Proceedings of KIIS Spring Conference 2008 Vol. 18, No. 1.

SN o4 HEE AIRS AW oAl

Emotion Recognition using Speech Recognition Information

2 7

AE FAA PSR AR RIB Y
E-mail: wgkim@kunsan.ac.kr

2 o
B ERES A4S AT A 7R A4 Aade] A%e AN e 71y @
$ 24 A4 A2ds AgY 24 A4 2" Batd AL o] Aste] $A
o) XY &4 dolguo|as ALgsld 24 Wiyl &4 A4 2" A5 v
B3 A7 AR Ao dRe AA v 24 A4 A2de FRAAG. B AL
o Azl wet 4 Bgel o 2ze 34 L9 wasd 4 A0 da FE 7
e,
AY AN FAR &4 A4 AxRe &4 FPuEZ RASTA @ A2EYH} 9e} A2E
e AT AFHEY A PPOE CMSE AHEE HMM 7)ot 35 o] A27]8 ALg
woh

oxl o flr £ kv
oC
o,

2 dlr

o
ot

stk ol @ 84 dAvIs ¥R B AN ST A% A AY/VE AgH A3
& 4%e Yl

Key Words : 84 A%, &4 <4, 23 4], HMM, MFCC

1. & =2 7IEAHY HE A4 JIEE ol
- Oh-Wook Kwon &< SVM(Support Vector
LA 3lzate] AWMt o} g} zqg_}g} Machine), LDA(Linear Discriminant

2} she g9 doju EWoire 7M HE Analysis)®t  QDA(Quadratic  Discriminant
Mol EAo] slue ek £ zAolele]  Analysis)E AHE3ISATHIL Carnegie Mellon

RAE0] Bo|l FAX U7 W o SAAA 7 3te] Thomas Polzing 7]& =8 Eo] &
ALE WmE Hoja BEAS=Y oz &o) ¢ A AHute oj4dtd 7Z+A ol AjlAde
o SA4L B3 744 QAL i = ztzte Aed Ade g, HMM 72§ ¥ 35t
7ol 549 owd WIE wEYEILE &4 AR FF%H AEE APAII= B

23] FEsldor sted, o8 A3 7 45 AF3HTH8I |

o} A i A+ A7 3¢ 2 dFdAe S4E AFEE 1zt A
e AALARS 98 WA oo} A4 Az"e) A5 AT Hetey 7
[1-11]. Mol g A A4 A2 Age

AN L A Zjha] Bo] AN & o B OW *V‘E“ l #sted A AT ol 9
Ao A 2 /\]%@% 2e SL glo} EX st 44 o< Q‘Xéol Ed 3” t‘llOlEi

sebviel 2% 2 A9 4 dugs dge  Hol=E *}%‘fﬂ
QoA Aol7t Ak B4 Add eid g4 =W Asel tAE
g mugsle a4g 2 3 WS JYe )
3 Z

o

o
A2 QolME 731, o = TIESAUG A AN 4 N9 B
2 7z}

_= _8,
o,

oX,

oo r&
N

-—-ﬁ

dlo
3:
2

i

N >

e ?_]_/5] }\]____E-“

O]%—%}{__" E‘J:Eﬂ, ULX MR | 1
Y, $S4E S 2o 984 a4g s o weh " Bl o 2z 24 2ds
b magat Sy R dnesdadzs  UEdd 9 e W A% A A4S

o =  HMM(Hidden Markov T& s AT

olg wel uH 7| 2. WA A4 Axd

425



Proceedings of KIIS Spring Conference 2008 Vol. 18, No.

2 AFAE 712 34 A4 Aage A

> S sl ZAA Wl A% A 2
Al A"l AE AR QY AlaE FF)
Bt AFEAT ol A A A=
o] %= 1Y 13 P}

L —

Emotion
» Recognition ...

Speech

- Recoghnition - :
HMM Emotion
Models Maodel
speech ' emotion
Feature _ . Decision [
1 Extraction [7] 08090 H Decoding £ Logic |

I 1. 3A 94 A2Y TAE

I8 194 A Q4 A2 &53
o] & GAE UHY, g A A A
A2 A&2gE g4E SAE dyEr] g3
HMM 7igke] 2a& A7 Z4A A4
Al 2" & GMM(Gaussian Mixture Model) 7]
e FF F459 44 2dE g a4
A A A A A2 e A dEvE R
AR 48 AL HMM 7jute] &A
2SS ARSI AT o] F2A A U4
H 43 24 U4 dAd AdEe 7A
Ao A18d A Rdg MYdn EF £
723 A& FP&A Bt

oz Fx TAH U4 Alx"o] 43
AesE 47 s A4 S A4 A2
o] A wsle] Zrsor Jr}. JdE AL
Aol 2&HO 7] WE & A 9
Al2de]l Q14 MFe 433 x3E 3yt
sith. ol § A3 e o g9y A o
2 A2dle] gl F4E F ge Aot
27 Wt AL A U9Y Alxdg 7H
3 WY A widle A3 &4 mheiy
HE Al&3tAY A 9H3E ¥gsies 24
2dE ARl S Y & At

4 Q46 9y AHgH1 gy EA 49g
22 o AEEH AMEEHYZ LPC A2EH

A4

O
<43

ATt A(mel) F2EG AS7 F2 AL
3 on FSd AU EA dHEgz ZE
(root) HAXZEH A4, PLP(Perceptually

Linear Prediction) #l4¢ RASTA (RelAtive
SpecTrAl) A 2& 3 EA FAeivg EA o
HEo] UvH12-18]. F&ol A% Az =H
HHoRE 7t HL2EF AY SFH 9
(weighted cepstral distance measure) o]
T2 AMEEHL QY 3 Ao ¥3E #
o (bias)E AAs}= Wyoez F2redy HA
A (CMS : Cepstral Mean Subtraction)$}
SBR (Signal Bias Removal) #¥-2 %o A}
g5 1

1.

426

ol g st e e AA FASL 4
J 23R FLoy A 4T 59 A
24 A4 NzEe 45e FAAUG. g
A olald shebelEle 74 Aol wel wa
8 ¢4 W x Zst A o o
ol e AA HEe A% ¢4 A4
Nxeg Agsed 74 #se] ZA 4
914 AAHe FEHT

24 94 Az2de $4 14 ARE ol f
37 st 23 245 ¥eE Aean S
e 7t90] TR By HOlHE AL
7 244 744 2de FEAL oHY A
& B 2% Yoo 24 94 Axdo] 3
=3 HeHe Rug $58 A%< Uehyy)
o) 2ol o}

i

3. & ¥ &y 03

3.1 dlo]g o]~

2R A4 N=Re e BUIskr] 918X
€ odd Aol 288 &4 dolg ezt
dastth o) @ dolgulelie g 2
HHo g FAHA.

2 a7 e A9 F2 #3AA 7,
, 3hdel 7kA AR o9 JIEel He
P AAE EY oM 2AE d4 92
dog AAAT 55AYE =8I ALY
B3 A o]FojH3, DATE °l&3d =
ARk 7 stabe 65748 2RS 4R
BoE HE3GA F5 T4 AH RO
vEsittn ddd Afode dA 55E 8l
o 2 47E A3t ALEE delHY wEE
5400(3078 x47+ 4 x45F & =13+ F ol .

BH A
=

glo > o ofl dl

32 53 vy &
A4 NEe &4 vy F:& A4S o
L3 Zrh AAedE Estd 16kHz, 16HEZE

AEH3, 1F:3 GBS HATY. olZA
AEHE H3ze 34 77034 55 73S +
Hatr] Y3l 24 7+ HAeE vdsL &
A HEE Fod. fHdasd 4 HNIEE
20ms(3208 &) HolE & IMEFE AR
3t 10ms¥ olFdtHA EA IASWEHE F
gt 2 AFdAM e SA4Y A IeveE
LPC F2EY A, ¥ FAZEHY AF, FE

AAE" A9, PLP Al RASTA A& E
gt | AAEH Ao S qUAE ALE
st =3 54 deldie e AT w3
of gt ARE Edst= dEl AEHY o
B} YA E AR AP AR A
EY Alge 1248 AHESH A PLP A+ 5
& ARESFTE I Ao X3y HelE

i



AAs e o2 CMSe SBR #H¥e A&
3t ot
33 4 ¢4 Al2d9 74

2 dFdME A 7R HEd A &
4 A4 A" JiEE YItd A4 ud &
HMM= 7202 & 32 59 d=8 ¢
A Al2"FE FEIAY. a4 HMM 2d e
256719 Z=& zZHe ﬂ__.--a-g AHE-3E

A& HMM2 A" 3 419 71$A 2%
TXE AHSSAT. T3 4 2do Ay &
St AbgE 4] BdZold waEtA &
Tttt Edo FFoE 20%W (A 1083
974 10%)9 S4o] AHEHAT A=
o FAstA %2 108 (g4 587 JA53)
= AH&s AT

34 4¥ 2%

AP $4 2Hol THHA gL
o2 H§¥ AN A2de o Ha
S0l 471A 2ol £8E 4L AHg3
7tzke) 74 Wste) WE Aadge 4% ¥
e #FsAY. 29 2= F &4 T
ZAY Q2 AsS YeEldL, A7 &4

Al A" gAY 7 Adk ¥£3hE dlo)E 2
2}1;?512171 qell I delert 3Ed A+
oA 7H3 el ¢t Ao EEHWE o
A Aol 343 Astdd. ade A
Aol it Hd IAHES el AP A}
€8 HA(E AXEY, FE FHA2EY,
RASTA 2 AXER, PLP Al5)9 ¢4 ¢
e FAME RASTA 3 AEER-H] 89.6%
2 7HE ¥ 4%E Ui ol @ A
2 RASTA ¥ aJriﬁol =739 #4 Wzl
e 2HEPY WHE B Fr ZH
dttn ¥ 4 gt ¢ &4 dedHe 9
g Frlsted ALgAE We) A%

SRt 3714 W A2EY
ASAE 90 A2EQD} Ayl A48
Beol BE A4 E0) 15%HE Fastgov
RASTA 49 F2Efy 9 AAeEHS A3S)
o AHET Al AT 914%2 % 18%
A= Aol FEct

=
73

£ M de

r°_\'.9

MEL CE RAAEY A,

ROOT_MEL : FE F2EY A<

RASTA_MEL @ RASTA A& 3 @ AAEYH AF
PLP ' PLP Al

DMEL D e FARER] A

SBR DA% Hel AlA WH(SBR)

CMS P 21E He AlA BEHCMS)

Proceedings of KIS Spring Conference 2008 Vol.

427

XML&y e N

recognition rate(3

speech paramelsr

o] Al
- M

&4 Steige) hE g4
Nzd s Bt

N3 He AA Pl orE A4 A
T3t He AA WHo== ML W
‘ﬂ% AHEEE SBR¥ CMS ¥HS ALg-3tgth oq
AT A U2 A" Ao XA &
SAE R SaHY 19 394 &
o] He] AAE F3P3hA Q14 Aol iy
d 4 Art. E3] CMS7F SBRY H3}
3t g YehliojA RASTA 4@ A~
del AAEYHE AHR3H3 A TH A
HozZ CMSE A&3 ZHFo U0%E
$+5% AFE Y Y. ol AL
Aol W3lol uel Ao Hejrl A=
ojujta Hel AA FAHE Tl o]y
32 Ax BAS Fv ) vk &
t} o]#%t AL W AAEHL ALL3 AL
A AT 8BI%E 7F Aoz @
8.7%9] JeEbh i eAte TA

oE‘.

o >1ﬂ
o »i
iy o

ol

024_,

rﬂlo )

8 1030 (g WL

A4E Fye
g2 ANER o 59%AE oAVt BaUTL
2 % ek

<

100
95
90
85
80
75 B
70 L

recognition rate(?

specch parameter

(o)

T

39 3 AE B AA Hel e 84
4 Nzy A% B

g W3to] 73el
2€l7 7R 91A Al AHL
A9e SaAsAT
Aztel wet g8 Bl it zhztel
22 wwsted 92 Ao
& ¥, webA A
2o thated 4747

2d& 7HA

mpA o2 7

4y A4

2% 2 in e x>

18, No. 1.



Proceedings of KIIS Spring Conference 2008 Vol. 18, No.

|

——

e B& & e 7d AL Id9 &
Ao AARe=E AASATG. 1Y 4= AF F
HE YeERT ojuf A QAR AFEE Alx
HA)S 34 Fedgz 4 Prey, dE
4 FreY de 2 @ AAEY, dE 9
W=, det de YA E ALESIa GMM 7]
BHe] g Rd S AEYE 9 MR ST A
TOE 738%F YEUAC A A heiy
B2 RASTA ¥ H2ed de} A2~edxx
He AA WHozZ CMSE AH&3% 74 w3
of e A2gy AjF AR A4 AlA™
o] ALdE 15% AL A QA2 A% 3
AL Jerlideh.

HE .
75.5 [
75 E

74.5

. recognition rate(?

T4 P

73.5

73 ©

type of the sysiem

Y 4. AGE A" 9
24"k AL B:
- AE)

B57t (A 2R
QAN AR A A4

4. 4 £

2

LI

AFAME 4L AHEE Q7Y
A2} Al A€ e < BN Ekd
A 3tol] 7% N4 A5z Aggd 7
Q14 Azdel #stol AT UG o1& 9
ste] $4 oF@ 4ol XFE $4 ol
Mol 28 AHbshel 2 Aot £4 AN A
~9e) e MAE Gl BE A7 7
A WS Gge 47 v S4 Q4 A2
& AR 24 A4e 24 A4d AP
A w2} R Bl @ ztze 24 wag
Bl adled 918 S g3 HE 72A QAL
custn 9 Aseld nd wsel 39
3 SA Helve 2 RASTA 9 A2AEH
- dE AXAEHS AJEST 31_4 AAH GHoZ
CMSE AMg3% A9 7 53 A5S
[Tt = Y e FFAd AU
Aol A N AlAES ARE A S
AEe] 2. A

214

A
A% A
&) }6]

Nigd
%

24
24
29

o] =& 20019 AY¥(H}3r&
Yoz st=xghaycte] 2 YS o}
T (R01-2007—000-20989—0(2007))

2o A
sy o

1.

428

% 10 2 8
[1] Oh-Wook Kwon, etc "Emotion
Recognition by Speech Signal”,

Proceedings of Eurospeech 2003, Vol. 1,
pp. 125-128, Geneva, 2003

K. R. Scherer, "Adding the Affective
dimension A New Look i1n Speech
Analysis and Synthesis”, Proceedings of
ICSLP, 2002

Noam Amir,"Classifying Emotions 1n
Speech: a Comparison of Methods”,
Proceedings of Eurospeech 2001, Vol. 1,
pp. 127-130, Aalborg, Denmark, 2001

A. Nogueiras, etc,”"Speech Emotion

[4]

Recognition using Hidden  Markov
Models”, Proceedings of FEurospeech
2001, Vol. 4, pp. 2679-2682, Aalborg,
Denmark, 2001

[5] Rosalind W. Picard, Aﬁectwe Computing,
The MIT Press 1997.

Janet E. Cahn, "The Generation of
Affect in Synthesized Speech”, Journal
of the American Voice 1/0 Society, Vol.
8, pp. 1-19, July 1990. B
[ain R. Murray and John L. Arnott,
"Toward the Simulation of Emotion in
Synthetic Speech: A review of the
literature on human vocal emotion”,
Journal of Accoustal Society of America.,

pp. 1097-1108, Feb. 1993.

6]

[9] Frank Dellaert, Thomas Polzin, Alex
Waibel, "Recognizing Emotion in
Speech”, Proceedings of the ICSLP

96, Philadelphia, USA, Oct. 1996
Jun Sato, and Shigeo Morishima,
"Emotion Modeling in Speech Production

using Emotion Space”, Proceedings of
the IEEE International Workshop 199,

[10]

pp. 472-477, IEEE, Piscataway, NJ,
USA., 1996.

[11] Thomas S. Huang, Lawrence S. Chen
and Hai Tao, "Bimodal Emotion
Recognition by Man and Machine”,
ATR Workshop on Virtual

Communication Environments-Bridges
over Art/Kansei and VR Technologies,
Kyoto, Japan, April 1998. '



