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Promotion of Self-Care Activities to Prevent Men-
tal Health Problems Associated with COVID-19

Koji TAKENAKA *

*Faculty of Human Sciences, Waseda University

Abstract

Mental health promotion is one type of wellbeing initiatives for people to enhance their positive mental health rather than
to treat clinical symptoms. It has also been helpful for promoting psychological recovery from the after—effects of experiencing
disasters. We developed a mental health promotion campaign named “ABC activities for the mind” as a way to promote resil-
ience post—disasters, such as Japanese earthquakes. In this paper, two case studies applied to general adults and medical staff
managing patients with COVID-19 were introduced as population—wide approaches of mental health promotion. Cases of men-
tal health problems are increasing as the spread of infection continues. The conventional approach to mental health services
presents with limitations due to the restriction of contact and interaction between people under the current pandemic situation.
Therefore, it is favorable to develop a new type of intervention. We tried to use informative media by developing message-
posters based on “ABC activities for the mind”, emotional regulation technique such as Stop-Relax-Think, and implementation
intentions known as If-Then Plans. Online surveys were administered to 1,020 general adults and 607 medical staff to evaluate
each message—poster. The evaluation consisted of two sections using Likert-type scales : one section involved their reactions
towards the posters, evaluating the amount of perusal, their knowledge, their views of social norms, attitude, motivation, self-
efficacy, and intention ; and the other measured the level of stimulation received, such as acceptability, utility, and extent of
memory retention. Findings indicated that for general adults, ratings differed significantly according to the degree of social con-
tact, whereas among medical staff, they differed according to the COVID-19 involvement of hospitals where they work. This
intervention concluded that population-wide mental health promotion campaigns in COVID-19, although ongoing, can posi-

tively impact the wellbeing of the overall population.

®. Key words : COVID-19, mental health promotion, self-care activities, population-wide approach
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COVID-19BICHBIF DAY FINILATEDFRZBNE Uic IV 7T 7 EBIRIEDENID

K1 #HREH (RAEDRE, BIRORME, XY MOSIEE) ODRATA TR (B - ZEEU vs. B THIT
IEEFHADTIESD K UTRERE

RZXH— A K252 —B RZXH—C
- Zkh L B sig. - &k L B sig. - ZEH L DAl sig.
(n=308) (h=712) (n=308) (n=712) (n=308) (n=712)
e 3.55 (0.97) 3.87 (0.85) % % 3.48 (1.01) 3.86 (0.91) 3% 3.60 (0.97) 3.94 (0.83) %%
(1188)
EES 3.03 (1.00) 3.36 (0.90) =k * 2.88 (0.98) 3.29 (0.93) %% 3.03 (0.94) 3.36 (0.89) =
(1188)
H&iRE 294 (0.93) 3.31 (0.86) * % 2.90 (0.95) 3.22 (0.87) %% 2.88 (0.98) 3.24 (0.88) * %
(1188)
R REE 2.85 (0.96) 3.24 (0.88) * % 2.82 (0.94) 3.18 (0.90) 3 * 2.83 (0.96) 3.22 (0.91) ==
IS (1188)
B 2.81 (0.96) 3.21 (0.96) * % 2.72 (1.01) 3.10 (0.95) % 2.78 (1.02) 317 (0.97) * %
(1188)
BC%iH  8.85 (2.44) 9.83 (2.16) % * 8.68 (2.45) 9.64 (2.33) % * 8.80 (2.42) 9.80 (2.26) % *
(31BH)
BEX 8.46 (2.74) 9.55 (2.54) % % 8.15 (2.76) 9.32 (2.60) * % 8.31 (2.86) 9.39 (2.63) * %
(318H)
ZIFAN 10.06 (2.43) 1111 (2.12) % * 9.46 (2.52)  10.63 (2.42) * % 9.84 (2.31)  10.88 (2.25) k%
(318H)
B 9.38 (2.48)  10.48 (2.20) =* * 9.01 (2.66)  10.22 (2.35) % * 9.32 (2.42) 1029 (2.26) * *
A (31|A)
oE 2.94 (0.96) 3.29 (0.89) * % 2.85 (0.97) 3.23 (0.94) * % 2.93 (0.99) 3.27 (0.94) %
(1188)
**p<.01
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b)) =8 b EE  sig. b ) 58 b EEE  sig.
(n=354) (n=254) (n=354) (n=254)
ED 4.04 (0.83) 3.87 (0.90) = 4.28 (0.72) 416 (0.79) *
(1188)
FiIE 3.41 (0.94) 3.29 (0.95) n.s. 3.40 (0.96) 3.29 (1.01) n.s.
(1188)
&8 3.34 (0.93) 3.20 (0.94) ft 3.47 (0.89) 3.30 (0.94) =*
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B 3.38 (0.96) 3.27 (0.99) n.s. 3.57 (0.89) 3.40 (0.98) *
(1188)

<10, *p<.05, **p<.01
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How to Realize Mindfulness and Soothe the Mind
and Brain
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Abstract

This paper will discuss how to realize mindfulness and soothe the mind and brain. While explaining from the perspective
of “not closing the mind,” “not being swallowed up,” “self-as—process or awareness of the present moment,” and “self-as—
context or awareness of the field of experience,” I illustrate how to realize mindfulness referring the transition from focused
meditation to observation meditation practice. Then, how the practice of mindfulness changes the brain to produce clinical

effects is explained while introducing our research using an EEG model of mind wandering.
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oT, WMEEDIHNITE ST DOPEFHHLTAL
).

INAF T 4 — RNy 7% -

NAYRINWRATEDKRS [CIDVEREAMZEREZ DD

bbb IV — 7T, LI ZIZH 5T OIREE
CHSTE [A Ry v r (MW) ] oFfLEE%,
BB X > THBEMME 2 SHEET 2 ET VR 2B
L [1], Zhz s ol @i 0% %217 -
72 [2]. ZokE, EERZE, SHREE< S VY
VEY VT HBPREIWCBEN T LT PHL NI
A, FIHELIC, MW OIS, Frbehi, SRR
(MW % 5 £ PIRBICIEE 3 % £ TORRM) O 3 Z5 % I
EL7z. FLTC, BEDOIEME 1742 RICLT, B
TEERIG I & OB ONEMAHB &2 KD 72 & 2 A, 1EIRR
DOHBHEERMEERLE (p=-.50, p<.05). &5
2, XA Y 7 VA RBERPHECSINL ) DIREE &
THEEWTHEZNRIILT, I2REREZNET S
BDI-TI 0%&fbw &, ZhENOEHOE LD HONER,
Mz RDI-E A, RIIY, FIRRHOARIHE M
Biz/RL7: (p=-.65 p<.01). LRIy, EH
FEBRA R 512 L, LR TH DIREDILHET S
13, MW 2 S HEHREANOBIRDIRL 25 2 LW 5
e, MW 55 OFURER & v ) 28I, RN
DL EHIRBEINT.
ROWZETIX, UL 8HEMD~A v M7k AEH
FHEICBIN L7228 % MRS LT, BDI-I &4RMEARR
ZWET 5 STAI-T DA AT - k&I ATiT -2 7 Hk%Z
NENOELRE, <AV F7 VAR EBEEDODH 5 ER
M (Ko, MW, HEZ, AKEoE, BT 2—
Tav) oL oMOMEMEE# [3]. 20
A, MW, RERobEE, AT 22— a v E2lET
BB MM D2 L L BDI-1, STAI-T OZALE & DM
i, MhPREECFRLAMENRO LN, 22T, £
DO, BEREE LTW 14 ZI2OWT, AAARIRICH
BRI o2 bR L, il 3 FEOEMKOZ bR
LOMOMEBMBEER-EZ A, BAM 72—V a2
W2 CFQ-7 £ DRIZ, FEFITH VAR LMHEIRD LI
72 (p=.83, p<.0001) [4]. DIED#EE»SIX, <1~
RV R L o T ERDPESTL BRICIE, BEI
BHRAEFNBLE FHW 72—V ay) CHHEPRS
NHZENETHLRERETHLEEZTIVWI LI H BT
59.

FEH

1. A Y FI7 VxR, OEALZY, FARAAEFNREW
T, G RKOBMEEWZ DL LT, LOZZ A ZHIG
TIEPLEEREZRDS.

2. A Y F7VARREMTIR, BEOH T EDLLTHE
RIEAED S, EEOSEH 2 EHT 2 B8EMIIES
2&T, BEORELZMZOOBERSHCOESR L
Wz 5.
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3. AV IFINAAZBR) R LKL LI2LD, LY RINVAADEI DN T L BEBAT S, B
. - < - Fifi R 2 e AR A a1 (ARIRRE).
N JEL 4T 7 N R
MW 225 ?)(E)m A %E kA 0)7&% HE http://hdLhandle.net/2065/00062634
ICEABANN 72—V 3 VOYUBETHET S 2 [3] Takahashi, T, Kikai, T., Sugiyama, F., Kawashima, .,
EWHRETH B, Kuroda, A., Usui, K. et al. (2020) Changes in Mind-Wan-

dering and Cognitive Fusion Through Mindfulness Group
Therapy for Depression and Anxiety. Journal of Cognitive
5| Bk Psychotherapy, 34 (2), 162-176. doi : 10.1891/JCPSY-
. . . D-19-00015
[1] ;{Vawashl.ma, I.. & Kumano, H.(2017) Prediction of_Mmd (4] FORRRL MEWFEN (2021) WA M4 A ik -G HL
andering with Electroencephalogram and Non-linear FH—e A Y TR AL D - REE AT B
Regression Modeling. Front Hum Neurosci, 11, 365. doi : - .

. A ZA N, FEWPBRGE. AhE <A > P77V X—H
10.3389/fnhum.2017.00365. eCollection 2017. . b . g
(9] ] (2019) = 4 ¥ BT ¥ 51 ¥ 7~ Tl AT DS & 2 DAL, FUH - ).
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Physical Activity and Dementia

Ryota SAKURAT*

*Tokyo Metropolitan Institute of Gerontology

Abstract

Numerous epidemiological studies indicate that physical activity strongly influences cognitive function among older adults.
This association is supported by several intervention studies. Worldwide, approximately 13% (nearly 4.3 million) of AD cases
may be attributable to physical inactivity. A 10% reduction in the prevalence of physical inactivity could potentially prevent
more than 380,000 AD cases globally. In comparison, a 25% reduction in physical inactivity prevalence could potentially pre-
vent nearly 1 million AD cases globally, indicating the degree of impact of physical activity on dementia. The present article will
review and discuss the association between physical activity, including physical functioning, and cognition to understand the
effect of physical inactivity.

®. Key words : Physical activity, Gait, Cognitive function, Dementia, Older adults
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1. SITHEEEC SRAIHRE

e ] O GRABE RE & AR AT RE O B I B LTI B <
DWEDHEEL, TDIFEALIZZOMZ OBRE T IC
AR E ZOMCBEEIAET S I E 2R LTS
[2-5]. 399 # D EHE & i 5 AEHEEMR L, AATHRE
RHVERAE Y A 7 72078 TUlE, AR R AT
B, BITOZRK - FEERIES D &SR EWH
(gait variability : 3 %&b EBATROWD 2 >~ b a— LS
AREZE) ZERHME) A7 BB EEFZPLPIZLT
W3 [6]. 72, 9EMOBHFAIC XY 2876 £ D i
HORBIBERE L RATHRE 2 RFZEIC X B &, BE)
W o(0~4 %) OBTHEMRTIZ, Thlk U~94
%) ORIBERAKT 23 { FWT 2 —4T, BEOHO
PRABERE I T 1 X E N DR O BTSN T 121k d £ 0 B
Lozl EB WS LTHY, RITHEEET AR
HBETEIR T ORBRIER CTH AR Z R LT 5 [7].

i)y, FRABERE DT ARATRREDICTISRATL, £
ORI T ICR#E T 2 2 v, ik o & xR R
VEG LR TWEHEDH 5. BAREOFE RS, S
SALHEFE (B2 S 25% 32 4 DL 5 Fik)
THERE % 5, BEFMOBITHEE DE L% 7078
TIiE, FABREDEEIMRNERIE E 2D %O BT HEE
DETHAB LN EEHL2IIL TS [8]. F72,
1154 Z OB E#H % 4.5 S8 L7202 T, FRAIRREEDS
R F 13 SR EEREROSITHENEL, TOBROKT
DEAGIFRVWZ LEHELTYWS [9].

2. BFNEB)EERAHEEEET

SRFEB L1, B LTV ARELD b Ok
WE— 2T 2T RTOBMERIST. Jiu, Ko
ks - bR H A LCRHEY - SRS ERT 5 [
Bk, ZRUSONE, KH B - BEED [
W LT A S ENTE D, BIETHE, SRR

XUtk
1.6 -

14
121

LT T

METEICHELZH ) I

0.8 1

0.6 -
EHEIEE b@%t:o4
ERTYZIE il

0.2 -

0

E8) & ERAME

B (WbwaEHAL) 1, OIRE - BERE - Evo
7oA EERRIEIE O R F & LT, MR i & 45
DNBEISFHR L ENDL I I h o7 WETIX, 20
RATEEN LB REIK T OGN T L ZE 2 5N TETE
D, BEEOIEICOMEE LTI e bl sh
T 5. UMK A=A 54  OR  BR A LT % € 77 )L il &
U CRMIMICHE D AIGEE L EHIREL A L TW B A
IHETRFZE i, SEBEIEN 2 WE GEEFEIELSE 1 1k
W) S, THEIC 1R ] oEEEELSD S E T
40%FETNVINA T —RBHRED ) A 7 KA > 72
CEEHLMILTWS (B1) [10]. 2D X)) HHk
B & FRARRRE O B R OEENCRE I NS DU
Tlr7%L, RERPLI-LLABHLED [1HOK
WEE | PEETHLIEIRBREINTVS. 2T,
1 HOBISEREDZ W B 10% 12N, TA7 10% O£
Tl 5 SEBORBINEDFIERAB L £ 2.3 f5E [11].
IEFH#P O AL ) FRAIBEREAR T & FRAEE O I AE
KB mpkEkEE (LT, MCD) &w9. 2o MCI
FEEPRAERIIET S LIRS Vb 00, 4ERK
5~15% A RBME % FAET B Ml AUE) A 2 BETH 5 &
ZZLNTBY, WHAIMCL %2 FHi§ 5 EGEEL %S
A, b L IEMCIIC % - 72 BRICIERBABENOBAT 2 v
kD2 &9 % (EEBABITT S X9 %) EiGEEL %
BN EAETHRBICBVWTIIEEE 5. 176 4D
MCI B 2 5% & L72F%e T, BAGEhE L v
W (ZOMETIZAR=Y, T+ —F 7, iT -
FEWE oy, #—7= > 7 OEE S RIGE R L NV
ZEFR) 1TE, MCL 26 RAECRITT S 1) A 7 MK
<, BELRVOGRGEROFIZIHART, JKEHLNIV
DHERIFEHETH 725D TIE60%EL VU A 7 DK
ENTWZ e 2HMELTWA[12]. FBL 724 HR1E%
CEAR SN, X DiGBINRAEE2 LTwabEIZE, MCI
Tho THRAEREMECE LI EFMONTV S
[13].
COXIIRARBEDK T RHDO—D AR IN T

SFBRE

TIVYINA < —F

o ofn B Y DR

E1 EFBELNFVE LB UCROESHBEN D DEDRRYRT (K10 & 1 FH A

TR

INAF T 4 — RNy 2% -
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B2 ESHRIAMEEEZNET D AN LD—H] (LHK 20, 21 2BHIZ§HH

PR

IV A F A4 Y OFHNRT Y, LAUTIE U TR o Bl 2 BT % i B R
KENTFORHAPFE 5. #R, WO AR MEEEI2 S E ), BARKREOHERF R

HHEY) A7 DR 5.

5 B RIEEROKT A, BEDX ¥ GHEIZETIEZ D
BIERPEICIZM R R DSEAE L, AR RE DMK T 3 5 iic &
RIGEEIMET 5 & Vo 2FHEBEZROTTASIE LW fg
HERLTWAS [14, 15]. #E3K, BREEL L3
FILRBHHEY A 7 % 5] & FUF 2 BRI O L5 5 B & ke
LT, RANEDO RN I B AEE RO AR
BNAHT LMD, HRTEERE & FRAEO BT I8 RE
BAFEDLNTE . ZOMIETIE, ZOFFRERNA
T ARBGET A 7280, SRS R & FRAE O IR % FH
TV 2B 2SR VRl & 24— MFZE 19 742 Jhib
LAY &AT o 72 BRI AT 10 SERG ORI &, 2
MU E DB OBFZED 2 B2 TOMN 2 AT o 724
B, 10 SERGHE TR B R 03 O RBAVE R IE 1 &k
WEETB VK IR 1IABFEERICE LS o727, 10
AE DU MRS B = O F O SRAERAE T T S it B = 0
LODEFNELIFEAEEDL P o7 [15]. ZORFR
X, TNFETRINTE - HEREBRACT & FRAERAE
DORBIZDWT, [FRHAGE DR ERSEIR & LT HARITE&E
WETTA] ZEERLZZTTHY, REMICASE
SRIEEN I RABERBIR T 2 PR LW L E2/RLTWw
5. TORIZOWTIE, HARWILIRE o B & G2
REDOBEICE T 2O AERICL S, FELVIHEH
FROFFHAFET= NS,

3. BFBFENDNADGRAERECSZDHE

B AN K 5 R RS R R 13 % DL THERE
INTWVWE., ZOIEREALER Y —F 72V D
T, FERRHE B e & ARAVE B OME B\ TR

62 (20)

INAF T 4 — RNy 2% -

BB EIED LN TWD [16-18]. HlZIE, 1204
DOHEER BRI Y & — 5 ¥ 7B L R RIRER 2 H)
F, FREFho7ars 5 0% 12 7+ A1t - 2 AW
T, AERBIEEOUEEN Y + —F ¥ IR TRD S
NTWw5 [19]. HIZZOMETIE, 7+ —F ¥ 7FH#ICE
BERBEFROMMLEDOONTEY, HHBEEHH
WARSROMEZELES SR L, Bk rdEL T
WBIERRLTWAS, FE, 0L REBICX 5
B RE 5 ) B 2 R R B L2 RF O BRI = D B R,
BESOCTEOMFRRER TR~ A X H A v (FEH» S
G S B FEARE VR 3 5 AR P E L OB FR) ol
mckzezrkEnveEzohTns (B2 [20
21]. MZ T, MALA ML ADEKTREH) %28 U728
DOTFFE - B, MEROUGE, RAEEEKTY A2 L%
L (BIE, BRIMERE, BERER L) oFbi - iE
R 7 &8, EEHRIBERESGE IS R T B0 R
WZhsrLEINTwb, 2721, RAERET2SHON
EE R, BRSO PEEOBRMESEE Z 5L L
S AWFFE TR, EEHRIBEBESGE I T T RRITD S
WERROT 25 OP LB BV HETH) [22,
23], B OB T BRI T o i
PRI LT W A MR R S N TV .

TN INA < —BERANERE 2R L LI2EIRTIE,
RHESERDYES TH B F ARV VB A~ v F
UHRMRIRIZ X o T, RABERED A7 & AT R O UE
HIEARFED SN TWAS [24, 25]. FANRYIVIEREIE L,
TeFNa) YEGRTLIERTHLT TV T
AT —XoMEEMEL, BHROTEF VY V2
msE, 7EFray ROMBEIEDZ 5D KR, G

2022 4F - 49% - 25



TEREEZ 13 Lo &3 % 3800E O BEEIRASSGE T 5. il
i, A T 3EESE R AERE R IR PN B LS
WS 2 MREWECTH ANV E I VRZIHIL, &
VF 3V RARESR ORERE D IEFALA & FRAIE O B EAE IR
DYEEZHD. O X LMEREED AT A3 BTG
WCHBEEE2 5720, IO OEANC X - THRITHRE
OUEDHEDO SN L DX, EBENICR I 2 -T2
HRTHDHENVRD.

BHHIC

FRHEFRHICERE &8, EBIIEREIC O %2035 L OB#R
PHEA TV —FT, MBI RS MR L E L 7o T
W5 [26]. bAEOEEEEEZAT S (11830521
OEBYFHE 2 ML EERL, TEME#ELTWS) &
W OB EITBEYET 41.9%, LPET33.9%TH Y, M
HA 21 (BR) OFkEO HEM (B 58%, =i
48%) LIIKELMENDH S [27). HKIGE) GEB)) 13
BESCDDFEO—DTHY), ZOHOHMREZH
W, ZOWEHHAKRERELEARLPEETHLILER
VIS, AEEShNGE) O 2 & B ARG B 2 3259 2 Wk
BEZDLEND .
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Biofeedback Medical Device, PARO :
Incorporation into Global Medical and Welfare
Systems and Contribution to Solving Social Issues

Takanori SHIBATA *

*National Institute of Advanced Industrial Science and Technology (AIST)

Abstract

“PARQ" aims to be a “substitute for pets” in general households and a “substitute for animal therapy” in the medical and
welfare fields. PARO is a “welfare device” in Japan, and a “biofeedback medical device” in the United States and Europe, where
medical welfare systems are different. As for infection prevention and control, PARO’s artificial fur is treated with antibacterial
and antiviral processing that contains silver ions so that it can be used in isolation wards for patients with weak immune sys-
tems. The VA hospitals in the US and the National Health Service in the UK evaluated and approved the cleaning and disinfec-
tion protocol of PARO. PARO has been used in home care and medical care for from children to the elderly with various dis-
eases and disabilities, as well as medical and welfare facilities for from advanced acute to chronic and end-of-life care in more
than 30 countries around the world, even during the corona pandemic. Regarding the therapeutic effects of PARO, evidence
was accumulated from the results of clinical trials including randomized controlled trials (RCTs) in various countries and the
results of meta—analyses. In the UK, PARO was listed as a treatment with high-quality evidence in the “NICE
guidelines” for “dementia” asa ‘non—pharmacological treatment” . In this paper, I will describe the evidence and how PARO
is being incorporated into medical and welfare systems around the world. In addition, as an initiative to address social issues,
PARO has been used to provide emotional support to victims of the Great East Japan Earthquake and other disasters, as well as

refugees from Ukraine to Poland following the invasion of Russia.

®. Key words : PARO, Welfare Device, Biofeedback Medical Device, Non—pharmacological Therapy, Emotional Support
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[8e |, —BRETO [Ry ME] &, BFEEMESECO [T2<V - 25 E—f8E] Z2HRE LTWA. 1
WEHARTIE AR, EEEALRIE 2SR 2 2 KRS T [N F 7 4 — BNy 7R TH 5. RENTTHVE
ZOWHERMESECHTE 2 X910, BYYERFE LT, NuoATERICIIEA + v 2 E50HE - i A V2T
HBLTBY, VBT T 4 72 VLK - HHEO 7T b 2 UARCKkO EFEM G, KESNZ btk
XFLFRRBREEDD L/NEDSEMOTT 2 2R E LT, FEBHHE - ATER, SV S B Rk
DEFEFALRE BT, R 30 2ELET, 2uFrMTdealcffishtunsd,. oot E—RiconT, £
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KEE+t>%— | GND GND
VOUT AO0
A VDD 12
GND GND
VDD 3.3V
RGBLED DI 13
GND GND

w |
|

ICBE Y
LM35DZ or TMP36GT9Z

ArduinoUNO

RGBLEDE Y 2 — b

Eam

TUIRR-RBSE1F397RE-H~

B2 X177 14—y IXEDER

LIRGHBANTH Y, ZbxHERETHAZEICMOES
Wt thsr ([B®2). ~favyEHw7075 4
FITOBIE, BN Fy =7 OEEEREET AT VS
H7ars A EEEERL, FRoEEHACHRAL, ¥
AT DEREWET 2 HENERTH L. HF—Fox
TRIVIMT 2T IA4 T VIIIHEND Y, RO2D
FTRCOBEERE L TOr I A2 ERTHE, b
TNHHE L BIRR O EN NI 2 5720 Th 5.

4, fREET 4 — RI)\w I8 DIERK

RE3ix, WET 14— F Ny 7EMENT TR TS
LTHY, FUVINVED 127N 5, 500Hz & 1000 Hz
O % 1 BEBCTREIZRESE TS (6~101TH).
BRI loop DHIZA > TWB 720, #HDRLSE
Tahs.
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NAF T 4 — VN 75 -

B4 X RGBLED %, #ikEDIHTHAT S L 707
7 5 Td%. RGBLED Offilf#liZid, Adafruit NeoPixel 7
477, N=Yar11002fHL. TursJLEH
JBHTTYINVE 0 13 FRHIHMICHES 2 &, LED @
A1 TH 2 &%k, 547 B T Adafruit_
NeoPixel 7 5 A% 4 Y A% Y A{LLTWwh. 51
setup FECHIEIL %2 1T\, loop BA%C LED & ;T % AL
L Twb. LED % 5JT & & %1213, pixels.clear—
pixels.setPixelColor—pixels.show DJE T2~ ¥ % FE4T
TLUENRD L. BOFHEIL pixels.Color (R, G, B) ®¥
TR, Kk, H, KBEOMS % 0~255 THET .

5k E3BLIUREA4 THILLEHEE 7 1 —F
Ny 7 BERENC, BEiRIE e s AL, WEL
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[/ 2 —h—iiaseeHz, 188eHz D B 5 FT

void setup() {
by

void loop() {

tone(l12, S8a, 1848);

delay(1688);

tone(l12, 16866, 168);

delay(1688);

//586Hz 186ms
//100ems{Z 1

//1686Hz 106ms
//1eeems{Z 1

3 500 Hz 8KV 1000 Hz DEZEFRESE S TOTS A

/IS —LepERL. FR- 8- %‘E%lﬁﬂ

#include <Adatruit H~c“ xel

%'Jﬁﬂm I: v
' fLED 4

#deftine PIN l“
#define NUMPIXELS 1

AdaFPu_lt_NeoPlxel plxels{NUMPIXELS, PIN, MEC_GREB + NEO_KHZSB@

vold setup() {
pixels.begin{);
¥

void loop() {
pixels.clear();

/ / LEDEFTIEATE;

pixels.setPixelColor(®, pixels.Color(2e, @, 8)); //7F

pixels.show();
delay(1@8@);

pixels.clear();

//1eeems{Z1E

pixels.setPixelColor(@, pixels.Color(@, 208, ©)); //iF

pixels.show();
delay(1888);

pixels.clear();

pixels.setPixelColor{8, pixels.Color{@,

pixels.shouw();
delay(1888);

//1eeemsiZ i

//18eemsiEE

e, 20)); //FH

4 RGBLED ZmalJ&8B570J5 L4

T2IEHRE mv ICET 5720028, temp0, templ,
tempd |&, 1 ®HETORZERE, BIEORFEE, 1 HHTEL
T EIROBLEIEMENS. T 14— KNy ZHEE,
tempd 2 & D 7 4 — F)Ny 7 HR LED skt 5. &K
Tur A 1IBMICTELIRYZ OV VTV ELT
W, TOFHEEZREMEE T AL THEREZEDT
W5, 7~84TH® sum, average, t, t0, cnt i, Il
2HEMT 57200 ER L. <4 3 OFERIGRC
1720947 8N 5 setup (10~1547H) Tix, ¥ U7
ViEf5 %> RGBLED O @ b, MEHEE % m L3
5720, ZHEEEEZ LIVICETE LTS (1217H). <
A 2 viEshiigk D R LElt S5 loop #4 (17~52 17)
TlE, 7707 A0H» 5O AD £ L B L L
ABDITDI (21~221TH), 1B FHMHEOE N,

NAF T 4= RNy 7198

© 2022 4F - 49% - HE2 5

T4 — NNy ZEOUEMPERS NS (23~511TH).
30~32 17T H T, Z4bHm (dir) &ZfbDii S (mag)
ACHIT S, BUEHE 7 4 — NNy 2 8845 (34~4317H)
ICEMes NG, iR LA LED O ik, AE¥—75—
DFEIXB500Hz TT 14— FNNy Zhfrbh b, TR
LED o 13%, T3 1000Hz &4 5. BEE 74— F
Ny 2%, AL LT 2 BEOE G L2 ThH
%75, LED IZDWTIIE LRI U TR M S BB L s
5. 45~4817H X, BERSPE/LEZ V) TIVHEET
IZREE L TWA. PCHIT Arduino BIREERED U 7
VEZF RV, TNHOlEREFKTHIET, N4 F
T4 =Ny 7O F ZEERTHIEATES.
BZ R ICARE S N2 KEIEBRIGBI O N4 7 4 — F
Ny 7T, 74— BNy ZIERANOERER R F iR
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JIEERERIERT 74— Fie D
#include <Adafruit NeoPixel.h>
#define PIN 13

#define NUMPIXELS 1

Adafruit_NeoPixel pixels(NUMPIXELS, PIN, NEO_GRB + NEO_KHZ86@

double mv,tempd,templ,tempd;
double sum,average;
long t,t8,cnt;

void setup() {
Serial.begin(115288);
analogReference({INTERMAL);
cnt=sum=8;
pixels.begin();

¥

void loop{) {
te=t;

ff ) FIAR{EDIEA L
[IEBEEF1.1vII5EF

//LED$T1EA{k;

t=millis(); //IRTERFZEmsBE {1 THRIS ,
mv = {double)118@/(double)1624 * analogRead(®); //7T /% IL{E

SUM=SUmM+my ;

cnt++;

if(te/1000 !=t/1008){
average=sum/ (double)cnt;

/11 ¥ (1eems ) CFHIE D
g

ror e
L
L)

%5

temp@=templ; / fﬁﬁ@@.‘fﬁfg%ﬁﬁ
templ=average®e.1; /JrEEEREICER
tempd=templ-tempd; [ REE{LE R L

int mag,dir;

/I EDIZEE (mag) & AO](dir)
if{tempd>8){mag=abs(tempd*188); dir=1;}

//:lE _EREF

if(tempd<=08){mag=abs(tempd*18@); dir=-1;} //;5E FFEEF

pixels.clear();
if{dir==1){
pixels.setPixelColor(@,

pixels.Color(mag, @, @)); //:2%

if(mag>e){tone(12, 5@@, 18);} /1EE
by
if{dir==-1){

pixels.setPixelColor{@®, pixels.Color{ &, @,mag)); ,*',*'.‘EEE

if(mag>@){tone(12, 1eee, 18);} /imE
pixels.show();
Serial.print(templ); Serial.print(","); //IRTEEE
Serial.print(tempd); Serial.print(","); //EEZE{tE
Serial.print(mag); Serial.print(","); //ZE{LODES
Serial.println{);
sum=68;cnt=6;
delay(18);

h
hy
B5 EEEN\A1FT7—RN\yvoTJOJISA

KFEGIEREI LT, EAFANEILSEE P
HELWEIMICH S [3]. FOLDEARETEY 7075 4
TRE74—=F Ny 7l 1BEL, 74 —FnNy 210
MLTELLZF Yy TINVIC LT WD TIREELT S B
X, BB L CHEFOATIEZI T, 2tok& sz
MY 720D ABIR L LED Ot % 75 & vo 72ffiv )y

80 (38) INAF T 4 — KNy ZHFE -

PHENTHD., 74 —FNy 7 MBEERD 5121323
FTH® 1000 % 500 £ 32 2 & T, 500ms HkEE 352
ENMHETH D, HHET 14— NNy 7 OBHREZHERL
o ThHhE, 37 BL O 411TH OIS e %
tone (12,500+mag, 10): DX H 2T H T LT, KE
ML Z TEREER S XD FICMs 2 L3 TEB L9
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BIERIEMRB EAVAENI AT — RNy T

WX%5. B, INOOEEOERICLELIBRHOAF
FiE, Tar T AEOEHRIZ Web 4 b (http://protolab.
sakura.ne.jp/OPPL/?p=958) (B HIff E T Lo b
TWh.

BHHIC

Arduino Z W2 BT TR S F ST 2FHRALDH 5
A, RN E HOCIESS b IR AR S D D, O
B, MEX, REZEOWEEY 2 —VHEZHPHFH
FRENTWE, SALIEARFTHAMIN TS IO s I
LEMAEDLELI LT, ZFEERNAFTT74—F
Ny B DR ADSREIZ % 5 725 9. Wi-Fi % Blue-
tooth 7 & DA REZ Fio 72~ 4 TV LHARDED

INAF T 4 — RNy 2% -

2T, mEM L D FEEOEVNL T T 4 — BNy s
REd, KR MCTEATLIIELWEETDHL. KfgT
KA L 72 BIDMERATRE N 7 4 — BNy 2R
WD Z R TWD.

5 | Ak

(1] EHi—HB (2017) 11 3 3 i /K. B Bk B A
(B) WHAE, WHEXEY (W), 4B &t
BEZE 5 T % g (pp.214-222) JbKIERE

[2] »NryY, M, Yu—, M. #H 15 G (2015) Ardu-
mo i Lk 5 # 3 (Make : PROJECTS). * 54
DSV PAM S

(3] KM N, AT (1995) /54 7 4 — FXw 72
& % % E i BRI O K F I T B OB SE,
66, 45-51.
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CIEETES

(T
R S O AR T
FERIEIET O3

AES: ¥NLN

— 712395

TR RFRFHE 5 —

1. [FUBHIC

AFTIE, FEHICXBMHmL (1] 2 Eig, 2FE
T R ERERD LR ON LRI T— 71 ﬂb,#ﬁ%
TENT P2 B T 5 72D I LB 2 B 5, RN
TFHEOME, BIXUBEHERIZOWTHNT 5. FEHRIE
FENT DT HCIE, PRI BIT 2R L B ORI Lo
Ex2H (VAT L) RIERE N FREMBERIC BT 5
BN TERED L. INH0OFMIOWTIE, HdimsC
[1] THA SN TV HMOLI A &2 TS W7272< &
LT, AfTIE, OHEY - ARY - BHER E05E
THRIA < 2 L"Cb‘éi’] %7 7 u—7 (Dynamical
Systems Approach : BLF DSA) &\ 9 BRERAY R A U2
DOWTHEH L, DSAZ )N F—2 g YROEA Y
v 7R EOFEBGIISEH L T A58 HULITHL
0 EiF7zw.

Z OB, WRHT— 5 OZEEE (variability) (2% H
L, AT, ZHzEMNFMLELY) 957 70—
FERMETE, BWICGEGL LD 37467 7u—F %3
WIETEEMEDITS. 22T, ALICALHEIIZ, &
2B 25 E HOE NI O W TR HIZR R 720

SHREE) R BEE, OIAEERE & v o TR
MALEONLERYIFT— 7121, SFETLRMHOE
BERE IS, COEHEOFHRICH 25T, HERD
MIEFETIIEHO & (EhHWEHLTWzD)
RIS E LTE [2]. —7, IERBTETIE
ﬁijw)"“E IH LR Ny =t Y (8D

HTEBH LTV h) ZFHiEiL L) &35 [2]. 727
L%ﬁ%#ﬁ%%h%ﬂ@?&dﬁﬁ%?%b,ﬁbﬁ
LORLDMEZFM L TBEDTH W ESDDH LD

TR, 72720, HARR L T8 2 & LYK
Y AT AD% L, MM EAEH %2 3 2805 % 2 A
TAEEZONDLD, FHEFEIWEFELD I
HEREwE b Sbh, IF, OHESFRAHE T4%
EEFEFERGSHTHEASATYS [3, 4].

22T, DT, 2®CIEIFMEFELZHBT L) 2T
VEZBH - FMEETRICOVWTHBL, 3ZETR
KWL IERERERVIFT ZBAL, 4ETENL ZILH
LSl # L Ea—L, 5ECSHOELEBRRS.

ab

2. iEu ‘b

2-1 ZEHEHEHER

B7ebe Mok, MLV SHEK LI
ELEFTHRLZAHEEZB LTS [5 6]. 2ZTWYH
HIHEE L X, Pl2E, FREoMEcBwT, FREZH)
PEDHROK, Thbb, MR (&) ZH#ET 57
WCIRETREEBOMDZETHA. ZDXHIZHE
FERZ, L FOBKIIBNTEZ L% 61, HHiL N
VTR 108, 5 LV TR 10, MR L oLV Tiz K
10D F — ¥ —OHMENSFAET 5 L EhTw5[6].
EHIC, ChooHHERLIEEWIIMY L TIEBH
T, MHECHEBRLEH LAY, Bisty VT —2 %2
KT HIET, HEREVWIVEDODYZAFLEHLTWY
5. TZTIE, BATA LD, BHICHEERT K
TF (HHE) 2320V A7 02 8MEREITR. 0k
IZEZNE, e rOHKREV) VAT AZLHEEYR
MERIZLEEZ5D.

T, BRIV AT LARZTTRL, e hoRMe M
() DAHZXLIZDNTH, 1990 £ LLRE, RIS

EARSE ¢ T 192-0397 WA\ ETFHEE RN 1-1
HHARVRFERERE L v & —
Tel : 042-677-1111
E-mail : kodama_k@tmu.ac.jp

% E:2022%E9H250
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BF SB[E

ferE/pE /\/\/\/\/\/ FIRH /R

R & . R E
SRR BEHOXHE 2R

R FEE “QMWWW e iz

E1 ZEEOEROEN [1]

L EHMERMERE LTI SV (DSA 2 -3 T
HHREL TS [7-9]. &512, HETIE, ZHHEYR
MRTHLE FNAILAT) I I 2= —Y 3 YL AKD
PelATIRZ OND L)oo TER [10-12]. 2k
H1Z, DSA &) VAT AFRDOVHTIE, &Ik, 3B
WA, 232/ —3a3rbnoEITEERLANLD
G %M —ORMATHRZ, STXFLRBR TSN
=2 LB FEe#EHAL & 20
B, WEELAMEDOEOWEHETH L. BWREH
HEZ b OZHHEBMRTH L0022, ZOEHIC
BWTSESFLEAHVBESINLIDOTH 5.

2-2 ZTEH

pesk, ZHRLIES5 2 (variability) &, “FEIEOEL
WA A% (error) TH Y, HEICL > THELLE
B, Y ATHLEHBEO ) 4 XRZERE S
N, BREBHOLE, RAZ, HiH0IiE, WHENZEE
REMMINTE [13]. Thbb, HERMIIILE D
BRI EREENE L, EHERIRE, FodPeEL:
RELZRTEMRsNnTEL0THS (E1) [13].

—75, EBEOBRNEMRONV—r & LT, #EB)E
# Bernstein X, MO Gibson DM H 5 (B
M E SR sz [14, 15)).

Bernstein 1, & DY, BRI XA T ADINKTHR
ZHBHEICEHL, ThoEsEics g o208 (6
HERAIRBER LD L {EP—RITRETE L]
) Lw) kD, TOINEMW 2 EHTRKLIT A
BElC B EE 2T [5].

7z, )& AR S fa R L 7RO
Gibson |2 XM, MET 5 7-DIEE» 2T E % S
T, W, B 20EaELRIRELRES W
[16]. Thbb, EHOLBOHIZIE, BRERLHCHKE,
BLY, MAOMBREZAET L7200 “BRENL" B X
LEINTWVD. TOLIICEZLE, FIREHOLE)
WiE, AR 2 A AORG7ET TR, MENRER
rEt "BROD DT EENEGEN, IR
TEAEIE L T B W REMED D 5.

TR, BREENCBT LA IR L2, @R
MPaIaslr—arviuozBRICTBEINGE

84 (42)

NAF T 4 — VN 75 -

N2 —>2 DL

e
B2 7hr5O09—8RICEKD
TEMEEHEDORIE

[1]

BPEcdh, B1IORT L) 2RI, BRI S T
3FEsLEZOLND.
2-3 HER77O0-F

TETHRZAMNEY DY A7 ADMRIZIE LT
RIS L S 5 @ %2 AR CHlIZE I 1 5 B CHLRL
Hg LWz, WHE G S N7z H CH L 2 1R
EEIRHEMA, 2322 —va VOMBISHALTE
O3S F% 7 7 v —F (Dynamical Systems Approach :
DSA) Thb. T TW)H R EFREHMIIZLT S
VATATHY, TOENDNNY -V ETLFITRE
5. DSA Tid, Bernstein X Gibson D&% H L 12
AT AN TAEZ (HHE) ML, BXU, Y7
A EBRBEOMENEH % L CTHFED /3 Y — v 038l
B¥rLEZA [7, 17].

F72, DSA TlX, BELINY =V RIREET T2
F—lwIoths (B2o%) TERIEh, YATL0%
EVERAELICH LToIRER, 787275 —JH0n%
g, X0 L LCEHMizns (B2 [7]. LT,
DSA 12 & % & BB, SURDZEALITHE 8 F — 23
EVRELIZDDONEHEMICELL, 512, HLw
NG — U NEHERT B ENCE BT 5 (B 2) [7].

FOEWLRT, DSAIZBWTIE, ZHEEoBEms, #H:
BE Y — R L= M) —ADY ) B R ER DT
DIZLARIICHN L ZALDOTIRTH D, TO—RIITAR
HREGIREBEZRET, LOVRELLNNY =~y )z
HIREE 75 LR E L5 [18]. #iZ, &6 LM
PART ELREIE, FED/Y — 2 TLIEIIITZ
BWVWEWHEIRT, FHERSHENZ LVIRIEE b #
Wahs [19]). £/, BREREZRTT I8 —3
HOLBFEDOMNBICETIAZEZERTLOTIEARL,
31 T2 X ) ICEHRITOIREZRBATORIE L LT
FHENEL., ZD70, DSA OPALATIE, R
AL 36 b RE LGNy — v &ffERT 5 L n
IBIRT, BINLRERZIRZ LI EHTES.

2-4 EHHTXREH
A B - ATBIRLEE O 5581 C DSA & [FIBRIC B AR L3
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FRIERY NS 2 RERY FRERRY NS
AR AR~ #RRIEY ARAIAY
O N *

HEHMEDORE 1o DK

E3 EMURKREROBLRA X—Y [1]
e BRFAEOMEAERR R SABIITT v 5 AR5
W BRI O M FAE I A% B CHIME 7 R B
A B OF E A 75 Bkt < BTG 22 1R 51

R EWEAEII BT B Y AT M EaG
HEBRLELTERLTWLON, HHEMETES (Loss of
Complexity : BL'F LoC) K@ TH 5. LoC KL TIL, Ml
WL, YATADTAF I 7 AOBHEED SR - KT
LT 7FuteREAhREN5[20]. 22T B
(complexity) &1, LN FICHRT H2METH Y,
NFARLT T INEVSTHEIZE VIO o5
VAT L DOBRMENIREE R RN ZLDO#EBETH 5.
LoCRilc & % &, BHMEDIK T R-RIE Y 2T 2 Ol
WREFZ (HEE) ofBEkomde, BEE (HHE) [
LOMEEHRHEGEROEIC L > THERIINS
(B3). #DE, A ML AREADBISHENIET
ThHEWD [20]. ZDXHIZLoC I T, BHEMED
T LRI HEE L BHEDIF 5N, Y AT A
OBICFE OFRIE L L TAHEB LV, T8I L XV o8
PAHWSRTEL [21, 22]. LT, LoCIRZiIZ &
bE, VAT LOBMMERZ, BIERE CEY )
TIZHT LA TE T, #%b3 2 I 5 H et
IS L7 IS L o CEMIIT & 5 [20].
2:5 XY MNI—IVRRELAGEBET I

)y, ERARLHEY - BAREEOSBETH, BHEERE
¥ (HOHMMILEGRS A Yy T =2 R %2 L) oftas
2 DHEAEEOMEICH L Tw5S, Ay bT—=2R
LZE LR (Network Destabilization and Transition : L F
NDT)EF N E W) EZ FHHAH[23]. NDT EFIVI,
BEDBLEIEHROBBOLIRTIRESNZS DN
[(24], DITITRT X9, FHWRHEY—MIZB T 2 6H0
bR L, ST LOISHIN TV .

Hayes 512 kiU, (DEEEEL, BEwINiny—r
X ) RIKTHRBEI 8 — U NEBALE R B X ) st
BEREESILELDOTHY, HMOKEIIZFRM (cogni-
tions), J&1% (emotions), 1T#) (behavior), EFE (physi-

NAF T 4 — VN 75 -

EMBERD 5/ SNDERINT—5 (T IR ETDEA

fERRAY 4 IRRE RIBRY L IRRE
© E ( I
-t \\h-
N
®

HLINEZ—2D
EMAE - AREL

L~ ,
IV |
Y @ -

FLLWNZ—20
AL - S&1L

~ o

B4 Xy NI—IRXRECGBETIV (LHk23icbeo
& ERL)
4 WHY RIREOT T2 —
e RN RIREOT T 75—
% > A7 2 O REF  #8 (C: cognitions), [EIH
(E : emotions), 17#) (B :behavior), 4¥ (P: physiology)

ology) L\ o -EEVMENEHT 2T AT 20IKE (7
NS y—) ELTHZONS (B4) [23]. NDT €5
NONEP S Z UL, NS OEERFEIRDOAIC
HEHTHOTIEIARL, LA, WKW ZEEZ TS ¢
TWAEINRY =R 7O AEREYTLIEPEREL
A, FLT, EF¥AMILBMNAR, Th727 55—
RREACZS L VBEZE2), L XA ELSED
borrEzohTws (H4).

B 4% HEHIRERZ Y AT 20REEAL L, WAL
BT NI y— () &, RENET N 25— (K)
ZRLTWA, B4 EEBEOLNZ, 3 <ML
W WEEN T V8% — v OFFFIIREZ R L TWw»
b, VAT LAOREEERT 2R RV, WEN R
TEI2F— (BVH) ICEFE->TLES>TWAIRET
Y, B, NS, ATE), AR LV o BRI
fiA LRSS, B0 BURPEREE & v o 7@
BB LREZRLTWDS [23]. TEERM 2RI
&, R RN — CRERERBESETLE) 714 —
FNy 2 V—=T%ZRLTEY, HLWEROATTRFEHE
2T, YATAERARESE, moFH Loy -
CREMIREB) ~NOBALDSHE L { > TV AENEREZ R LT
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BF L

W5, Kxtic, B4 EBoEM, X )RR Y —
VERLTWS, EENR Y AT AOREBIZBWTIE,
B, NS, ATE), EBLE Vo 2 EHEE IR IR
MY, BEECHENTBY, RWHIIEIIH LT EK
BRIGATTE HIREE TR T 5.

B4 hEOAEINE, WHENET T 7 ¥ —EREEL
B, XMLV -V EISES AL S
ARETERLTWS. EEDT N7 5 —DRDESD
Y, FBRIVIINEL o TOLETISR 5. L,
FAUOWRENZZT N o7 7 =28V E T - RETHR
i, BRI ZANA (RPoREOEE) 12k, VAT
L&A, AEELEE, By —r oBikEE
L, Ao X ) EERNRIRENOBLRImERE =
5 (BVR=VDPENSENEE L TWw5). Hayes 512
I, FBBERCWEENT 70 —F 47 ERZ O R
Bz ABNCH 725 v [23].

B4 FEIE, WRHEMRT N5 75— LN T b
27 —DELELHHEFELTVBE L) RIREZRLTE
D, YATAEWGTOREEZIT-/2) K0T LA
TX5. ¥R ME, SFEFRFECI-T, AN
DIFFLR R IRFED S, EMOF Loy — o~z
BT L) BMAERIT) TENTES. JKBORENL, £
DD DOTEWALR L R L TB Y, TEERN % KA,
ZORMEREEWRL, HLL X DEENZ Y — 225
ILENTWLEEFZRLTWS,. —J5, GHOERMET
LN Ay FT—=2b, AMLADOPRETA TA
N MR E X o THMNEH LT 2 TS 55720,
ENzRiCl0id, EMoT7 4 =Ny 7 v—T %K
BT ETRENZAY VT =2 %8ILL Tz
WEEE 5 [23].

Pk, 24 CHFLL7Z LoCIRFEOFTR T, i<
PRIZE D VAT A OMRER (HHE) OB =,
2FE (HHE) FLhoMEERRREBEROZL»EE
ENTw3b [25 26]. #LC, HHEOBRIZEHOZE
DK TSR, Fhpi—goikiEs TS & Ek
R, TVANDYV R DEmEL, EEZLNTWS
[27, 28]. ZDEHICEZ DL, EHLANVRTEHLAR
VTR I N LEERY)F— 7 OB EZ RN, V257
A OBHER WIS 2 i 5 2 & 1d, EESLY LY
F—vavOERIIBOYCOAHRMARRELES &
ZzobNb Fi, 2.5 THHLZNDT EFIVTDH,
R 2 ER PR AL o TY AT AERER D
HEBRCHEAEREILL, W R Y AT A&ko
NG — U DEALT B T EDIRENT WS, NDTEFIVIC
BT, o eimBoniks LTHREINLE
B (RRw S X (7, 29]) REMNEHENSE, ZhbF—
ZICBT L ETVEOF ML, AR 2 &R 2 I
FHETHMF SN TELD BIzIE, [10] 2 L), P4,

86 (44)

INAF T 4 — RNy 2% -

LU ISR T X9 2 BRI FEC & 2 BER50 7 — & O
B« FICIEEAMEE 5T, 22T, 3T, B
RIUHT O, R FEOMEL AT 5 GHil
AL [1] 2B S hizw).

3. FERREERIIEENFA

RERY T — 2120, ARk CPE R R 2% &)
T TE R WEE & L TRIMEAE (sequential
dependence) & FINES [3]. Thbb, F—FDIH
FICEERDD Y, B HEEHTBH SN/ 7— & B RS]
OPIEZICBN SN2 7— 7 EMBXD 5 &9 RGAE
i, FHLTLE) L Z2ofEHPMmEITLbhTLE
). XoT, RIWMKEMODH 57— 5121k, FhE#EY)
WZEFAS 5 & & AT & BRI 2 WA § % LD D
5. RERFVBATICIE, MIETFEEIERIETE LD D,
WiZ D@L, TR E LTRESNS VAT LDk
WEEMOMEEH O CH 5 [3, 30].

BIETFEIMRET 205 WL AT L) Tk, YA
7 A OREREFITIMAITHEER L, B S h s @k
RITHE O E LTEBSD [3, 30]. 2% D,
AN E WINZIEBIERIC D 5 72, W IR 72 RIS
HHEEZD. BUWRZDE, BV AT LADRSLEN
(&fF) 1, BEFEofE LTERASN, BERISEICWRES
EEZ L.

—F, EREFEIMET 25 GEREY AT L)
TlE, Y AT L OMBRERIREETHEERL, o,
YART BERDIE DT dH B LR R LR L OMEAE
LB E 525 X9 7, BUECHERN 2 AHEAE- A
AoNb [3, 30]. TR, AJIE M ORELRIEHM
GIBIAREE % 6T, MBS AT 2 OwLFHVITH
FOMELTIIRBTEY, HRICETTE2VWEEE
bo.

3-1 BREELIA

T I T, 2-3 TikR7zDSA DBEAL, HEFENTF
EEHLTIEROBET — 7 2 HIRITTOHZER
(phase space) (ZHlDIAKR, T 527 5 — % HHERT L)
BERIDHL72FEICOWTHHT 5. Thbb, BRI
T =& B ERICHI N D AR, Z DOLE O FIRIRE
Z2WILFHEIC T ey N L CTHEIT A2 FETH LY A
LY Z-7av b (Recurrence Plot : LLF RP) &, %Ext
1t3 2 FEOFERERILSH (Recurrence Quantification
Analysis : BLFRQA) TH 5 [31, 32]. ThoH0Fik
X, GMGER R &2 U TERE L 2z e Bfii T —
% (continuous data) DA% 5T, Btk L ORE 7T —
% (categorical data) (2 @MW HETH Y [33], KRS
F—y OMIFEEFMET A2 LT, VAT LADBNRE
EMERTIBEARENCTE S, 72, BT 5 L9 57
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B EEHFH BB =
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B 5 categoricaldataUAL VR - FOY REF (a, b)
& continuous data DERITIEHZERANDIEDHIAHDH
(c) 11

a) CTHI & FUEAL L 72 RSB A

b) XTI TIER L7z RP

o) WERFI% 2 K - 3 IRICOAMHZEBNITILD A A 7261

=R TR

DOWERFI T =y FLIZHBEHTE, Zo%HalE, VA
7 AL O OMER IR Z T X 5.

TR, T RP B X UTRQA (20Tl A | PR
3 5728, categorical data ® RP 7533 5. E 5a,
bix, Bl LTHROSED [HBFEDPAR, Hh T EN
A, EFEDPR] OXTHET—F L LTHO G
RLTWw5, Bb5aid s MBEIC 123 & fEfb L,
P 712L720 0, B5b1EZ DX FH| % RP T
L72b0THA. HMEITH26 I, i3 oHI1C
CFHIANET, W UXF (Bl o612 RP RICHEN
ATy FENRD. XoT, dHARIEE USCFas <
7edETTay IR, AR LTI R &
ToTwh., ZOM, [FEDAR] D4 LEREET 572
b, MAME TR (KEaoH) 2RP LD R Lt

NAF T 4 — VN 75 -

EMBERD 5/ SNDERINT—F [T DIFRRETOEMA

MEEELTHDLDOD5h5.

continuous data D54, categorical data & ¥7: 0, K
RN DDA (embedding) &\ FNANLE L 72 5.
% ZC, WIZ continuous data \2F3 % RQA #HfE9 %
72, ERICHZER & 2 2N DORRYI OB D AT DN
THEHR T 5. RRFIE LTRSS N5 2R ORE® I,
dORBERCTRABTE, FOBENIREEMN (HZE
) BT sWEE LTHRITES [34] (B5c: 3K
T OH). ZOEHOMB A D ARRIL L LT,
LD R % —E DIER T 3088 5 & 72 RR51 % KR IT
&L CHE L -2 2 MIROTHZER L IR 2 O
FENBEELR 2 W CRADIRBE D 5 72 5 ROWLE
BEITT AL R HMORAR LY, ZOHFEITL Y HE
RORKDOYE % BHRITGHEM TRIATE 5 2 L3
MICEER S T w5 [34].

continuous data \Z83 % RQA Tl, FER%I 2 Mz
HDIAATI R, B () LVWINTA—FEREL,
BET BT A [831]. PELF, MHEMMNORRY
DRiFETE Fw EERDSTLBEOZ L THY, Bk
L BERNICERLSEEN5GE, "HRLE L
Y5, AWM, T d rODANEREZRETSHZ
L T, continuous data IZx%F LT RP Z1ERK, RQA % %17
T&5.

F 72, SO0 ORERYIFE L% HZER IZH# DA A RQA
& FRRIC T O RERYI R L O TR IRRE % 5Hli 3 % Pk x
ME T ERILSH (Cross RQA : LLF CRQA) &)
(33, 35]. (INHDFHEEFETTLHEOATEHKOE
Ui itk L3 E S E v [31, 33]).
3.2 779 ZIVENR

KIS, 7275 NVEHO D BIEEH KR T — 412
b )5 T & % Detrended Fluctuation Analysis (2L F DFA)
WZOWTHES T 5.

9, 7775, BN - KRN B CH
Pz L x2id (B6a). #MEWNRT I 7 7 VKL
DY, BIEO—EZiok/#Mi/N L, 22/ R o —v 224k
SHTHHPORMRICH 2L B S 5 (B6alk).
KRY T — & D6, WERFIZILR/M/N L, KA 7 —
W EZALE & T ORI R - D LV IRERIAHES - 554
HHEAEigt sz (Beati). ThbH77 275 VaRE
REERFIOMWE X, A7 —VEEZ THREIHERIN
HLIEWORT—VAE, Fi2, TNOEZREEHOT S X
F=VHFEL W E b A — V7)) — & BT
n, PRI cE LW E ShT
W% (E6b, c).

REF A 7r — v Z & WZRERVI O ZE B i & DRI % KT
BRCA =) Y 7iaBa s b, Zhid, BT —u
CEBEAMNE T T T TRLIZLEDHETH L. I
RINTF—=5 D757 5 VIENIZIZ S ESELTESH S
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BF L

o

b
thak{E ! 148
1
1
1
1
1
1
1
1
1
C
= ~ AT RIAX
G o - "
T| a=05 o V| wmmm
ol ...~ I
_] - o B L)
Log (Window size)
— T oErusax (/D
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0 AP ' !
(e}
-

Log (Window size)

B6 JS5U%LOHE [1]
a) 75t ST TR, A5 ¢ AT 1 SR o )
b) £5t EBAME, 47 S
O kR TA N A RIE TN EEEES, T H O
b0V )4 (U EHEENAMEHEAS DA A=Y

S, Y - fTEEEES TR R SR, EELD
57— IZH WA TE 5 TiE5% Detrended Fluctuation
Analysis (DFA) TH 5 [36]. 2 ZTwIIEEHE L,
WMEM B CRRaUR &) L & dITE b s
5Ly FEdo2iRFIOME TH S [3]. DFA I,
BEEWFEICLY) DL Y FEBRETAZETHEEENZ
bOT— ¥ ORHEEL M TE 5.

DFA D — W7V T) ALFLUTFTO@EY TH S
[36]. FEZRBMEE A LZKRFNIH L, OFfED S
WEZWRERFE G Lizy (k) %, QFEOES
nDE (Ky 7 ) ICEHBIIHEL, @OR/DIREIC
XOEMER (FLYF) 2k, @QBZELIZILUF
2L, ZEFHOFE SR (Root Mean Square) % 3K
W, BifEE ZE#HE) 2XBTROLZLOEREYLLF
) KD, FHO~Dx BEn R R LIEMA 75—

88 (46)

INAF T 4 — RNy 2% -

THHMEDIEL, OREIIZF (n) % HEICHER R 7 — v
n ZHEC LW S 7 7ey MLT, & a%
A=)V ITRBELTRDLEVIBDTHDL. 75
73 NED D LERFIOBE, n O¥EINIEENF () 1
¥ims % [36, 37].

F72, DFAIC K> CTRtEENB R =) Y 7Hifla ®
HIZE - T, BERVIORIUKAE 2 5T A LD TE
5. BARINCIE, 0< <05 D& & RERB AR (B2
(it & 725 & M OB SRR THRE 2 B T REMEAS
W) %, 05<a<l Ok EEEEME BRICES
ZE) & F CH M OEEAARK TR RS FE) %
RY. 72, a=05DLERTAL NIARX(TUF LI
4R), a=1DLEEY 7 )4 X U/f®5HX), a=15
DLETII 4 XD [38, 39].

3:3 I>hOE-—

KIZ DFA [IBRIC LoC i 7 & CHIMEE OB O &
DLENTWAEIY RV —Dff& s ZFDER{LFED
VDEDTHLY VTN -y = 2OV THlEHT 5.

Iy bhrE—LnIEEIE, bEbEBNFEOGHT
s, FEFR0TOEENC B 2 L& BT
L, ZoORMCTERERIREZRIHEEL ST
5., TV MAUE—OHEEN R A—=—JLLT, ROLH
PR FHZ N TES [3]. BEOMEOHIIZE
ZEINTFROBHD Y, BEEKDGTIZHEOHIZ
HLADONIKETHS. DL EH/KDOSTFOIRRE
i, HEOPRIZETD, SVHFE b o IREBO2D
Irhbot¥—3EnEF2 5. LarLl, HMozEZREITT
R AR 2 L F/AKRO G TIIEEOHF T T 5 &£ 9
IR > TWL . B REMERSL &, HEO L0
TOGTHE G LREICRS, 2oL &FFIR
GBIy PR —IHVIRELE S 2 5.

fin)y, =¥+ uv—REHRAEROSE T IRRSOF
WTREME 2 RTIEL LTCH LR TwA, 2% D,
WERH D B 2 BEZ OIREICRE T 2 1 S, Kk
BROY AT LAOREE ENL SVTFHITE S, Lw
IBIRTHVWLZEDTES [40]. BIZIE 4 VD
EVECVATLORDKEGTFHUL LT VEAIEIZ b
OV =ML %575, FYFAIALADENICY AT A
DRDIRENAFEFETTFUAEE L W BHIE >y baE—
VL 5.

O &) ZRERFIOBHME, FRW RS E Emibd 5
FHEOOEDEY YTV =y b ¥ — (Sample
Entropy : L' F SEn) [41] T® 4. SEn OFHIZB VT
i, BRANLH Y TN (FUTL—b) EhbLEEm
ORERFIZEY WL, [ 7V ER U L9 REESREID
ENCBLBWRBEBLTEHEEIN TV LI ZHHRTVWZE
T, WERFIOBHAMNE, FUWREEEZ ER{bT 5. ZOK
W2, MU F21 vy FLTws” g SIS
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®7 Y7L I OE—DEER [1]
FHQ T NERBNRY bV
K@D :r=1DE XIIX v FTHTZ ML
K@D :r=20L XIZX v FTHRZ ML

DWVTIE, RQA DL VD 8T X — % L AR HE
AP (tolerance) & L CHREIZET B LENDH
b, FIT, TNHELZDODINGA—F (m, r) OBEIK
WA A=V % SEnDT7IVITY XAEEBICHET S
(B7) [41].
CITRT—ZRENDKERINIK LT, X7 VDK
Em=2DEEHN, rIZZD 2 HOFHTE1 (r=1)
OHPHT, FIZIZET OEAD (4, 8) LML X HITE
1L MR 2 ETBEOFAE#HML T2 B7: 71—
o). BM7TIiE, YTV oLHOERLLEALR SR
HEMIOOD 2 A~y F LIz AT FENRS (r=
DA, KHDOL AT Y PENRB). ZDLHIITY
FL72R7 VOB E B Z TR SR E RO, K
RHNZH TR PR DEDTDOATA FEHEIN-
m DB O WTRERICY v F LR MV
ZCHEM EMEREZRD L. RIS, ETOLRMA X HER
OFM%E N-m TEY, Bi 2K 5. [AEDOTIHTm+
1OYE m+1=3) I22WThH, M ZHEROEM
ZN-m TEY, AiZRDB. %%, Ai/Bi @ HK
BOBROHEIZKHL, NIZOoWTHBRERD 7ML LT
SEn #5595, EERORRVIBHTIZBWTIE, » I3k
IO IED XD SN DN, Thd ANEH
DPD i 7 EOFENI A SRS v [3, 40].
34 FEHEHEFEOBERICH/-> TOIEES

DLk, REM 2 IERIERE RV Fik 2 i LT & 72
A, THHIMEFENL QB L CTHhTITE R
BBV ONEET B, Bl 7)) v 7R
F—F R, TANFY T EVS T — ¥ RN ORTLEL
W2 &0 ERICEH R S N IR EAZE Db TLE )
ZEDRHBEN TS [3, 42, 43]. 72, JERIEKR
GUSENT % AT % DICLE L KN 2 — 5 (ALK
DBETHRICKRE BT 2700, FFETHES L
T B IO R D J7 R JATHIFE T OB B % 2% 128
YIRBICRET A2 LENH L. 512, FHESNIRR
oW Td, 7537 FVRITICBITA A4 — ¥ 78 %
% EEOMHANECEERYHLDDBH DN, £ 3o

INAF T 4 — RNy ZHF%E -

EMBERD 5/ SNDERINT—F [T DIFRRETOEMA

FMERTEL ORI L o Tilkam S, REN B DT
bh. LoT, BYLHGENZERMESE, Bl 2%
TIFEDHMA L 2 HbE TR, EH 52 LApHEL
EERLNAL. FIC, FMIBRELZT TR WU
7 — Z A L CHUZIEE b & b8 TR LA ISR
A5 ET, MPLEORBZ L A REN2E, %
BWWRRE R DIEDH ).

4. FIEREFEDERSH

4FETIE, SETHMH L2300 EMETE2 38
RS D13 5N ARSI T — 7 1@ L 726170
FERRNT 5.

T, N F 74— KNy 27 (UUF BF) B &
LT, Hove & Miyake 5 OWFZETIL, BRI E DM A
FlXAADOFEBREZIBH LIV AT L E=F Y ViRH
FIHHL T2 [44]. ThbbH, BEEI VAT A (K
HaRy b) EHEORTO) XL ZWEHNICT 4 —F
Ny 7 §5HIET, BIT) XLHPRETLEII AN =
AL o TS, TOR, BEORIT) X 2L OFHIIC
DFA Z#MA L TBY, MADOKRE, AR H O
BMTH D 1/ IOEVREEEE 25 2 & HE I L Tw
5. &6, YATAEMERLZ5 5% TH ZORIRIT
REFINTBY, FAYAFAICIBMAAD, WHRY X
LA b EE, YA I U HIEEES Ay b
T— OFREEMTIEERIRT L EELEL TV,

Vaz 5 OWIETIL, BfEEZIRIC, REDOT T A 1
BRI AR T A2 E THEN 7 1 — Xy 2 %2 4.
A, TRCEDLE TR LI RO [45]. FEBGEML L
T, WEZIR L RVIEEORTERME, WMoRs 4
IVIB—ED)RLDENE, FLT, Ve hbT75
Y NWEHPRT O, KM THRLNIRTT— &1
L DFA %@ LI L7z, 2R, 7927 7 VT
&, 777 9 VERELRY, o, TO%k, xR
RLELTHOHFFTI R0 75 7 7y VI MREsRE 2
LATRENT.

NSO RIE, 757 ¥ NVUPRTT 5 E#E R
PDEEZEDINE)F—avyR L —=o V7 ELT,
MR E OMFART X RARIZ L DN ADERNE, BX
O, ZOBICT7 T 7 & )V OBLE D HRIEEER O Ry A %
ETVA VT AHEILOEMEERL TS, —J, DFA
DWW FBEE LT, LFLD I/AISEL b I 2200
LAFLWERBES WS 2R LML H 5.

Kodama & Yasuda & O Tlix, 5L % BF b L —
SV I EEEOR R B ROELEIIEICS 2 5 E Y
MEES %720, BLBETFT—ZICDFA ZICH LT3
[46]. ZDHER, FEOWEM A —), HFIZBWT,
BF FL—= VBT, 27— Y 7R ED5018L 7
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BF L

D, BEE GRIHSEE A & 3oL Bk
KTRIZIRESE) SHL 2D, LGS &
L ClREBIEMMLE N, NT VAP ELE
REN TS, —J, BFhL—= U 7% fToTniawn
WHEEECIX, A7 —1 vy 7B 05138 R Y, T~
AL %0, LEEIHSKEE R NT 2 AKET)
METLZEMIRENTVE. TS DFERAIRET S
X912, DFATIX, 7527 % vk (Fkith) 20 Tn
, IR v 7y 2 a2 FHEiT 52 LN TE, KE
WM ESESEREERD AN =X LOBRIIGHTE
LR R LTV 5.

WHNT, BETIE WD, UnE)5—3 3 YT
MIETHEZIGH L2EE L OREOMTEEMEA LIz,
39, 0EOHER, FRITOINEYF—T 3 VIBEICE
JFEEREHELEELTER FOAITY A LIZRQA Z#H L7z
WESOHETIE, —HENEThoSfTTORERE, =
HEOBITOMTMEE FNZFNRQA, B L U CRQA THF
fliLTwa [47]. F#FETIE, B - 0HESEX R T
BATABIRED ST ) XA DYE OB I N2 20
R, ERERTORPEEORITORELD, ZHH
OBATOWFRAED BV LATRIE SNz, TS ORER
i3, ¥ X bOAFLVE L THEKGHRIEDD, Zhic
LB HEORE LZEEET & LT A WEENE %R
BLTW5,

F 72, Muroi & Kodama 5 OWfgeTlx, WEEHEEZD
B =Y AT BT 2 77— 1SR L, SEn %#H
LTw5 [48]. BARMIZIE, MEWORIEIC L Y Bk
%NS 2 EEBICERIEL, REWICHILTL 7L A

HHLTw5., ZofR, BEEY IR HE % 50T
1, A RE OBRATHE & SEn DMK T4 2 &S
Mool INOHDORRIZOWVWT, BFICE > TiRE
BATHEE LW Hi U, EEoHMEZ T [49], 7
2, BRNEE RS Z ET [50], [HEIZHRAT 2 HIH

LTBY, ZORKENSEn DETIZHHN 0TI RN
PERRSN TS,

YUY F—3 g v BEESFO#MEERTH -
7235, DUT CIEERR DB - KR B 2E - 9 C o &
M3 5.

Hauge 5 OWFZETIE, A KE, 8%, BIU, f#
FEZARGIRE A2 WIS, FHICES L2mEE € v C¢it
MENBLERHTT—F 255l SN 5 iEE) = (motor
activity) 1Zxf ULRIE T (77— 1) @0 & IEIE Tk
(SEn) #IbHLTw5 [51]. S FSFLRBEANILELA
BT L7245 58, SEn 2o\ Tid, B0Hs S h7zih
HEOKRY T — 7 I2BWT, MEKEBRETED T
MR, BX O, BRI TSEn OEH W &8
HoNE o7, ZTHIZDOWT, Hauge i, SEn 2%

90 (48)

INAF T 4 — RNy 2% -

WZ EHR, REOLNEEWIE, FLT, KR
OFMATEEME BV L 2RL, AFAEGICB 58
BAL S NI IEH RIGB OB e iife 2 R % L E5E

LTwW5.

Schiepek ® DWFZE T, LHEPFEEIZBIT 2 E/LO#
M, JRICZENE 2 % AR (i) BIg 2 RS 7 —
FOMBT AL, YIal—varyF—%, BX
OEBT— 712t L, RP 2G5O HEBOERETELH
HLTw3 [52]. 2%, ChOBEHBOFHEICE-T
AT A TE A2 EAURENT WA, [, Schi-
epek SIFEBRT— 7 L LT, BEHFICX 2 THENZH
CRFm: (53] #HWTBY, LUy 7= UMD T—
5 CHIETEIBEHTE, A ) V7B
ZALR R &\ ) BIG & Gl © & 2 W R 2 /R LT
% RLCHEBRER V.

Kodama & O Tld, BEDOT—F DAL LT, 4
ALY ) Y BRI BWT, BE (B4) &
LI AN (BROHEL) o.0MEs %2 .03+t v 3Tl
REEHHI L, o NRRHF—2 1L, ZHMOM
B - B OMRE %M+ 572012 CRQA ##AHL TV 5
[54]. #1 50 M OWHE: (1 FH4F) OB\BFET, WH DM
DM OFEEED, HHOHELT - WHEIHE->TED LI I
ZALT 2 230X, EROBLAE - FRAIRM I ELE A 5 F 5t
KNz, ZORE, I EX MPHEBR L EBREICE
WCHBMH AR LG T, DSOS 2L L
AR E NIz, AT — 7 BRSO BT
Bicay ba—V3aZ e0RBELRLDTHY, FHpl
F=FTRHLDIOD, FOLH)REHNLNVT, &
7 v ) v 7o OO RN ERR K 2 RS
H HUHEME % IR L T 2 B CHERIE V.

5. SEDOREE

HEREROFTNREREICEL 2 HEMERIIHEE L
W, BIRIE, 72T T T INTFNA AEMDIEER, Kb
FEREBFEBR Lo ZIRA L — A — LV A
E—TarvFXx T Fr—VATLOEYREICED, JE
REN TS 2 AR IROEH - AT TR 2> TE
TWb, 512, I ¥a—%OWiessH b Lk
I Z & T, BHMELEESCRIRN R 7 4 — Xy 730
BEICZ B Z LRSI T ad. AR THIY LiF IRk
TERERFIENTIX, HIBRWETR O 3 X bAYE BT O FEAT
R A ET 2 L WO MEEH L. LarL, %I
DOEMHHERT LI EI2L T, BFERLYNE) F—
vav, hy vk Y IOBK, AR—=VOERERLED
B CHIRERY 22 7 4 — RNy 2 SWTREIC 70 B 2 & A5
ENhb.

F 72, IEMERERVINT LD & F S LR, R
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FRAETWS. RQAIZDOWTIX, 57220l EoOBERY N
+12# T & % Joint/Multi-dimensional RQA [55, 56]
%, categorical %25 7 — % & continuous 2 EfE T — ¥
[l O ERBIRIISH T 5 Fik [67] R EBIREINT
W5, DFA IZDWTIE, BEOWE-H A — VTR —1)
Y ERE Ov— A ME¥D % EFli3 % Multi-scale DFA
[39, 58], ¥IVF 757 )V DFA [59, 60] 7 &HIE
ENTWA. SEnllonTdh, 57z00RERSFH:0IE
Y% /1L 3 % Cross SEn [41] %, #ELORERH 2
r— )V Tx v bBY—%EH 3 % Multiscale Entropy
[61] ZREDPREESNT VS, ZHSMEITTEDORREIC
XoT, FHREMEOMTALCEEL LI EX MR EMA
BCOBHCHY, FAAR=Y TONRT =<V AD
FHii~OISH b fF S s [12].

#

AHFZE1Z JSPS BHFE: 18KT0083 DB % 343 72T %8 D
—WTHY, HEEZELELIT.

F72, ARIIEESICLBMHmX (1] #d LTl T
WAY, PTICRTIEBIEZIT>TWA720, WHED
FERAZZWCHR LY. 9, MG EI [k
Bl 2R E L, EHE - AR—Y 5B~ % HE
LTHFESI N0 L, REIZERM - OB - R 2
VAT ASBIRITZ, RGBS - RS
DISHBHELTVWA, 18T, TOHZEHTZT—
HMEBIELTwa. 28I, ks —58ZEwL, #L
WD B L TWwWA. 33, LA STIEIL
i3S, FHEMALTELHEPTIERL, FHEOFEH
fEFFE—HHBR L Twa. 4TI, ARTRMSII
8ODEATHRD I B, 2 0I3MHMLERLELDE, 6
DIFHIGEMES N borETh, MEmXicEIn
TV Z DM AT RIE AT E TN T v, 5FE
2DV, EHE L ONE % —HIR L TIBIEL TWw A,
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Developing a Sleep Control Biofeedback Device

Mitsuo YASUSHI*, Hideki HASHIMOTO *, Mariko MAKINO™* *, Masahiro HASHIZUME * *

*Chuo University
**Toho University

Abstract

Biofeedback devices that control the natural sound volume and promote sleep are widely available. Studies have reported
that these devices help improve sleep onset in people with difficulties in falling asleep. Using a vibrating body massage is also
known to improve circulation. In passive music therapy, vibrating devices and devices that effectively modify sound sensations
are combined to promote sleep. We developed a sleep—promoting biofeedback device that incorporates physical vibrations. The
device produces vibrations and a high—quality acoustic signal when a thin vibrator and a sensor are placed under the pillow. The
biosensor in this device detects the onset of sleep and reduces sound and vibration intensity according to the participants’
wakefulness level. We expected this device to shorten the sleep onset latency. The results of a verification study indicated that
participants evaluated sound and vibration attenuation by feedback control from this device as comfortable, suggesting that the
device could improve participants’ sleep onset latency. The results also indicated that the device could be used as a biofeedback
treatment technique because the participants can learn to relax their muscles when the volume and vibration decrease. Bio-
feedback technology facilitates controlling and recognizing people’s physical and emotional states. We propose that this device
could increase a person’s ability to fall asleep comfortably and quickly.

®. Key words : sleep control, biofeedback, detection of sleep onset, body-movement, vibration
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Fig. 2 Biofeedback Device for Sleep Control
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