&> Bulletin of the JSME s sz =A Vol.85, No.871, 2019
- Y AN =
= 2&*%*& Z= nff 3'( %

Transactions of the JSME (in Japanese)

775 7)UNIRS &AL -8EEEP DOREENEH R & 5Tl
R RN, TEK B2, mfh BERERS, fis #
Measurement and evaluation of brain activity for train drivers using wearable NIRS
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Abstract

Human errors of train drivers may cause serious damage. Therefore, research on human error prevention has been conducted
by many researchers. In this context, brain activity measurement of train drivers using Near-infrared Spectroscopy (NIRS)
has been conducted to monitor the condition of train drivers. In this study, we developed a compact wireless wearable NIRS
that can be used in natural environments. The wearable NIRS has been used to measure train drivers brain function using a
train driving simulator. Experimental results showed that brain activity of DLPFC increased when the driver made braking
operation. The experiment for train driving with an accidental event was carried out to evaluate the relation between driver’s
attention and the brain activity. As a result, there was a difference in brain activity between with and without prior notice.
Results showed that the increased attention of'the train driver can be appeared in NIRS signal from the outer part of prefrontal

cortex.

Keywords : Railway, Train driver, Human error, NIRS, Condition monitoring

1. #

PHEEIRRF O & 22—~ =T — L XD FHOMHEUTD 72N D DFEHD B - TG IT KR E I EN AT 5.
ELICBRHEEIR HIZRBIT Dt a—~ = T —3IRA, 97, B0 R EARUTBRICET & 1TRR D RE CIEiR A
ITWE S EHECHERBIEZ L CLE D AR d 5. ZODREEEEZ LT L E - /2B B 8IS

(ATS: Automatic Train Stop) 7% & DIREHEE A2 WV THEZHNTWD. LL, ZHLORLZEEEZHNTD
P LS HEMAE T END DT TRV, 207 bghEER OB CRE A Lo U 2 7 OB L E B
SHENRHDLEBEZBND.

% 2 CIER L O DB OIRAE A A B E-CIEIR M) G HEE U, S SARITIE T 2780 T T B (EA) i,
2007), (FLj%At, 2009). FRZBAFBEIFHIZ Vb DIZE R T 2 KR BIE, 128 F v RV O G 2
LT, $0EEIRY X o b— ¥ 2@ iR ORIEEN 21T > TWO A (BKERM, 2017). L L, EERE~O#EMIC
32 ORER®H D EEZZ D, —JF, TR (NIRS: Near Infrared - spectroscopy) 4 V>, iHE#RH O
FREIT 24T - TN D BN O ML T do 2 RTZARTE OFHN 2 L, JEE) ORI Z 5473 207803 T T o ()
B, 2007).
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PEFRID NIRS \ZIFFHA D= D — T VCHRENCEEAE T 5 7 0 — 7 OEEOHEN G, KEREICB T A8hE1E
fnEOMIEBE RN IIEN B~ 72, foll, BETREEVA YL ARO Y =7 7L NIRS MRS, HEEO
RZ A ROMERERHAZ: SIS STV D (3, 2017). =7 F 7L NIRS & W -HFEE LT, ZHED
I RERA R AR O LA 7y E O FEBRIRE & 7 = 7 7L NIRS Z ) S8, BBIEHIN ST £ TIT2 5 v %
T LADOBFEEITY, 727 T 7L NIRS Z W T IMEEREF I O A 200 2 a8 L T2 (G, 2017). Z D729,
U =7 7 7/ NIRS O#kEEER L OMISEEHI~DISH L AIRETH H LB X bivs.

7 =7 77 )V NIRS 1E, FEERSME~OEMID7e FRFFHAIAARETH 0, EERBECORHANCHE LT\ 5.
LN, T > RVEDD 72 < IEREBHE AR TE 22, TSI RIEIINEETH 5. —F, JeATHSE
THEHASNZTF ¥ o RVENE N~ L TFF ¥ KV NIRS 1L, FERBIME~OEENRE < HERZDIREETOH
BNTIERIEDZ . AR TIE, IMSRE R X 0 IS FEFRE T D, FERSIE ~OAHEN LY D
VW, wLFF ¥ U RIUNIRS (A7 8T w7, OEG-16) & MW TMIEEEHIIZITV, BIEEALORE 21T
9. WIZ, U=T ZT7/UNIRS (7 A7 A, HbI31-S) ZHWTRIEENEHIAZITY, BIEH 2 & T v o R
DA 70 IR BN O FHAIAMT 2. 5 00319 5.

2. NIRS DR

WARAM ISR TREROZRR ] &I A ARG BT ARIMER O (700-900nm) % AV CTA~E 7 1
vy OREEL AT 5 FETH S (Jobsis, 1977). #EIEEIAE U 72 BRI RPTHIIC Mt & A3 0 LR o~F
7 B ARENET D, RN OEEE, EHOCORERE) BEEFRL~E S B B (oxy-Hb), MilEFHE(b
~E 7B B (deoxy-Hb) DIREZE(LZFHAIT 2 Z L B AHETH 5. oxy-Hb, deoxy-Hb ZALZHMLNE AR B LR
BB boh, BRKEICESEZNZNONEZ B B ORBEENERDDLZENTE S,

BB RHANC W T, BAERICELE L7267 7 A A" DR 2 RS U, SRR, SA3E, B CWRIY - 4k
BN RDBOINERITEL, BOEERE TR CELBZBBNAENZIT 7 A N Lo TRl 5. Zodit &
\ZHDNWT, MERONET B BV ORERCERHT D Z LN TE S, BIEENC X 2 R/ N R 21X
SUFEEETH D DI L, ZAUT - TG S 2 JRPTIRN LR OHEANE 30-50% & HE I L TREL BRFS.
ZD1=%, MIEEINEA L7268 T, HURAYIZ oxy-Hb DIEINE deoxy-Hb OV 2774 VI, LB, 200
7). FERRTEEN AR EEMERGTEE ORI Tl oxy-Hb 23HEIN32% 2 E 3B TEREY  (EA, 2012), oxy-Hb @
ZALEICER T2 Z L1k, MOIEENRIEZ NS Z ERAEETH D, NIRS [ZHBWTIE, oxy-Hb 23 M DOIRTE %
BOHRIRT 58T A—=2TihbH & SNTWD (@, 2003). AHFFEIZBNTE oxy-Hb O LEA 7= 55
B L U TS BY O ST 24T 9 .

F 77, NIRS (ZIXZE /M50 fi# 5356 1:(SRS: Spatial resolved spectroscopy) & V> 9 GFHHITEEN S 5. SRS 1352 & 2
OFIT T, JEREENERD 2 SOEMEFHT D Z &I & 0 BRFEAFNE 2 5HAId 5 HIETH HGIHE, Tk,
2004). AMFZETEHF 5T =7 7 7L NIRS (HB131-S) 13 SRS & VT 72 DR AL & EHA 5 2 &3
AREIC e o TN D, FEFRAIFIEIE, oxy-Hb & OFBEINRE <, HEMKOFELZZIFICWVEIEE LTESTH
%N, oxy-Hb & g U CERENOCIKL, BRI CIXE 23R & LT, BMEEREHECHV V541
DIy (7R, 2006). % Z°C, deoxy-Hb, FEFREIFIEEIZOWTIX, 7—F 777 NOFEZHRIT L7200
HBR 7R . LT3 5.

3. RERFE

3-1 EEREE

AEBRCIIRE 285 2 BROMIEE 21T 9 72012, ~/LFF ¥ > F/L NIRS (OEG-16, A7 b
77 w7, 16¢ch, V7V TJE 066 7)) 7 =77 7/LNIRS (Hb131-S, 7 AT A, 4ch, 27U
TR 05 ) 2RO TIMIEEREHZ1T 7=, ~/LFF v KL NIRS [ZEMR 5 —F FHIDF v LN
40mm (2725 X 9 MEZATVY WRA, 2009), 7 =7 5 7L NIRS @ Ich 23~ /LFF+ L /L NIRS D
13ch IFBRHIZHIET 2 X 91233 Lz, X 1 ICFHAERE C©H 5 OEG-16 & Hb131-S OFHIITF v > RV &R
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(3) Wearable NIRS (Hb 131-S) (b) Multi-channel NIRS (OEG-16)

Fig.1 Channel placement of NIRS (Hb131-S and OEG16) used in this study.

Y

Fig.2 Wearable NIRS: Hb131-S. The device can measure NIRS Fig. 3 Experimental set-up using train
signals from four parts of prefrontal cortex. The number simulator. Participants join the driving
indicates channels. Accelerometers for X, Y and Z experiment with wearable NIRS.

direction are equipped for measuring head movement.

F 72X 2 ICFHEEE TH D Hb131-S Z/~7. HbI3I-SITTERT A VLA ORETH Y, ShEiEiie EoEEs:
FHES 2 Z &R < FHAIZNATRE CTH S, 72 Hb131-S [T—fixAY72 NIRS THEHUIAMT 2 % oxy-Hb, deoxy-Hb DAt
PR BB DS FTRETH 5

FIPOEOE AR T A BRE L LT, $hbEiE I 2 L—& 2 W T8l EE OSBRI 217 - 72 (B
JIH, 2007). $REEEL S X = L— 2 [ ZAEITAE, HE, IR, ~ A3y R0/ v F ONLE OFEIRFLERA
ENTW5. X3 ICERE S E T

3:-2 ENMEFLFRE

FATHFZE (NESfth, 2007) 1238\WC, {212 B L L7oBodEZ1T > TS IKM (LUF, Bl X & s
%) T, HEHRTEESMANZISV T oxy-Hb DIEMAER STV 5. Lo, v/ FF ¥ KL NIRS (OMM-
3000, 42ch) ZEA L7Z3HAICIX, ERSME~OGHNRKE L, BRHOEREZITI ZEBRETHDL. 22
T, EBRBIE~OAEIVNS L, L0 BRRFHI AIRER~ v FF ¥ > 1/ NIRS (OEG-16, 16¢h) (28T 5
FHHZATV, BTEEZOREZAT S . WIS, & BIT/INETEREEICE W TH HREM T AEZ 7 =7 7 7L NIRS
Z TG HI AT REME DR 24T o 7.

ENCEE IR T, A V74 —b Ravt s b & 7o iR BB EERORBR O 5 20 RO T 9 4 %
FRSME L L, SREEIRY X = b— X OB OMIEEEHI 21T o 72, EMEFEEREIC WL, v=7 7
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Rest Task X4 +| Rest

30[s] | 90~100[s] 30(s]

Fig.4 Experimental design for train driving in normal condition. Participants drive

train with speed limits and stop at the required position of the station.

Rest | Task | Rest | Task | Rest | Task | Rest | Task | Rest
60[s] 60[s] 60[s] 60[s] 60[s]

Fig. 5 Experimental design for train driving with an accidental event.

Obstacles will be appeared on the track with or without prior notice.

7L NIRS Hb131-S Dz, ~/LFF ¥ > FAHD NIRS T 5 OEG-16(16¢h) % FV N CHIARTEF 2RO 21T
ST, VT F ¥ FUNIRS EHIEE(TH 2 &C, U7 77/ NIRS &# ] U TRk ER O R EIF R
T2t Lic. AR CIIERZT ¥ o FLENFE—CTH D, 77 77 /LNIRS D Ich &L~ LFF v Fb
M 13ch (2 H L7

TENCEE IRFRREIZ 31T 2 FEBRT A V& M 41T, BACEE IERVE CIE L X MRHCPAIRZF 4 30 ORI T VY,
H 2T RHIHK 940m D & 5 1 BRIXHNT ST D H)~ B ENLES I F T2 HIFREEEHE > THEGE D A DR A 7
BECHR LT, VARNEX R B 13ITE LTCRHARIT T o7z, 58RI 2 AT TENENOEE
ZHWTITHo 7.

33 REEIEMRE

KR SIE, 128 F v U RAOEBERMR 2 LT, SREEIRY 2 2 L— X 2B\ T, BRI Y &
L L ORIEBIZ M L TV D (BkERf, 2017). AWFIEICRWTHIEERIC LT, RIS Y & HEL S+,
BRI 7> B R R OJTEE & AN C X 2 032 Matd 5. FRZ, EiEICAMNREREE S A BN B L, FEIRRC
WY ZER TENS E NV DHRRE (BAF, EEIREELFLET2) ME I METHET S, —IC, BRLEE L T
D6 EAMIBRERICHEYNCE R 2 AT TV DIREE T, i 0D, MIEEIMEVERICH D EEZ BND.

ISR T, A v 74— b Rar -ty M E{To -/ B HEERORBR D H 5 20 (RO B 11 4% %
B & U, B BICH A SR & U CIHBL S 23001 N0 M ERR T CIEERIEDOFAAZ © =7 7 7 /L NIRS
THRENOWMGF 21T 72, ERT VA 2K 51087, LEWIE AR, #enIcIER 7 L —% 2 Ef S0
MEZBIEE T RVMIE I EY 2 R S, 7KMo B 50 5831247 5 ik & Xy o HBL %
DT O ERESFEBRSINE T 1 B2 To7.

TEMOTE LOERTHE, ENEEIRRE L REOERT VA T3 #9TH T TERZITY, 4 34THIC
BOTKESZ BB S, R, XEHOHEE T LEREI T, XEMOTEE LEERTIE, 1 2
HA4FRITOI LD EZITHENHIRT L a2 T4E Lz, FoX A7 RICEKERNHE Lz HEenicifEik
T2 X OICHoR Uiz, BRIEKBEYREED # 2 7 2BV CIESTIEEEAYK 1400m OB 23 E L, LA M 60 f
ELCEREITHT-.
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4. SRERFSR LERME

4-1 NIRS BB OEHAE

NIRS & GAIEFFEC A2 & & W o T2 AERE S ORES ENEEN TN D Z LR OFHINC W T ER
BERO MU REENDZENDDH. DD, BT = —7 Ly NEHZ T 2 BERHGEERRIT W, 2009)
ATV, FEBRT WA ARG LT IS Eh Ak 73 D A % fliH 3~ A48 BB 24T 5 .

Tx—7 Ly NEBE, vV —To—T Ly N EREHEND /NS el (t) 2 AT E, (HE SRR L 720
FES (O DRFIIREE 2R L, ZNE L LI L TV FIETH D, Bk =—7 Ly NEBRIIRATRETE
%.

[ee]

Don= [ S@OUa @t W

— 00

B Y = —7 Ly MEHTO 2 RS FROE Y, EREAR L5 L0 TN, RUE S OEERFAENTUER LICH
BEIC/2 % . S EMME AT (MRA : multi-resolution anarysis)l ZEER 7 = — 7' L v FE#EZ W TR B 2B EREEIC
SETHHDTHD. MEOPIES(t) %\ < DDDITENRR ST (IKSE 57 & BRI (B R N 3T 5 b
DTHDH. L-ULIIBIT H1E ORI,

oo

au® = Y Dy, (O @
LRV FE I TOXNTEELNS.
J
SO=aO+ ) d,® @

m=—x

ZIT, dplFEEAY, alTEERS TH L. v P —r =—T Ly Mp()ITa Ry FYAR— R TH Y IESE
I L 72 4 Daubechies D7 =—7 Ly hEHWA. 2O =—7 Ly M, AERRIEHRNIZ L > TR ZE(L$
LRI B D, MNEIL, AERFEELE NIRS 155 O FEGERIZ OV Tl Z1T> TE Y, N=7LLETHIUI 5
REREGERNEOND Z E AR LTS (WIFE, 2012). ARFTICEBWTIE, N=T7 & Lz, AR TIT- iR
Hro—fzX 6 1277,

F 72 NIRS {5 513 FHRIBIAARE 2 FEE & U 72 oxy-Hb & deoxy-Hb DX EDFHAZIT 2 5708, FXELET
IXEBRBINMER OHE:, FFHUHENE LW W22 2 RHIT bND. DD ERGERT 21T > 7= oxy-
Hb 35 LWV deoxy-Hb ZNENDT —H %, FHEN 0, FEHERAZ 112725 £ OISR &L 0 G S LE21T-
7.
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Fig. 6  Original signal and reconstructed signal using discrete wavelet transform. Detail components d6, d7 and d8 are used

for the signal reconstruction.

Z 2 TXIZ oxy-Hb & 2\ MF deoxy-Hb O FHERAELDIE S, w, olTEIL OOV LIEHERAETH 5.

FEBROMWE b, FEBRBINFIZ L - TEHR) S BAE L E CORBNRR L7, FERSINFIZEHIT 5 NIRS
R EMIARIC LD VT U T EIT, RERSIT — X iR — 2 I L, EiR I 2 L—2 D5
NLT—2 LEBIETE 2 L 01T, S6IT, FERSINE OFERET — 2 128 # L 7= NIRS 15 5 2 I )
L Gt 17 - 7=

4.2 FENMEFILRE

BERSINE 9 4 D~ VFF ¥ 3L NIRS OFHll T — X 1Zxt LT, ZEMGEERIMT 21T OEES AL L, K
RINT — 2 0B EEEET — 2 I U 1 3T T O (0=9) 21T o 7o iR 2 X 7 1T, K 7(a) sl E L/
v FT—4, X7 oxy-Hb & deoxy-Hb DFERZ T, X ()05 /v FOMENBADIEIZ /e > 7o REHME 1%

B & L7-odiBRtaa &35 &, X 7(b)0> HIBoH A BRAATZ I oxy-Hb 15 573 53 A 3 ffesd T & 7.

FETF v U RNEDED L TWD T =7 T 7L NIRS ICBWTHE B4 _E LA RET 572012, FEBROKY)
DPARRZEERRE, TEHABH R B AN TR £ CONIEERIERE & HOHBRAAALE ) HAF IEALE F T OJGEEERF O it
R 2 TN ZIUER LRI 21T o 72, X 8(a)lZ PARZEHRF O IMEEREIEIE,  [X] 8(b)\ChIdiHl Bl oD Bk REEife,
() IR ERE D B RE I % % 7.

4 8 DIMFEREEI R G, LHRHZIB W TIINO R E REBE N2 L35, E @RI IINERED 22
EHFHTH Y oxy-Hb BBUMERANCH 5. FRIEGEHEMERHCES W CHMEILBENEHETH Y, BEEBET 572

OIZ, TAMABRIE L7z L E 2 b, BE L OATHIE) GEEOTFE %3 2 BRICIXRTSEARTE O W SMARE <
ORTE, FRESCTORRIEILR SRV E NGRS TV AR, 2016). £72/MNSLDORMO~LFF ¥
IV NIRS % T2 #dR £ O S TAFFEIZ 38U T b M IMARHS CORTE R S LTV D (NG fit,  2007). £ D7z
W, ABFZECBWTHREEOMEAIZ R L2 Z Eovh, s O MEENFHAIN NIRS TfT2 5 Z & 2R L.

AT Lo~V FF ¥ 1L NIRS IZEBW T, BAMARTS COMDEIE NGRS/, v=T 77
NIRS (ZBWTHHEIMATICE B LT, £FEBRSBINE O NIRS 15 5D 24T -7, 7 =7 7 7/ NIRS IZE}
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Speed ——Notch handle D Deceleration part

90

Speed [km/h]
= S

Handle notch[-]

Hb conc.[-]

400 600 800
Distance[m]

200

(@) Averaged result of speed and handle notch (n=9)

| — oxy-Hb —deoxy-Hb |:| Deceleration part |

200 400 600

Distance[m]

800

(b) Averaged result of brain activity(n =9)

Fig. 7 Results of experiment for train driving in normal condition using OEG16. It can be seen that the brain activity increases

with braking operation.

Z-score[-]

Z-score[-]

-

——

(@) At rest

Lo 0‘0

1

——

(b) During accelerating operation

Z-score[-]

(c) During braking operation

Fig. 8 Results of functional brain imaging. The lower picture indicates the functional brain imaging during braking
operation. It shows that outer portions of prefrontal cortex are activated.

BIEAMARR(1ch) D~ /v FF % > %)L NIRS & FIREOfRNT 2 L, ZOREREXK 9 1R, HEEZ L o#E L /7 > F
T = OG- (0=9) D5 R % X 9T . k= & OLEIMARSIZI1T 5 oxy-Hb, deoxy-Hb 1575 & BRE AL

JE D NS (n=9) D F % [ 9(b)l o= d

9@IZIBVT, /v FTOMENA L 720 BIE LD TODALE 2 BuRBAAME & Lz, K 9b)k v, JBukBh

NEHE 7 BAFHE TORIT oxy-Hb & FRFR RN EL AN NN 2 61 23

fERCE . Fiz, FIMIEBTH Litodn 23

MR TE Tz, FD= U =T 7 7/VNIRS & VW= $0EEiE L OMISEEHIS BT D Z L 2R LT,
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Speed —— Notch handle |:| Deceleration part

‘ — oxy-Hb —deoxy-Hb —St02 [I Deceleration part |

=)

90 5 { 70
_ 1 4._. S 65
= 60 - l
Fl g 5
£ 2 Y o b e e "
- = 8
o b=l
2 30 sE &
@ = I e s mt SRS [T SRR SRR 55
0 ‘ . . ‘ 10 2 . . . : 50
0 200 400 600 800 0 200 400 600 800
Distance[m] Distance[m]
Averaged result of speed and handle notch (n =9) (b) Averaged result of brain activity (n =9)

Fig. 9 Results of experiment for train driving in normal condition using wearable NIRS: Hb131-S, Ch. 1(left outer portion). It

can be seen again that the outer part of brain activity increases with braking operation.

4-3 REEXEWRE

TENL S I RRREE & [FIRRIC, FEBRBINE 11 4D =7 F 70 NIRS OFHHIF — 212k LT, ZEMGREfT,
RS ZATV, 1ETT OOMEYE (n=11) #1772, MEXEY O TE5 OG0 & T REOfET
EiTo7. AR CIREERHIMRIE T 5 & S TO DM IS W TR 247 5 7.

FTEEPICKEY O HBEZ SEFITICRIT 5 /2 v T, BEHE &R EMALE 2 X 10() (287, 2 O
@ NIRS {55 (1ch)Z X 10(b)IZ/R T, BFEBRBINF BN T HEEFICEE MBS BB, o E
IR TE R o T T2 OIS ) & DELENTA LTz, DR Th, i b EmIc st LT Icfsik L
7o EBRBNNE % FEUE965m M) & L CINE %217 - 7-.

ZORER, WHE DOETE L TWDERE, EisEEN D7 SEPIPMET L2728 oxy-Hb, EEREIFE & HITK
LW LIEEEZOND. £z, XEMERALLRE JBIET DB oxy-Hb, AR DSHEINT 2 M A2 e
RTE. ORI E 2R L T bxET 572 DICIEEI L~ )3 ER LIz &E 2 bhb.

Wiz, ThE L CKEDOHBLE SBT3 TICERT 2 & FEBRBINE OMBEEE Uiz 7 F & BiE % X
11(a) \Z/RT. ZORFOMEY L2 NIRS 55 (1ch) & X 11(bWRT. F /- Ti L7258k & Rk, &b FRIT
1E 1R U 7= BRI & HAEB6Sm) fiFT 21T o 7=, W) & OfE5E% U727 o T2 T2 ORI S O HIEIZ %F L C
FEEEZRTCWZEB2 6N, EH 11(b)DOIKIEBIFHI ORGSR G, DK oxy-Hb & e afnE 13+
LR ZR LTS OO 10b)D T EN S S T-BE & T 5 & oxy-Hb OEENI/NE < o7z, HFH O DA THIZE
WZBWT, FEEL-LREN E oxy-Hb DEA K E < 72 2 A 28 L WD GBEHGE, IEEFZ, 2006). 0
7o, FREEPEYRRERRC, KV EBEELSTRETHEEL WD EB X b5, FMBLFIE & oxy-Hb (2
BWVHEBEBER CE 2D, 7—F 777 "OEEZZ T TICRGRFHINMTA TS EEZ bD.

KEHO T 2T TIAT 12T, EFERBINE BV THXEWE R LRI L 2ITEIET 5 Z 2N T
otz ZIUCKH LT, XEHOTEE L TIT- 7T T, 2FEBRSIE IR CEY O BRI CfE 1R
HIENRTER., ZOBED oxy-Hb 1%, TEHERETIUToRITE Y &L, EEEERELIIMI B O B )H LT
WHICERZ@HE Wb DEEZ NS, RTOERSINE B CRBROBEMA R TE 220, V=T 7
7 )V NIRS % HWW CEGEE R - OEEARIE DRI T 2.5 AlRett 27~ Lz,

5. & B
AMFFETILY =7 7 7V NIRS & HW e 8kE SIS EOMEEIt =4V V72 ik BE LT, v=T 771
NIRS % V7= 858 1E s+ O IR ENEHIANMT 2 5 Ot & EEEIRBEO I 2M T 2 5 D ORREt 21T~ 7.
9, ROREMEELEFREEIT, v TFF v U FRIUNIRS & V=T 7 7L NIRS Ot #17-7-.
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Fig. 10 Results of experiment for train driving without an accidental using wearable NIRS: Hb131-S, Ch. 1(left outer
portion with prior notice).It can be seen that brain activity was not high enough to stop the train safely if the
train driver drives the train without enough attention.
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Fig. 11 Results of experiment for train driving with an accidental using wearable NIRS: Hb131-S, Ch. 1(left outer portion

with prior notice). It can be seen that brain activity was high enough to stop the train safely.
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