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Control to relieve traffic congestion using deceleration instructions to Connected
Autonomous Vehicles by a central control station

«S. Uenishi and Y. Mori (Kyoto Institute of Technology)

Abstract— In recent years, there has been a lot of research and development on automated vehicles called
Connected Autonomous Vehicles (CAV), which have the ability to exchange various information with other
vehicles. In the future, there is a possibility that CAVs and Manual Vehicles (MV) will run together on
highways, there has been also a lot of research on traffic flow under such road conditions. Existing studies
have considered ways to improve road capacity by linking CAVs as much as possible and allowing them to
drive with less distance between vehicles than necessary. In this paper, we investigate a method to relieve
traffic congestion using data from CAVs on the road and compare the traffic flow rates by giving CAVs the
ability to communicate with a central control station, a control device that can aggregate CAVs’ driving

information.

Key Words: Connected Autonomous Vehicle, central control station
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Table 1: Parameters in TS model. Table 2: Parameters in determining CAV’s speed.
Parameters Leeu Loen Um}w T (/l - Parameters DR CR P,. Tacc K K> Urmax
Units m Leenn m/s s m/s : ~ —2 =T 2
Values 0.5 i5 27 18 05 DA B0 a0 04 o5 614 9o F
Parameters brax bdcfense P, P, P,
Units m/s? m/s? - - - CAV 2D CAV % e 1C AV
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B - anti .
Fig. 1: Lane-change model. d + Vanti = bdefense  (otherwise)
(21)
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2.1.3 Connected Autonomous Vehivle (CAV)
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LIANZ CAV DILE LR WVIGE, Unae DB I NS,

X oT, CAV O5E, HEREL—LOR 7TIZUT
DRICE SO 2.

CAV

v = min(v + acay, 0S4, dCAV ,CAVY  (95)
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F72, CAVIZZ VX LRI TR0, vCAY 3
BRI CAV OEETHS. TS EF LD CAV HE
DIXT X — X% Table2 IZ/RT.

2.2 ZAHETHRSKE
AWFZETIX, ERAICHREIEE WS, EE
ZEFTLTVWELTO CAV LHEIWEERITO 2
MTEZHEEZHRIT S, NCHEFHIEFHICOWTD
HARNLERHE RT.
o TIHFIMEIZRTO CAV I LT, HuofExR
MAJRETH 5.

o MV OEITHEHRISEUS T Z 72\,

o FIRFIMER DL T 2 1EHIZ, £ CAV DN ENG
] BB LEONME, ETHOHEGE) OATHS.



35000

23830
28R

30000 4

25000 4

20000 4

traffic flowlvehcell]

15000 -

10000

5000 .t
i

0 10 20 30 40 50 60 70
density[%]

Fig. 2: Sample basicmap(Pcay = 20%).
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Fig. 3: Sample heatmap(Poay = 20%,density =
30%).
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Low-speed section

Fig. 4: Low-speed section in transition.
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Fig. 5: Heatmap (Peq, = 20%, density = 30%) with-
out central control station.
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Fig. 6: Heatmap (P.q, = 20%, density = 30%) with
central control station(deceleration section is 500cell
to 1500cell).

Fig. 7: Heatmap (P.q, = 20%, density = 30%) with
central control station(deceleration section is 500cell
to 2500cell).
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Fig. 8: Heatmap (Puo, = 20%, density = 30%) with
central control station(deceleration section is 500cell
to 3500cell).
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Fig. 9: Heatmap (Peq, = 80%, density = 35%) with-
out central control station.
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Fig. 10: Heatmap (P.q, = 80%, density = 35%) with
central control station(deceleration section is 500cell
to 1500cell).

Fig. 11: Heatmap (P.q, = 80%, density = 35%) with
central control station(deceleration section is 500cell
to 2500cell).
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Fig. 12: Heatmap (P.q, = 80%, density = 35%) with
central control station(deceleration section is 500cell
to 3500cell).
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Fig. 13: Basicmap (P.q, = 20%) without central con-
trol station.
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Fig. 14: Basicmap (Peq, = 20%) with central control
station(deceleration section is 500cell to 1500cell).
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Fig. 15: Basicmap (P.q, = 20%) with central control
station(deceleration section is 500cell to 2500cell).
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Fig. 18: Basicmap (Peq, = 80%) with central control
station(deceleration section is 500cell to 1500cell).
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Fig. 19: Basicmap (Peq, = 80%) with central control
station(deceleration section is 500cell to 2500cell).
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Consideration about the influence of Connecting Autonomous Vehicle
on traffic low

*A. Yamaguchi and Y. Mori (Kyoto Insutitute of Technology)

Abstract— % FH L In recent years, research and development has been conducted on connected autonomous
vehicle (CAV) that have the ability to exchange various information with other vehicles, such as speed and
acceleration. In the early stages of CAV deployment, CAV and Manual Vehicle (MV) will be mixed in the
traffic flow. Implement features that can take advantage of the CAV’s performance and consider their impact

through simulation.

Key Words: Connecting Autonomous Vehicle
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Fig. 1: Position update in CA model
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Table 2: Parameters of CAV in T'S model
Parameters DR CR P Tacc
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On a Kernel Function for Periodic Patterns with Different Periods
* K. Tachibana (Kogakuin University)

Abstract—  This paper examines the application of kernel functions for analyzing acceleration patterns dur-
ing walking. Walking is a periodic motion with variations in stride period and patterns among individuals and
within individuals. Multiple channels of data collected simultaneously synchronize with the stride. Zhang et al.
(1) provided a walking dataset obtained using accelerometers on five body segments and proposed a walker
recognition method based on sparse representation and clustering of signature points in the time-acceleration
domain. This paper explores kernel functions suitable for multi-channel walking data analysis and their poten-
tial for classification, prediction, anomaly detection, or pattern generation. Morgan and Noehren (2) used fast
Fourier transform to analyze walking waveform patterns in individuals with patellofemoral pain. Ullrich et al.
(3) proposed a method to detect walking from continuous inertial sensor data using harmonic frequencies. Jung
et al. (4) presented a multi-class classification method for walking based on time-frequency representations and
deep convolutional neural networks. These studies focused on frequency components and machine learning, but
overlooked phase information and waveform differences. In other fields, Fourier transform has been success-
fully applied for image processing and pattern recognition. Pham et al. (5) used two-dimensional Fourier trans-
form for image denoising, while Liu et al. (6) utilized one-dimensional Fourier transform for green pepper de-
tection. Steinmann et al. (7) explored unsupervised hierarchical exploration of continuous seismograms using
Fourier transform. Rahimi and Recht (8) proposed the use of Random Fourier Features (RFF) for kernel ma-
chines, and Zhang et al. (9) introduced geometric algebra adaptive filters based on multi-dimensional com-
plex-valued RFF. The paper considers the unique characteristics of walking data and explores the potential of
RFF for walking data analysis.
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A novel reservoir computing-based method with long-term memory and high
explainability

«B. Konishi, A. Hirose and R. Natsuaki (The University of Tokyo)

Abstract— In this paper, we propose explainable reservoir computing for learning long-term dependencies
and improving explainability by use of self-attention mechanism. We also conduct a recalling pulse experiment
in order to measure memory length. The experiment shows that our proposal recalls a pulse with a long
delay more successfully than conventional RC and visualizes a relationship between input and output signals.

Key Words: Reservoir computing, Self-attention, Recurrent neural network, Explainable Al

1 Introduction

IR - 227/ 51 T — 2 & 4% D T & AVl e
B=a2—F)l%» b7 —2 (Recurrent neural networks:
RNNs) 1&, &/ 7 — 2 WP GRS ELI R E DL
OB TIERIZEEREZ RIS L Z EAHSNT
W3, F1T% LSTM(Long short-term memory)') ¥
GRU(Gated recurrent unit)? &, S —~RED
BANZELT, FYRMNAGEEEZE DI L 2RI
UZ. LU, BIEIARDBRIVZ & ERH LM
R FEELRETHY, FEERHEREIIEY
Gl Z R U TV BMR L, BRI ZGEEIRHEE S
NTULED.

DHN—aY¥a—75+ 7 (Reservoir Computing:
RC) X, RNN O—fETdh 5. 2001 4E(Z Jaeger (2 &>
THREI N7z ESNs (Echo state networks)®) & 2002
1T Maass (2 X > TIREI N/ LSM (Liquid state
machine)?) #FAL$ 2 RCIE, ZH5HD RNN ORF#E
REMRT 21=— B HETHD >0 T8, AR
RCIE, ANEE” VY N= LN D ENE & T8
D 3ETHBEINT NS, RC DRKDOREIE, AJIE
MOV PNR=—ADREESHER, VIFN—NOHRES
DR T VA LABAMHETEE L, VY= 5H
SEANDBINBHEGHE (Readout) DAZFEH T B &
W RIZHD. ZNIE RC DOFEEEE R I eE
THILERKLTEY, LA—7-_YO—XOHYY
AR RIEIC L > TEEIZEEH TR TH S, MAT,
RC EANMES 2 Y P NN—NER e RN G4 %
LB L& 2T, AAARRI TR EWIERIE R
R FHZ LSTM X GRU & E D@D RNN &1
BWBETPHITES ZepmbsnT g 9610, 11),

RC ORMERIE, UFD 2 g iFonsd. —2I3,
RN 2257 — 2 DKFBGRERA S Z L BH LW
ZETHhD. VIN—OFFEFEIZELY, HYHEOE
JEMBRIIRTT D 2 LN TE DY, KR e L1
FRBEIBI B RNER T D, ORIz EY), B
BB R 2 2 MTE RV, iz, FHl-
DHRER O ATREVEAIME LS, T I v IRy 7 A%
DXV ETHS. DNN LRk, RCIZE->THRLN
T KGR DR L.

= a— VIR (Neural Machine Translation:

NMT) 23U ET2H 5D HRFFHE MR 2 71T
BWTH LW PEgEa IZEBR U 72 REERE (Attention)
F, INHOMEZMRRTERT VYYD HE. &
i, RMMZEIFEROZE D0, RCIZH AR
1 (self-attention) & MARAA7ZY AT LAWK Dinfg
EINTVD.

AL T, Self-Attention & RC IZHUY A&, 8
BATIZEDOE SRR OR#EETS 28T, A
H DR % 73 - /8L T ¥ % Explainable reser-
voir computing (ERC) with self-attention (SA-ERC)
ERETDL. IHIT, bhvbhlk, ANICERZH—
IOV A%E —ERERICERT S 4 A7 2170, RETF
HiE, BHEORC &L T, &) RN ZMEFRER
D L HHRTREME D[ LMW EETH D Z L &2 RT.

2 BEERRRE

Liu 512 &> TRE I N7z Attention-based Echo
State Networks (AESNs)'? |%, Element-wise at-
tention gate(EleAttG) 12 & > THEA X 7172 EleAtt-
RNN'®) & R—=2{ZL T3, J@HED RNN OHEIT
BWTIE, EleAttG DfEE M EIT5] % Backpropaga-
tion ICE VW ETHFHETLZZILNTES. —AT, RCD
By, RC 7 0Y 7 BRI /8T A — ZIWARET X R0
72, FETDZIENTIRN. TDRD, N IN—
NRIA—ZPHALTUZW, BN TIVTY ZLR
EDOEAGETIERE 2 O TRELT 2 HENDH B.

Sakemi 5%, ESNs @ Spectral radius & AFIDK X
X % EINIZA 9 S Reservoir gate & Input gate % 3
AT DI LT, NARMA 0—L YYETFILFRIZ A
JIZBVTHENEEZRUZ Y. UL, ZOFE
©, gate EFHHNT WS 728, LSTM X GRU & [A#kED
RBERIZIZBRARHD. 72, t DV FENN—DIREE
KDB ETt— 1D Attention DIENNBETH S 7280,
Attention DEFIHEIZ ¢t + 1 IBEDREZ ZERET D Z &2
TERWV. ZAuE, HEGCRIERR & ORI TIE RN
IEMY E2EDRANT—RIZBVWTCHEHAZHEL <T5.

Lyu 5%, VY N—2EHAFICHEL, Multi-
head Self-attention Memory Encoder (MSME) &
Convolutional Memory Learner (CML) % #lA&HE
7~ Multiscale Echo Self-Attention Memory Network
(MESAMN) €7V &#E L. £LUT, ZOETIVE
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FWT, FEERIIR AR XD 18 DL B FHE AT X
3D FTEIEGR A A 2 247\, HEKRD Deep LSTM (Long
short-term memory)") 2% & DTk & il U TRV ki
THETE2 I LMMERL L. 2D MSME ONET
1, Enhanced Echo State Representations (E2SRs) &
IEEN D Attention BAFHWSNTWS. E2SRs i, Y
YN—DREEA 7 FVELOH B % Attention
ELUTWS. VFEAN—DHAHBIFZERERE ORE
Rz 2L, FHIZE>THL N
REHHT LI ENTER.

LEEY, RFFETIE, N5 DHRERMEE TIEEHE
Thol, BRUNAKFEKREZZHLDDE, Gv»
A REEEE T VP NN—a v Ea—T 4 VI R—
AF1ETdH % Explainable reservoir computing (ERC)
with self-attention (SA-ERC) ##2%E T 5.

3 RERFE

AHITIE, DIONVIRET D SA-ERC (ZDWTii
9 %. Fig. 11&, REFEOREKDY AT LREKT
Hd. ZOFHEIE, VIR EEREIENTERI
MU TWB720, ANT—2%2RI2HonCOHVY
N—#HBE2ITHENTES.

20

Table 1: Hyperparameters on recalling pulse experi-
ment

Parameter  Value
The number of reservoir Nyeg 64
Spectral radius 6(Wes) 0.9
Dg 16
Optimizer Adam
Learning rate 1073
Batch size 64
The number of iteration 5
F9, VIN—HEHDXALF IV A% RATES
5.

z(t) = (I-A)x(t—1)+A tanh(W, u(t)+ Wa(t—1)+9)

1)
u(t) & x(t) 1%, TNTIREZ ¢t I2B1F2 ATif5HL Y
ﬁ'/\_@wgﬁfg%fﬁ) U, Win’ Wresv 6 li%ﬂ%#’b
ASHEAEHE, VINN—NERGEAMES KON, T
ATHD. AIIRNETHI L EEN, [ RD PR
E%ﬁ)ﬁj\ﬁ‘ﬁﬂlﬁ DEHBMTEE D MITHIE L TEHRI N
% 15,

Wz, EOEEIHEIRIIOWTHATS. bhvbi
%, Transformer (2 HAWVS5N2 HBEEEE > 3%
WHAF IV AZREEL. HIRL 2B 2]
BRHEIEERZ2E2720121%, EORZD) ¥ N—F
22 FMHTL2ONHETHE02FEH L, TREEIC
EAMITETD 7201, bhbhiZBEEE AT R %
RATERTD.

Mo (XWQ)(XWK)T> @)
VD

X Z2RADY FNN—REE2FLO-FHTH 5.
M IEY AZ{F5TH Y, BERIIFHIZ AT 2 ED K
AMWTERVIGEIZHAVDS. 0 7 EAY—IVHEZ2HE
TEHHEEFTHD. W& WKL, TaD) P N—k;
WEL2EEEZHETLIOD D RGZERIZESHT
THTHd. BoNZHEEEZAIT R &) PNN—(F
BYONEEESTZLT, 2RO ANEEEL
VPN —REEEHER T N TES. B
BHADFMATEZ NS,

R = Softmax (

Y = (R(XWV) + X)Wout + bout~ (3)
FRPBERINT A—&F, BEEORC L EUEAEE
T Wy EHAINA T A by BLY, BOHEEHE
70y 7 NOBEEEDHEDZOD W, WK, WV
DEDODATHD.

4 B—/)N)L2IEREER
4.1 RERE(E

bbb, BREFEOMEZMRIET 52012, A
JHEEDE ) A ADOFE Y BRI 505 BN 28K
FEREPE T DR AT %475, Fig 2 DREFRTRI
N=T5 71, KRERIZE IS ANESEREDOH S
BETHE. EFEOHIFERIT OV TIXIRE TR
T3, iBHOANT—& u;(t) 1%, WD XS, i
TEBIZREI NI ATY T t;, Tib LWL HE—UL A
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LDBEDI Y AME ORI L > TEBRIND.

(14 N(0,0.012)
uilt) = {/V(0,0.012)

Ton (F7OVADNLS ERD T 5 EITHY, RERT
F10 A7y Ted5. i HEHOEHIMES di(t) &,
AIMEBINS ) A X% RE, 1 ATy TRIEIE/E
FTHY, RATRIND.

iftigtgti‘FTona

otherwise.

(4)

1 ifti+T§t§ti+T+Ton7
d;(t) = )
0 otherwise.

AKX TlE, ZTOFERZ /I AEBERLIERZ & &
T2, BIE T BWRIWVEE, BEDT 1 — RNy IESE
&I & > TRl & AR 2 {LAHlAD RNN Tl, JF
WIZRE H LW LB FHRINS.

Table 1 1%, AREERTHH L 7ZNAI8—/NF A—ZD
VDANTHD. KERTIE, BHAD)FN—DH%
BV, IS FEBICE > THE/ST A—R & Hi
T3, £/, WO & WE OfIIEIF EMFLEIHRE S
[—DZ VA i75E U, WY OFIHHEIXEAFTH] &
T5.

4.2 EBRIER

Fig. 2 DEMTERINALT T 7%, KHELEZE 100
ATV T Ul TORKRC FELIREFIETHD
MSA-ERC(%e# AL ), SA-ERC(%#iAad 1) IZkD
PEBOENFERTHD. £77, Fig. 31k, &TEE2H
WTCEE - #EE L2 & SORFELEIE 7 DRI XDEWVIZ

(5)

21

&% RMSE O## % /79. RMSE(Root mean square
error) IFRATERIND.

N

MBE:J;EXM—¢V (6)

NIEZTFANT—ZOTH 5. Fig. 3 &Y, & TOHFH
BEIE 7 128V, self-attention = FHW/ZIREFETH
% MSA-ERC & SA-ERC DOM:EEIX, RC DADMEREE
EEBZ D05, X517, &EEHA%EITD SA-ERC
ZRAWZAERIE, iidAE 7D MSA-ERC OfE R
CHELT, BREOKIXIKST, XOLELLH
ENARETHD e bhd.

4.3 ER

Fig. 4 1%, Fig. 20D AT AN T —AIZEIT S, MSA-
ERC( EX) & SA-ERC(FX) O¥E i (£X) & 58
% (GX) OREBEHELTH] log,o(R) DAL R %
~Y. ZoME, BEEESTSE R = ;) (15 4, 8
§),ri; &TRE, i ATV THOH KR A2 72012
i, MMATY T7HOV FN—HNEBEESNLDEETDH
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Evaluating Driving Performance Using Microstate Analysis
With An Electroencephalography During Driving

*T.Ozawa,Y .linuma,S.Nobukawa (Chiba Institute of Technology)
N.Wagatsuma (Toho University) and K.Inagaki (Chubu University)

Abstract— In recent years, the technological development of advanced driver assistance systems (ADAS)
has contributed to the reduction of traffic accidents. It is important to develop ADAS with functions for
the optimized assistance according to driving performance. Several studies have revealed the relationship
between driving performance and brain activity. Electroencephalogram (EEG) is used to understand neural
activity during driving. Microstate analysis is a method to evaluate dynamic brain activity from EEG. This
approach reveals the complex mutual interactions of whole-brain networks. In this context, we hypothesized
that microstate analysis can detect driving performance from EEG. The results showed that the expert
group more sustained state transitions from the frontal to the frontal, while the beginner group exhibited
high-frequent state transitions from the occipital to the frontal. This implied that the expert group had
efficient cognitive control and suppressed extra bottom-up attention.

Key Words: EEG,microstates,driving
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Fig. 1: Location of electrodes used for measurements
based on the international 10-20 method.
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Fig. 2: (a) Estimation process for continuous instan-
taneous amplitude time-series of electroencephalog-
raphy (EEG) signals. (b) Estimation process for
state using GFP based on the instantaneous ampli-
tude time-series of EEG signals.

ENBHY b FTRTRX—& SD20% BFEMLT-.

2.3 BREFRIEDFICED < Microstate fi#tfr

AWFETIE, IS5 180 2 BRRFHRIEZ FIF LT, ik
TEHIDIRE R EFR Lz, BHRIED X 4 3 7 A ZHEE
T 57DV T a RO Fig.2(a) IORT. ¥
3,14 B 515 5 Nl 7 — 2 ORFRYI % 2-20Hz
D JETEBEIF TN Y RoSR 7 4 A RITHITT2 3839 X
12, BRREIRIE TA; (1) (—o00 < IA;(t) < +oo0) ZHEE T %
72 Hilbert ZH% 1T o /2. RIZ, BRFHEREIE 2 45 Wi
DFINED HARAEICERL L dIA; (t) (i: EMLE) & E
FL.

dIA:(t) = TA:(t) — TAQD) (1)
2 ZCIA(L) Z BT L TA;(t) Z/RLT
W3, X502, EERE DZEBRY — 54 & D mi-
crostate Z EF T 5720, 2EME DEEFZED 5
global field power(GFP) ZH I L, Z®D GFP Hift T
DRSS % dIA;(t) DAE FRZFTT7 42 L
TER L7z 4040,

Z D, Fig.2(b) IZ/RF &K 51T, beginners #f & ex-
perts #£D GFPpeak FIZBT % dIA;(t) DT — X % k-
medoids 7V V XL ZHAWT kDT 7 AX—I1257
B 7z, AR TIE, BBV nd, 75 2K
A X% k=2 WRE L. ZOFEICKD, B IREE
BRIy bV — 2 OMBEERZ M Z 2 1o HE
FTRZERL, ML TWS LIRES 3 424, £/ k-
medoids 713V X LIZ K o THEINIRER DK
REERS OMER Z 51l L 72

2.4 REHEEM

ARIFFETIE, beginners B & experts B D IREEL T
ROHAEZ S 2 720 - BEZ21To /2. ZEILERO
728 t-scores X} L C,Benjamini-Hochberg false dis-
covery rate (FDR) fIEDS A X7z (4 DD p E). H
BK#EIZ ¢ <0.05 ¥ L7=.



beginners
#1 oA N )

'VIP 40 anjea ueapy

experts
#1 oA oA F4 2

'VIP 40 anjen uesy

4

[\

(=]

'VIP 40 anjea uespy

'
%)

'VIP 40 anjen uesy

4

Fig. 3: Mean value of dIA;(t) for the duration of each state in the beginners and experts groups. dIA;(t):deviation
of instantaneous amplitude from the average among all electrodes.
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Fig. 4: (a)Mean values of the state transition probabilities between subjects in the beginners driver groups.
(b)Mean values of the state transition probabilities between subjects in the experts driver groups. (c)t-value of
the state transition probabilities between beginners and experts driver groups.Red (white) colors exhibit higher
(smaller) probability in experts driver.The areas marked with asterisks meet the significance level (¢ <0.05).
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Chaotic Resonance Control of Neural Activity
in Brain Circuit System Model of Cerebral Cortex-Basal Ganglia
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H. Nishimura (Yamato University) and T. Takahashi (Kanazawa University)

Abstract— Fluctuations in nonlinear systems can enhance the synchronization with weak input signals.
Chaotic resonance (CR) is one of such phenomena, caused by a system-intrinsic chaotic fluctuation. CR is
observed in systems with chaos-chaos intermittency (CCI), where a chaotic orbit appears between separate

regions.

Based on the characteristics of CR, we previously proposed a novel method for controlling the

chaotic state to an appropriate CR state by adopting a feedback signal from the system itself. This method
is called the reduced-region-of-orbit (RRO) feedback method. The RRO feedback method was applied to
discrete and continuous time chaotic systems, and its versatility was confirmed. Moreover, we have applied
this method to frontal cortex neural system model, and the effectiveness for controling the system behavior by
inducing CR was confirmed. In this study, we examined the responsiveness of CCI to a weak periodic signal
by extending the model to the brain circuit level composed of frontal cortex, basal ganglia and thalamus.
As a result, we confirmed the effectiveness of the RRO feedback method for stabilizing the neural activity
observed in the brain crcuit system model of cerebral cortex-basal ganglia.

Key Words: Reduced-Region-of-Orbit Method, Chaotic Resonance Control, Brain Circuit System
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Fig. 1: Overview of brain circuit system model composed of frontal cortex, basal ganglia and thalamus stimulated
by a reduced-region-of-orbit (RRO) feedback signal and a periodic signal.
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Fig. 4: Synchronization of neural activity z(n) to a
weak periodic input signal S(n)(e = 0.05 and p =
32,64, 128,256) and perturbations of the RRO feed-
back signal and the periodic input signal (A = 16.7).
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Fig. 8: Synchronization of neural activity z(n) to
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p = 32,64,128,256) and perturbations of the RRO
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RTINS > A7 AEF BN TIE, IEEE
DENBIZE D RKIMEBEDATHREINE AT ALAET
LTI CR FRE I N WVWNXIWNEERE (C =0.3)
R OEH (0 ~0.01) TCRAFLZINTVWDS

Fig. 8 IZHBWT, RRO 7 4 — F Ry 7{;:.75351’#%
C=0MUC=03KHKEL, a=0.05 p=256D
MEFHIELATES ZEHII L 72 & = O FEEF IS D
RRAIZ L% Fig. 912R"F. Fig. 101X, Fig. 9 1S
THEMEEWETH S, HIEEF, KIMEER&E S
*ﬁﬁf%ﬁkéﬁé/XTA%Tﬂ/k%b\fCCIZ’P 7
%%%téﬁmtziofﬁbﬁ%sm)twmbfm
VAQAN

4 BbHbOIC

AWFFETIX, RROTEICE B A4 RO X H =X L
%, RISEE, KNI RN PR THERL X 41 5 ik Ial i
SATFLAETNMCEAL, ¥Ial—TarvERELT,
RRO 74 — KN ZEBICXoTHEEIN S B 4 23
iz &b, MKEET OB BN ZEEABITS
% BFE % GG L 7.

ZORER, ETNVEMKT 287 X — X ZHET O
FRRIEENDS A ZIRBEL 722 X S WZHHFI L, AiEEE O
e F 7 RAFEEREEL A =16.7TICKET 2 &, /h
XRBERETH 2590 RRO 7 4 — KNy 72512

XD A ZHIEHEHE X, MESSNERATIMES LAl
B oMIEmE) £ ORICEWHBEZ/{ 6N, ZHUTH

L“C KIMZE DA THERINEHRES R T LAET IV

BIZHARAFEEFERLT 5121%, KRehiEFHhe i
69&1074’-}*/\/7fu7?751%\g'(35’)ﬁ é%&\-, 7
FAHBRFD > AT L EHERRINEMR Y X— >
<y SIEDXER LI 25, KK E-FE—ZAE
B> 2T LETNICEBT B2 AT 2ZBHOIEEED
SR ZWR T2 Z e N TE .

SHOFEY LTI, EFAREKRTZ 37X —&D
“/X‘?‘?i‘ﬁ‘y77£%1—:—‘/7\&:c}: D, RRO 7 4 —

34

A 167C000005

< NIIIN'HHH“W I mWMIHI i l”W

600
n

A=16.7, C=0.3, a=0. 05

500

i‘lmmuw.wuHHHHWWHH\w»HMHMMHHHHH\H"“"‘”‘”‘W””WW' g

n

Fig. 9: Time series of frontal neural activity with and
without RRO feedback signal Cu(y(n)) for weak input
signal S(n) in the model composed of sensory cortex
and frontal cortex(A = 16.7).

Case without RRO feedback (C=0, a=0.05)

'flTlZl’i
:)' -
. i
1+ I
A |
t" 0r
S~
= T
-1F
il
2t —orbit
fmm map function
2 -1 0 1 2
x(n)
Case with RRO feedback (C=0.3, a=(.03)
fma.\
2 L
@ I
I N\
3 A
3 &
1 \ R\
. \
\‘
- \ i
= L V
T oot . A
X L !
] ) \
8
\‘
!
1 \'\ k!
A | 3
\ y )
" J
. orbit
21 —-—-=map function (C=(.3)|
‘ 'Ifmin | ——map Tunctmn (C :‘(J) \
2 1 0 1 2
x(n)

Fig. 10: Map function for A =16.7 with and without
RRO feedback signal Cu(y(n)) for weak input signal
S(n) and its return map between z(n) and z(n + 1)
in the model composed of sensory cortex and frontal
cortex.



RNy ZE512 & 2 5 4 AHIH OB D X 6 72 2 Wik
BET oI5, BAEMCIE, KIMEERKD S 27 L%
BRRETENRIRX—ZD1DTHB S3% S5 #4012
REL, z(n) T3 y(n) OBEFFMEHREFED RIS H
TBYRAT LEHOOWHABREL 2. FAMET

(=

WMEIHEEA TGS ZRISHEIC AT L 723, Thke

KIMFEERZIC AT LIER B b SN =358 D H 4
ZILIEHITHANDFEEDEND BTSN S.

BE X

1)

10)

11)

12)

13)

14)

15)

16)

VS. Anishchenko, V. Astakhov, A. Neiman,
T.Vadivasova and L. Schimansky-Geier Non-
linear Dynamics of Chaotic and Stochastic Systems:
Tutorial and Modern Developments”. Berlin; Heidel-
berg: Springer Science & Business Media (2007)

S. Rajasekar and MAF Sanjuén :
nances, Cham: Springer (2016)

H. Nishimura, N. Katada, and K. Aihara : Coherent
response in a chaotic neural network, Neural Process.
Lett., 12-1, 49/58 (2000)

T. Carroll and L. Pecora : Stochastic resonance and
crises, Physical review letters, 70-5, 576/579 (1993)

T. Carroll and L. Pecora : Stochastic resonance as a
crisis in a period-doubled circuit, Physical Review E,
47-6, 3941/3949 (1993)

A. Crisanti, M. Falcioni, G. Paladin, and A. Vulpiani :
Stochastic resonance in deterministic chaotic systems,
Journal of Physics A: Mathematical and General, 27-
17, 597/603 (1994)

G. Nicolis, C. Nicolis, and D. McKernan : Stochastic
resonance in chaotic dynamics, Journal of statistical
physics, 70, no.1-2, pp.125-139, 1993.

S. Sinha and B.K. Chakrabarti : Deterministic
stochastic resonance in a piecewise linear chaotic map,
Physical Review E, .58-6, pp.8009-8012, 1998.

Q. Li, H. Zeng, and X.S. Yang : On hidden twin
attractors and bifurcation in the Chua’s circuit, Non-
linear Dynam., 77, pp.255-266, 2014.

G.L. Baker, G.L. Baker, and J.P. Gollub : Chaotic
Dynamics: An Introduction, Cambridge University
Press, 1996.

I. Kovacic and M.J. Brennan : The Duffing Equation:
Nonlinear Oscillators and Their Behaviour, John Wi-
ley & Sons, 2011.

S. Nobukawa, H. Nishimura, T. Yamanishi, and
H. Doho : Controlling chaotic resonance in systems
with chaos-chaos intermittency using external feed-
back, IEICE Transactions on Fundamentals of Elec-

tronics, Communications and Computer Sciences,
E101-A-11, 1900/1906 (2018)

S. Nobukawa, H. Nishimura, T. Yamanishi, and
H. Doho Induced synchronization of chaos-
chaos intermittency maintaining asynchronous state
of chaotic orbits by external feedback signals, IE-
ICE Transactions on Fundamentals of Electronics,
Communications and Computer Sciences, E102-A-3,
524/531(2019)

S. Nobukawa, H. Doho, N. Shibata, H. Nishimura,
and T. Yamanishi : Chaos-chaos intermittency syn-
chronization controlled by external feedback signals in
chua ’ s circuits, IEICE Transactions on Fundamen-
tals of Electronics, Communications and Computer
Sciences, E103-A-1, 303/312 (2020)

S. Nobukawa and N. Shibata : Controlling chaotic
resonance using external feedback signals in neural
systems, Scientific reports, 9, Article number:4990
(2019)

S. Nobukawa, N. Shibata, H. Nishimura, H. Doho,
N. Wagatsuma, and T. Yamanishi : Resonance phe-
nomena controlled by external feedback signals and
additive noise in neural systems, Scientific reports, 9,
Article number:12630, 15 pages (2019)

Nonlinear Reso-

35

17)

18)

19)

20)

21)

H. Doho, S. Nobukawa, H. Nishimura, N. Wagatsuma
and T. Takahashi : Transition of Neural Activity
from the Chaotic Bipolar-Disorder State to the Peri-
odic Healthy State Using External Feedback Signals,
Frontiers in Computational Neuroscience, 14, Article
number:76, 15 pages (2020)

S. Nobukawa, H. Nishimura, H. Doho, and T. Taka-
hashi : Stabilizing circadian rhythms in bipolar dis-
order by chaos control methods, Frontiers in Appllied
Mathmatics and Statistics, 6, Article number:562929,
11 pages (2020)

S. Nobukawa, N. Wagatsuma, H. Nishimura, H. Doho
and T. Takahashi : An Approach for Stabilizing Ab-
normal Neural Activity in ADHD Using Chaotic Res-
onance, Frontiers in Computational Neuroscience, 15,
Article number:726641, 13 pages (2021)

G. Baghdadi, S. Jafari, J.C. Sprott, F. Towhidkhah
and M.R. Hashimei Golpayegani : A chaotic model
of sustaining attention problem in attention deficit
disorder, Commun Nonlinear Sci. Numer Simulat 20,
174/185(2015)

P. S. Shabestari, Z. Rostami, V-T, Pham, P. E. Al-
saadi and T. Hayat : Modeling of Neurodegenera-
tive Diseases Using Discrete Chaotic Systems, 71,
1241/1245(2019)



