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Review of Emotional Feature Extraction and Dimension Reduction Method for
Speech Emotion Recognition
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DING Xue-Wen HAO Man XIE Qiao
(School o f Automation s China University of Geosciences s, Wuhan — 430074)
(Hubei Key Laboratory of Advanced Control and Intelligent Automation for Complex Systems, Wuhan 430074)

Abstract  To make it easier and more natural to interact with robots, new demands are put
forward in human-robot interaction (HRI), and the primary demand that the HRI faces is similar
to the communication between humans, which is the emotional intelligence capability, i. e., the
ability to identify and feedback emotional information. Emotional intelligence is an important
development direction of Artificial Intelligence, which has become a hot topic in the field of
human-robot interaction. As a main communication way, speech conveys both semantic and
emotional information, so that speech emotion recognition is attracting more attentions. Recent
progress in emotional speech feature extraction and feature dimension reduction is reviewed.
Firstly, commonly used features in speech emotion recognition are introduced, which are divided
into prosody features, spectral related features, personalized features, and non-personalized

features. Prosodic features that are closely related to tone, stress, and juncture are commonly
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used for emotion recognition with high accuracy, including fundamental frequency, formant,
short-term energy, etc. Spectral-based features describe the characteristics of the speech signal
from the frequency domain, in which the commonly used features are LPCC (Linear Predictor
Cepstral Coefficients) , MFCC (Mel Frequency Cepstral Coefficient) , and so on. We innovatively
sort emotional features in speech by personalized features and non-personalized features. Different
speakers have different characteristics of speech, which results in difference in speech features
from different speakers with the same emotional states. To build a robust speech emotion
recognition model for different people, non-personalized emotional characteristics are proposed
based on the personalized features, which are extracted using a derivative-based method. Secondly,
some widely used feature extraction methods in speech emotion recognition are compared in terms
of their advantages and disadvantages. Pitch, formant, and MFCC features are commonly used
prosodic features and their extraction methods are introduced in detail. For the non-personalized
feature extraction, we present an extraction method based on derivative for speaker-independent
speech emotion recognition. Speech is produced by nonlinear air flow in the vocal system, thus
Teager-Energy-Operator ( TEO) with nonlinear characteristic can be used for speech signal
processing. Speech emotion recognition can be regarded as a static or dynamic classification
problem with massive data, and deep learning can be used to figure out this problem, in which
Recurrent architectures such as Recurrent Neural Networks (RNNs) and Long Short-Term
Memory (LSTM) RNNs have been used effectively for speech recognition and natural language
processing. These architectures are able to deal with high-dimensional inputs and automatically
learn features from these inputs, which are different from traditional features. Thirdly, five feature
dimension reduction methods in speech emotion recognition are presented, including Principal
Component Analysis (PCA), Linear Discriminant Analysis (LDA), Multidimensional Scaling
(MDS), Isometric Mapping (Isomap) , and Locally Linear Embedding (LLE). PCA and LDA are
linear methods, while MDS, Isomap, and LLE are nonlinear methods. Comparison experiments
of these five methods are carried out to analyze their time complexities, moreover, their advantages
and disadvantages are summarized. Finally, the development directions of speech emotion recognition
are put forward including correlation analysis between speech features and emotions, speaker-
independent speech emotion recognition, combination of semantic cues and emotional speech
features for emotion recognition, and so on. In addition, the potential applications of speech
emotion recognition are discussed.

Keywords speech; emotional feature extraction; non-personalized features; features classification;

feature dimension reduction; emotional intelligence
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R S 1 bl i 5 9 DA 7 AR A AR 22 L AR S
BRL69-70 TR A58 1 1 . LPC 1 S A AR 48 ¥
BT R TR AR RSOk E
AT o 308 S U £ R A AR S B i o A T 28 B/
A DR IBC— 2H £ 1k T 2% %5, ok g mT A5 3 RO R A
H(z) = G _ G
A () L
I—Za,\,zﬂ‘

Horp G MR35 a B R R B p R BRI B 2R
RN ST X H (o) OB AT LA A5 3 75 8
1% 366 R KR Dy 232 3% L AR 8 2y 238 35 T LU O RS o
DU ER 2 R R0 A R 2R M T (LPC) 43 BT O T Y
F2 B ASAE T AR A TE H 5000 3R B0H B 1) 22 0 2 oG
T MG T LR e S T R O AR AL T — 2 A
RIEEE SR SR AR M R T EEE
S R LPC A SCHRL74-75 ]9 A3 8] TN
F. SR LPC 23R A5 1 75 T8 1% 388 sR B0 — 4> 2 s
FERL, X F 2 5 R S IE B S TR UL A 1
R T FE A1 2 A SO TG T X ik BB AR R
JE 75 T IR R A

FlE kIt A /N BT 2 HEE S
G AR 0 0 R A S iR 0 Y S . LPC k3R i
KA W5 38 6 Bk ok 8 Ak 5 EURS A 2 A
] B BT 19 07 6 S BB 4 1, Gowda 48 AV 2 T
dSWLP-GD J7 %, Smit % A2 1 T wGDF-C1 Jy
%5 1 B Ty s B T AT SO R
3.3 Mel 5 Z )i REIREN

Mel 57 %45 1% 22 50 (MFCC) 2 M3 4 A 1 W7 52 H1L
B RRAE S 80 B 5 0 3R AR 4R X 56
F . NH Wk L A B 5T 2R BT o N EE R AN (] 45 256 75
0 BEUR R B JEAR R PR Y. 7R 1000 Hz DL N HX
T ERHTBE ) 5 00 R R 56 &R L T AE 1000 Hz L)
b NHKE O RE ) R AR M Ok &R
Mel Jil B35 ZECR 2 A T XMIERERR B
BTG FFAE , T2 T N H W o AP 1 B R T
PR A0 388 T R ALE 2 28, O 38 AR X DG R A

Mel(f) =25951ogm(1+7£—0) (4)

3

THE I W SR ROk R OR H A H
ORI G | 2 d S NG (e R N == S 7S
AR NH-FEW B Mel ok 2 & 8 w0 oK/,
#E 1000Hz,40dB BIiE S (E 5 & & 8 1000 Mel. 7E
Mel ZI B2 b N H-XF 38 ¥ 8 e 0 36 WSz R R PE .
NHIEE AL S T — AR Sk A 2 B A [\ b
T3 B4 24 X AT 24 ) w1y AN ] o s — 8 4 R g — A~
B A o B — A U D g B O B — A O AR
G T A 8 B A 1 98 K290 100 Mel. Oy 1 A
PN B o 5 8 TR A N 0 3 4 2 1% v o
B TR T T — 2 Mel U8 % 2% . FLOR IR A 2
Ji7R.

1.0

0.8}
0.6
i

0.47

0.2

O0 1000 2000 3000 4000 5000 6000 7000 8000

Kl 2 Mel uRi 84

EEE S S Mel U8 4% 40 #1577 LAAS 2 3T
RUNE-BMF 5. A 18 2 A0 3 ] P 3 T A i
WA H, (k) ,0<<m<_M, M Jy Ii§ i 2% (% %51, il
HALE S 24~ 40, BAS IR P & = A DB PR E
FUERRN fGn) JBEE m 3G IN U8 5 28 19 7] R 2
TR NI S B 1K) R i ION ES Sk A )

0, E<fGm—1)
k— fGmn—1) o — DB )
fGn) — fGn—1D
m -
. < 1
0, k> f(m+1)
(5)
H,
ooy— (N ' : Mel ( f;,) —Mel(f,)
FOm) (f JMed (Met £ +m o )

(6)

Horfr, N iR, /0 RFESAR  Mel ™' g Mel pREL

4 35 BRI KR DR B R BN Y R AR R D B

TE 3.2 9 JE AR g B IR A 4 1 R 0 A

(9 M & o 72 T8 3 113 20 A I A Mel 98 3 4%, BT 1%

FIRY S5 R RISy Mel B3 83 R 8 AR R an A 3
R,
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E BN - ] [ Mel Rk
0w E % 5 3.4 ETEHNIENHIEETBHBRFMERR

MFCC e
4—‘ DCT H l‘ofjfﬁ
[5[=g==N

3 MFCC R Bt f2

MFCC Ry BE B A

(D) B 5 233 B0 & 43 it L oin 5 15 3] 3 4b
MG EES (.

(2) %t WAk B 5 (915 5 2E 47 DEFT 745 e /5 51 B
HOE X (k) AR AN

N—1

X(B)=> a(mye PN k=0,1,-+,N—1 (7

(3)DFT A8 4 J5 Wi & 15 5 f A 21 Mel J8 3 2%
21 L B UG 15 B 6 B

N—1
St =In( D)X [*H, (k)
k=0
(44 SCGm) 23 B BlR 5% 8 e DCT 7% 481 1] 481
BT B, 75 3 ) MECC 2

M—1
dmzjﬁgkmmw%@ﬂ%&@)<w

MFCC ZE b7 B AL 1 N H- W 5 2 48 8%
G50 )), HoA & ek o RN 2 R, Tz
M TIEE ARG S HIEE 2 S ERNES,
MFCC Z 8B A % I8 1H & 15 5 73 WUS W5 2[5
956 2 LA e [A] — Wi i 3 15 %5 MFCC 252 8] 1) %
RN T RWAE S S AR AT S —
W 224y MFCC ¥ Hat 5 ikl
ik s clntk)

k=—K

2ok
HorprocGo 2y MECC 20K Ry i 808 H B 2. — By
7241 MFCC J& MFCC ) — B 3 80, i3 H 58 7 ik 2
et S5 /N Z3fe %k Jmy 8 AR A6 E AT Al 1 o DT A5 B —
By S0 W Ah . BR T — B MFCC R4, B 58
Wil T = Hr MFCC R, ¥ — i MFCC & %1t
AKX A0 —Fr MFCC R4

Ak [ A AR 22 1 27 2 BE 9T Mel B0 2 48] 3%
RE TS B TE R EGRR h  AE S
Mel B T 2 wf 2 foff P U8 30 i DA AIR A0 31 gy A
R B 5 s — 2P i A B S R R R A S
FRAES . W 58 B8 26 B 36 T 4508 1) 2 B0 T 1 Ik
P R & A R0 . Mel 5338 RUBE /(K A B X
IO T S B AR (8 X B0 A G &R A A N H 1 T

(8

Ac(n) = (10)

WHE AR m A AT AR, T A
(8 22 57 AN )N B A AS [) R s 0 19 R R AIE . R A, L
PR UG S MR A P 2R e At OR O ) B S 0 BT
T RSSO T S OF A T
R BB AR PEAL 15 B ZE U35 A B 0y 1R
T AR 2 8 YR TN UG NI JERGR
s 6T E NI RIS A R 6 T EERRE A
Kb, BCRA R E NP AR A B MR 1018 &
FRAE » B N B RE AR AR AN 38 T T =oAL

Xof T[] — DA A R R 0 AT 1 R R
F3k 7 AR R, W 5% & K BT SR AT A0 S P A
fE X —FFAEFR Z AR YA AR AE. SR PR AR IE R
A AT N PR B R

AR & T R AN TS RS R R
TAHBR HAEA W Z 18] 1Y 22 5, 91 A B A0 R I
B3k SRR AE (A AR L AR AL S B AT BR T A
PEAL RS20 L JF s e T —Fh i e, X Fof #4502
[ 147 3 LA 1 ] — il XA SR 8 T o — B o o
PR FE PR R AR A & T — s Y1 5 B X A
ES A ATE N ih A TR

SCHRLAT 82y 7 JE A PR AL RRAE 19 B & IR K
o FH T I B . SR AR BT R R R
i IR A AR AR DL R AT R AR A TS O 22 SRS
THEAE A AEA AL RRAE » [F] 52 3T 1% 52 iy At 4t
PR U S5 A PR A RRAE o 5 P 3 7 S R AR 20 ) R AT 2 5
55 R WIAEAS P A R AE [ R X 1 2 5 U A 6 AR
REHE T I HL 3k SRR 32 AN W] 50 1 4 79 52 i B /)8
3.5 ET Teager B H T (TEO) FE L& M 4HFIEREX

TEO(Teager Energy Operator) fEi8 & T & H
Teager 42 i —Fp IR L5 . ik

gl ]=2*) —xz(r+Dx(xr—1 AAD

TEO & £ 5 5y 3t BT 38 & 17 R 51 19 15
AL BESE N BUTE TEO 57 /9 Bk il B A8 T
R 2 Dk i B 1, A U R T R 4R
FpLos-801

7 BB A g R B R B SR R R 1) R
B R AE R T N LA T R E ALk b T E A
A AR B FRFAE A [N B P 5 5 S A A [A]. Teager
AR BIF 98 2% BT AU 38 o 7 B s 1 BT B
5T B AL 5 09 3L 45 P T — R AR B AR 1S
e PRI 2% 3 A 108 U I Ry AR L Yy L T ELT 2 AR AR
TRIEN. Teager M4 X 2657 42t T Teager fiE
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HHE 7. Kaiser 5 7 TEO & 7 iz & K.
KXADJE TEO B EHIE A & & 551 TEO
B HRS5ZEAR S ERE & — MRS A X,
I TEO B35 -+ 3 1 B 3 I8 5 ] DL 4y o 4otk
MAELAEER 73 4% TEO B 75l AEEFE 5 R
oA B TR DR R S AR M R

WIEZE SN v, =Acos(wn+¢), K, Al
Rl ¢ MR ML w=2xf/f.+ f NG SR, [,
HRFER R LGS TEO 22y

gla(n) |=Asin* () ~ A’ 0’ (12)

B =X (12) AT TEO A8 #5463 3 P i F0 A o B2
5. TEO 54 HOR T 3 A~ s ] B2 B 5 5 e {5 F
FM R (1) A5 k.

wx)=s(n)+to),s() NEIEES ()N
WIE ol 0 WM (5 5. o () Gk TEO 78 e 5 4 1)
Bl
YL 1= LsO) ]+ ¢l ]+ 2¢[s(n) so(n) ](13)
Hrf,
YLs() vo() 1=5(n)o(n) —0. 55(n—1g(n+1)—

0.5s(n+1Den—1),

HorprysGn) Fl o () kg BAH B0 ST 19 95 A 15 5 IR
E(gLs(n) o) D=0 M50 (13) iy E(E N

EWlxm) D=EW[s(m)D+EWLe(m ],
Hp E(plo(m)]m/NF ECHLs () Dy A I
E(plxe) D~ELsG) D, el W, TEO & 71]
DA B e 7 4 52 el OO 3 B ).

TEO 5 0] 544 50 1) LA JL iz e RR AR AH 25 &
T BURR 09 15 5 RRAE. SCARL90 JAR 415 24 1 ) i It AF £k
PEHIE I H AT & A ) &k e, R HAE L R
T HEGEE T S BONS &0 5k KR
AR ELFRIFE. B EF 548 TEO 25,
T FHAE OR B R AR 42 U7 12 7T LUR13 55 T TEO 1
I EARE. SO RO T 5 AN BT TEO B RRAE
FF WL TEO 9 Mel {83 240 NFD_Mel 3 T g
BURRPE Y Mel 811 28 AF_Mel , 5L T 390 53 1 451 4%
PEIY Mel 8] 1% 2 %50 DAF_Mel | 5 F 18 B2 8 i (1 +
B S50 AM_SBCC , 1 T g 45 14 ] 1 17 (81 1%
28 AMFM_SBCC. 45 R0, 3 F TEO 1yix 5 2%
FRAE B 1 B BCR I TR G2 i) MFCC FRAIE.
3.6 ETFREFIMNHIERK

TRBE 2 2] Ty VAR AL R A % ) T B A e A A
AR A FA s 3 4 2R, THERBE I 04 3 A R B 2 ) O ik
7z N U 0 0 R A Ak P AR . TR 2
T 2 T T80 3 8 0 AR R 9 O W 9 TR

> B T RAE A SR IR, IR IS T —E IR

SCHR (91 145 145 84 (Bottle-Neck, BN) I
FES AT # 2 W 4% (Deep Belief Network, DBN) £ 4%
B BT — R Y R AR 42 BT ¥ Bk O BN-DBN
J7 ¥ BN-DBN 19 19 £% 21 B 45 A4 b 3 885 o —
M RIZ M ZE ANN, IFR H A i 20 A BOH X T
HEREN—ZEa 4 Ml Sz, 2T BN-DBN 1
T RRAE AR IO ¥ S R T D R O AR S 3R
MECC E Rk A &3 5 T A B2 A2 X M 2% i
il f K I 2R UL S8 BP i 22 () 45 /4 1 o
J5 20 % # > DBN #E47 H 5 2 5 09 30 B A ST
DBN. 7E45 2 Zh b IR 912 Z 5 - M IR B2 Z )5
) 0 28 25t K R 39023 1) B 1 A A B ) o R AL
BN-DBN . DBN Fljf £ 4 1E 1y 2 [m/] 0 5, 35 %
RKIH

(1) FLA 95 R A X B4k A BT 465 4 AN GE 1T R A1 7Y
FAEGE J7 5 B2 HUM) Ff AE T 68 S B A ] B4 1Y A Ak
FRAE 5

(2) FINZRAR 50 T JC W B 2 2 i =X I ot
AL DL ORI AR 25 5080 5

(3) T ¥ 43 ok W X2 20 0 Jr ik, AT IR
I b 25 A JE X Pl 28 1) 4% 2 BSR4 U L (A5 S I
FRAE B HAT A A L ] T 002K

D NRBEEMS D, /T LB £ 522
HEAT VN4 B FRE.

SCHRC92 1K 25 B 22 W 4% (Convolutional Neural
Network, CNN) iz H] | i & ¢ 1iF $2 B rp. 45 FUpf
Z M 2% & 1 — X EE 20 BUZ (C B fillk K2
pooling JZ (S 2O A B Y. &2 FZ R ZE—1
GRS AG S RETIEE, ERETEEANES
25 () p A G 8. S RS — A IR B A 3o U 2% L 0
&G B2 R IEAT —UOR KRR, 2 B — 7 Y B N 1Y
RABLAE by g 5 i i R & R AE S RO CNIN 9 2% 1
JeE Ll C )2 A S JZ A R 2 )2 W 45 . B ALK HL
P26 &5 R V)G (R AR 5 TE M 48 B IS 2 BE 4% soft-
max 73245, LA ) B R 38 50 A5 25 R B BP 553 X
ZHGHEAT A B O, B 24 softmax 4p 54 8
IR W 25 45 S CNIN R AIE 22 $ B 5 3 72 7615
BRSNS B e X 1 & AR T AT B AR YRR AE £
IRAG 2 Mel 85 #5% 19 % R Ak, oRF 3K 28 BEA KR AIE A
iy CNN i 28 9 25 ) i A 3 softmax 43 26 4 4T
BP SRl 25 ) 3 SO0 H058 — )2 M & e B AE
CNN FAES 5 DAt ™ 4287 B9 18 & FRIE. T AR5
Jezgit C 2 B R o {8 M /s 2 B i) 22 S 2 e
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o
=B

) Ji Bl A A8 B2 ASORY] [] — ik T RRAIE 8] A9 22 S, D
117 3 ARG ik T8 D T 8 35 1 ABE 38 5 S )22 B ol IR SR A 11
PR A AR R A 4 B2 L T R AR TH 3R fa4H. S JZ AT
DU oR AR Ry 2 N85 U0 P il T A RS B 3 A
RIS A TS 2 22 5. CNN R 28 HAT 28 N
WS, S 1) A 1S R AR B0 T T O TR A O 28
5.

BR 1 bk P b R AR 5 IBOTT 25 LS A BR A 2 1)
2& (Recurrent Neural Networks, RNN) F1: 41 B i
1Z (Long Short Term Memory, LSTM) % J7 ¥, fig
S T O 0 R SCHRC93 )68 7 RNN 6 4 %1
T FRAE VR AT 32 L, IR0 RNN 25 1 S s 45 AR
i LPC Fl MFCC R4 A, i X B 05 25 3545 1 48
LB ROCR. SCERL94 16 LSTM J5 ¥k X i 3 A5 Ak
FrHE I, R LSTM R0 2% i) 18 i i 1 9 47 X 70k
I R T RRAE I A 0%

4 FERABERERE

MR 1R T FRAE B IO V515 2 115 & 1 Bk
TIEB30H 24 5 v o AS TR AIE 22 [0 R DG 1 5 o A7 FE R 1IE
TUA Y [R] R I HL 2 B 0% 5040 %o S50 408 A A 1% R A
TR Y R M RO 4 S R T REAR S E I 5
T Ak B UL 1 ] R S ) NG SR TR (9 A N7 AT
SO S AR RS BES L e A, i R 4 I R AE B
SN R R]  BEAR 43 28 1) SE M, S AR 2R T 5
BLTE R B T AE. PRI Ok T 4 BBCH) 1 1 SRR AR 8
LB e HEAT 1 R o0 A 5 e 2 b PR 5 g ko 3 1
FRAE e 95 55 B 4E L TUAR FRIE B B A RAE W] — $5 1
{14 $5 D0 AR5 A 07 % » doe 2 A5 3 0 4% 28 55 L A 455 o1
R B 3 I IR 2 A

H i H T B RRE R 4 7 3 e S AR e Ty
T A 2R P R A A5 B 00 A 2 BOHRE ) T R R
AER G Z IR 2 M OC 2R R T ¥ AR N o
Bk (PCAY™ (2 0 531 43 BT 725 (LDAD ™ | Jy B 4
B AR TL (LPP) ™ S (R 56k v B AR 4Rk 45 4 1)
Bl 82 A R Uk, AR LR MR R 4 D ik o R AR 7 B0 1 9 7E
FRAE. 15 & 0 B R IR B Hl i AR e v e At ik 2 E A
L4 R 2y M i (MDS) | 45 B e 5 3 (Tsomap) 7 |
SRR R % AV (LLE) M 7 3 37 3r 45 11F e 55 1
(Laplacian Eigenmaps)"'"" 25, | iR FE4E )7 kv, LPP,
LLE 5 Laplacian Eigenmaps 3J 2 J5 &8 i) 5 P8 o 4
J ¥k, 0 PCALLDA. Isomap b 4 J5) ¢ 4 7 1. 3
o R AR AL SRR AR R S AR R R R &

JR TR RE S IEREA L A B RS B R AT
HAEGM2RGEL . ZETHEASSERENZ
() 719 2 22 o DTG 668 45 50 408 9 T b P B 2 1 A S
fIE L4 3

(1) FE 4353 Bk (PCA)

PCA A4 i35 2t 5 Wb SR 2 2 1) o, 2 2
b IR 2 R W EA T R AE 43 A% A5 BROHE 1 3 R A3 A
AU, T AR A8 5088 19 A A 38 3% EL A R0 38 Mk 1 R AIE 1)
B R BGY 5 5 25 0 KM RERFE R R AE B
i EZ NP = DN A2 A R ERSE N T
Ik 407 22 50 K I FRAE . 8 52 J5 1 B0 W A2 O 22 i
KA BIESHE 23 1 20 A B o A T 43 288 b A5 40 %
Yt 77 v RT de KRR B B 0 R IR B L (RO AN R
FBAE N TR A5 F R, B 4 J& 5 S U PCA 43 #r
AR B B JRIX 5 A AR O 1) B S AR X
LR AR 5 BOE T 25 R R KA 3K R B
RARGY 5 o W B T B E A ) X 47

A
x, X

\4

X

Bl 4 IAEEAN PCA LR
WREA B S o AR FE S s 5080 B 4 ) 1
YEVE ks B BRI 1 [0 5O . G X REAR
P S AE SR FREARS 0ol 25 - 33 6, Ak B FE AR
A E A O A8 A RE A B 5 1 7 26 0

1 o 1 :
o) m;u XX, u=u (mzz;x,x,)u (14)

Forl 0 4 BRI I 10 07 2% x, R AL B
BEA MR o B P 0 07 1 B 7T w1,
o DA 5 2 5 P A KR
KADATLUE RN
o=u'Au (15)
A (15t o MK B A B 25001 0 7 2B
KA. 32 JE A B0 B 3K 1) A
Au=Su (16)
Seof BRI 2 0 REA T 2SR A 1A E
BE LRI 70wy A OAEGE )t 5 A (4
RERLHEFTHEI NG & 48K 1R 3 158 1
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XoF o PR AREAIE 1) it 30 486 i 5t 3R R R AR AN AR R LR )
JOE P4 5 i) [ o 3 B REAE 1] S 4 BT R R B AR AR
R 5 A R A M A T AT B T B4R S 1 R 4k )
i HAESCERL 102 9 A3 2] T N .

PCA &2 —Fp CIE B MR i 8 TA
2R O FR B 0 I A E N TR R IR AL B I
AT W R 2T A TR A TR B R
A BE AR PR AEJ5 00 B5HE O B T R0 40 5t s B0l
TIE S AFLREE 248 S % 0000 2 32 1 1 e 50 W f D)

(2) Ak F 3 43 #7 2: (LDA)

LDA X Fisher 2% 3 51 v , H AL A J5 3 2
) Fisher fE ) R 8500 £ 55 — AN B A 08552 07 )
(AR AR AS £ 5% B11% 07 0] I A e R 28 (8] IX 43 B
e /NI PN S R S AR B O 25 AR BRI 2 2
V) 5 A 0 0T 43 B L L T Uk I i A B A A AR A L
AW LT k. S R RS 2K B Y
LDA R4E R, P v g S 13 DX 3850 ) 28 7 5 22 1
e BRI R N L A LA
BAR A B 07 10 )5 AT LR BGY B4 B — 4R 50
SR RN X P R L O HLEOHE SR 2 1Rl i R B A K
B A 1 28 N I B A /.

A

X,

Bl 5 PIZEEUE Y LDA b
BAREA S ECRE Ry s HEPE R n. X T 2R 4
[ RE BY HER N y=o' x AR G 08
ﬁ,:% Doy, =y (17

For NGRRER @ BB 0 0, 5 @ AR 1Y
WA g o OB B PO R B T R AR Y SN T
2N

=yt =D e (xp) (x—p) "o (18)

€0, j€o;
LDA BORPEAS R Ja BA e/ 19 28 4 85 A
R R 2R W] B B L 2545 I 25 8 PR s B
_ |F1_ﬂ2 |2

J (@)
@ $i4s

(19

FN EF[ o
= " =o' (u—p) (p —p) "o (20)

ic Sp= (i — ) (uy _”2)'r7 S,v:Z(x—p{)(x—

j€o;
Hi)T 28, =8 +Sz 95&(19)5/‘31%2%@@@‘?%%%

o' S,

J(w) =

@D
0'S.0

Hio'Sse ZARBEFEHEN B .0 Seo FIR
B IE N L T (o) W RAE AR T 2 M B
B R REME NI E N F/MME. 2 o' Seol =1,
Fy it T Coo) BIRLAR B H pRI %L

L) =0"S;0—2(0"S.0—1) 22)
L)% o RKG:15
S.'S,o=w (23)

DL+ J9F SR L4 14 D ol o] et g 2 LB S LTS i1
R ) Bt X A 25 A 2 00 A e 2 17 A K 2K 1) K

BN CHBEFNEAEEN o' D S o=0"S.0,
eI Er=)

C
DINui—w (i~ " =0'Sseo  (20)
i=1

S A AT RO 8 100 A= D

N AREAR BB 250 2 0] Y 2 B b oR B
SRR, Bk, XA BE S, 'Sy 4 F7 AF 3817 HE
v, BURT kA5 A1 ARG 0L 1) AR A1E 1) 2 B Sk S R 1 &
FIis AR

LR ) 43 BT v (LDA) % 15 90F #% 5% )5 B =
FEASTE I 1) 23 0] T A /N 1 288 D L 88 R g K 1) 288 i)
PR, RPASE X AR 32228 W) v oA e A 0 m] A B M vk
J& F W B 2 W B AR X AN R e A Y
FEA T ANIE H]. LDA 76 3CHRL103 45 2] 1 1 .

(3) Z 4 R 43 11 i (MDS)

MDS [ 4 55030 T DA fige e Al 4R 5008 1 1% 4 )
FBL L PR T A A A DR R R O A IR A 2 )
rh R B AR AL AR A, AT BRI R B ok S 2
V) P S 2 ARl B 8 ) i ok ) T A AR B2 1) /.
B AR SR AR (R B B 2 8] A A Rl Wl LA
22t MDS B % MDS fitdl: i 7 MDS. T 1 &
B H g MDS H k.

BWH m A d 4EREAS B AT 22 E] Y BRI BE B
H

o1l 012 o1
021 092 ot O2m

A= 7 , (25)
Oml  Om2 O mm
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d
;H\:EP s0ij :2 A/ (rl‘/)ir]/))z y‘j% l 4\#2"(*[]%] /|\
=1

FEAR 22 (8] (5. MIDS 1) S 25 7 A A 11 I 25 2
M AL FERARGEFEAE ) 3 X0 ee s x,, (AR
lx,—x; | ~0; (26)

X L ) 4t 5 5RO PR R R AT AR O, SO PR AR
min 2 (Jx;—x;| —a;)°

0 5 AL X R 6 A X T o
o MK 5 2 S 4 A 3 10 I A G0 XL o
ALK Ny

@27

_1

A= 2JA@J:XXT (28)
_ _i 2 __ 2 7 — N
/\FFI’]—E meAi/ _O','j 9AE]@75%‘%j‘j
~ 77i ) 7i m ) 7i m , L m m ,
A= 2 (U” m ;U“’ m ;Uf’+7n2 ; ;6‘}*)
=X;* X 29

B A XS RR ELE I SE . X A EAT &
1B fi#

A=—UAUT=UA*A?U" (30)
Hod A g A B RRAE 4R X AR LU A )
FRAE 1 . 0 S A B R AR A AT B R B NEE
TEHUHT & A5 KA 5 AE (BRI T AT 0 Bz 4 R A 1) 2
A X=UAT HIsK H 26 5 i REA X.

24 R A3 H B (MDS) & — il £ 4 23 6] 1)
W FE X G CREAS 5848 ) 7 1k IR 2 25 (8] E 47 5 4
A3 M AT 2 R sF S B3 6 42 (8] i R 56 &R 9 B0 s 4y
B ik BANGE F T 98 2 728 i 2 ) 1) e A0 A
1 2R, o BB Ak 3 44 FR AR S R0 AR 8 B L i HLAS 2
KA Z s IE ARk e ) 2 H T
B 5 k.

(4) &5 1H e 5t 5 (Isomap)

6 1 I SRR AR B 1 R R R A vk S
MRL104 JBF 5% T 3 1 48 5 80 4% o8 K01 Tsomap 40
R o Ty s » AT DA JEE G i A O R AR B0 AR
G4 B 1 i 45 00 e 07 ik A SCBOHR R AIE , T 3 b 4
T TR RDRS B Tsomap J& X MDS 557k
1 — P gtk . MDS 5k FF B 28 ), & Rk
T 5 fe A R =2 R R B S RN T TR R A5 4
WK G B 125 A 538 FH i Tsomap SR B Hb 2 SR 1 53 0
TR ES. X Fm A d GEREARES (x x5 50
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Background

With the development of computer science and human-
robot interaction ( HRI), new demands that robots can
recognize and generate emotions as humans are produced.
Speech emotion recognition (SER) is important for HRI,
since speech is a commonly used way to communication, and
it has broad application prospects in many areas such as
service robot, intelligent driving, and distance education.
Much progress has been achieved in SER in the last ten years.
However. there are still many challenges and difficulties, for
example, universal definition of the speech emotion has not
been made. and most of recent researches focus on speaker-
dependent speech emotion recognition without studying on
how to extract emotional features from speaker-independent
speech.

In this paper, we try to classify emotional features in a
new way that is different from the traditional classification. We
classify them into personalized features and non-personalized
features. Fundamental frequency, formants, and Mel cepstral
coefficient are three major emotional features, which are

closely related to the emotional information in speech are
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described in details. and the exaction methods of them are
introduced as well. To improve the SER accuracy for different
people, we introduce a non-personalized speech feature
extraction method based on the derivative. In addition, feature
extraction methods based on Teager Energy Operator (TEO)
as well as deep learning for speech emotion recognition are
presented. What’s more, some linear dimension reduction
methods such as PCA and LDA. and nonlinear methods such
as MDS, Isomap, and LLE are introduced. Finally, the
challenges and opportunities in the field of speech emotion
recognition are analyzed.
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