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Analyzing the Acoustic Elements and Emotion Recognition
from Speech Signal Based on DRNN
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ABSTRACT

Recently, robots technique has been developed remarkably. Emotion recognition is necessary to make an intimate
robot. This paper shows the simulator and simulation result which recognize or classify emotions by learning pitch
pattern. Also, because the pitch is not sufficient for recognizing emotion, we added acoustic elements. For that reason,
we analyze the relation between emotion and acoustic elements. The simulator is composed of the DRNN(Dynamic
Recurrent Neural Network), Feature extraction. DRNN 1is a learning algorithm for pitch pattern.
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2. Mlol tig 388 B4
Table 2. Acoustical analysis for M1

ML_¥ Ml_@7t2&| Ml_A& |MLFAS

1F(Hz) 824 800
2F(Hz) 1100 1200 600 60
3F(Hz) 3000 2800 2780
4F(Hz) 3480 NU 3300 3400
5F(Hz) 4570 NU 4300

Mag 08 1.65 0.6 14
Int(db) 78db 88db 75db 80db

Pitch 134Hz 370Hz 109Hz 130Hz

£ 3 M2ol Ui ST B4

250Hz ©)3, EAizlel & F= SddgiE 350HzoA Table 3. Acoustical analysis for M2
L&, YA 7t 71 2e FEEo|g
2000Hz = 1417t 7ba o el M2_% |M2_g7t2&| M2_AE (M2_FHe&
1F(Hz) 812 700 630 743
E 1 Fs dieel] whe A =4, 2F(Hz) | 1210 1200 1100 1160
Table 1. The relations of frequency and feeling 3F(Hz) 2760 2700 2500 2600
Fu A4 =7 4F(Hz) 3700 NU 3400 3400
- ZEan Aol 47)n, Folw SF(Hz) | NU L 3600
1BHz =500\ y) okt 22217t 2 Mag | 16 16 04 08
2000Hz ~5000Hz ZIEZ3H E4ge] WL} FolF Int(db) 83 87 65 74
&L, S, SH CH, C 58 28 o Pitch 117 290 9% 103

4000Hz ~ 8000Hz 9]

A
8000Hz o]+ Yol Al Lo

F7148

Ao EE Fue el we e 2y =28 g

=7e $¥eaE RS AL, FS M F
72 gttt 6711 849 £4& 95t B
o)

Magnitude , Int : Intensity, NU : Non Uniform , M1l:
Man 1 & <93t}

E 2,32 4z A9 dlole F gzl Aol 9 2
o M2 &9] Fyol= Pitch® £93t F&0] 71538t}
aelx, IR a9 A9 34,5 Formant7} &£H43t
Hate Ag o F Ak R 29 AEe AEE v
IR, WdMEy VY& A28l9 AL Uniformd
Formant®] ¥ Z Ho|u} 2728 48 & wI2RE &
P A$od= 345 FormantolA] Non Uniform3 EAS
Hlth o] ZAfee A87F #®HA g aga, 125 -
500Hz= F5% =79 Fugrt E¥sick E3, 1F7}
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Table 4. Variance and spectrum analysis

Sg 2 w8

(oM | - ,
At S 4t S 24k S

A | 13356 6 13494 20 14386 35
B | 13298 4 13434 26 14503 42
C | 13298 1 13540 23 14518 55
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212 Z& 3 sl e o] 27
B 343
Pitch Contour”t #s}c},

M 3} (Shout Type)
7}) Magnitude, Intensity7} 7} 3t}
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¥ E-S DRNN (Dynamic Recurrent Neural Network) ?L
ZE o] &3t FF G HAE 2287 Y S
Autocorrelatlon Approach using Center-Clipping Function
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zﬂ@=m2MdMAm+@ (1)
(A2 Autocorrelation 3= eI, Center
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Al1717] e Bagle HRE AAsE 88 S}
y(n) = c[x[n]] (2)
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% 1. Center clipping 34
Fig. 1. Center clipping function
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1% 2. Center clipping 39 &3
Fig. 2. The effect of applying the center clipping function
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Fig. 3. Simulator structure
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Mg FYAIE dugEezE (1+100-ES & AHE

3l tH3l Evaluation function & 53 g3} Zzghel A&
FIHAE o]

AFE38l= 713} Penalty Ruleg ol-&8t: by
|3tad vl walr]

Evaluation

Select Best Parent

!

Mutation

a9 4. (1+100)-ES
Fig. 4. (1+100)-ES

Penaity Rule =3 #k3t 23 gke] Xpoleo] Aol wheh
WA 7sl/oks) ste Wdelt B g3 A3 g2 4Bit
o]3, zZtzte]l HIEE -1~1 Alel9] d5 gk ALE3HTh
olglel FEollM Hi ulel Zo] -1& 7MAofdl= HIETL 0R
g 24 = 49 dif gl 3¢ FeFE 2EL 485n
Zr B3 g2 4H|E F 3HEE 193 § 9 vEY 1R
olgAl=d, A3 @ 5 2 HEE 7H9) Ao|r} zhelAw
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# 5. Penalty 7739 A&
Table 5. Penalty rule

Case I: 1f(goall[quJa]”*1 && resultl[sujjal>0)
dif[0]*=3

Case 2. For(sujja=0;sujja<=3;sujja++)
if((resultl[3]-resultl{sujjal)<0.3 && sujjal=3)
dif=dif+3+(0.3-result1[3]+resultl[sujjal)*2

2.2.4 DRNN

DRNN2 H9] 54 & ] b
ol A 5 o, 11?3 B4 vy =3 WAy
G EFS AL E 5
Back Propagation® 75.%?&‘4. %, YEYS dEd feed
forward network &2 7}58 £53 < Back Propagation
dug]Eg ARE3E Zolt) Jordan's sequence generating
network® Elman's sequence prediction networke] =}
AHEET TEARE, ol gt WHES Aol B3 HRE
& Bo] AAste @] gk E =M E Alte] A
o2 wheEdta vz &7 dE A2 (1+100)-ESE AHE:
3le] &3 AAE 24l
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o Fully connected.

e Input:1, Hidden:2, Out:4

¢ Input: Pitch.

e Out: Normal, Angry, laugh, Surprise

¢ && geee
[Input} [Hidden] [ Output ]

2% 5 DRNN9 +x
Fig. 5 Dynamic Recurrent Neural Network structure

Fig 4. &
S0 ol Azbell mel FAHoz Zolenzm

Dynamic Recurrent Neural Network®] T+Z&+=

2,

DRNNo| ol#3 &7/ dlo]sel H3}sit.
iMA FHe 8 g Ay 7
y{O=Ah;(t—=1))+ A(0) 3)
hi(l‘)z(zllwijy,’(t)‘*’x[(f)) (4)
& a(HE A7 (t-1) oA 1 1A mzol Uijlk Yot
2D AT tellAel &% d¥o|th. A-) £ nonlinear
derivative activation function ©]t}5].
Ax)=——2 1 —tanh (% 5)
1+ exp( ~2x) %o
Up
23. AlE2dojMd AT
231 3o FE RO u= An
AlEEolEe] Y¥gos HXe9} ¥k % Al A8
A9-9F FAg AL e Aee AdE BYE E 6, 73

FRESL FAANNA GrE 2] ANY g sl
we doleolazt T} Qlojop s, el® M
279} BE gE ABeolHE 0818 Ao YL vl
Aoy,

E 6 Mo IVNEE o= A AT AT
Table 6. When both pitch and formant are used as the

input.
23 -
Normal 2/7
Angry 3/8
Laugh 2/4
Surprise 0/3




# 7. AARE AR AR

Table 7. Only pitch is used.

e ol #jijl w4
Normal 3/7
Angry 3/8
Laugh 3/4
Surprise 1/3

B w=RBoAs HJrigdeed 28 g A% g 9
Hla ks o]&ste]l £ AAES = Uy 5% g
A} kel 27t 42 PenaltyE Fo] 02 wa] Fe s 5
z, shvbe] A4 gk LH°ﬂ/‘1£ 0 31 F HEZ A% g
of 9l#A] ¢2& 7S¢ w3 PenaltyE Fol B&d ghol wel
IWAGAEE B Penalty rules A&t F 45 4

sz o) B 89914 ol ket gk,

# 8 Raw difference® %713 7%
Table 8. Evaluated by raw difference

¥ ]
B P
Normal 37
Angry 3/8
Laugh 3/4
Surprise 1/3

¥ 9 Penalty ruleg AHE-3H 249
Table 9. Evaluated by penalty rule

. g
(BE3/FANE=TF)
Normal 4/7
Angry &/8 |
—
Laugh 3/4
Surprise 3/3
3.2 2
2rge 994 anta g4el el bl #4a)
93] AR PSR o] ABeleleE 4 A3
Hngch E 9olA Mol Aahe W nAHY AnE W
o}Fi Holth. 2, ol AL E B Aeele el =
Qo Wasa, oW & HoEE ALgalEA oExe]
o 2 wAmoRs R A4S 2 A @ pb
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