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A Study on a Bio-signal Interface with a RNN based
Low-cost Brainwave Classifier

A E

Hyun-Don Kim'

Abstract: We proposed the RNN (Recurrent Neural Network)-based EEG classifier that can
recognize the excited or unstable states of bedridden patients using a low-cost single-channel EEG
measuring device. This is also efficient for elderly patients with difficulty in moving, paralysis below
the neck, or illness. In spite of poor EEG acquisition signals due to low-cost devices, our proposed
model using a GRU (Gate Recurrent Unit) neural network showed the accuracy of 100% when the
state of a brain was normal or stable, and the accuracy of 90% when the state of a brain was excited

or unstable.
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[Fig. 1] EEG-based system to detect the abnormality of patients
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[Fig. 2] Operation flowchart of our proposed system
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(a) Low-cost EEG headset

(c) Participants to measure EEG

[Fig. 3] Constructing EEG datasets
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[Table 1] Structure of EEG datasets

Number of EEG signals according to brain states

State Excited / Unstable Normal / Stable Total
Condition Concentration Excitement Blink Meditation Spacing out Boring All
Number 21,000 21,000 21,000 21,000 21,000 21,000 126,000
Number of acquisition signals according to EEG types
Types Theta Alpha SMR Beta High Beta Low Gamma | Mid Gamma
Freq. (Hz) 4~7 8~12 12~15 15~18 18~30 30~50 50~100
Number 18,000 18,000 18,000 18,000 18,000 18,000 18,000
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[Table 2] The result of machine learning tests

R‘g‘g’gssggn Random | 1 jghtGBM | XGBoost
Accuracy 0.53 0.54 0.52 0.53
Precision 0.53 0.54 0.52 0.53
Recall 0.53 0.54 0.52 0.53
F1 Score 0.53 0.53 0.52 0.53
AUROC 0.53 0.54 0.52 0.53
Confusion | 962 | 838 | 1064 | 736 | 959 | 841 | 1016 | 784
Matrix 838 | 962 | 933 | 867 | 895 | 905 | 891 | 909
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Receiver Operating Characteristic (ROC) Curve
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[Fig. 4] ROC curve the machine learning tests
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[Fig. 5] The network structure of our proposed EEG classifier
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[Table 3] The performance of our proposed EEG classifier

Type of NN Normal / Stable Excited / Unstable
RNN 70% (14/20) 50% (10/20)
LST™M 90% (18/20) 70% (14/20)
GRU 100% (20/20) 90% (18/20)




368 =ysl3) =54 4197 A4E (2024, 12)

S &, 199 7579 Hut 4157} 1501 4402 =
xmo%__i 30714 57 S0 2 BEAE 458 2 207 1

o} do]el7} 4538 7}o] ALg=]9ict.

A28 FL ool s} Hu 57|19t BREAR A%
£lo] 241 dlo]e12 A|2|d FAIL SolA ezt 2t o)
H|t] EPC(AIE2 N5105 2GHz, 8GB DDR4 )2 AA|7F A4
ek Mok o2 120] 12719 S5 WoleA AelE

UL AT B uRIA 7] = ¢4 0 & 307]9] EEG t°]
1% elgro 2 AR o 0Zslct e 9ol A
(o]—;@ [EQHY )E_ =454 919t

K457k A3k [Table 319} 2] 3744 $2H41%
ZolH GRUZH 713 0] Flof ik om < g/ebg>
100%, <BH/ERPE>2 90%2] Q1418 molrt. v
ARESE 3wt H|o B Al o A|E, S5 H|o] Bl S A
ofgt Alee] ukg 5712 2743 Azjol o, A7k Hnt 27
712 =3 dlofEo]7] wzo] MZE Ale] 3t AL§S
ALt gholut Aole] Ar Aol wetd 235 HIHEEG)Y]
#ol7} 217] whio] e A% sieto] g ST

T2 A 47HA] 7| Aleks W EolAts A HES §

il

Al A

R

ja

i

Q.

1o o,
o > of
L

=

5>

oZi
s

A FAT, 217} ARke 42414 7|4k w7} Q14]7]o] 4
AP A w5k 29 S ol 8T A o)
dolElolA S B 7Hs4e SHe1g 4 Uict

7.8 2

# B MuNEEG)E Ag3te] ASo] HHT Tkt
A B 9hY S5 ol AelE BUE L B
Aol LS ALt 2R ek ol ol
A5 2 Y= AAAS 7] 53 AL AT, o
& S AT QA Y18 8T R
§be] i3t Q147 R AL AL 78 5 AL
W} A ste] FEFORA 4G R4S BETAh
T 5 QIS FYL SIstol S MuEgo1E A

—

>

$% DBE 75310] = o] BAsH], o Tl e
2 AT YES PANE] FRUIS YT et
QIrk EQH AN AAALE 7] 53 A 2go] Ayl 18
Aok, B S 2SO B AT Batohjet
B A9l B8-S WO 5 9 A0 |rhte

References

[1] 2019 Japan Report - Thinking about Korea while looking at
Japan, [Online], https://www.hankyung, convarticle/2019012345691,
Accessed: Sept. 01, 2023.

[2] 2023 Elderly Statistics, [Online], https://kostat.go.kr/board.es?

mid=al10301010000&bid=10820&act=view&list no=427252,
Accessed: Dec. 01, 2023.

[3] J.-H. Lee, J. Park, J.-S. Kim, and S. Kwon, “EEG-based Custo-
mized Driving Control Model Design,” IEMEK Journal of
Embedded Systems and Applications, vol. 18, no. 2, pp. 81-87,
Apr., 2023, DOI: 10.14372/IEMEK.2023.18.2.81.

[4] D. R. Cox, “The regression analysis of binary sequences,” Journal
of the Royal Statistical Society. Series B (Methodological), vol.
20, no. 2, pp. 215-232, 1958, [Online], https://www.jstor.org/
stable/2983890.

[5] T. K. Ho, “Random decision forests,” 3rd International Confe-
rence on Document Analysis and Recognition, Montreal, QC,
Canada, pp. 278-282, 1995, DOI: 10.1109/ICDAR.1995.598994.

[6] G. Ke, Q. Meng, T. Finley, T. Wang, W. Chen, W. Ma, Q. Ye,
and T.-Y. Liu, “Lightgbm: A highly efficient gradient boosting
decision tree,” 31st Conference on Neural Information Pro-
cessing Systems (NIPS 2017), pp. 3146-3154, 2017, [Online],
https://proceedings.neurips.cc/paper_files/paper/2017/file/6449f
44a102£de848669bdd9eb6b76fa-Paper.pdf.

[7] T. Chen and C. Guestrin, “XGBoost: A Scalable Tree Boosting
System,” arXiv: 1603.02754, 2016, DOIL: 10.48550/arXiv.1603.02754.

[8] D.P.KingmaandJ. L. Ba, “Adam: A Method for Stochastic Opti-
mization,” International Conference on Learning Representations,
San Diego, CA, USA, pp. 1-15, 2015, [Online], https://arxiv.org/
pdf/1412.6980.

[9] Y. Liu, L. Liu, H. Zhang, H. Rezatofighi, and 1. Reid, “Meta
Learning with Differentiable Closed-form Solver for Fast Video
Object Segmentation,” arXiv: 1909. 13046, 2019, DOL: 10.48550/
arXiv.1909.13046.

[10] P. Liu, X. Qiu, and X. Huang, “Recurrent Neural Network for
Text Classification with Multi-Task Learning,” arXiv: 1605.05101,
2016, DOIL: 10.48550/arXiv.1605.05101.

[11] S. Hochreiter and J. Schmidhuber, “Long Short-Term Memory,”
Neural Computation, vol. 9, no. 8, pp. 1735-1780, Nov., 1997,
DOI: 10.1162/neco0.1997.9.8.1735.

[12] K. Cho, B. Merrienboer, C. Gulcehre, D. Bahdanau, F. Bougares,
H. Schwenk, and Y. Bengio, “‘Learning Phrase Representations using
RNN Encoder-Decoder for Statistical Machine Translation,”
arXiv:1406.1078, 2014, DOIL: 10.48550/arXiv.1406.1078.

28 E
1997 ate{oista AlojA15-33 23D
2004 skl A7]FsEHAAD
2008 Intelligence Science and Technology
in Graduate School of Informatics

AV| from Kyoto University, Japan(2FA})
2017~ F=Eeferie} 2Ew s 25
AEs}a} R
ok Machine Learning, Human Robot Interaction, Biometrics,

Sound Signal Processing, Speech Recognition,
Collaborative Robot, Artificial Intelligence

— -
s T A
')



	순환신경망 기반 저가형 뇌파 분류기를 이용한 생체신호 인터페이스 연구
	Abstract
	1. 서론
	2. 제안한 뇌파 인터페이스
	3. 뇌파 데이터베이스 구축
	4. 뇌파 머신러닝 분석
	5. 순환신경망 기반 뇌파 인식기
	6. 성능평가
	7. 결론
	References


