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Abstract Same feature vector from speech may recognize different emotion state in different reliability. HMM was used
as basic classifier and different feature vectors were chose as the input of HMM for different emotion. Firstly, based on
the decision principle of the least miss-recognition rate and error-recognition rate, promising first selection (PFS) was a-
dopted to choose the optimal feature vector for each emotion. Then, HMM for each emotion was set up using the selec-
ted feature vector. Cross experiments were implemented using Beihang University Database of emotion speech
(BHUDES). All samples were divided into three groups: training sample set, feature selection sample set and test sam-
ple set. The experimental results show that HMM with multiple feature vectors can achieve better recognition precise
than that with single feature vector.

Keywords Multiple feature vectors, Promising first selection (PFS), Decision, Miss-recognition rate, Error-recogni-

(PEETFHREFRE  ALIE 100041)2

tion rate

EERRERZ T UEEHRG SRS, RENETR
EEARBERETHRARAER, AR SPRE N
SRR Z B K93 BL X R AT T WA . W Murray
M Amott EMHILBGH T EFAE . BE. FRFEF
TEER FHRARE T B RN s Cowie & AFEH CAR[2]
RISt TRIAXS 14 B RRE T B FRENPRS
B FIOEHRES , XMOBIFR TE B0 4 FiiF &
BTN TE) | 3 0 L RO P B4 4 R A 1 AP D 2 A0 AR, RSB 9
MEFRERBLER . R, BAESESHE R, WiE
BERIERBRRANTRAZ D&M TRER HE W, EHENIX
TAMEERHE S 15 B3R 1K ) B R BE iR oK 5K BU 58 B 3L
e

REAMRARNE AT BIE T HR RS 88, E
HMM g T FARIEN FES, EEFHR R SR

FIM H #3. 2008-07-18 & 15 H #§: 2009-03-10

(20070006057 ¥E Bl .

HRE—EHZR ZMEM. Schulle! % A7 HAFBRR TR
BHRAELEN HMM Xt 7 /iR S H TS, RAREE
FHEERR, RBIERIAT 77. 800, Nwe HATEXRISJHERM
BB HMM SR HRS R, BB RHASE 4 MRS
#E  B HMM # BB 8 T Left-Right 45 # 89 HMM,
Nogueiras % AFECHR[6 1R A T HE MEERFHE LR —1
LR HMM BRI 7 FiE R EH T 03, BARRNY
HMM REECK 64 Bf REMIRFIHERERR. KRL7IAA
Mel S48 R B (MFCOE o BARIE & & , 6 315 /RE
HFHRARRAHFRNEARE HMM, RB 55 R RHXFH
77 ¥R F— i Bt B 2 — HMM SR 5, e R 3t 3
FRRRFER HMM f1 SVM 43 3148 T R, SR £
ETHHRHEN HMM 7RI T SVM Jrik. b Br5ss
RERHS W T EERERR, R —FMEERIRKBEN AR

AXZEFK 863 HREBIIT B (2006AA01Z135) MIF EHRH L S REEHTE

HAWBA971 ), & L, B, IR F 0 F 65 R AL B AL M, E-mail: lig. {@nuc. edw. en; EEXEE(1974—), B, 8+, TRIF. HEF

A S AR ERITA971-), 5B, 0L, BIHBR. IR F M AEREL.

+ 231 »



BERS RN TREEAERER.
ZEITHEAM FRE, 4 30EFE 6 REH Left-Right
DHMM {5y 27 43 26 8 R, B 53 DUE B B IRARU1 1)
B, REETZEFREE RN HMM 2805 8, AR
BORAR R R B R AIE 1) B 3 I DUB R BGE & BB AT
XH. SRRV SRR TR (EESTEERERN
BACFHEA S X BT A R AR A M HMM 42884t
A CH BT LR B E B E ROIR AR, T kol B &
#IMr HMM LUK HMM B SRR G AR Rt 5%

1 B

A BAE R 7 A R B R B T R,
EATA N BB AR , N 36051 - 1L BB %,
Mot — R LR AR R, AT, TR R R
2510 B A 2 0 T R LA A, D A0 1 28— D L
AEEE L K53 T T BRTS , 40 S Py 0 ,
BURA BHAS UL B DA 3 B S A R R
ST AIREARHIE B 408 3 H 2 ATy, MSh, i
FEFHENRIF VR ERI LN, E5 5% A R
TN X, Bl R RRHIE A 1 2 R R,

HMM i 35 BRI R 2 T4 W 0517 %, B
PR 4652 MOV SR A A 4 AT 4 SR T B DI 5, 4R I8 B
B AR BEAHEA T2 28 . A ZERER IR b LA
P BT 2t B, R AE ) R O BB 5 AR B TR AW,
SRR R RRK B 60V B A 2 SRR, G HBe 29 50 83
BRI 28 . I, DR B~ A TR
BHFRA A TE B 5 — HHN B TR S B E
SR RS, B S R R BRI AT
BURY 141 2% ¥ (SFS) . F¥ 915 41 26 4% (SBS) . 4k 46 ik 48 00 ok
(PFS) MZEHHIFIAH7 (SDA) B, GHELAA & B 1
PR SR I, SAT, o TR A2 R A 4 35
TR BT e B8 ) B AR A T 436 R BB GRAE R T 1 R 2570
BB RAFASIE

2 HHEmER HMM 23]

2.1 EZAHMM 9 3ER

HMM 2 —FFI R ER BFIUHE B AV BRI ME%
HESHE, A HATTH A= (N M, x, A, B)R#R, H#H,N
FRRBEEMEREMRETRENUEEREARS
BRI TR RS BAEEER; B RAERET , MEE
B s AP RA S RN R 45 .

HMM 532888 o 2, SEhR L3R I R 5B R
B a sy B HMM fgad#. s+ F K ﬁﬁ@%& , AR E
KA~ HMM R, #WEEFFH O=o01,0,+y0r TR (T
HMBHEFINKE, mw&wa&um@@@wmm%%
Rk PO/D.

EF
5

AEME
K5 o

K1 HMMIEEHRIAGINEE
+ 232 -

- R ERRA I IR AP BB B8 %5 AT BTN TR AR AR

B 1k HMM EEHRRAIER. MEL&ERIE
B HAEN A MRS RRRSE SR, BB WMEEHF
0,314 O 1R # HMM B8 A RJG A Viterbi BEPIR
HEMERN POO/ADELL AR BRERRES  WEE; Bk
BER PO/ EX R R BRREERRFISGR.

2.2 SHEERN HMM A5
2.2.1 ERTERMIIBCEE SRR THRE

A FRFEA & HAT NG R RS R34S
FFUEF TR, R - TR B ARSI, &M
BB, & HE 0 B3 AR BRSNS —B, 5
7 84 e B R A TR B R EE , T X HAR R R IR B R Y
AIREE K. B, R A E B AR B FRIRBL S, 7T
LIS B RE T AP T A HMM 432638,

A #rFEnENFS RRSEREN 50 7,1
THBEEBRR 1~ 8 i RABERRENFS, NBUEN
B 1~K,K 2FFRRENIME. F/ HIFERRXIE #
— AR
BN R BREH RS —REEA G e RRN. Hit,
HTEBEEET HMM, AR E4EHRA T B,

(DI REBRMBE e

e MR IRE, RonE  FE R IR NGRS,
B j AR EXTE R ERIRANEN p., .

ea=1—p; ¢)

() MERHIREHE <,

e WIHRAR, FRHEHRERIUAE  MERME
%,

HAEXM R T M ERASLEBER K4 LRRERE
#ﬁ%#ﬂmﬂ& BAGRREAAATRERBERNERAZE,
B, F R LR AR AR B A 2 TR R BRI F

y(Ci G =1— ey Tei2) @
Hep C, FTnsE 7 A ER BEXE  FpERAIRBIMEE. B
Cr F BB AR FISE | M E RS HF HMM, RIRr#% 2 .

FCGH = lrggi(y(ci.,-)) (€))
g IFRRESE S L LK, A BN B RS
BILFFEE .

2.2.2 3#%4iEHmE HMMRF)

EHEE R HMM 23388 C %R, W

C={Ct ,Cf ,++,C} 4
He, G Be=U(D EXOHEBRHNF HMM, B EER
FEIRFIEE | MR RCR AW FRE R BAE AR .

B HMM AR R4+, BT HMM STARERER
—3 L, HAFERINE 2 fion, X EA&ABREE, Bl
WAESHIRIERT K MWEEFD 01,0, 0,0k , 4T 5E
3 HMM, 3] HMMy $9%i A, Al Viterbi B3R & MEEIK
PO, /3 H, RIG R EER K P(O. /) B X R B B BARSAE N
AR,

REM HMM P(Ol/ll)
;28! !
EF RN
A5l 2 v, | P (0 /%), W
gfj‘; vy AL )

B2 Z%ENE HMMIESHRIRSISE



3 XBEXBHER

3.1 MUEREEAAA

IR FEME MR KR FRIEE TELRFNIER
BEHFEBHUDES) . %iEkE XA T Fkman %2 37 i §/1&
SRATHERD R R A VMR E B R 6 R
BOBAL, HIEAN 4 BEMM 3 L2, RATHESERSY
R, BIEANERTE 20~30 # 2], XhBEELBUE. F
Fi A —R B % sigmaTel C-major 7K B4 M2413N-
DR i 4e g ; LA F 7w R ; ] GOLDWAVE i #* &
TAE; AN 11025Hz, SUGEE . 16Bit B4k, # = 0 PCM,

0 MR EHAEARFBEENESETVNITECTNE
o WAKEEHAERANEEN,E 3~12 FZ0E;RHO
ELRIBRE R, B R ENA NS TREMERIITRE. B
FiBAEMERE RS 3 K. FH TG, AL
FHEEE BN RGBT RIBFHTEN . EE& S ATFERH
HERBHEMENNERAIEE  BAIFEEXTF 0.7 Mk
H SRR A SCET IR LR 38 36 714 4%

WA CRBIE SN 3 4, M RIEANE — KR (254
A B WGRE (286 A FISE 3 WRE (174 4D, 4 BIE R I
G , FIE SR A AN U IAAE
3.2 ETBAMMTEEEH HMMiR5ILK

BARREAHRSE, PEFEAE - REE AT
B BAYRENIN— 250 AR EaE.
10 MR H R B(LPC) . 10 Bir£R M T Il 8)3% R B (LPCO) .
10 By Mel HE R B(MFCO FIE —LRIEME R H— . — K
E%, L 45 4,

T HABERPHBMTEIFEHTIEHRBEEN
Tk, & SRR B (PFS) B B 6 B £ PR LAY 45 430
A AEAAT 5, PEA IR F B HMM 32 LB IE 7
BN, B F HMM 2 B B8 K, BIERA PFS MR
eHrent, I8 H 45 EFHARFE+S LPC, LPCC Fl MFCC 7]
SRR — ARk, B H AR S A 15 SRER N E—
BAEHATAMEAD NTIARRSEE R, LHREH, %
A SRR ISR AR &0 . B M — 2o+
RERA— B 24 +10 B MFCC; 24 3% Al B 41 R 1E n] 2B
FHPRFIRED 71. 9%,

3.3 ETRAHMCAARN HMM R5IEE

AR, L HMM X4 & #1820 3R 31 M 8B FE o 4K
BT R 6 MBS RAER SRR E A &2,
£ 13, Kb, Bt pE — A5 aEm & .

#1 BHR[FMXE

" L A0p 3

1 F-REHFERE— . Z 24+ 10 f MFCC
i $EEH—-HE4+10 B LPCC

wEH F-HRERE . B EL+ 10 B MFCC
Rt XEHEH - . ZH£4+10 B LPCC
i A RE— . —H 24+ 10 B LPCC
R Bt g - —WHEN

ALK 6 HRFE S BIEIMARE 6 A~ HMM 42K
L REME 2 ARF GHEEERA) #HAT I, SR N 2
5, K, B—FIrS 1~6 S HIRAELH MR B
HERMRE 6 MERRE, 7 R FEREIR,

F2 FHRHERE HMM 34 2 RFF BRI OO

AEB1L3 SRE2 AREA HERS AEEE
BAERERRAE REE RAE RAE FHE REE RIERAE
100 10.2 767 191 60.0 304 767 129 767 839
35.6 264 63.8 9.91 356 3.5 356 082 5L3 355
75.2 7.39 40.7 1.8 648 3.8 6l4 562 441 136
21,7 055 431 2.8 739 9.08 431 366 354 2.8
548 4,25 37.4 340 548 508 722 9.29 37.4 424
73.3 155 0.00 9.96 80.0 2L0 60.0 139 933 17.1
646 — 485 — 589 — 59.6 — 568 —

MF 2 SR BE AT LAF 6 43 88 0 R F A R
RBIHERER 2R, 5288 6 TR FIRMBK, B R EH
RBIRHEETHE 7 40288, B eTE o R A LR E
£ HMM k8 R ARSI

Xt G IF IR, e X B L R AR R B M RE AU AFIE 1) B AT
B, R R 2 AR EINTEE 2 R EiBAIAITIRG HE R
ik 3 g, RPBERFE ST,

%3 ZAERR HMM X8 2 KRB EA R

G #E HE i EH A& FHAH
100 70.0 79. 1 83. 6 65.0 95.0 80.9

= S e O

3.4 AR

58 3 YGRE WM IR A, 2 5 F LA A ) B 2
KBHEHFE MR HMM #4718 BOR A MRS, B R4 R
x4 BHL RPBERRE S,

#4 BHEARERRAEBNE 3 KFEFEAMHIRN D)

AXBE XY Kk HKE BB OEH  ORE P
1,3 94.4 459 644 325 450 771  60.0
55.6  68.2 57.0 325  20.0 28.6  47.4
83.3 385 533 450 80.0 48.6  58.7
77.8 237 682 325 70,0 9L.4 57.8
6 88.9 348 422 325 30,0 91.4 483
AXH# 100 76,5 7.5 59.3 63.8 9.4  75.1

(A £V ]

SRR R M, A 3 BB R A b o i s R
YIgR&E EAVIGRBIEMMRE, ILH 6 T RHATLE,
BEBSRFJAFFHEANLRHEEE HMM X REH
FHIRAIE, A 3 BR. HF . X AIRHFS 16 FRsE 1
BB 6N ARB/FE T RAFORE. Y RIRRARELE
F/PHRAIR, WE 3 TTLUFELFHRBJHRAIETT

BT B M B 2585,
o B R RHMM S S AEAE 1 TEHMMAR A g;gmz

FHENR (FHR)
8 3 3 3

-3

]

L-6RAKE MM, TR B HEE H MM
B 3 BASFAE R HMM #MIZ45E m B HMM RiRgI St

#HiE HMM R RS RA TR M. F30H
HEEHIERBMNARERREFRTRENER  ETH
R MR IR F/MORFFEN, o EFHERRSERE RN
FRAE 1) B, AR5 P SE A AE 1) B8 S % 1 1 AR A& ) HMM
A, RO, EUUR AL F RS RARE A4 T B

+ 233



HRRGATTRBE R KPR IEE .

SRPAEEHR: RISV R EH N GHR A A8
Z BEX S F RO BT HMM BT 485, B4
BRI EEE ; BN, HYGHEEHBARBEHEET —EH
B, R ARG A R B R AR 1 & IRFIBK
RARBIERE , EAEN T REHE [ B/ 2880 3, AR
BIER.

2 £ X W

[1] Murray 1, Amott J L. Towards the Simulation of emotion in
Synthetic Speech: A review of the Literature on Human Vocal
Emotion[]]. Journal of the Acoustic Society of American,1993,
93 (2):1097-1108

[2] Cowie R, Douglas-Cowie E, Tsapatsoulis N, et al. Emotion Reco-
gnition in Human-Computer Interaction [J]. IEEE Signal Pro-
cessing magazine, 2001,18(1).32-80

(3] #&J.EERFSAEIM). L3 B Tk i R, 2003

[4] Schuller B, Rigoll G , Lang M. Hidden Markov Model - Based

Speech Emotion Recognition[ C]// ICASSP’03. 2003(2):1-4

[5] Nwe T L,Foo S W, Silva L C D. Speech Emotion Recognition
Using Hidden Markov Models [J]. Speech Communication,
2003,41(4):603-623

[6] Nogueiras A, Moreno A, Bonafonte A, et al . Speech Emotion
Recognition Using Hidden Markov Models [ A7 / Eurospeech
2001 [C]. Seandinavia, 2001

[7] Lee C M, Yildirim S, Bulut M, et al. Emotion Recognition Based
on Phoneme Classes [ A]// ICSLP 2004[ C]. 2004 ;889-892

(8] W, BRiG, BRIRA, % H#iE ST BB RN EEREAR
[J]. WAL K224 - THRR,2007,41(11) . 1816-1822

[9] Mao Xia,Zhang Bing, Luo Yi. Speech emotion recognition based
on a hybrid of HMM/ANN[C]// The 7th WSEAS International
Conference, 2007:181-184

[10] Ortony A, Tunen T J. What’s Basic About basic Emotions[ M].
Psychological Reviews,1997,3:315-331

[11] Chen Guanghua, Liu Junhai, Ye Jun. An improved method of
endpoints detection based on energy-frequency-value[ C]//IEEE
Proceedings of HDP’06. 2006:9-11

(ERZ 216 T
{5},{6},{7}.

4) BiEE

B 5 3I% 3 FhHEE A A%t DBNs R 4 54T BK #
HEEM LS FREAMEREJIDI2 XK, BR T ENETH
8] ; HLEFTE E MR KA R R /ME BB TR 10 A8
B, 0 1 5, 132 1 T8, BK Bk Eam
LKL EEREHBE T 1.5 FEBAR
By, B3 TALL 5 FEAWERALIERAE BK BEM

TGO, DY BRK B PR T A R OSSR 0 h— A HIRED -

BA LS FREWE % ARE B8, REZ L
i

F1 BKEEKSE 1.5 AEARE LR AR LB (B T B 8
MEK 10 2 30 40 50 60 70 8 90 100
. JT 0.187 0.397 0.591 0.803 0.952 1.196 1.398 1.547 1908 1962
¥ B 0,120 0.250 0.382 0.528 0,645 0.788 0,024 1.063 1211 1289
o JT 0.156 0.329 0.496 0.664 0.822 1.008 1146 1336 1510 1695
A BK 0,122 0240 0.350 0.474 0,586 0.710 0,841 0,965 1.077 1,218
E&SH IT 0.215 0.469 0.685 0.963 1183 1426 1.659 1.908 2.156 2.373

£ BK 0.170 0.363 0.557 0.736 0.940 1.134 1.317 1.519 1707 1.914

B3 BK BB

B} TB] 4 BB S A -

O L5 HREWBEEXNREERE OMT)., .M
FRRSERRLRBBIMEN N I FREOFFEH
R, T RRR R E,

@ BIASr#IE A9 BK HEBB I K iR Z R R >R O
(TG TmaEe by | Hop, M RREE B R BN
BIFMERI N, Fe, B C PABBXEREL S(COER G

* 234 -

T AL EE T BRE RIS E,

#WiE T DBNs MR —4~ NP [HE, Wi
R T E AR, BK Bk DBNs M—fp T EiEM
HHEAEY:., BKEXATHESRKZEN FRAZEEMM
A RART M ST BB A R B A, BT S A
W8 A 2 BEE BEEEATHRE. T8/ BK Bk
BHRE, R AN -5 AL AR H BK Bk, 4t
Robocup H i #54-BR 5 B4 51171 /184 8 DBNs, 43151 51
AZEIREN BK B 15 FBARE %t DBNs #17H
B, R R A E I BK B3k 7eis B S 8/ OE R
ToatREdREE BERE.

$ * X

[1] Murphy K. Dynamic Bayesian networks: representation, infe-
rence and learning[ D]. University of California, Berkeley, 2002

[2] Jensen F V,Jensen F. Optimal junction trees[ C]//Proc. of UAI-
94, 1994:360-366

(3] A&, T¥,80E%. 1.5 KA ERESS N MR
R gR AL ] HHEHL TR SR, 2005,41(14)  81-84

[4] Boyen X,Kollen D, Tractable inference for complex stochastic
processes[ C] // Proc. of UAI-98. San Francisco; Morgan Kauf-
mann, 1998:33-42

[5] sk¥Ess, T8 BkER. —HETEWENIRE Y %X E Robo-
Cup IR LT ]. R E IR, 2005,17(1):134-137

[6] Dechter R. Bucket elimination: A unifying framework for proba-
bilistic inference[ C] // Proc. of UAI-96. San Francisco; Morgan
Kaufmann, 1996 ; 75-104

[7] Draper D. Clustering without(thinking about) triangulation[ C]
// Proc. of UAI-95. San Francisco: Morgan Kaufmann, 1995
125-133

[8] Kjaerulff U. Reduction of computational complexity in Bayesian
networks through removal of weak dependences[ C] // Proc. of
UAI-94. 1994 .374-382

[9] Paskin M A. Thin junction tree filters frontier for simultaneous
localization and mapping] C]//Proc. of IJCAT-03. 2003.:1157-1164

[10] Dagum P, Luby M. Approximating probabilistic inference using
Bayesian networks is NP—hard[J 7. Artificial Intelligence, 1993,
60(1).141-151



