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Figure 1 (Color online) Model framework for EEG semantic representation and emotion recognition
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EEG and emotion ontology
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Figure 2 The structure of EEG and emotion ontology
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Table 1 Part of the objective properties of EEG and emotion
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reflect EEG_Feature Emotion
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Table 2 Part of the data properties of EEG and emotion ontology
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hasValue EEG_Feature double
deviceName EEG_Equipment string

hasName Subject string

[] — S A A A Ak X TFAREAS, B
BRB 45— Ir A5, SRR AT B S I o)
SRLE N LR AR e R AR i 4 S A R 1Y
IR, p 7 AR 2 SR 5 T BRAR A0y, X 28
FLI T LAAR J5 (8 3 5 AUIF-THENJE R i 7= A =X A
e, O T HEREEOIRAS, BRA TG REALAR AR 2k B

K I EEG R Hh 73 59 A4 S 45 A Bk 2 17 e
e RN SRR PR I WEKARY (JAR3.7.11)
HH ) B ML AR PR A 1 1 2 DR SRR A I 3BT 7. K
AR R B T A0 — SR ES AR WU L T — SR BRI

1.3 [hEkHEn

HEI 5 A 3R M 0 P R e SR TR DG B A
S I AR AR PR R P HE BRAS R B . FRATT
Jena(http://jena.apache.org/, & — A1 & i S/ R
Z G0 JavalE 2 /E R HEFE 51 85, K5 FH Protégé I & )
EEG 5 1 JEA A B B AR AR 22 00 #3255 1) i LR
MR AJena, EEE WAL RG MR F REE A
VI AL AR08 I 8O T F A 43 3 B, I R
B A7 Al B A AR B OC R AR E b T — 4
B E EEGEUE S A HEIL T 2, MRS g S Xt
TR T SCOfF B AR BN R 1% 4 8 s
JRHE TR0 A ] A BRI D0 A R LR 44 B
IE RS, ZJa, RS %0 v K EEGEE F 1
RET AAREAEIE . E 3 BEILARMA g — 4%
FILI (5 3k B R ), Jenarh AUA& 20N T

1005



4 % B & 20155448 ®60E £ 118

FT8_Absolute_Power_Beta
/Absolute_Power_Theta

FT8 Absolute Power Beta
/Absolute Power Theta

<0.840103 \:0.840105 <0.840105 >=0.840105
FC6_Absolute_Power_Beta TP8_Variance
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<5.25635, >=5.25635 <9.687 >=9.6875 <0.062268, >=0.062268
Calm Positive Calm  Negative Positive Calm
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Figure 3 Part of decision trees constructed by random forest
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-> addOne(?value4, ?PositiveValue)]
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Figure 4 The most appeared features in emotion inference rules
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Table 3 Accuracy of several classifiers with 10-fold cross-validation

lisne Fifi 1L A AR Cc4.5 BP SVM
A 1 100.00% (I = 50 K = 210) 100.00% 94.50% 79.50% (C =11.3137 g =0.011049)
ik &2 100.00% (I = 60 K = 144) 98.50% 99.00% 86.50% (C =2.8284 g =0.015625)
k3 98.41% (I = 50 K = 326) 96.51% 99.68% 84.44% (C =5.6569 g =0.015625)
Bk # 4 100.00% (I = 40 K = 210) 100.00% 97.46% 79.68% (C =22.6274 g =0.0055243)
WA # 5 97.14% (I = 50 K = 196) 93.97% 93.97% 85.71% (C =4 g =0.03125)
- X A 2 99.11% 97.80% 96.92% 83.17%
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EEG-data-oriented knowledge modeling and emotion recognition

SU Yun'?, HU Bin', XU LiXin', ZHANG XiaoWei' & CHEN Jing'

' School of Information Science and Engineering, Lanzhou University, Lanzhou 730000, China;
2 College of Computer Science and Engineering, Northwest Normal University, Lanzhou 730070, China

Psychological research relies on physical and psychological data, and emotion has always been an important subject in the field of
psychology. Recently, with the development of cognitive neuroscience technology, researchers can study topics such as emotion
recognition and the emotional brain using electroencephalogram (EEG) and other physiological signals that reflect brain activity.
These physiological signals can generate terabytes or even petabytes of data, and in fact, cognitive research and clinical neuroscience
has already accumulated a wealth of data over the past several decades. Knowledge representation of this large amount of data and
mining it for information regarding emotion requires more advanced tools. Making a data model that can clearly represent the meaning
of data associated with emotion information would create a knowledge-sharing platform for psychological researchers to access the
vast amount of data for further scientific research related to emotion. This paper provides such an ontology model that represents the
semantics of EEG data with contextual information about the subjects. We used the model in conjunction with a reasoning engine to
perform automatic emotion recognition based on EEG signals. Experimental results show that the ontology model reaches an average
accuracy of 99.11% in identifying the emotional state of the subjects. Analysis of the results suggests that the most critical
characteristic of EEG-based emotion recognition is the absolute power ratio between beta and theta waves.

EEG, ontology, emotion recognition, inference based on rules, random forest
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