Doctoral Dissertation

Tﬁ::ﬁﬁﬁi
Wi =2 —a 7 4 —F Ny Z7EffD
o B 2R B 76 & BRRLE

(Applied equipment development and verification of electroencephalogram neurofeedback technology)

2023 H 9 H
(September 2023)
/NH—2Z

(Kazuyuki Oda)

LR AR R e R
Graduate School of Science and Engineering

Yamaguchi University



e

HARO DT Elnft OFR IZFEIAIC R T2 2 L BHE L <. 15 2 b 65 %
EFTCOANOZIETEEFRADZRD LT Tws, —77, BHEREEE AL
PEFR AR O BERERL T b, RFELZHS ERENIER O % /7o
XV ZRD LN TV B,

Z 2T, AEFRHAOOENRIEEY BV L L CET T 5 LHEEEICH
TR oTn3,

ARFEICEHE T, LEEED 1 2THb=—a—v74—F "y 220 L,
Z DIEE TOEfMICIANT TSR L AL Z 1T o 72, ARWFFEIRTERIRELFE
& L C— i &Rl & D  BERGE % 1T - 72

—a—m74—=F vy 27 (NFB) Ik, BEESZHVZOEELED 1 oL X
h, BEORKEZAHLL, CoEEzer7a vy ba—Ad 3 LHEETH
%, IEEMERTH o THRHAFZD 20T erbFEHI LTV 3,

NFB 3% < oERIGCHAAEIT I T w3, REFIZIEWEERZ IO
ADHD - %R0 BELR ESIIcb>TWw5, LALERL I DEEDER)
PEZERT 27-01CE 4 DOPERD 2 L HE 2 5, ZDFRAIT - BEEZ{T-
726

SRR 1 I R E N X DR TH B, NFB (2 Rphiz o n ¥k ic 2%
Gz 2kt dnTHY, LY 7 -2 HKEH O BN ICHED 285k T
HY, PL—= v IZHERER TR S TRINS, KETHMETE
DRENRD Y, I EMEENRETH L I LARDLNTWE, ZC
T, 27 VEBERNE~Y Py FE2REL. 2 &b 20 RICRITHGE L
TAERL 5D 20 KD 30 KOG T MR T 52 LN TE 2, AR
7P HTIC X 0 . B IR IR KA e A i &2 R0 . JEfTRIA & D%
B 2 1372,

il 2 1IZNFB L —= v 75 RO MGECE I ERALHEE CH 5, B ITH 5
WICEHEM % BE T 5 25, HE CHBENICEMREZITH C L IdREEcd 2,
HETORS LMK EMESE D -9 1, 5 0 2B 3 L3k
b, FNICE T, MR OHIBENH Y | b 1E 78 H A 0@ E 23
WELL 72 %, NFB @72 1@ E MEE A E & X 1 5 SHTHER & DHES 2> & i
AL OBREZ 1T 72,



foe o CHHTE S I % W 72 NFB & Bl 54738 H oo i % v 72 NFB
RRCHBT 2 FRT 7 7ITICX 2 BMEBTML O~y €V 7 BXU, KL
v b7 — 7B R T, EHEAOE I X 5 NFBEFORAA v b7 — 27 D%
FEMENT L 7o % OfER. BEERIMBE N SOEE A Ol 2 Rt L. SETEEEH
Wi % v 72 NFB & RIERD A v b7 — 7 IC{ER S 2 AlRgEtE 2 &8 72,

ARE 3T, EBHEREENRERLE T NFBEECEREEL L 7ay b
— V3 B SRR (b L — = v IR ERED N FOER L B 2 R
7 BRE & IR R E G, B XU, DEREOMHBEMEERETH 5, KITHR
ICB T H NFBEEN R E R L, Fl—DFERTH > THRA N F 3
BEEINH—IN TRy, BEORELREICIGLTX-VF 74 XS0k
JEE N v FIRE T B %2, L 0 EmEENICIT S 720, #EE & BE & oK)
D B O IR EN R R B DO RTE 21T 5 T L B3R ETH 5, RIfFFEIC
BT, ZHOBEET 22 NEL. BUEREEXPRATN2EROSE
stage ICHD < B BB RBIEEM 7' 777 2B oFEr B s L 72, RE T v 7
7 LIFERE 1,2 OMEER B E ZANB L2 7 2D stage (FIHR. BAHR. O0Back,
Restl, 2Back, Rest2, Healing Picture) 1€ X 2Hp & L7, Mdis. FAEREA
ReFEd - U7y 7 X EHERORIFIC X 2 2L 2 2, ik SR B SR Al
7'a 77 MIEBOKIKENEIC B R 5 2 2R % B LAFRK L 72, BEFER
—MENGE L 72 89 %4 W IEt 175 % MR IR EEHE 7' e 77 Z L HIE 2 R
L. 7—=2~x—=2{tL 7, P82 TR RENER (Ih) ZKEeEH
HRAL & U B R B BN REAl 7 2 27 T L4 stage B D IR AS JE1 2 8N ~ F Power
B XOGHERIN LABEEREZ R L 72, o Power fHIXEIRIE 2.52 {514,
0 Power fifilZ 0Back Ffic kb L € 2Back Bjic 1.67 589N % 329 7=,

o ORBERE & . BUEROBZKINEICO I NG 2 L 23H 5.0k
HOHMMA 27 & MBI XY, BIRICH O REtE 2 MRET L 7z, L
72 E WK 1% CSI (CENTRAL SENSITIZATION INVENTORY). POMS2

(Profile of Mood States 2) & TH %, ZDfEiHE. 0 Power fH D 2
Back/0Back [t¥ & POMS2 ity &z 1E MBI M 2 580, NFB SIHERE
i e LCofAHERRZ X 7,

AU 4 I NFBIRFICSIRT R E X a TEEICOWTTH 5, LBHIE Dk
IR e L CoORMN R A a7 RRBBETH 5, LR a7 LIRIFL
R2a702o202a7 L, #FE3 THOALERELE 2202370



HIE 507 L. BB % 27 OB 2170 72, 2 O#iSL, NEB R LIGH) 1< i

LC. X 0HIBES 5 BEIE SMRAFC & 5 TREHEARIR X e,

—HHHH AR E T HRBIRC BT, DBRED— R THEL
NERA S AT R G B, WERBRE O RBHTR 4 C ¥ 1 AIREMES B 5.
4 DOFEMRRETITL, NED b EREFMIRICH L, BETH LD
P2 S 15 RALLHE b L — = > 7 NFB ORLIC I 7 BT & A e
A2 7 L 7.

SRR 2 X Lo, B SRS & & DM B 7 — 4 &
DB X D KTROEMER S bICFMENG T & L 5.



Abstract

Japan's declining birthrate and aging population are difficult to resolve in the short term,
and the working-age population, which refers to the population aged 15 to 65, continues to
decline. On the other hand, mental illness patients are increasing in the working age
population. The medical side, which is responsible for treatment, is required to improve
efficiency by reforming the way doctors work.

Therefore, expectations are placed on psychotherapy performed at home for the purpose of
effective treatment of the working-age population.

In this study, neurofeedback, which is one of the psychological therapies, was taken up, and
applied equipment development and verification were carried out for its implementation at
home. In this study, as a preclinical stage, measures were verified based on measurements of
general cooperators.

Neurofeedback (NFB) is considered to be one of psychotherapy using
electroencephalogram signals, and is a psychotherapy that visualizes one's own
electroencephalogram and self-controls the visualized electroencephalogram. It is attracting
attention because it is a non-drug therapy and provides neuromodulation. NFB is being
investigated for many clinical applications. The target diseases are diverse, including
chronic pain, ADHD, depression, and mood disorders. However, we believe that there are
four tasks to ensure the effectiveness of this therapy.

Task 1 is overcoming the difficulty of installing electroencephalogram electrodes. NFB is
considered to be a therapy that affects the plasticity of the cranial nerves, and is a therapy that
actively promotes the development of neural networks, and is expected to be highly effective
if the training frequency is high. It is necessary to be able to perform it at home, and it is
required that electroencephalogram electrodes can be easily installed. Therefore, we made a
prototype of an electroencephalogram headset with bipolar gel electrodes, and as a result of
trial verification with children, we were able to confirm the electroencephalogram signals of
30 people aged 5 to 20 years old. Analysis of the recorded electroencephalogram revealed an
age-dependent left-brain tendency in f waves, etc., confirming consistency with previous
findings.

Task 2 is determining the brain wave derivation part of the NFB training target. For
electroencephalography, lead electrodes are usually placed in the scalp, but it is difficult to
place the electrodes in the scalp by yourself. There is a need to consider forehead derivation
for easy EEG electrode placement at home. There are regional differences in EEG waveforms
within the forehead, and it is necessary to select the most appropriate extraction site. For NFB,
we explored the optimal site based on the correlation with the top of the head, which is usually

the electroencephalogram derivation position. Next, we performed an EEG network analysis
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at the time of NFB using the EEG derived from the top of the head and the EEG derived from
the optimal forehead region, and analyzed the difference in the brain network during NFB
due to the difference in the derivation region. For the second task, we explored the optimal
site for deriving brain waves from the forehead, and proved that NFB from the brain waves
derived from this site works on the same network as NFB from the brain waves derived from
the top of the head.

Task 3 is a method of selecting an electroencephalogram frequency band to be derived and
self-controlled in NFB therapy (training target electroencephalogram frequency band). In
previous studies, the EEG frequencies targeted for NFB therapy are diverse and not
standardized. Even for the same disease, various electroencephalogram frequency bands are
selected and NFB is performed. A personalized frequency band decision is made according to
the patient's pathology and condition. In order to make the frequency band determination
method more logical, we thought it necessary to determine the electroencephalogram
frequency for therapy from the comparison of the basic rhythms of healthy subjects and
patients.

In this study, we created an electroencephalogram basic rhythm evaluation program and
collected electroencephalogram basic rhythm data from randomly selected subjects. The
electroencephalogram basic rhythm evaluation program consists of 7 stages. Eyes open stage,
Eyes closed stage, 0Back stage, Restl stage, 2Back stage, Rest2 stage, Healing Picture stage.
Changes in brain waves occur due to external stimuli such as eye opening and eye closing,
concentration, and relaxation. An electroencephalogram basic rhythm evaluation program
was created considering multiple stimuli that affect electroencephalogram dynamics. The
usefulness of this program was confirmed as a preliminary examination of the dominant
fluctuation region and network analysis by topographic analysis during the execution of the
electroencephalogram basic rhythm evaluation program. EEG basic rhythm brain standard
program electroencephalogram measurements were carried out for 89 subjects recruited from
the general public, and a database was created. Using the forehead optimally measured parts
(left and right) obtained in Task 2 as electroencephalogram derivation parts, a significant
difference test was performed for each electroencephalogram frequency band Power value
and content rate of each stage of the electroencephalogram basic rhythm evaluation program.
The a Power value increased 2.52 times when the eyes were closed, and the 6 Power value
increased 1.67 times during 2 Back compared to 0 Back. We examined the possibility of
clinical application by analyzing the correlation between the score of the questionnaire used
in clinical diagnosis and the electroencephalogram component.

The questionnaires used were mainly CSI (CENTRAL SENSITIZATION INVENTORY),
and POMS?2 (Profile of Mood States 2).



Task 4 is NFB scoring. Continuation of psychotherapy requires a score as a reward to be
visualized. We compared the two scores, the time ratio score and the amplitude ratio score,
analyzed the correlation between the questionnaire used in task 3 and the two scores, and
examined the optimal score. In results, the frequency band that correlates better with
psychological activity during NFB was suggested SMR.

Some of the psychological scales included the data probably above the general average level,
which might have provided hypotheses at the preclinical stage. 4 tasks were conducted to
demonstrate the technical requirements and effectiveness evaluation for the practical
application of cognitive psychological training NFB, which is expected to be used with high
frequency at home for children to working-age adults. The technological requirements and
effectiveness evaluation for the practical application of NFB are presented.

This research attempted four tasks and realized the possibility of frequent NFB training at
home for patients from children to productive age. As a preclinical stage, it was a study within
a range that can be resolved as a stage of policy verification based on the general participant
study. In the future, the efficacy of this study will be further evaluated by comparing it with
clinical data in the area of mental illness such as depression and developmental disorders,
including chronic pain.

In the future, the effectiveness of this study will be further evaluated by comparison with
clinical data in the area of chronic pain and other mental illnesses such as depression and

developmental disorders.
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HIAE 2 b OBHEMIEICE W T X R VG IS C T APF O ERABA LN D Z & A
HEINTWE, 2BackND T —F v 722 Y 227 %FHALTH APF LR 3
TELMET RT3 (22),

A A ) & 4 5 FEEEH D i 1 350> T it 0Back 3 X U 2Back stage 12 X 3 APF o
TACIZHER S NI o7z, 4FEICTT — X T8, KA D Power fliiZ 0Back
stage 35 & UF 2Back stage IC B W CTid, FARKFICH X THERBA BHER I T 5,

PR stage & BARR stage 1T 35\ > CHEFRE N APF (37 I1IC 2 L 72, BAHR stage &
PAIR stage D a D2z, a7 vy v 7 ENTISHONZHRTH 5,
Figl3 LEDT =2 TRy, aIFFARIC X Y K& Power fHMERT 2, L2
L7 b3 6 figl3 O SHTHER D MM I 35\ CTHlRIE & PRI IC AFP I3 EAE % o T2t

LTz,
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BER OB BV TlE (4FETT — X %RT) Power (HOLL D HREAEZ A D, APF
ICBWTHHEAEZRDIMATH 2,

HEECE A o APF fRFTIZ. JCfrfgeic X 2 Ui iR i< < & _E(R 3 7
L BREETH LITLIERIH &3 0Back I X U 2Back & 2 7 12 B\ 2 HE L A3
RAINLD o7,

PEoz oA MECENT=a—m 74— F Ny 70FIHHRL L Calfior
— 7R ERAT 2 L IEEL VL WO REERICE 5 7,

LAaLaddbaruy ¥y VEoZCIZET SRR CEMERECTEY, 58
Power fEZ L & ODHBUC X V| XV FEMABWIEREL R 2 AIREEIRI N T L E
Z %o F7z. Stage ZALEZ ORI Z R L T 2B DRI W8 TDH 5 (26),
1.3.8 WA v b7 — 7 T & BRI HEE

1.3.3 12 THb L 2 HugitE o 4 v b 7 — 2 T & £ 5 T ic o bR %,

A X O HWTH 2 NFB 1. H ch DGBEEH 2175 b D TH 528, ZDH ch D&
AN Ay b7 —2 L D XS BBEHRCTHBIL b DTH 2D h, AKX
ICHEWTHIBT 2 MEHIERF D 2 2 7 ZNA v P 7 —2ic 8D X R &k
ST OhnE, HEEENRMEE LTI RERH 2 EEZRPIECHERALZA Y b

— 7T O TS 5,
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v b7 =2 ERITO 201cit 19ch L ED% F v v A AVINIRER 21T 9 HER D
%, Mg ERA 1% 1.3.6 THH L 72 EFEE 10—20 i X 5,

Jii#ElZ2oTHB, VRIITIBINNES T 7 TH B, BIFHIE Figls ISR,

1

[%.¥.Z0(5.10, 30) ] : (269E-1]  [35% pescentle_Theta_Rotaled_piom_CorSLORETA,

v b, A

F L
[2)

&4

A R
(21

10

5 ] WSem (%) (Y] +6 0 5 A0em 5 1} Hem (K]

Figls MEIC X B4 v b7 — 7 i@
ENKRTST77 HivwTsI77

FEZZ 71319 ch LEDRKET — 21 X % 2 RITE S map TH 5, KJEFEE
NV F Power O3 i%~ v ¥ v 73 256, AWIEICE W TIRFIRLHE2 5 O
PR =y €Y 7L, W OO 2L 7-0biccy ¥y /355D T
%, PEZT7EWIENTH 5, MRIEREHHLIL T 225, Z4b 19ch D E ik
P O FRHT LI S N7 f5 R TH 2. B AIc MRI IR O 206 2 S5EALT 2 b
DTHBH, FEZ T 71IMPELC MEG (M) of#trcllv b, #EEE O 4 v
NI =0 BENTT 50 DTH D,

FE 277 7 DTl s LORETA (Standardized low resolution brain electromagnetic
tomography) & \» 95 YV 7 b v T 5 EIHEH L 72(12), 1994 FICiRlicHEK I NI
LORETA 2> b 2 #¢l CTE v, s LORETA 1% 6329 ® voxel iICX 25> I 2L —v 3
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Y ERFEE L TWB(27), voxel 13, 1.2.112THebk L 7= KfEAMIIE % 7k L. dipolef L 7=
MiE iz 2L — T30 TH 3,
1.3.9 CPCA I X 2fiftr 24 I v /i€

NFB &, B EHE v Fo—BoZtcida <, ML 2 REBoMRs b L —=
vIBEEET R, FZTTOT28)EnHEZHFBNFE BIcBWTELT 3,

TOT (¥, Time Of Threshold DMTH YV, ~N—t v XA MEZRELHET 5.

FARRZEHHEE 30 F2 @ stage IC B\ T, TOT90, TOT40, TOT10 ® 7 4 v % Figl6 I
KT, TOTI0 IFHERFIEFICHE T, 2D T4 v O TERICEEEIZD 90% O HEfE &
FIZEENE 74 v EERT 2, 7YV 2VIKEEHC BTk, ERBoy v 7Y v 7
X WEERINTES R E NS0, v TV v IR AV R 1: 91k B 74 v
WHZETHE, 2F Y TOT50 i median fi & 72 %5, NFB ORI EIic X S HWS

Nns,

Figle TOT @&t
e TOT90 Hv 7V v rHR A Y 2&EKDIN%HT A4 VT
# TOT50 Hv 7V v 7R AV KD 50%237 4 F
& TOT10 Hv 7V v 2ZF AV KD 10%37 4 F
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ARF421c 35T CPCA (Constrained Principal Component Analysis) (29-32) & 5
ERDIMEEML T 5, FFEBMOIRIEY —2 0 X 4 v 7B L 722855
R L, T OZEES IO T Principal Component Analysis (50 70#7) %17
v, WIET 2 B 2t T 2 B L Tw b, eild sLORETA w74 v
N — 2R T AR, FFEM MK OBE BAE L T Ea B LA Y P T —
IR RATH 0D b DTH D,

BRHICIZTOT4 0 74 v &B2 7284 D&% Constrained ¥4 & L TZ DERSr
DAy VT — 2R TS LC, MKOBIZ Ay N7 — 2 DB ERZAL T 3

72D DEZHFEFAL 72,

1.4 NFB IRk
1.4.1 #WE A= 7 v FEETT RS i

NFB (1, MIEINZMWMIEE Y TARA LICkHEZ 5 77 BICHEL L, WF5eh i# o
LI Nz 2 Y v =T 238 TH 2 (33), Mo HFEAIZ, Mk 5
BAvEZEh20EA Y FEEREZD B OTfTbN s, BIEEHOERE LT Cz,
C 4 7 LUHIEE A b 0B % 2 v b o — 3 2B S 0,

Za—m 74— FNy 2k ftho DB & RIS RN A A KT 2 20
ICITHETRIEZIT O REREL T 3,
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—Ji. HEEEBOBEEPHHRKL T VXA~V R L0 JiNd b D EETORE~D

TRPBE > T b, BHELIEAMOMHESZLL T HADEFEREZLETZ L&

BIXUOFHANICHEL R WIREREWIHLO D HABEEH L BEITTE S NFB 754 A8

FHAINTW B,

NFB DA & 134~ T v b Z&FfF 1 (operant conditioning) Hll3# & #REH D fH 4 & b

THHAING, ATV FEEENEVIERTH Y, A7V FEENT L &

2 1S L C BRI B 21T 5 £ 5 ¥ BT 52 L Th 3,

NFB ickwClt, 1.1.5 @ Fig7l TRIHEMIN-BHEOMEERH L -E7 7 7

DETOEFHZBRMCTHY, ZDHMEGON2BHDITEIZ HRERICITS 2 L 2%

B (br—=v72) +32LBHMNERD,

NFB i BT~ 7 7 1358{b 1 (reinforcer) &WE I, EHEIOART v MTEIDOH

AT % 50 R Z 5, Threshold X VM DE7 7 7 0B & 34T v MTH %

5 LIFHT 2ETH 5,

W E T (punisher) & wHdbDdH s, ZnidmfbrLdfiict~7 v HTEIDOH

FAESE KD 2R A 5, B 5 NFB ol Td 3,

FWME S BEZTTICBNT =2 v eI EZRTTEH 2, B, 515k, S

DB LI o Tl e Zicd 5 M2 2) 12 b —7

vEMES, 72& 2 0E, AVEOEEEENTITR D & FICA SO (B2 iR A4 v
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M iCkoTzHafHons koicLTs e, Bd AMd CoEEZETT 2 X
b, TOF—2 vl bDLEET VT 7 v R E~0dL 7 5 AlHelk
BBHBHEHEZTND,

1.42 WA Y b7 — 2 ORI~ DFE

¥, NFB M ARBEELEEZONT LD TH A9 0, AJEKICHEELE2 2 L
VI ZEAEHER o T WS, NFB i3A4~7 v bEAEFIFICX Y BRNICTET S C
txbLr—=v7L, B>, TOT 0271 E I N2 X5 IR 2 178) % 37H 5
55DCTH2, TOXI R PL—=V 7 ORRAMOATEEICIERT 5 & w5 2 &h
ZDHHTH 5,
Za2—u74—=FRNy 20 &I ANAF T4 —F RNy 2 THY, N4 FT 4 —
FARNy Zi3=a—mEVal—vavieitednd(B4), =oa—wEYal—va
Vi, BRCHA R YR R X ) iR o@ E 2T Rk e BRI NG,
DFE DR AL i 7 < bR R MREET 2 b 72 & 3 ki Z oREE O HAME
BHBLENHZETHE,

1.4.3 NFBEEICEIT 2 4 DDREA
SFTCHRRTCERLLIIC=2a—u 7 4 = F Ny 7 ZIEEEOHHIEDGEH S T 2 235,
WERINCAT S 720 DFHEDS 4 252 LE 2 T3, FHE 113, WILEMmE O fMfErE
TH D, WBEHI R & v Bl & IWREHEE LS MLETH B, ZD7DITITH
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FETITHORERDHZ20TH 5, HE 2 3. FHOEE Ficdh 325, BEENROINE

HILALECH 5, EATPHRARNAN, OHBELCEREEL R DR 7 v F EH

IR AR 2 BB S 5 e, SHACN D NI EMR SR ATRE T H 5 25, WiEZ1T 55

AIZHEBENICH S CHEMERES 2 2 L SWEECH 2 2 & A HHHERIC I TR 2 HE

TOMEPEL S, ZNOEHIEL T o & b RELMBEERNEDORELLETD

%o

M 3 F, =a—u 74— PNy ZRENRNEEREN Y FORETH 5, BiE

FCEHLDRITMBER L RATYT 4 v 7L a—BRRINTWED, EE o 0E

ENREBEBOCEAT 2HE IR, 2FE DD L3 AN— Y FABRRETELZET S

LEZ D, ZNHfE e L CRENRIMB RN Y ¥ OPUETiE & T BET 3

LN D B,

T 43, BEIRORBULR 2T TH B, LM E D20 T T N e T 7V RIC

HlS 2D TH 5, FHALEAEIC XY FEEEOARIEZ R L, Z0BfEZ b & &

L CEERli & BB DBR T 2 RE L BEDB TN 2 KM T 2L 22D TH %,

M EBEEROKRZRZ T Db, b 3 DOFEMRIC T 72 /T HVIE 217 -

Too RELIEZ OMIREZR T, WIFND IR TG & LT, BF iR —iKk

WHFEn 11 2 NRICAWIFEDEMZT S D & L7z,
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HFH2TNFB OE 1 5 L EMmEE
MIEMPE~y PNV Fick 2#KdiTco 2 &b o)Al

2.1 WsEE=B I HB

BREHEEH T v v A IO U LAE L, BIET -2 h 0 KIS 779 €777
DOWE#ITH T L AR Y LEBAR X v X — FARMKECH 228, 2 &b DR
* NFB @ X 5 i HERICKEN TREZEIE S 2 1 T HHRNEHIEM IcHEL» 5 5, %
CCHETEfEICEHEITE 2~y P2y PEEIEL. &b EXRIC NFB %#EfE 3
LR AT o7z, AEICE O CIBERMEEMRXEREORREL BN L T2, FIE
I DD G 2 & w5 2 & T Otk ZEEAST 5,

TS DMGEGEHI = — X & L CldFEEE o B & w5 B2 H % (35), AD
WoFFEICENT, Ehe ) 7y 7 2csF20HEAL S IctE > M AEORFITIE
HICEE L 7o T 5(36), ILMROBEMARISEREICE T, B &R @] 75
BWREDEBRPHEE LTI BB ICA->TETWELEEZLND,

HoBMdlfHo oo Lnwike L<, NFB 3FMk L —=v 7 5kTh b
(37), NFB %, WICc XY A oliEE % By Cilikd 2 2 L 2 AlREL LA b, %
DIFHIC I D & &M - AR BRERI I 2 1T 5 c L 23T & 3 )53k TH %, NFB I, ik
KXY A oEEZ gt L, V7 A Z A4 L2 OB Z RS 2 WITEER 28 U

THER L 203 5. % OB 233 2 Bkl ik < H 5, FEEEES) 2 IEHE I HlE 5
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22 LIINFB ZEMITITI DI MERZ & TH Y Z D712 {5 7 MR EE 7

HEROCEE DI F2n T B,

Z OAREME IRIRIREE I B LT T g X A TR, BWO A o FIRIEICD [

ATWS, Zo—fle LT, ADHD@B8)D/NEiZ adE2ME T LCTwa Z e BHE I

THY) NFBICXBbalibL—=v270cX b, 85%25 90%DZ EDITHELD B C

EPREINTNWE(39), L2L7ads NFBIGEIIC 3 55 4 BloERIC X b hHE1E

bNBEINTHY, 2O FHETHERRELRMEGOE K EZHRNICERT S

TEZRERLCwS, HERICBWT, 2005 F OFREREESHREMITUR, FBEREE D

FHADOFKR, FESR, FREBICHT 53, MLy OE, REREE R v £

— DAL EDHEA TV S,

2012 FFICHRFAARIC X VT 7 B OARICTERE 3 5 Fz s o v Rt o

B DR R BER S 28 e 2 WEHAEICH T 2HME] X b e 6.5%DERED

FEEEORREMED Y LHEE TN T 5(40), 2 OEUTEZE 10 FFTHZF ML T

%o

FIMRER D7D I H O AT — 7 TN B FEEI IR ANA A~ — A — %2 RoF %

TLEHRETH B (A1), el MREFEEEIRZATEEIR O£ H 2> & BT

T 5D TITEIOFH ORI K 2 Fk L % ol L CHRIAMATEZ 2 [REMEDLH 5 005 T

H542), PTH2REELMEHR I N TN D, 2 KEE I FREREZ N T 2 88 75
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PRI N CGAICEL 2 H R S EICHEE, AL & 2 0 kR riTE

o TR E L CoREITEITH 5 (43),

2 RPEEERINCHIIET 2 T, FEREE 2 FIICHE L, FUIICEY) 7 56

BICOBTF TN T EPFFICEHETH Y, EROCHTTAIME R, FEEE O P15

RO7-00RGBELZH LTS EERESEIREEIFF1EH) .

JBEGEE ., RIEREREERAEROGEL LT, 1.5 2 KRSk O M-HAT,

3 IR PARS O R Z > Twb, LAL%ADH, FEFK 26 FEICITo 72

FHECTIE, AYREZFICH T LMY -V OFERIMEHH T, HRITEA TV (40),

%

CORREIZ, BEGEEPED TV L REREOSMTED., THHEL2EL T2

WichoTZxDBEEROBMIIH LIREDFBEZL AL I L H, ZiIcHT 2

REMDAFNT v 7% ET 25, TN LEONZHOFRBIMERZ L Ve W)

ETAVRDBTOLNTVB(40), ol . MEIICEEERZHIERE L L < TEIBI%I

Hah, TRV AICBWCHMER <7 + 7 4EE (ASD) (134 2 FLAROITEE

RICEDCTBW I T 22D % (44), % 2 TAWIZE CIRATHBIR U DL &

AR EN e L, NFBEBOWREEEZES.

LI SIS AR s TR S, flifEin~y Fey FERMFEL.

NFB > 27 4 & O T ZIE T 5, T 372 EEREICER - SHHER: 0] 5E

75 Wi A 2 SAE LGRS 5. b - U T v 7 XM 5 NFB D KOG % T
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LZED DR LMEDOE 2B LARITHIE L DB X YK T — 2 DfE 00k 9

% FFli T .

2.2. ik
2.2.1 WIEWHE

W5t /1 OFFfll 2 Tablel 1Rd, IFEHAEIFZFEIL 8 4. KR 25 &, AAZHE 3

HBDEF36 ZTHo7, MATI0RUALETH o7 2 BB XKD /7 4 RHEL X

NERZT: 4 BERINL, 30 Z DT 21T - 72, WF5E 18 O Flimid, ) 9.53 %

+3.26 (B84 : FHEH 7.13 /£ 1.76, & 22 4 : FHEH 1041 % £3.24) T

Tablel
HoTe Wt o 3
) o age n(f) n(m)
MR B & DOIKGE % T INE & IASF LIz e Tl 2 520 L 5 1 3
8 4
77o BRI IX. (LRI ChEI Nz D R A 7 5
10 7 1
Ry FPRICEWTHEEM L 72, ENA X P SGHAOFD 11 3
12 3
RIGT a B A CHIBEZRE L. 7 — L& T O il E A 15 2
20 1
Ry bELTHERNIERED -, WD 7 4 X ¢ = il
Average 10.41 7413 9.53
HiEr B L Cidfkab 3 5, SD 3.24 1.76 3.26

2.2.2 WuaiksEt

W DT~y N2y P ZRRICEWTRIEL 7z, A CliffIciEETH 2
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CEeERHE L, B~y Fey Pld~y FAVFEREL, ~y FAAYFHIC 2 5

Fr OB EM 2 FRE L7, 2 2o ST, B & LRl (BHEINIK

b JE S 0 13B2X10278000001) | EEFREHEST O L E 23S S T\ b GEL &

i (45) & L 7= (intercross-810:4 v & — 7 v 2-#) | ffEE2ELEL, V7 7L v X

BEBRBELCZY) y YRoBEREFERHLZ, 7T—R2EMRIZ. GEICZ7Y) v 7R

ii

EMARE L7z, FICRET 2 2 DOEMIMBNMIREBRE 27 V) v 7HICERBE I NLD
DEEMAL 7z, F LR~y N2y b % Figl7 IR,

~y Ftvy b NICRE S8 2ch 13, 10-20 iR X % Fpl KU Fp2 i IC &
Lize ~y Py P2EBET 22T CEBEMITIEL OB ICEEI N, MH 2RI
7Yy 7ROEMZRIET 2 2 L CHEEPKT L, 10 B25 15 HERE CHEE I EE
THotz, ~v Fry Mcixdilio 38g /N (intercross-413 4 v % — 27 1 2
HED) PEEINTEY, 200EHEMRE 2007 ) v TEMKR (V7 7L v REMK
V7 — A BRI~y Ny b 2HET 5 OB CREEE DR+ XT3

TIsboE L,
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Gel

Figl7 #fE~v Ft v b & ERER

INFURG PE 311 . 24bitAD Z¥a, v 7Y v 2 500Hz & L. Bluetooth 1 & 9
Windows PC iZi#{E L. IMikE =% Windows B 7 + 7 = 7IZ T Butterworth Filter
IZ & v, High Pass 2Hz, Low Pass 40Hz ® 7 4 v 2L %Z LCNFB YV 7 F v 7 IC
EbND,

223 NFB 7w/ 7 LA

ko 7 v b ark Figl8 1ond, AWEICEHE T 3 DD stage. 725, 0Back

stage(46) (47) - REST stage - NFB stage IC &5} 2 ksl 2 EME L 72, Z &b DRE

ICHE D BB O L e LT, 6 WO, a D LA p o ERSERE S
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TWwW3, TLl1Z, BEHFEOATIIRLEFTRLYI Fy 72w r7avybar—10D

HIEHBACZFIIL. X OFEMKFZRHIIT 5 2 &, X NFB Ziiin jike 3

2ZeHMELTING 30D stage 2O I NG T v b arzflAE,

Figl8 NFB 7t 7' 5 A

WE9Em I F R DEEMIC 70 ¥ = 7 2 CREZ I NBHA TGRS 5 8B 7 b a

NEFITT B X 5 1ciifgetn J1# 1458 L7z, 0Back stage Tl. FEAIHFZEH: I # AT IC

2 15X15ecm DT Y TIZT vV X LIC 1~5 DFYEB RTINS, BUADRR L 0.6 sec

I AN D B, WEHIETFEZRCRECREL, (5] AERIhiGAicT

LR EERAL % X 918" L7, 0Back stage (382 27 & L CED T LN

%. REST stage 13, FEOZOIFZER I EHI T I Bo8 S Nz BRI Y 7 v 7 AR K

mEN, MRBHEIARRECHFEEGZEES 2, )7y 7 2H KT

OASIS(48) X v Hi{ N O1860[Wall2] % V 7 v 7 ZRHHEEEICERT L 72, Z o#kIE
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Hjlx OASIS HE{REMNIT BT arousal FHlifEE 1.69 T, HDVIEWI L2 HEEL 72,

%1% NFB stage TH %, NFB D F L —= v 7 W5IE, FALOMFZER & #i 5 1 i%5#

SNZZMEEHANICA 7 R PR, B f/0 power EHEELRDOLZLICX Y 4 7 2

DRE IHEATSHAEL L7z, NFB ICfiiffl3 5 4 7 X b a1 =gk o

FX¥I7272CTHL [HICvA] 2ZBRALL, 2O0F v 77 ZIRMEICSIMT 205

BHETRTHEM->THEY, BLAZRELTCIL —= v /T3 LEELERAL

72o NFB stage I 5\ CifF%E1 /13 1< 0Back - REST @ 2 D ® stage ZF{THf. 18

I B/ 6 power fELLEZEH L, NFB stage FA#EHTIC 0Back stage ¥ X UF REST stage

DG EZEH L, Threshold 7 4 v & # L., Threshold 7 4 v % kAo T 7285

BICFKIT 2 A DKE X BZLE 4, N reinforcer & L7z, AT — 13308 L L.,

stage & stage DI 5 MDA v X — v time % 3 9 T 7=,

WF5etn 1 iR YN KERN A ORI 2 520 . IMEGFEM O BER., i Ic# by | fFse

W1 DEMDOR UALEIC 7 2 C e #FEI Nz 1 m JiTEEMO 7 o & = 7 Z %5200

& (¥ 75%50 cm) ZARBEL 7z, M O CEHF /R ICHE, AEE D 0Back, REST,

NFB @ 3 ©® stage il 2 X179 %, [AMEOERIE. HIFD Windows 7’1 777 A

(BEHEREC#) ML 72,

X © T NFB stage #& 7 #&IC NFB 2 a7 2R 37, A aT7oHIIZ, &2

k. NFB 2 Z179 2 B MR S 2 2 2D AR OFEE L CTTF A v Lz,
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Z a7 1, NFBstage iC¥17 % /0 Power L3R @ Threshold 7 4 v PL Lo HBIHEHK
L L7,
2.2.4 fRHT

WS LMK T —213, 1 BZto7L—nicpd, 7L —LHIC 80uV MU Lo
BIEARD B 7L — LB ORI 7L — LT LBy — Y =2 # (discrete

Fourier transform: DFT) IZ X % B EE ST %17 -> 72, Figl8 Ia/nd 7 a b avicksn

T, 1 DD stage IC2% 30 7L — L ®D DFT #5R Table2 RAROREYTRBEC > ¥
Band Range
2SI, DFT S & Table2 o JE R v S 2~4Hz
e 4~8Hz
. X 8~13H
F 2 & ic Power IR VG ERZEH L 7=, N e
/3 13~30Hz

0BACK, REST @+ stage ICF T, stage NIKIK DO L EFTEIR 2 TR T % 7290 %

stage30 MEIC 1T 5 20 225 30 oo 10 B Z @ IXfE e L, 10fflo7vLr—2aicks

% 5 EEECN Y F Power B X OEHEKOEIME X O median {EZZH L 72, NFB

stage X, b L — =V 7 RROlEE) % ML 72T 217 5 72©. 30 #lEl D NFB stage

W5 #2056 30 B 25 #El Z2 b XIE & L, 25D 7 L — Lk 1T 2 BREHS v F

Power flids X &R OVEMEN U median 2 B H L 7z, HTIXRIICEBWTE80u V

D AXHEICEY TR T L — L DEFE L 7n > stage 23D BW5L 135 66

F. BHTRRS LT L L L. ZDORER 3 KT — XTI R 2N L L

277,
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MEHIESOIEUC X 2 FElin & S~ v F o2& RSN, 305 9D 7L
— 78 10U Lo 7 v — 7 Cco 2 FEHE Z 1TV, Wilcoxon signed rank test i X O f
HAOHIEZIT - 72, WMIREHEHRZHWTZENTIZ. median fEZ v 5 & KNy F
FAR B DR EA DS 100% & 72 5 7\ T & A 5 4% stage WD FI{E %A v 72, Power

filEi % F s 72 fi# 0T 13 4% stage P median fE% A7z,

LADHRL =23 v THoTh 4 KT 36 G ORI EMmAFEETH - 72,

BHEE D AR T EC—AD 2V FECEE T2 6 36 e b, EFER
BCBE T MEHAE L VI HICBOTHHARATELI DD L5 72,

I ELDOWMEEMEDOE L VWIBIHTT — L2 LD TUTICHET 5,
ARIFFE DO FE N 18 HMEH /N CTH o 72230 5 kA5 20 ik £ CHEIA W AFFE )8 1o
JGL. 80uV ZEfEE L CIEW 2 2 B T & 720 10 P LAPNIC 255 T AE 70 i 5 R A
iRy 7 b v T ORFEIC XY MRS L THIER O iz 27  L72IREET

W DFHN 21T > 2 e TE, WERKROBEEIEZFHET S 2 L8 TE .

KIT, AFMRIRAAEIC O VTR L 72, W%Em/1E % L B (Low Age : age5-9) & U
# (Upper Age : age10-20) o 2 BEICrT, % stage ISk T 2 EFEZ L L 72,
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age 12 female
REST NFT

| age8 male
OBACK REST

0 [sec] 10 0 [sec] 100 [

/e

100
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[%1

=

Fp2

[

0
Ju
10 0 [sec] 10 0 [sec] 10 0 [sec] 10

-1
‘L
sec]

Figl9 i f#brisi & NFB [E ]
o 8mWBtoT—x% EE:Fpl TE:Fp27—%
B R B A IR R 1
T B Power fifi/ 6 Power {E[H[H
COBER LR T LIS AF YT 7 XABKRELSRD

o122kt T—% BB Fpl TE :Fp2 7—%
R AT B A I R I
T B Power fifi/ 6 Power {E[H[H
COBIER LR T LIS AF YT 7 XDBKRELS D

Figl9 ic BT, IMEEROFHE L BB M) « U2 (12 7%%tE) oMAfiE
WZRT, #7T 71345 stage ICHBIT ISV FOERE (v 7=, Hi=a.
H=0. fk=0) % T, LEEILREST stage IC5\>T 0Back stage £ 9V B #2584 L.

a WHR 0 FHOERFEIEA, 0Back, NFB Fpl, Fp2 ic BT SO R X
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nz,

Fig,20 O#t 7 5 7 410> Box Plot [413 L & U $Eo 2 REHBE 73, U BEIC BT

Fpl
1%] OBACK REST NFT OBACK
100 -
L'} . o | ' 2 " .
P '} 4= 1 O
ol e ' -
L . g s
108
a
100 I
e - T . i
?*?%-T'?“*- - E_H.L"'-——-_. == :_‘;-i_f‘“L——. = %&l}_‘_‘_’
o allc S
100 (%)
) _ . :': . :: -"I.
e | s e W5 e o =TSl = g o o
. ; . ; : :

Fp2
REST NFT

-ﬁ%%*: .ﬁ il

1

0 . o . .
[y 10 15 20LU 5 10 15 20LU S 10 15 20LU 5 10 15 20LU 5 10 15 20LU 5 10 15 20 LU

() P<0.1
* P=0.05
ok P=0.01

C=child 4-9y
Y=young 10-20y

Fpl Fp2
0BACK REST NIT OBACK REST NFT
beta 0.209 0.121 0.359 0.758 0.805 0.407
alpha 0.842 0.405 0.921 0.216 0.662 0.675
theta 0.230 (0.228 (.423 (.911 0.732 0.643
delta 0.169 0.052 (*) 0.187 0.9580 0.439 0.515
beta/theta 0.351 0.132 0.301 0.722 0.386 0.710

{*), bold: nearly p=0.05.

Fig20 R & o B R
J:Fpl #£i:Fp2

TEDORFMBISIHT O p fE

# stage AT X[ O i & A P O AR IMKTEE 2 7R
Boxplot (%, 5-9 it =child,10-20 /i =young & L T 2 FfLLikD X,
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X, Fplicksw T, LELFEKEOE % % e 72d 0D, Fp2 ldEOB) & % P ICHER
TERVERE ko7,

FIZ G113\ C, O0Back stage JX UF REST stage IC¥1F % Fpl, Fp2icHsWwT,
EfrO LR L DI 6 WEAROWAD. B KEAEROW KM A LD ITH L
NFB stage IC5\ Tl Fpl & Fp2 KB W CHHBICENEL R L hotz, BEE T
REST Bric 51 2 i & A RIT, Fline & dic 0 HAERMETL., B HEEZE,P L
FT 5 EBMONT WS, REST BRI\ CLEMIE O ERZENL & v 5 BlA» i/
K ZE & FREDFER 2157225, NFB stage ICHEWTIIELGTREAR 28 %23 5 A[fEE:
DIRE X Tz,

Fig21 iICH W T, #1277 7134 stage I 5. i3 F D Power fiti% il L 7=
e fiti 72 (Fpl - Fp2 0#5) DKk 2 Y . #1277 74{lld Box Plot X1t L
B (age5-9y) & URE (age 10-20y) o 2 B % R,

0Back IKFiC a ICHB VT, HENLTH 2R & G NFRORREICFEAT 3 5 @I,
REST KfIC B\ TREA XIS b LR LB AL OMHIN 238D 72, £72 B KD Ak 4E

Wi E D Zefift & L€, 0Back & NFB IRf I3 = 2t 2 R L 7=,
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X & i Power D /27

OBACK REST NFT
1 Lt * e ] * (%)
° [ :. i ° ge -
P il == T ==l =lm
I =ile v ok
-1
1 * * (¥)
« FRERSE L Lo et SRR L
-1
1
st ;_._:_;_:‘__"—-. 88 Ve .
e ; Chd : _— : 0 : - i ': .'I im
-1
1 | () (%)
. 8 _» . .: . j . i °e ;
. 8 S s e
5 :—.,=..::_-——_— = ‘“ —f m'-_.‘_. e .E a -
-1 Y Y

lvi5 10 15 20LU S5 10 15 20LU 5 10 15 20 LU

(He) P00
* P<0.05
* Kk P=0.01

Fig .21 JiXi#% stage N Power fEiC 35 1F % median i % & H,
AR (Fpl-Fp2) / (Fpl+Fp2)

R L & DI 2K & LTid, diib Fig.20 @ REST KRz 1) 3 8 LD

K< 72 2 BATOIFE OB 2 . MO IR L 2 2 e ARSIz, FiCa®p

72 LR BRI 3 TR A IS IR U 23 5 2 2 & DSl T & 72,
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¥ 72 0Back ° REST ¥ X U NFB stage Z L2 NiC ¥ 7 2 2L % Hl4 T %, Fig22

IC stage [A D B % 7R3,

A OBACK vs REST
Fpl Fp2
1 [ ]
A : : . ik :. '. ; ol
R e L
1] : L == . A li. . =
-1
1 L]
0! : . o
x ol . [—= . ‘: : H ae
-1
1
# a. :.' I : . E== _miEs)
s —-,"‘:"'"—1”‘“‘:
S e Tl
48 ' | K)P<0.1
1oL = T _ * P<0.05
y iy :/‘):(‘/ _ **P<0.01
IS il ik - A i L 49y
=i . o : U 1020y
10 i - -

[y5 10 15 20LU 5 10 15 20LU

Fig .22A  WAIEIEEN v NI stage [RIEEEE & 4F i oo #HBE
A O0Back stage & REST stage
HHF : (0Back -REST) /(0 Back +REST)
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NFB vs REST
Fpl Fp
1
it 4 |
e L ] i 0 (e
-1
1
5 o v

-1

1
" !: I'. ; —— ;__'.;.-«;-:—.""/ ;
!-TT‘!'—:-T‘—-. | g H . L}

A :

1 '] .
: !a' L] | (¥ 'E. =
" :; i . __ . '. : !

-1

[y 10 15 20LU 5 10 15 20LU

(J)P<0.1
* P<0.05
%P <0.01
L 49y

U 10-20y

Fig .22B  JiiEHE S v F I stage MR & AR fin o 4HES

B NFB stag & REST stage
i+ (NFB-REST) /(NFB+REST)
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NFB vs OBACK

C Fpl Fp2
1
c. 1 .. 1. * L il
: « '3 L 3 H = B
e L .“'.\,7\ i
s b it :
-1
1 (%)
U (Y sl Ej§ *
. . * = | M =
: t.' T : o. .
-1
1
» L - » : e 9
n_l_l_il:.\ = o |: —_
] 'l : % = 1 '; il: . Pl
-1 ()P <0.1
1 * P<0.05
= . : T s 5 * kP <0.01
o —|| ttbe— L L 49y
e Sl REe h U 1020y
» i ° . =
-1

[y5 10 15 20LU 5 10 15 20 LU

Fig .22C i faBH~ v KIS stage BIHER & 4 o AHEE
C NFB & 0Back
B ¢ (NFB-0 Back) /(NFB+0Back)

Fig22C #\>C NFB & REST K Clf a oM Z icEA#4MHT w3, 72 Fig21B

ICHENWTD SWICTHEDELGERHT VS, T0 X5 R RIIHE E oG nk <.

0Back <° REST 7z & % JR7E X & stage Xal L. WKEZHIE L2 TH 2 LEZ B,

65



24 EE
RO HX, WEBERNEEORETH 2, 1 ADA =L — 3 v T4 IRHE
DEHIIFEENC BT 36 ADIMEGEHIZEBI L7z & 26, SREELZZ~y Fxe v b
T I EmOXBEE KB CTELLEZL L, MERBHENIEbTHozT L H
5(49), B CEMHRKET 2 FEIRNO b o720, SHBEAS CTOEMABEDOIL %
M2 ERHELEZ S, 2DXD B EMEGHAIICENTD 2 &b DMK
Power fHR&AB XL, MEIC X VBT 2 BRI NS, T L DEEIC X MK
D Power fl, &HRDOELX A ZIIER ICHIEICHERE CTE /2. SEIR L 22T —
i, TELDHRERTRTODE Ao/, DE D, KECRLZMET — % B3 FEE
ERIABW OB & R 2 WREEEZ R L2 DLWV R B,

i stage TH % 0Back £ 2 2 stage & U T v 7 A X A2 TdH % REST stage % AHlH
&7z, NFB % /0 Power it (B0)D b L —=v 7 & LTEML 72725,
OBack (3% stage TH L Z b fFavrm—n, RESTIHOKav tr—rol
L CfziE21F. NFB Threshold 7 4 ViXE D72 D stage LRKEL TV 7223, ZD2
DD stage ICH T BT B WTH, Lo ECHEIC X 22 ICHEAE%Z RO 72 KK
15y b iR & 7z (51),

ZE30 B LA LD 2 8B HBFHNCSI L 72238, — A b &b ChldilE - NFB % %
LMW IF T oz, 7= LB TEHEZZXITT 272905272 NFB 2275 Z
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EHICBVWTHEFR—V g vihoTWiZLIZFHLLTH T, AaTEHD-

¥ T % 0Back stage & REST stage 030 E TH ) T D 2 DD stage BEHTH o 7

(52)y RBICBWTIITELMEIETHY., LN NFBRaToEBALES

~_R—3 3 VITNFB %172 7228, AWFSEICE W TRMEREEF 25K0 5 NFB 227 &

b 2 2EZIRONIHMERE 5 o7,

HELDH DL, AR CHIEL ZIMEEHB~Y FEy P~y PV FRTH D,

FplFp2 Z 2 —7"v b & L CHGBEIE L 72 (53), (BIEERAL % ARG HEl D % % 72 B Y

DIz ZELMENRH L LEZ T L, KRERIECTE R ATFF ¥ v 4

NCHIE LM EERDOA Yy P 7 — 27 ZRBICT 5 RETH D, Lo Lad ol cisR

BDY I HERHKHE DO X v 7 4 v 70 H 5 CINIGEH 28X iE T & 2 WD b #HE)

72 EIMPCEMGRETALIZIRE TN D, IRESI NPT A v + 7 — 2755 HIC

72 o T2 EFRAL 2 EEAN TR L CW K LE B H 2, ZhE, 3ErLD I LI

Xf LR 2Ll 2 L. £o72< —AbIEG I N5 2 & A SIMBHIE 2 E T T &

72 1 ANDOIIEHIE A R L —> 3 v &) RITICE W T 4 i 36 A b DiMiHIE %

KBTI 2V AT L%AFN 722 & 2HGE L, SRANE O BRI T 7t 2 e T

Ww<,
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%2 3% NFBOE2 #HEEHBINESE L AT LOFHA v
- e 7 b R 2B HA BB A oD AR L -

3.1 WiftE =B LUHW
Za—u74—=FNy 26O, ZOMRNEITHELZFET 5 &, BICEEE D
MATZ8PRARI 2L AV AETTI T LALEE S, HECTHEIC X 2K
BMREZIT) C L2 FET 5 LEENORKEMZEITEHE L <. FHoMBEEHE%Z 3
ZRHEIEHONG, —. EEEROEERHE AL T V2~ Z(55) L \» 5 iivh
OOIEETORERE~DERDLIBE o T 5, BELEMOERHIZ(LL TCHHLDE
FREATIET 22 L. BLUOEFCHEHLZVAEBE VI IHE2 L HLABEALBE
T C&E BMPGTHIT N4 AREEI N TS

HECHET MK T — 2% EET 2L LTRHEDOLNILNALETHD DT
X, T X OHBUER KD SN 5, BANCHES X I ZREMRE O HBETH 5,
1 DI FE R i Iy 0 B R ER DT O BT H v . RITEMERE E O FHENETH
2, EBLLBMEEIRT7 7 — LV T EEDLY 7PV IZTICTOHLTEL B DTH
5, LA LEICE W TRS MRS ICHE L 285 2 AT 2 0815 2,

Wi 13 1.3.6Figl2 TR L7z & & 0 FEFEE 10—20(20) kI X Y B N O FEHIA RS Hh

TWER, BILEWTHMBEODHRGEET S EZLND, £ I TAREICE VT,
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NFB #EHER L CAONAHBEYE o @ WA BT o PR 2 i e L C 2 D0 R % AT
27z,

FBR 1T O RS AL o R EEX HE L2b D TH 5,

FER 2 k. B 1 CROETA & X N BT AT & C4 E K DR A v b
7 =7 R EIT V., R CHRE L 2BERREM S oMEEE HIVE L Tw 3,

EE2 B W THERELZ B & L <, BEEEEET ORGBRIE 2 R L T\ 5,

3.2 WE5EITiE

EER1 MEHHEIEEEBES 4146564 (FH385m% SD*11.8) .
B IC B 2 NFB Sl S 0@ e 2 HiNE LizboTh b, NFB 072
ICE T B ERALIE. SEATIFZEIC X 0 EER 10—20 ko C4O) BN % S FFAEI LT 3
Z ZCARBICE W, C4 G & ET I TR b B O B W ITE 2 H L, SRR
WHEAL T B2k & Lz,

BEERAL 7 T d X U8 C4 I B % G%iE L 7z, C4 B I ERIEMR. F5 7 207
HiK D electrode % 10mm fICH v b L 7 2FTICEHE L7z, BRI 20k QLT

THIELZGE), V7ry Ly 23 ME TEE L,

MR E N E % Fig23 ISR 3,
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Fig23 #EER 7 AT &AL

EFE 10—20 %1 X % Fp2 % Position® & L, 16mm FTEHZ2X 512 16mm T %

©¢& L7z, Position®® 16mm FHHl#©., ©L Y 16mm FEHEEE 51 16mm T
@@L L7, Position®X VY HiC 16mmDOEZDE L7,

a3 intercross-415 (4 v 2 — 27w 24k8) #fviz, v 70 v 7B 1
k Hz, Highpassfilter2Hz (butterworth4 ) ,Lowpassfilter40Hz (butterworth10 %)
& L7z WHEH & (IR E R 15 7> O KRl 0%, HAIC TRTT 7 4 A 7L
—o %] % 30 BHFRORECLEHZRHBIHT 2 L5 fna s,
3O N 7 — 2 (2 JEBE T % 17> Table 3 T/R3 NFB R CHZIMED W]

RETED & 2 JH R~ v N (5T HEIC C4 L DFHBIIMT 2 5HR L 72,

Table3 S2HR 1 X5 DM IJEHEL

EEG Band Frequency(Hz)

Delta 2-4
Theta 4-8
Alfa 8-13
SMR 13-15
L-Beta 15-20
H-Beta 20-30
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Foniz 30 BEolEES X 02 BEic 1 7L —24< DFT 25 L, 1 Mo
DFT 7L —21ZBWT 80uV 22 255852546/ A XLHELRILZDOD
Tablel DJEREN Y F T ORERINBIE 2R L 72, {FRE L7z C4 D& JEBH N v
NIIE & 7 A D& JRBES v F OB (58) & Rk 7=,

T2 WRGHIFETHRAF LB E224TH 5,

FHOF1E 33.9 7% (SD£9.8) .

MEHHE ZANERERNEROHWAL2Z T, AEESF A vo b, MEEBORE®
1oz, KRR RIGHEEESDER - KREX T, MEBGHNEORBEEZECITo72d
DTH5 (MHEEEE  AMBRAERYERY 20214F6H2H),

FE2 13, FEE 1 oA S N BRI AL & OB SR & B B A AT o i
Wty b7 — 7 NI 2 & & CRaliMBOE N T NFB AR A Mgt 35 2 & %
Hive 35,

LR 27 4% Fig24 1R T,

MGt %2 2 BfEHL 72, IS intercross-415 (4 v 2 — 27 v 2f8) X
Neurofax (HAEFEH:HL) TH 5, intercross-415 13 NFB %17 5 725 @ 8ch & Hin[#E
EErCcH Y . HER 1 CEEE L 22 IS ol R AL O FHERE 0 7o K 7 A s X
O C4 iz i BBk 2 ekt L 72, 48 7 o FT~ D BRGERIE % R L+ % 729 Fig24 ©RJE
My — P RFRL CRICRE L7z, Ay — b OEMALE T Fig23 LFkTH 5,
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Neurofax 1. SHZN 19ch DB EM % i L 7z, C4 DA 2 DOkt ZznZh
I3 U CHERE L 72,

WHEm N E D IEMALEIC T 4 A 7L —ARE S, BEREREY 7 P v 27035k
MEND, MEHNEIZT 4 ATV —ICEIRINBIERICE R R ZBITT 25, Y
ZPCALOMMEEICL Y 2 oD RIS & CF — 2@ 21T 7=,

EE 1 CGEE S N RBENE] IC X 5 NFB & C4 EHIc X 5 NFB 04 v k
7 — 7 t# 3 5 7- KA 19ch 20 5B H X1 5 G S IC X 2B & sLoreta fi#

Mric X % BIFRHEERRNT 21T - 70

Neurofax

2

WindowsPC
Viewer Soft

1l
&
il
Jo

Intercross-410

l 1R R R
IO

WindowsPC REK

Viewer Soft

i
Jin

Fig24 | : %5y 27 L oM%K
T 8T g AIcEEL 72

s — b AgCl FEffi

72



Neurofax [Z5A 2> & @D 19ch & H G EEAR 2 260 L 72, BIEEMIL, 10-20 212 HEHL

L. Fpl. Fp2. F7. F3. Fz, F4, F8, T3. C3. Cz., C4, T4. T5. P3. Pz, P4,

T6, O1l, O2 OfiED HEH L 72, intercross-415 134EGEomEERAL 1ch 2 & 7 22FF

DB B X O C4 B H I 7 Hkc U 72, C4 BHINGIR X Neurofax & intercross i

DEHCERE L-MFOEEFE b L7 7L vy RIIMB TG E L,

2 DOMIEET X, Vv 7Y v ZTEEENE. 1000Hz & L. EMEEITZ 3~ ToFHEl

FovFNTE5kQ UTELTHELR, 2 DG RAST 2HERHY 7 + v

T oDRMESTT — 2 ORIAESER I N ATECEIfE S &7z, HEREY 7 b

7 LT %z BFE UMK O RIFIC 72, BRI 7 b v =7 13 NFB ORfEREH

FHIE L7b0Tho, BEMEMY 7+ ¥ =7 WAL Figs 1R,

l Open Eye u Close Eye u 0-back task u 2-back task u Healing picture Lb_‘ NFB ‘

90 sec 90 sec 60 sec 60 sec 60 sec 60 sec

Rest
15sec
- Wi
1500 .

~
» DO
ms 500ms r

1500
ms 500 ms

1500

ms

1500

ms

Fig25 L :#EHE Y 7 P v =T ONE
T : Control, 0Back, 2Back stage FfD % 2 7 ¢ 3 Hfilizir 7’ v b 2L
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HERMHB Y 7+ vz 7 3HIRG) - BAIR - 0Back(60) - 2Back(46) - Healing
picture(61) D stage NA & L7z, 2D 70 b a VIZHREEES v FIclEHT 2l &
ZHWE LD TH B,

BRI 90 Fb & L. WFZetss 18 13O TR ICRRIE S N2 T 4 A 7' L — (i
NICR T ENT-[R] 2 LEFRICH D X 95 ICHER LTz, % D% Display 2> b DEIRfE/RIC X
DA FEAR E 72 . 90 R EREAKI TR E 2 5,

Z Ot 25 B D 0 Back FBAEIE R~ 0Back stage X 2 7 % 60 BT 5, FEALAF
RHHERTICRE S NMET 4 A7 L —EHHAN 15X15 cm O T Y TIC T ¥ X LI
1~5 OBENFTREND, BEOFRIT 1.5 BO4 v 2= oT 0.5 BFERE
Nz, MEMNDEIETICERELEZANY FRL2vE [5] BFEREhALEicTE?
72135 < press 3%, OBackstage (ZFEH AR 7L LTEDITHND,

Z D% 25 BIE o 2Back FPHM A2~ % 2Backstage % 60 FP[I1T 9 o FEAIIFSCHH 134
HIJT ISR S N T 4 A 7' L —HNIC 7 v X LT 1~5 o¥fiEizs 1.5 o4 v &
— V%D o TOSHERING, MIRHNFIL. Fon TNl 2 IATICERR T
BIELRIL CTH > -G ICHFIRIF L ZARV PR EZ Vv 2 Z 27205 press T
%, 2Backstage 37 —F v I ARV AR L L TEDITFOLND,

10 Pl o ZEHE R D%, Healing picture stage % 453 %, Healing picture stage I,

JEREITZE T 15 R 5 (S B8 S Mzl 2RI ) 7 v 7 AEEARR S, IR 1#H

74



(IFANRIREE C Y LR 2 B 5, U T v 7 AE{RICIE 2 & L [AEk. OASIS Hif{E X

b R NO1860[Wall2] il % Y 7 v 27 ZARIFEHE (LEHICERIT L 72, T il 1%

OASIS H{RENIT BT arousal FEMi#E#1.693 TH H . DENZ L2 HEEL 7=,

5 MRl LiE RO NFB v 7 F v 27 28t CGREE)$ %, NFB 13, BT

BHITICHEERNICES 7 78RR END, B 77130 HDES 77 L SMR O®ES

7 kR LTz, o138 CBHIR - BAR - 0Back - 2Back + REST @ X T D stage &

KD E % Threshold 74 & L. 6l Threshold 74 v % TFHE% FL—=v

7', SMR (% Threshold 7 4 v % k% L —=v 7 %famR L 7,

HEHHEY 7oz 7o—EHo 7o b arz 1R HEL 2 BT . 1 2I3EBMNK

BHESEITAI I XA NFBO 7w rarthh, b9 1o01F C4NEHIC X 5 NFB ©

7a barChdb, FEHEEIA NFB & CANFB 3. e hE s ics v X Lk

JIE-CHNE L 7=,

HERPE Y 7 F 7 T I1ZHK X X7 stage DfiaH L O THIC PC XY TTL{E5 %

s 2ttllA L hoTEY,. 2D TTLIES % 2 DDNEGHZET 22 L T2oD

Moz 51 o [l A 72 ffE £ L 72

Fov b7 — 7 NTICIFEER N 19ch o FEAERNO K277 7 & sLORETA B XU

CPCA I X 2 EIEHEE M 21T 272, s LORETA Offtfr-~4 77 4 v % Fig25 I3,

1000Hz ¥ ¥ 7'V v Z O 3EiRS % 200Hz iIc £ v ¥ v 70 v 75 X O ICA ZFHw7-
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Bt X PREZIT, SMR B X 00 JHERA Y ROV PR T 40 & % 5T CTHRERSIE
Wrafitz, FKRZ T 710X B ENTIZHIRZ#IG & NFB Kifijlo SMR X V0 v VKt
FHNRIG B2 2 R L 28R 2 i L 72, C o &M x — v 55 % EEG6NFB &
CANFB I CHER L 72, BIRALEHEE T IC DV CIRENT D X4 7' F 4 v % Fig26 ITR
T, 200Hz X7 vH v 7Y v 275X ICA62)# D SMR 3 X U8 0 v FIERFEIFIC
BT TOT40 fE#BfEE L. v —2 2B LA, RELAEEY—20%h2b
TOT40(63) 7 4 v % LA ZXICE W25 TH X E £ TORMEA 100msec LA E D v —
SRR —2 & LT,

NRe— 27 FERICE T 5 sSLORETA BT 21T W& EEECY v F OEIFRME % #EE

L7z, BIRHEERIE M-~ & — v % EEG 6 NFB ;& C4 NFB i ic 5wl L 72,
Down Sampling
1000Hz — 200Hz

l l

Eliminate the blink noise Standardise the peak level

T — I

Fg(zp?gMITqu.SwFpger The tomography at the time
of peak detection

|
b

Detect the peaks o

Peak amplitude :over threshold

Bottom width :over 100msec
lqpms ;
' F"‘»\ TOT40Thershold line Ji§

------
N

Fig26 s LORETA f@fro 4 77 4 v
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3.3 R

FER 1 #59% Tabled 10733, 0—20 3% Fp2 {7 X 0 1.6 enffllifi 1 & 7= 2 EEG6 {if
&@2%, EEGS 5 X U EEG6 L 0 FEZEII o7 b DD d CANiiE & DA E

v T OAIE % B EE HH Bl ST & #E L 72,

EEBR2ICHE T, EBE1 LFRBRICEET 2P ClIE L 728k & C4 o2&

H LT3, Table5 ICRTEY ., EE 2 I\ TH EEG6 23D - & HERE G, FE
B2 T3, EBR 1 TfT - 2 RERBIIRICHN 2 T 0Back X 22 3 X U 2Back % 2 7 %17 >
TWnb7zn, 222 ETHOMEZA&DbETRT., NFB %17 5 B MK R B I13
Table4 3 X Of Table5 DffHE 2 & EEG6 L E L 7z, 7. EEGl OE R v Fic

F1J % 2 Back WD EHBAME D R R & v, AWTFEARE O IRGERE & L 72,

Table4 C4 iz & FHER 7 227 DI RS v 1 5l D AHBEFREX
U 1 AR D M e F B4 S~ 1 Power fHZ (I L 72 C4 & 88T 7 2T DA BALREL,
EEG6 Lt DHEAEZ Y 4 Va3 r Y v ORFFIRMIRE I X Y HB i,

1 2 3 4
Delta 0.151 0.161 0.168 0.242
Theta 0.093 0.129 0.126 0.180
Alfa 0.300 0.338 0.358 0.237
SMR 0.118 0.145 0.178 0.145
Lbeta 0.313 0.329 0.396 0.272
Hbeta 0.221 0.293 0.309 0.243
mean 0.199 0.232 0.256 0.220 0.457 0.493 0.376
SD 0.074512| 0.098063| 0.096689( 0.095065| 0.136038| 0.130335| 0.122314
EEG6 L DEEE 0.004 0.004 0.009 0.004 0.599 0.24
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Tables FEBR 2 % & X 75D C4 LHHER 7 2P D iR RE S v F I O FHBEFREL

0312866113 | 0525717057 0522542243
0.211807792 0.497757281 040139869  0.504501042
0.197533676 0.471636755  0.453289906

BER &L 3% 0.301606988

"""" 0517800435 048531392 _ |W0l635453146  0.515363872
0-back task 0431348832 0472903483  0.390015977 0704858587  0.623113171  0.470064301
0.32604807 0.26147555 0.513515566 0.446644861

. 805  0.572339474 0.3875227771  0.253875952
2-back task 057648695 0730678234  0.600723868 0.303852819  0.375022934  0.37674202
0.311875531  0.429815086 0.30505094 /0 0457277118

lowp(13-20 Hz) highP(20-40 Hz)

fi 0414625656 18 0.508951645

B &% 0473360999 | 0432560546 0.54783699 6 0535476191
0.352096795  0.301131013 0.423085999 0.48774017

[GE7604581  0.223243728 [0ESEIEE0E 0.236178643

0-back task 0.307776404 0359950746  0.166013637 0.274840902 0307060349 0.22459121
0.089263987 0,286248205 0269460444 0.25419929

03575388188 0225919875 0.378092131  0.275182953

2-back task (04176601068  0.287733558 0.351870267  0.336323966  0.348155047
0.389759863  0.410740044 0.23923951 70493261158

=ER 2
EEG6 & C4 0EHFEFNFIND NFBICEBWTH Y P —ZI0EORH 3 0%

AE L 72455 % Fig27 (o d ., MMi%E % SMR S v F (13-15Hz) i< 31) 3 BAHR & iEE
ICH 3% NFB K Z5{l % 19ch OEHME 2 e icfit L, £ % b K277 714t
L7=bDTHhs, EEG6EHIZIC X2 NFB (EEG6NFB) # X U8 C4 B HIMIZIC X
% NFB (CANFB) % [t#{L 7z, NFBWIFHIRZHEFICIEL L, &5 5 b amplitude 23
K< (F- M) %2 lmkaniz, + (BHE) (EE. BH 19ch DfGHIC B\ TR
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FHHREF & NFB BB =083 728 2R L Twad, SMRIZEWT T4 ch © 1 %

FrDBFEL BREE T, 220DFy F 7 — 27 &% —vIiCHEE N TRV,

Topovmap of Z-values Topovmap of Z-values

S 8

EEG6 NFB C4 NFB

Fig27 SMR v FD bR 277 7 i
fibd 57 & #5403~ B SMR IC %513 2 EEG6NFB & CANFB 0 H#%
7 25BAEREF vs EEGONFB, £ 25BAHREF vs CANFB
+1% 19ch MR IAE #5R02 1 351 2 B A SRz 2 /R 4,

Fig28 (%, MM fE#E 6 -~~~ F (4-8Hz) C 1) ARG HiIF & NFB Ko 2%
19ch DEHMKENZNICH L, ZILEZ PRI 7{fLL72d D TH B,

EEG6 ik ic X 32 NFB (EEG6NFB) 3 X 18 C4 EHiH 1 X 2 NFB (C4NFB)
W L7=2bDTH 5, NFB FriZFAIRLHRFICHE L, &5 5 b amplitude 23K < 72
STWB I lHRbhr s, + (Ht) fiifld, B 19ch DKHKICEH W THARLFHE &
NFB WG S-SR 2R LT v, 0IcB 0T 220%y F 7 —2ZIiEN

(EQANER
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Topovmap of Z-values Topovmap of Z-values
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Fig28 0Y FD K277 7f#kT
i BB v ¥ 012 31) 5 EEG6NFB & C4NFB o Hoik
A BEIRE; vs EEGONFB, £ 25FAREF vs CANFB
+13 19¢ch BGBUAIE REFALIC B 1 2 BEABRHERMI 2R T,

SMR @ bR 277 7 132K amplitude 23K < 72> T3 (Fig.27) DIicxfL,

6 B CIXATEHIERR 70 & BRIATERR 0 3R ICBAE I I o T 5 (Fig.28), B v
Fick W 8352 —vCh %25, EEG6NFB & CANFB 8% — v iciE W 237%%
<. EEG6 itllfiiic £ < NFB 75 C4 GHHlfiic £ < NFB & [FIfRICHERE S 2 W] REME %
RELTWwa,

KIT s LORETA ko< P27 7 OfiiiER %2 /"4, Fig29A, XU, B i1
SMR, XU, v FicowT, EG6 & C4 EHINI % % N F il L NFB % Fjii
L 72 BRI - JARWT - EIRITIc B 3 20 v 7 — 2 o8& — v RIR T, [lJEIEEN

v Rt BAIREHIC 4 2 NFB o> EEG6 & C4 3Hll-S % — v i3 il T ® - 72,
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Fig29 ic #1>C EEG6NFB & CANFB Ic 5\ TH5 2 & 45 3 0 BB A AN ED -

TWwb, ZOZLEMHANDAY F 7 —2DBELETH>THZ DI OMmMIFRER L

ERIRLTnD,

PLEF & D755 % Table6 I2/8 T,

Table6 s LORETA EEG6NFB & CANFB O tigo F &

EEG6 NFB| C4 NFB
PCC/Pcu 4 2 2

SMR [rACC b 4
LTC i 4
PCC/OC b N

Theta |rACC b J
dACC -> >

34 EHE

NFB < EEG sHHllEBf7 & ¥ 5 C4 ic % AR 2 BN o iaiiiffiz & L <. Fp2 @
il 1.6cm DN TH 5 EEG6 D iREHEL & FE T X 72, 3E L 7z EEG6 7 & BHTH
8 C4 EH NFB Kot v b 7 — 7T OFE R 5. EH S DD 4 v b7 — 27 3
T3 ERRBI NI,

i o NFB i 5T EEG6 % 2 b @ HIC X 2 NFB 289ATE R C4 E o> NFB & [t
BRLT, Aoy P7—=2%N LT uielts X 5658 %2572, coZ it
EEG6NFB 232 /i Td b fEe L EEE L L To EEGONFB GHlloAZRIMEIC X b |
KIE TR ICfiBIC NFB %179 2 L on[fgtE %R L7z, s LORETA I X 2 g2
5SMRIZBWTIHE I~F3I DAy P 7 —27IBWTHUMEATH > 7225, 0icksn»
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TIRFILAY b7 =2 TlxdH 2 M ZOWERL R L%y b T =085 5 2 LV
L7ze TOZ LI NFBIZBEWTZOHWA v 7 — 7 BHfETH 256, GHEMmRE
PLOFREICT L Do X VRN AL A BT 2 R RE T AR5 & e o 7,

RIEFFFEFRICECCTEBIMICL 24y P 7 =2 I0GEOHBR VA, 2y b7 =21
B2 2 EORBVPELDLI IR o7z, 0D T T THBITERS S
EEG6NFB i3> T dACC 1355 3 M TH - 7225, CANFB icHWTIZEH 2 T
o TEY., ZOFEE?S dACC(64)ICiE K A% K 2 B iE %2 1T 5 ICILFATES
DIEI DRI TH B L) TR INZ0Dd Livkn,

ARIFFEIC BTk EEG6 EH M IC X 52 NFB OfFEE LC 27 7 7T 21T - 72
B, FEHEIC XV EEL G5 220wy 7 — 212 X ) NFB o3& ik SERR A & % 45 2 C
W T ETXOBRN R NFB ASRBAEETH 5 2 & AREB S iz,

Fig29A 5 X U B @ NFB Ko 4 v b 7 — 7 BEREMTICBID 2 F5H 2 d L ic, ITo
NEZ T 7R LB E B2 R T (Fig29C), s LORESTA T/R&E#L7z PCC,
ACC. LTC., ® SMR b 2 A& olidi&szdm & i Blb 2 HALIZ. Wi d &
T ICBAR DY & 2 Bt CUT D I O SCHR CTHERIARRE - BB E IC DB 5 2 & 23

INTW3(65),
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PCC/Pcu rACC LTC pcc/oc dAcCC
| 151
A\ |

H' o

Fig29C s LORETA 23t L 72t v 7 — 2 5 2 — v icBllb 2 sl

ACC(66) HiIFIREE Anterior cingulate cortex

MEC LI ORETD X 9 %% < 0 BRI Ofuc, W, 8%k

]

. HECEE L o AR ICBED o T g E I T3,
rACC(64) WIHIRT{EIF & (rostral anterior cingulate cortex)
HEMES L RSP EEIC 220 D EBEEBICEEL Tw5,
dACC (67) #5HIRTER4 ] (dorsal anterior cingulate cortex)
FUATHIE, R A Z R L TV 3o e LBEL Tw 3,
PCC (68) 4Rk /& (Posterior cingulate cortex)
FI7ANMPE=FAY b7 =2 %A%, PCCIR7 Y T—T 4T 4 —% K
T2LE ATV —vavEELIEELLEOREL STV,
Pcu (69) #Z5ii# ( Precuneus)
BEBHRE L LA RO~y THH B LEZHLNTD
LTC (70) #MUl{H[5ELE (Lateral Temporal Cortex)
DMN(F 7 #A FE—FAy 7 =2)iChhrbd e Eh, BEoEcKIEy I

L—ya voMBl ity sy 7o 250 EI N3,
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Lo ' T 7R 2534 L 7= NFB ICBb 3 INEREES v b 7 — 27 O CRRiERIC X

D, SRICEFE R HIE ORI 2 R X 5 8 MER I BT 5 NFB G DR ik

HHAS 2 S L 7= FTRETED & 5 (71).

86



FAE NFB o#RE 3 Hibd 8z FE e K T
-REUE BB 35T 2 i FE AR RS oo O BEAE BE -

4.1 WROFRB X CHW

ATE £ COMFE CHER EEG6 EHOMREIC X VETLEEEL Lo NFB %17
5 T EDHMMERIR L 72, RIT NFB RO FEATHI RIS ED < BB JRIBE N v FIRETT
FEieowT, 20EBRECINESVETH 2, BLEEAER R EMRERICLY
NFB Tit, BHODOY AT T4 v 7L Ea—0RRINT» L0, NREREE NV F
X, a. SMR, 0 7% E%IEIcbr>Tw3(7,72),

NFB i3l 0 [ 2 2L 2 FHE T 5 LERINTH Y. COJEHEE S F % NFB b
L—=v 7952 CHMRAENZALZIKCS 72 58 2 2 L v ) IRARREmICED
WTC ==V I RRIGIESE N Y FORER I N B 5,

% 2T, TP ERE) 2 2 O LR ICKIF L 2 2R 2 BI5 T2 2 L bR o,
Z 0 HINICEE L 7= W EBIAIE © 2 2 2 Fit e &b kot z HiN e L 7=,

W EREICEVTRY Yy 7 0 (0FAESK v F4-8Hz) Lvwbhd 0Ea
KOMPFEHICHELToHKAGTI)., a7vy vt vbnsBRICE 2 el (all
[ # oS v F 8-13 Hz) o#K, Mk MRI 7z &% fEH L 72HEr b h 2 2 7 ick
\F B RIS EI DI T — F v 7 AE V(T4,75) O @ BRI T\ 5, £z
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DMN (F74AFE—FA v b7 —2) (T6)IC2WTHIZED % < 7 S Uik & o BEIfR
ICDOWTHEITHIERREINT VS, TR Z KWL 7= R L H o
Healthy Control BT — X %A 0 | S8, BHET — XK OSHEHEE 2 T — % &
s 5 2 ic kX b, NFB WRERECN v F &OHAHBME O BRIE 1R 72 NFB ©
ERICHFET L ERT,

L2 L7286 NFB RREEMAFERICL YV BRAZ b H L0, REICEVLTIE
X RAQTE R B 2B ERIRICIRE L <. FSRTHR CHRED S R EBREIC S 20
SRAR A7 R I R R R B D T4 & RET 5 %

BPEAR X 2018 Fic WHO DEFFRXIEETH 2 ICDI1(77)IC X Y EFE X WEFE
MZesiatic A T N R & L O S N7z, 18R I3 ERYER Y& (TASP) i< X
D 3 ODRFICERINT DS, WEIPLI(13), MREREE L. 2T
D 3HFTHY . FHCORBEARIES G I RECch L 2 b NFB 2ldLd L L
TH K OLIRERER I N T 5,

AW B\ TR E D NFB SR IE RIS v FUUE &R L 7223, 18RS
H~D NFB EATWIRICE W TH . Z DEGEICTERM L 2 ER BNy Nz £ T
HY, N=VFITARINERETH DL LHAbNE, % 2T, M EEREAEIHE
7077 LEFRL, YT 07T LETROMNA v b7 — Z BT X 0 OB
VGBI 0 2 U M 2 FHli L 720 B FIEHANC X 2 BEHE 7 — X R — 2 ZAFR T %,
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20DEBETOHKHMIZRDOMEY TH 2, £l ix, 3 L 7= ik ms eSS 7
07 L BMAA Y P 7 — 2 fEN(54)iIc X b, EEG6 DIKEZEEIE Ay P — 2
DORREZ AT 2 2 & LSRN 7 e 77 A 23 Hli+ 3 2 &, FEER 2 13N

B REERNE 7' 0 77T LS X BN DIEHE T — 2 2 E5 2 L TH B,

4.2 Tiik

RE 1 MM EIREZESEZ 0K, —MAFE A INEZ 21 &4 (B 339
+9.87%. 21-477%) o 22 4B IR NI E L ho723 2D 55 1 B OWER
BDRFTEE LR VIKE~D ) 4 RBADSG L T2 A RHE o720 21 LD T —
gLl ot,

Fig30 icFhk 1 0 FEhfs 2 7 LM %2R 3,

iz BERRE AR B A 77 vk DR HEAL & H I & L CERK L 22 G BE ERBh i E 7' 275 24
KXV AETCBZWMNA Y + 7 — 27 OFHINR O 2Rl E 2 SR L 727 CiTo 72,
HIEREE L 2 >OMkEt 2 L7, 1213 EEG6 (Fp2 1.6cm firiE) ZHMIEL
NFB v 7 b 77 &kt X3 intercross-415 ([ v 2 —2u 24t8l), 95 1203
19ch E M EMGE H % HiY & L 72 Neurofax (HANEMI) ©h 3,
intercross-415 (X NFB %17 5 729 ® 8ch BHA[RERMGTCTH V| 5 3 HTHAEL
72 EEG6 2> b ik % B H U 72, W EMIE, 10-20 J5IcHELL . Fpl, Fp2, F7. F3,
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Fz, F4, F8, T3. C3, Cz, C4, T4, T5, P3, Pz, P4, T6, Ol, O2 OfiiiEd & i
MLz, 200G DL 7 7 L v RIIWRE TEHE L Lz, 2 DOlkEHE, v 7
Y v ZJEBEHNE 1000Hz & L, EMEHEYIEZ T CoiHllF v v AL T5k QUTE L
THIE L 7=,

MR EDERMEICT 4 A7 L —23%E S, BIEREERESFHE 7 = 7 7
IMERINE, EBHEFIZT 4 AT L —ICERINBIERICHEDZ R ZBITT
5, YL PCorooRIEEIC XY 2 DMK % R & ¢ C 7 — X T 21T - 72,

Fig31 IC iR BB ENFAM 7 2 777 LONE Z R T,

Power fH=°&H X3, AR LB D 7= 2 1 BEHEETEH R M I & H B0 I8 o b % ff
T 5. FEBEAD) BN L EIE D U < IXBHIRZ#HR 35 X OPARZ R o x5 22 & B &
s,

L LABORHHTCH > THOIMKET —2DIFo0ENEL e nbB e, K
FHRFASb D 2 — IRl & T b Z 0 BEES A O N CH Y . FEEEEHRD) o P T i &
Bt s pBEiceE o Twb, £ 2T Openeye(78) - Closeeye + OBack + 2Back -
Healing Picture @ 5 DD stage 7* bW & L 2 I EERBIRHIT 7 2 77 2 2 BFS L
7o K707 T LI stage DFHMARF L K TIEIC TTL 55 2 A § 26> TH
D, Y TTLIES% 2 20O M) H—A4 v LTHAIL, F—20AEIES &
L7,
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,;%9'7 Neurofax

J.-“( Windows P C
|' Viewer Soft
|
\ o o 2]
\\\ AT L ’ i '// - ! |...§
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\\“*-h____ FTO[]L_..---"'}/ i

Intercross-415
J RO BRGS0/ 5 L

- NFB v 7 b
w_'mdows PC Sync signal
Viewer Soft

Fig30 £8 1 o 25 LHE

Open Eye u Close Eye u 0-back task u 2-back task I_I Healing picture Lb‘ NFB |

90 sec 90 sec 60 sec 60 sec 60 sec 60 sec

Fig31 MM ALRERENRHE 7 0 7 7 L O N

IR BN RN 7' 0 27T L D% stage Z A T ICHPIT 5,

HBHIRIZ, R—Z2 A4 vOllEZHWNE Lz, BiEIZ 302 L. T4 27 L —f

HANICERRE N[ R]2RENCH S XS iciirnans,

LZEPARIE. a 7wy v 707 —2G% HE L7, IR stage Of%. Display

2> b DFHIRTETRIC X ) (el 3 1ZPAR E 72 0 . 30 s ARG ChilR & 72 %,

OBack stage % X 7 23 EHIC X 2B 02t Z Hi e L7z, Wil 60 B & L7

WET 4 AL —WAINICT v LI 1~5 OflinEkrIN g, BiioE xR 1.5
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DAVE—=NNVEL 5T 05 BRRIND, NEBNEFILEFICRFLEA XY PFR
2 vk [5] BERRINZEZICTELZITHL press T2 L 2R L 7%,
2Back(47,74) 2 2 7137 —F v 7 A= VAEHIC X 2 iR o2t 2 Hiv & L
7=o WEENE 60 B & L7z, WMT 4 2 7L —MHNIC T ¥ X LI 1~5 DR FR X
N5, FEORRIZ1E5HDA v 2= 1%L > TOSMERRENG, HFEHIE L.
RPN INTEED 2 BRTICERINBELF L TH o 5B ICHEFIRFEL 24~

VIFRE VR EBZTRL press 52 L BERL 7,

Healing picture stage |37 7 # /& b & — F(29,79) OEFIC X 2 i RS 0 &1L %
Hit L L7z, WL 60 # & L7z, Healing picture stage (. EEAIRICY 7 v 7 AH
BN T v, WEgEl )& T FAIRIREE C LR 2 IS 2, U 7 v 7 ZMi{RiciE
OASIS(48) X Y Hif N O1860[Wall2] it % V Z v 7 ZARIFAF ILEICERT L 72, o
B ik 12 OASIS H{RENIC I T arousal FHMifEEK 1.693 TH Y. mIE & H 5
HEE L7z

FEEICB W TS stage D MR 7T 7(12) & P77 7 DN 1T 5 720

bR 7T 7 ENT I, BIIRZ E & % stage & D LU & B S v FHEICRNT L 72,
1000 [ ¥— 3 v a v F A Mc kY 19ch OREEEHERAL C & IcBE 2 L 7,

FES T TTD N4 T T A v ix Fig2s LRk TH b, 1000Hz ¥ v 7'V v 7 Dk

RE % 200Hz 127 v 3 v 7Y v 27X N ICARO) #H 7= X L2 1T\, R
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SNYFDNY FRRT 4 VR %5 T CTRERINIE 2 1572, ARRERCH L 72 I 5
HoNv Flix Table2 EJEERTH 5,

KBy AT L% Figl3 IR T, T - IMBEEEAEINNE 7' v 777 2 ol % Figld 1<
NI

Hstagep v P — 0 RWEET LI L EENE LC IR 7 7T A FERL 2, F7.
BRR LR & %5 stage & D HER D O JAEEN v F 2 L1 1000 Bl X— I v v a v T R
M2 XY 19ch DREAE ARG & & B E 2 B L 72,

¥ 72, BIRGLEHEEMRNTICOWTIL s LORETA B2 EMEL 72, BITD 4 774
v Fig26 TH %, 200Hz X7 v H v 7 ) v 75X ICAB0)H%D SMR X100
v FERRINBGE IC BT TOT40 iz BMfEE L, ¥ —27 2L 72, ML zv—72
DFH s TOT40 74 v EMEICEWTH L TR & H { £ TORFE 2 100msec D &
— 7 EWRe—7 & LTz,

BIRALIE O RHNT & % © BIFALE D (81)Prediction Weight 2 (L 23FHARKE & 0Back,
2Back N CED X I BRETH o 72 m T ENT 21T o 72,

b9 1213 —27 D& L Predict Weight OAHEAT©H 2, CPCA(32,63) T 5
Nty P —=ZHTICE VT 1H 25 30 FMM IR LT, % stage DIEBL S 1
7e¥— 7 & Predict Weight OfHBAZ T3 2 2 L T — 27 DA A Yy b7 —2 2 ¥
DX D ICh b o T b0 & HEE ST 2 72D T % Ehti L 72,
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KB 2 13, BBEEEEENHE T e 2o i X W@ E 0T — 2 R INEL, fEED
BHET — 2 R— 2 OMEE HIY & L7, BEAKER & OB % BV & L < DU B K
L A SE N v K L DB R T L 72 BIE RRIER B RKR D Db N
HCHHEINZ89% (244 KME654 V924.6110.5) , Mo MlE X, &
H#fz EEG6 2. EEG6 A& L. MREREENEE 7 v 7 7 L L e & h 5 Rk aT
intercross-416 (4 v 2 — 7 v 2ft#8l) ZfEHL Ti{To7, v 7V v 7V EEEKIL.
1000Hz & L., SBBEHEIT%E T~ CDFHH channels T5k QT & L CHIE L 72,

FRALZ~Yy Fey FEE 2 BICTEELAZDDEZR—RICHR L7z, WRAITE
FHEPEEFREIC L, KE L C EEG6 ICEMBRESTRER L 5 A FE20 72,

Fig32 IcEW# 2 Tl L7z~ Ft v b %, Fig33 icFHR 2 i< TR L 72 xR g

BEMl 70 77 L %R T, Fig3l XVRRLZDDER>T B,

Fig32 ~v F4 v b & !
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Picture

60sec
REHMRTH FT S 2R & onsls” EREIELT
HawfEL ELEH2 8L arousal score BLE BN R

Fig33 MR ILERERENRTAT 7' 7 27 7 L ver2 ODNE

WHAEIR3ETH B,

1 55 H % 0Back stage [Ef%iC REST1 (30 #%) . 2Back stage [Ef&ic REST2 (30 #)
D2 DD stage ZBIL 72D stage & L7=Z & THD, 0Backstage 5 X Of 2Back stage
DY AN —%BET 5720 DS stage w AWSLHBITH %,

2 riH % OBackstage DEUTF RN OLHTH 5,

0Back stage ¥ X O 2 Back Stage 137 4 2 7L —lifiNIC 7 v X LT 1~5 OED
FoRan, MEGHERETICRELZAXY P RZ V% [5] BRERIN L X,
BLU., “Ofiic [5] BERFEINAELEFICTESZ7EITHL press T3 XA 7 TH DM,
HHORRIZ 18 DA v 2 — 1% b 5T O02HERRICER LESEL 172,

Bt (X BAREHRH TR EFERE DB T H 2, I B E O PR D 729 20k O
LAUT O FTREIC L 2> I SR BIRTAN 7" 1 27 7 L 28BHIA L 72 WK & L 72,

PAIRYE R 12 X W FFEti W& IZPAIR & 72 0. 30 M RE &M ChillR & 72 5,
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fi@TiZ. Fig32 iCRn$ 7 O D stage 12 3B T4 stage DIt D 2 £ % b7 X[ 2> & [
AL 0.5sec fEIC 1.5sec 7 L — L CRIEEG T Z L7z, 1 7L —LANIC50uV Zifiz 5
Baibollitr, D7 L — L2 offi T 52/ 4 WK% L7

% stage NIC B 1F 5 Tabel 3 D JEHFEN v F Power fED F19fHi (median) % &HH L.
SMER OB L LRMBIRET — 2 & L7z,

MR HE 7 — 212 5 T stage DK EEELN v FEUEIX. one way ANOVA,

5 X O Tukey HSD BEIEIC X W BREEME 21T o 72,

BRI L DAHEIZ. POMS & XU CSI I B W TIIRERIRAEH R 2 7 L i
— 2 L DHBEZ KD 72

BRHRITLLT —2 %2 w7,

CSI (CENTRAL SENSITIZATION INVENTORY)

POMS2 (Profile of Mood States 2nd Edition)

43.1 F¥E2Z 57, s LORETA % v 7 — 72, Power flLLER
L1 ofGR & LT, )T Fig33 i 19ch Ok 2 & it L 7. FilR stage & B

®D stage D amplitude =y €y 7 L bR 7T 7 %2RT, FIRKEE O HIKICE W
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BAR stage ICHWT, o FHTHEEICE T HHE R LEAXA LN, oA Kics
WTIHBHEICE T 2 LAVBHECTH 5 Z L MERTE 5, 0Back., 2Back 135 %R %
il X 41, OBack &V & 2Back 2% X b #lifil| 2386 CH %, 0Back I X U 2Back stage IC
BwTlda. SMR., 1. B2 2FHIcflBEEZIC 1T 2 #IfllIc > W T8 T %, 2Back T
LV EEBEENEV, ZOME, MEBEEHROA vy 7 —2 &5k, HICHIFEEE L

BIEEDOH v b7 -7 PRI N L AIREELD 2,
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