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ABSTRACT

Speech Emotion Recognition Using Deep Learning
and Explainable Techniques

Kim, Tae—Wan
Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Electronic Engineering,

Graduate School of Chosun University

Recent advances in technologies utilizing speech, such as user recognition,
loT applications, and emotion classification, have garnered increasing attention.
Pre-processing, feature extraction methods, and appropriate models are needed
to effectively use speech data in these technologies. In this paper, we propose
a speech emotion analysis and recognition using deep learning and explainable
method. To implement the above method, we proceed through 5 steps. First, in order
to obtain more informaion about emotion, speech data is converted into a spectrogram
image in the time-frequency domain by STFT(Short-Time Fourier Transform). Second,
use a GDS(Gaussian Data Selection) mechanism, that using gaussian distribution
and correlation coefficient to reduce a data volume. Third, higher performance
and adapt diverse of speechs, we constructed a late fused to VGGish and YAMNet

that learn and extract features independently through each model. Fourth, we apply

_Vi_



three explainable models(Grad CAM, LIME, and Occlusion Sensitivity) to visually
confirm which area the trained model focused on while classifying data and which
time—frequency domain characteristic make the decision. Finally, we adjust focused
area which obtain in Grad CAM method on speech signal.

After convert speech signal to spectrogram image, that is divided for model's
input size in time—domain. Unnecessary segments without emotional features such
as silence, stutter and noise occur during traditional dividing, which make more
spend computational resource for training. In the output of the model, User need
to understand about model's decision where is the most crucial area in spectrogram
time—frequency. Just output of model, users cant see that results can be sufficiently
assist their judgment, and furthermore can't analyze that a certain area is closely
related to the corresponding emotion. The data use in the experiment is acquired
by Chosun University for emotional classification in 2021 and 2022(CSU2021, CSU2022)
and public data in Al-hub for emotion classification.

In the paper, we select heterogeneous data above the threshold by applying
correlation coefficients to the gaussian distribution of the segment spectrogram
section. And by excluding that data from learning, we effectively reduce the size
of the data to reduce computational resource consumption and learning time. Two
transfer learning models are fused to design a model with high classification
accuracy that can be applied to more diverse speech data. Also about classification
result, we applying 3 explainable method(Grad CAM, LIME, Occlusion Sensitivity)
to show the crucial area in spectrogram in a variety of ways. That area can explain
which freguency band has closely features about emotions and which words and phrases
influence the classification by analyzing in the time domain. The concentration
area obtain by the Grad CAM is restored to the original signal size, so that the
speech signal of the corresponding section could be additionally analyze. Since
then, the above methods are expected to enable effective learning and classification
for speech research, and to be used for multimodal research using concentrated
words obtain through explanable technigues and situational analysis through

emotional words.

- vii -
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Day1 Day2 Day1 Day2 Day1 Day2 Day1 Day2 Day1 Day2 Day1 Day2 Day1 Day2 Day1 Day2
T.wav T.wav 1.wav T.wav T.wav T1.wav T.wav T1.wav l.wav 1.wav T.wav T1.wav 1.wav T.wav 1.wav l.wav
2wav 2.wav 2wav 2.wav 2.wav 2.wav 2.wav 2wav 2wav 2wav 2.wav 2wav 2wav 2.wav 2.wav 2wav
3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav
99};wzv 998.wav Miivav 998.wav 99;,wiv 998.wav Wﬂi.wiv 998.wav ”;W}V 998.wav W!iwav 998.wav %&:wiv 998.wav Mﬂi.wlv 998.wav
999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav 999.wav
1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav 1000.wav. 1000.wav 1000.wav

J& 16 CSU 2022 ¥wrol thar 2A174A dlolg Al
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3. Al-HUB, 28 &&& 0Oole A

?l OI0IEH = Al-Hub2l Z& OIOIEZ, Al-Hub=2 Al Ji= & MS, AMBlA JHZ0
LS Al QI ZeH(Al CIOIES, Al SWAPI, ZFE XJ)E N2 &L &35t
B0 = A=s Al S& SH30ILH JIE S UI0IE = FER 20132 ZEE = UI0IH
H=Jt 2 XH0IE 20IHH, €= &8 UOlEI MtE=2 HSEJALD, SFEW HI0IE 2
dS< 13HE OI0IE0IXI2 2,000 =2 #20F AUCH. MHSI2] B &3 =0IC10]
g3t clRZ etEERUL ZE 27 S0 FELZ0 o YeE H?E =201 2 GIoIEIt
SFEUCH. HI| NS HI H2It 1002 a2z dH=(Happy), =8

(Surprised), 22Z& (Neutral), 2= (Fear), E9@HS(Disgust), st (Angry), ==
(Sadness) 70HAl &S 2F 1002 &5l Y HI| 481510 = 10,3510 J&atu SHS

8 181 201 FLEEHRUCH. S4 HOIH=E J8 192 201 LIEHLHO &ICH

Happy Neutral Angry Sad Disgust Fear Surprised
1.wav 1.wav 1.wav 1.wav 1.wav 1.wav 1.wav
2.wav 2.wav 2.wav 2.wav 2.wav 2.wav 2.wav
3.wav 3.wav 3.wav 3.wav 3.wav 3.wav 3.wav

1495.wav 1498.wav 1481.wav 1477 .wav 1438.wav 1451.wav 1497 .wav

1496.wav 1499.wav 1482.wav 1478.wav 1439.wav 1452.wav 1498.wav

1497 .wav 1500.wav 1483.wav 1479.wav 1440.wav 1453.wav 1499.wav

13 18 Al-hub 2 258 dlolg Al
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4. OI0Iel 8Xel & diolel &8

S42 229 g 3|0l M2t Al IHoz 25 2 I, 2R 0S5t
She SZD Mzels 2018 20| LMGHH ELH 0 PAS SUHO2 A
2L MBI ATHA 2 =R0IAE IILAICHD A2 HAE 0128 @S HH2IE TG
0, 08 20= GDSE H250| O 2 sty HI0IEHY 28 N4 NE £9| s
GIOIEfS] 28 Ji+S UEID ACH X Mol HI0lEs 220l £ 165,24004 9
CIOIE2 RAEAKIE, HE 0 SERE P22 MAOZ 140,882, 5 24,385
JHOl HIOIEIZ MIQIoH 15%2 SHERCE 0] 2 &HE A2t 225 2B AN
Zotgt 4+ USS OB

& Hlole| 28/ S BEUOIE 4 : 165240
==t

4000 8000 1[10 12000 14000 'EDOGX -
oo TRIAH S
I!'IIOIEi -E-""é‘ /& -E-EEIIOIEi

TteAg B

N segments value

—S— segments mean
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1. &5 &3 & Iietilg
S 2o AFBE 5H=%I0= NVIDIA GeForce GTX TITAN X2+ 32G RAM, Intel (R)

=
-1650 v3E ArE05tL), MATLAB 2023a B 0IA &X&sH, AE0AE
A

E
OtERNS dst &8 AlZ2tES ot 20-8 ABEZJHOIZ HEGH)| ?st
QUL ZH2 STFTe Wet0IHE =288, H 32 HI0Ie &X2l Ol £He UWIERA0

otJl ®loil AtE= SHOIIH IOl E LIEtHO. = &g gf+= EAdd UM K=

2 ¢|= Adam(Adaptive Moment Estimation)S AFZSHCH.

At
L . ) ojy Hjx]
2 S el el (N [ = =)
7<7<_|94» a T Taa H\_EF A_)F‘ }\]-O]x
sy IA Adam 0.01 20 128
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Confusion Matrix for Validation Data

Accuracy = 86.48 %
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18 280iM= 2t

VGGish2t YAMNetE H&T2 &

Meses 2201 &N &4
XNEOILH F18+= ZE2

ds= Ut X

H
Lt =2 ds= 20 &0

KNEOA =0t 858 2

1 VGGish 83,68
8 YAMnet

W88 OY(GDY) gy
W 8% 9U(GSDO) T8

76

8 VGGish
u YAMnet

B g3 oH(GSDX)
" 8% 5H(GSDO)

18 23 71F 29 4% Ha
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Grad CAMZt LIME, Occlusion SensitivityE
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