr} w3t 22 dus Jﬁjﬂ—s}ﬂ %aﬂﬁ—t— Aﬂf;{r Az
Heo] éoo}i olz g H

oE

Ho
Yoo
S
>
-~
o,
N
oly
£
i)
=
9
[}
=
o
[N
<
o
=]
=
[er]
S
S
2
|
u
o,
—u

ol el olalsled AR T Sl

HMM-2 19800l 3t Adl 2 7A59 st of
o] Belld7A A7 sl ExEden, AAE A«
Aol de %}lﬂﬂ At

h=]
3,
i
a1l
r
e
o
O
©,
°l=°
ol
o &
X,
o
of
o

. AlAE #M

Ry e 9P 99 F271E e dite & o
autE F2o W 7, & VIS B AR &= F
A3 ek ARAZE & GAE S5PE W Frame 27471
Z o] g3t HMMe Fog #29< Adst, qg ok
H HMM AL o] fsl] AFAte] HAE ol & 3}
o] 1 A3E FH3tE woR AzdE Y

| PC FHHIZ | ,| EERES = 37|

h.

AL BAF 837
| HIL S8 |

Z% F

i

07 1. AlAE 2ME
Fig. 1. System configuration

oo} 2279 WA USB PC 7hatzie e o
AL YIQ Zekld (Color Channel)2 o] &3l A+
Eeet. ol RGB ZeAld S o] 83k AKT YIQ A



we] 1 gro] 29e) Wisll] 9 ugale], $YAS) 9L
& 53l 7] WEel. #eE Adel [ g& o4t 3
o e B ROB 4 YIQ o We et
2

-

0.30 0.59 0.11 YR
T|=] 060 —0.28 —0.32 || G| eeeemreereees (1)

Q 0.21 —0.52 0.31 B
& FAVE 99 F2E B4 U AdAedA
date i DT 23 1 FHYE FHE 9EE @
o & Jdus ] fEiAe 99 =218 B8 U
QAo e] AA a4 (connected com-ponent)el #l|o]E-S:
Fojgict, glol8y] H FAdA dE & T8la J1E ol
A, e 9 99e] W olg3le] Hdte £ Jgds 2ot

1923
(o2}
fle}
furt
(o2}
=
(e
M
o
oX,
ot
o)
i

widAe ZHde 2V 60770 o2 SSich (13 2)
= ASATE 2/AAE A AE v ZH Y B9 Aotk

dore 2/49E Ass] el 18=8de] ddE
ARSI Aatet | ZEds sk 32 oest
.

&9 917 A%
i

?l_
CAE AN HaA A ) AR A o E T

gt
» TP el =719 607000 A AHE S FA gk
AR T O
’_'.'-""4#\_

= §
S R AT

=1}

=

—

73
ol

i
y

T8 2. 2/49¥x} =2{Q) AMo| of
Fig 2. Frame generation for 2/4beat

. HMM=} ol £ o &8t X|={uli T Q14|

1. HMM (Hidden Markov Model)
A% Aee] Az Ha BAEE AAQ AW

1o

A4, AEle YATAE % wdY & 5 A9 AU
& wgAoR FYT + Y= A7 Y. oY vhmax
wo)d rlamE Qe Jza AN AR 49

g #g3zel mdolct. HMMe] WiAWSES ol
9 o3t 2ok

2,

N 2AHEe F
VB2 71E 9] da] s
T @ #EAe Ao
0= {0, 0,,~, 07 : 854
Q= 1 ay, ¢y, ¢y 2E e A A5
V= vy, vy, vy
#Z 7bee 715Ee] o T
A= {a;} @ A Ao] FEEF
a=Plg =7l a,=9 1<i,j<N
B= {3, (R} : AejdAe ¥ 75 &8 X
Blk)=Plo,=kl q,=) 1<k<M
= (n,) 7Y ExX

DA I 27 #E %

o7l A, B, We 9AE FEHSo|n Uy &

Zam L, @20, for all § seomermmnn )
be(/@)zl, bo(k)=0, for all j roeeeeoeemereee (3)
Zn =1, T D e (4)



28 HE A EREE ROk (2004, 3)
HMMSe A= (A, B, 1)z #7dc =4 AZ 4% Zg e okFelg Fo wErld wel sAEls
7] e N ME Adsokd®, A 7 seun =¥l debd F slet didAe o] A melsh
or AlEL glod
A B, TE Heldck a0k IMME olfig upjeegs o oo

AR FoiRl 2 dES mdeth . HMMS 2] 504
el #E AL ¢ ok, 1 HMM AAS #
& MAATE Al nlEzax R FE g4 2y
2& + ot

HMME o353 22 Al 717 A9 il <A F

=(A, B,m)& 78, 948 <ol 71 A

= { 01, Oj,..., OT} 94’

B A= (4, B/t o8 W H2e 4 @
a= g, a;,~, gy B A A9 & Jerte
24 A E& = EAIRA] Viterbi g3e|Fo] AMEE
(7]

A WA AR PO N2 28w
= (A, B,n) 9 whdpE of9A 24 ¢ ot

9] stFREAZA Baum-Welch €ag]&o] AMEETHE)
2. HMME 0|38t X|F[afEdol A

AFg gAb Qo AMEEE AFHe 1A (29}, 39
2b, 494, 69 & A3 e

on (29 3)¥ &t}
R
7w 1 4 B3t 6wkt
A \, L L
| i | (A
~ Facy| ‘) e

2 f g ™ T «| VP
1 1 1 T

T8l 3. XF-e| &7
Fig 3. Types of conducts for beats

o Rl ARSI
H\/{M9] o12ld|= Forward Algorith % *}%OPMJJ{

@%‘03%01]*1 Bz %&3& =4 (Observation
Sequence) & T3 WYL 274
A dFez 7 3
Aoz ¥ & A
2)ellA A GAvE

=

T2 4, MME 2Ed
Fig 4. Generated observation sequence

el odlA A =ZHEdel #%E 0 ol gE W B
0 & o3t 2o €& F sl

e

O = {0, 5, 15,30, 30, 30, 31, 23, 24, 24, 24,
24, 23,12, 0, 0, 0}

slale M

siate 1

T2l 5. M7He| AEHE 2= lefttoright 22
Fig 5. Left-toright model with M states

T MM tIARFE S M2 715 3] die
AP S 422, N(&Y A= T)«l F71% 12~18 At

o) Fuom OghE 0.024% 3] st



=
nx
gt
1]
=

AEL Windows 98& LYAAZ 3= Pentium III
PUS P&OP@OD% 27 20 ZH9lel $E2 1607120
= USB PC 7Histe ¥ A= AHgsia
H3to] ZRIME ATt

AHAPL Zzb 2wkl 3ukab, 449k}, gERAE
AR R]Ao} < A% Forward Algorithme %3]

& AAE BAFT Qict

E . 2| H|aE
Table 1. Comparison table for the results

FE]

oo
T
{287
i )
(37h
T3
[48kah
i
(62+7h

0357 3 34 148 1.92

1773 713 238 5.7

417 3.07 883 2.0

17 327 558 [F.#

. D 27 2, 34, 8, 6

o Al & % 9l
ol Astel 2zel T Wk Be mele] WA by
o] ZAe olel M W

e gkl % oo, 292 BRe (23 6)% 2o

flu
ﬁ
il
o
o,
> oo |
N
%9,
;1

02! 6. 44X} HIAESIH
Fig 6. Screen of test for 4 beat conduct

o
FF
e
é

PC AuEeRE ded Gl
HMME o) g3le] A714e] uAE
Asiglch, ARG PN Aehagsh
gesAsln dolen e gal &l 9

¢
[e}

E%

kT

> o %

|, o —Li ole r1r
o o
(RS

!

i
oo >
2
of,

O:

B AdalnE sfon, T 2475 Bdle] Pyt
A71e| 4YS A=E FoA AFAte AR =
HolE F43lns oM A nE Yo =g HMM
S ol &aA AFAEE EFToR A o AFnict TR
& Sle A M o] AWt ATt AolE FE3t
5 st

B Rl WA Qe 24
a1 MR oA AH AR ANk $HE T
Rck. meh] Adst Al AL AR
aen, 9 e ol A8
uel Eoz Felshgr,
A3t 2o AHE
&)

£
ol Ak
Aeh fEd <+ 3l

ital

ek

InSs

(1) oldg &AdY ol&st
*P 14ﬂ 1997

AA A 19, s
ol , S23EEkal | 1997
3, PowerGesture: |24 Spotting”]
9 A9 A28, HCL 97 ket &
(4) Bemdt, D. & Clifford, J. "Using dynamic time

warping to find patterns

AAAI-94 Workshop on Knowledge Discovery in
(KDD-94), Seattle,

. . 0 "
in time series

Databases Washington,

1994



30

AT BREE WOGE (2004, 3)

(10]

(12)

Carlos Morimoto, Yaser Yacoob, Larry Davis,
“Recognition of Head Gestures Using Hidden
Markov Models,” International Conference on
Pattern Recognition, Austria, pp461-465, 1996.
C.Maggioni, "A Novel Gesture Input and Device
for Virtual Reality’, Proc, of IEEE Reality
Annual International Symposium, 1993
G.D.Forney Jr., "The Viterbi Algorithm.” Proc.
IEEE, vol 61, no. 3. 1973

K. Takahashi, S.Seki, and R.Oka, “Spotting
Recognition of Human Gesture from Motion
Images’, Technical Report IE92-134, The
Institute of Electronic, Information and
Communication Engineers(Japan ), 1992

L. R. Rabiner and B. H. Jang, “An introduction
to Hidden Markov models,” IEEE ASSP Mag,
1986

R.Kjeldsen and J.Kender, “Visual Hand
Gesture Recognition for Window System
Controls’, Proc. Int. Workshop on Automatic
Face and Gesture Recognition (IWAFGR),
1995

S.Fels and G.E.Hint on, “Glove-talk: A Neural
Network Interface between a Dataglove and a
Speech Synthesizer’, IEEE transactions on
Neural Newworks, Vol. 4, 1993

S.Seki, K.Takahashi and R.Oka, “Gesture
Recognition from Motion Images by Spot ting
Algorithm’, Proc. of Asia Conference on
Computer Vision(ACCV), 1993

T.Starner and A.Pentland, Real-Time American
Language Recognition from Video Using
Hidden Markov Models, Technical Report
TR-375, Media Lab, MIT, 1995

X.D.Huang, Y.Ariki, and M.A.Jack, Hidden
Markov  Models for Speech Recognition,
Edinburgh Univ. Press, 1990

(15) Yamron, J., Carp. 1., Gillick, L., Lowe, S., &

van Mulbergt, P. A Hidden Markov model
approach to text segmentation and event
tracking. In Proceedings of the IEEE ICASSP
Seattle, Washington, 1998

I |

T g
19773 Aedigln
et At
19809 d=rellad A7) 2
AR AAL
19869 d=rElad A7) 2
AR WAL
1986 ~ &4 d=uidla

A AR



