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Developing Effective Chaos Control Mechanisms for Circadian Rhythm Neural System
toward the Treatment of Bipolar Disorder
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In this study, we constructed a neural system model focusing on the
nonlinear dynamics of neural activity in the frontal cortex and circadian rhythm, which is one of
the neural bases of bipolar disorder, and then searched for pathological parameter regions
corresponding to the neural activity of bipolar disorder, estimated the dynamics of circadian
activity, and clarified its mapping structure. Next, we designed a feedback signal to control the
neural activity of bipolar disorder in response to the input signal using our nonlinear chaos
control method called "reduced region of orbit (RRO) method" and analyzed its effect on the
stabilization of circadian rhythm. The findings suggest that light therapy, which has been shown to
be somewhat effective in restoring circadian rhythm, could be adapted to the RRO method.



(Lopez-Mu~noz et
al., J. Affect. Disord., 2006) Y -
(Sanacora
et al., Neuropharmacology, 2012; Schloesser et al.,Trends Neurosci., 2012)

(Hadaeghi et al., Front. Comput. Neurosci,
2013)

(Ritter et al., J. Psychiatry
Neurosci.,2019)

(Aihara & Suzuki,
Phil.Trans. R. Soc. A, 2010)
(Tanaka et al., Phil. Trans. R. Soc. A, 2010; Suzuki et
al., Phil. Trans. R. Soc. A, 2010)
(Hirata et al., J. Theor. Biol.,
2010) Hadaeghi

(Hadaeghi et al., J. Theor. Biol., 2015) Hadaeghi
2 -

- " (reduced region
of orbit method ( RRO )) (Nobukawa , Nishimura
etal., IEICE A, 2018)

- cubic
RRO -
(Nobukawa, Nishimura et al., IEICE A, 2018,
2019)

- RRO

RRO -
(Nobukawa, & Shibata, Sci.Rep., 2019; Nobukawa, Nishimura et al.,
Sci. Rep.,2019) Hadaeghi
RRO

RRO
RRO
RRO

@

@



RRO

®

RRO

ONE)

(Hadaeghi et

Hadaeghi

al., Front. Comput.Neurosci, 2013)

3 O

@3 @

€))

&)

® 3 G

RRO

RRO

®

@ 3 &

RRO

2021-180837

2021-081818

RRO

; Y
: .A_.__v &2
T S
A P AN
N Sl
g [mE R
&l N
|| =
SE T
3 : :
N SN
= - %

=]
EUELES
/1,7{
‘.o 1BEFA,

1H DR |

RERTAR, -,

T
BTS o
i
—

RRO



15 15 13 13

NOBUKAWA Sou WAGATSUMA Nobuhiko NISHIMURA Haruhiko INAGAKI Keiichiro YAMANISHI Teruya E106.A
Influence of Additive and Contaminant Noise on Control-Feedback Induced Chaotic Resonance in 2023
Excitatory-Inhibitory Neural Systems
IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences 11-22
DOl
10.1587/transfun.2022EAP1024
linuma Takahiro Ebato Yudai Nobukawa Sou Tran Anh Tu Wagatsuma Nobuhiko Inagaki -
Keiichiro Doho Hirotaka Yamanishi Teruya Nishimura Haruhiko
Extremely Weak Feedback Method for Controlling Chaotic Resonance 2023
2023 IEEE International Conference on Systems, Man, and Cybernetics (SMC) 1727-1732
DOl
10.1109/SMC53992.2023.10394470
1INUMA Takahiro EBATO Yudai NOBUKAWA Sou WAGATSUMA Nobuhiko INAGAKI Keiichiro DOHO E107-A, No.8
Hirotaka YAMANISHI Teruya NISHIMURA Haruhiko
Controlling Chaotic Resonance with Extremely Local-Specific Feedback Signals 2024
IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences -
DOl
10.1587/transfun.2023EAP1116
DOHO Hirotaka NOBUKAWA Sou NISHIMURA Haruhiko WAGATSUMA Nobuhiko I1SASE2022
Application of Reduced-Region-of-Orbit (RRO) Feedback Method to a Chaotic Bipolar-disorder 2022
Neural System
International Symposium on Affective Science and Engineering 1 4

DOl
10.5057/isase.2022-C000015




linuma Yuta Nobukawa Sou Nishimura Haruhiko Takahashi Tetsuya

EMBC2022

Dynamic Characteristics of State Transitions Composed of Neural Activity in the Brain by 2022

Circadian Rhythms

Annual International Conference of the IEEE Engineering in Medicine and Biology Society 152-157
DOl

10.1109/EMBC48229.2022.9871057

linuma Yuta Nobukawa Sou Takagi Sho Nishimura Haruhiko 13

Temporal-scale dependent dynamical characteristics of EEG reflecting circadian rhythms 2022

Nonlinear Theory and Its Applications, IEICE 421 426
DOl

10.1587/nolta.13.421

Yoshiki Yasuda, Yuta linuma, Sou Nobukawa, Haruhiko Nishimura NOLTA2022

Analysis of Functional Connectivity of EEG Reflecting Circadian Rhythm Using Phase Lag Index 2022

International Symposium on Nonlinear Theory and Its Applications 95-98
DOl

10.34385/proc.71.A3L-E-01

Nobukawa Sou Wagatsuma Nobuhiko Nishimura Haruhiko Doho Hirotaka Takahashi Tetsuya 15

An Approach for Stabilizing Abnormal Neural Activity in ADHD Using Chaotic Resonance 2021

Frontiers in Computational Neuroscience

DOl
10.3389/fncom.2021.726641




Nobukawa Sou Nishimura Haruhiko Wagatsuma Nobuhiko Inagaki Keiichiro Yamanishi Teruya
Takahashi Tetsuya

Recent Trends of Controlling Chaotic Resonance and Future Perspectives 2021
Frontiers in Applied Mathematics and Statistics -
DOl
10.3389/fams.2021.760568
Y. linuma, S. Nobukawa, S. Takagi, H. Nishimura -
Estimation of Circadian Rhythms Using Complexity Analysis with Temporal Scale Dependency in 2021
Electroencephalogram Signals
proceedings of 20th IEEE International Conference on Cognitive Informatics and Cognitive -
Computing (ICCI*CC"21)
DOl
Y. linuma, S. Nobukawa, S. Takagi, H. Nishimura -
Detection of EEG Patterns of Circadian Rhythms Using Complexity Analysis 2021
proceedings of The 2021 Nonlinear Science Workshop (NLSW2021) -
DOl
Doho Hirotaka Nobukawa Sou Nishimura Haruhiko Wagatsuma Nobuhiko Takahashi Tetsuya 14
Transition of Neural Activity From the Chaotic Bipolar-Disorder State to the Periodic Healthy 2020

State Using External Feedback Signals

Frontiers in Computational Neuroscience

DOl
10.3389/fncom.2020.00076




NOBUKAWA Sou WAGATSUMA Nobuhiko NISHIMURA Haruhiko E103.A
Chaos-Chaos Intermittency Synchronization Induced by Feedback Signals and Stochastic Noise in 2020
Coupled Chaotic Systems
IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences 1086 1094
DOl
10.1587/transfun.2019EAP1160
Nobukawa Sou Nishimura Haruhiko Doho Hirotaka Takahashi Tetsuya 6
Stabilizing Circadian Rhythms in Bipolar Disorder by Chaos Control Methods 2020
Frontiers in Applied Mathematics and Statistics -
DOl
10.3389/fams.2020.562929
Nobukawa Sou Nishimura Haruhiko 6
Synchronization of Chaos in Neural Systems 2020

Frontiers in Applied Mathematics and Statistics

DOl
10.3389/fams.2020.00019

22

2023




SS12023

2023

H. Doho, S. Nobukawa, H. Nishimura, N. Wagatsuma

Controlling Chaotic Bipolar-Disorder System by Reduced-region-of-orbit Feedback Method

The 10th RIEC International Symposium on Brain Function and Brain Computer

2022

65 (sCI"21)

2021

19

2021




H. Doho, S. Nobukawa, H. Nishimura, N. Wagatsuma

Controlling Chaotic Bipolar-Disorder System by Reduced-region-of-orbit Feedback Method

The 10th RIEC International Symposium on Brain Function and Brain Computer (BFBC2022)

2022

2022

64 (SC1"20)

2020

SS12020

2020




2021-081818

2021

(NOBUKAWA Sou)

(70724558) (32503)
(TAKAHASHI Tetsuya)

(00377459) (13301)
(MIZUNO Yuko)

(80331693) (24506)




