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Hz ORJE A (GR-LF), 0.15~0.5 Hz O & E RS> (GR-HF) Z ki,

N B D FRIEL T U A — il 72 & D AR R O FEAR I XA ZE TIIMET R 50> & BRSNS
5. FHNFE OHENKRALGS, FHIT =22 A4 ARFELHZ L0, ERICHINWI EBH D

R
oy
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FEARI, AR HIE L TV 2 57 8E B & DR 77 2B 2 3Rl A T © FEEIEIC X D Iy
DXHBEDAY V== T VAT AT I W=D Th 5.

PG A b U AICEET S NOWROFEEE, WL ool [18,19,56~58,61,65] STV 5
2, BFRMSCERREALEL 20, FEBGICEBOCHFNCEHET S Z LiREEchH 5. T2 Off
S =H EHWT, e B CRHUIA RIRE ek F 0 7 2 7 — B (saliva Amylase Activity:
SAAVZHEIE L T4, sAA X, WERT 2 5 —FPE=F— (=71 CM-2.1) [B81ZMHWTEHIL-

1.3. BRIERRX DAL
AW D I BEILRE S ERRO—BR CTHHHEEEICL DEEREORNEE L AT ) —=
T HUVAT AOBBETHD. TOOIIARIIIETIE, [ERES OJEEZ BT 2 RO
E THBOBIY CTEATE LV AT LD O 2 22HNETSH. ZRHDOHNOERDTZD
WA TIZLA T OFIE (K 1.4) THRitZ2ED 5. AR CIIEROEEOMASbEICE - T

1. Searching for indicators that change
in response to fatigue Chapter 2

2. Searching for indicators that change
in response to accumulated fatigue

Chapter 3

3. Test production of a measurement
system

4. Investigation of acceptability of
measurement system Chapter 4

5. Investigation of methods for detecting
the signs of accumulated fatigue

6. Modification of measurement system

Chapter 5

7. Verification using an operational test
for the detection method and system

X 1.4 WFZEOFIA

Fig.1.4 Study procedure



EREE T OIMEORH ERA D . ZDOT=0I121E, ETHASGDOE L EIEE RO ZLENHDH. £
ToERENE T 2 R & T DG BILFERBINE 2 RIFHBIET 2 LEN DY, IBIEA R T DB
BWTIEHARPNDTEDL. 22T, TE 2T IEFITHIE L TELT DIEEORER)
L, ZITRODSIIBELZ 23R E LT, #3T|ICT 2. HRPEHTICHIS L TELT 55
BEOWER| Z1To7. HA4ETIE, ZZETORRTEY LBEL W 130 FHlII AT A0
ARIE] 21TV, 2AZFRICLZEMNZ2BLT M4, AT LAOZEMORGT) & 5. EHE
W DIMEEIEZ D FIEORR 2D, 5 EICBWVWTIIE 4 ETORMNERE 2, @
P CHEMATE 2RAMOMMAE BIEIZ 16, FHT AT ADOKR] #Fhi Lz, FREIC S @E
Xt BIEMA 21TV, MEFEOZUEB LTS AT LOZEMEICHOWT 7. MHFEL R
T LAOERRBRIC L DMREE 21757,
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2.1. [XC®HIZ

ARETIE, RIS L TELT DIEOWREIT Y. ZNUTE, ETERETHE I T DOE
REWRT D, AARLERETIE, WHET4 [T WA OR S, Freel & OkH
B S ARLET D, KEME R OF RRIBERE DO 0= D —Repy 72 B0R, e 57 D EIE 1L, TEEO
ALV LAREEMIC L > CElR SN D) 9L ERL TS, I EMazE DA
Iz L > TEA DANDONEICE HIZE Z 5RTH - T, K AOXERE 5 R, HAOEEK
VZED L EDFEMEFMHIEKFET LD OEEDTND.
COETIIIOERICESE, AT T AMRICENTH MBS L O IRIIHRED
HENBOR Lo EOREARE T L LT (K 1.2). 22 TIEZOEFITRHE L TEIT 5
BEOWREZ B LT D, ERSINEITIETNH2ITEL DL LB ORI S &Rl d L ORE
/3% AR ORGPR AR (20 /3 X5 &y NORRIESE) 4. Zohit%k (PRE, POST1)
LREERZRE (KREZE-T) % (POST2) O 3 SO EALET 5 Z LT, FEMaE<T
372 IR LT T DIBEOWBR 2R A L. ZOERT A BT D55 OB,
2T (PRE) (ZHe~TIEZE#E (POST1) THEICHIXR (84) L, tkE#% (POST2) Tid
WBICE S (WS L <IERBDOEAL R Z v 2R d) ZEThDH. 12720, 47 L bIKEH% (POST2)
[ZSERITITTDOWRBEICRE S 72 < L bbb AR, U DR E SITEERTIRE ORI 2E N,
H L IIREOENENGAITIXEERHSICEZ RN EBZ LN T-DTH D, REBAREIC
BWTIEERT A b bW LR LI, JEHOPTHRMET S L <X MiarkRE 7 & x4
ELTWA.

22. Ak
2.2.1. EBRBINEH
FERBMF 1L 18~24 ik (CEXJFHD 21.0 5k) OB T RFPA4 15 4 ThHhD. FNIE L
MBI KD EBRANE LRI L, SCEICLDREFEELGT. EFERE TRICITEEOH# S 2 3 -
7. EBOSIMIEE L TE, o2 ERZ 50 EBROFI A B L0 AXREOEE E h 7 =1 v
DOEMEPEZ D LR L, ERANERVBTFON TS Z L2 OB THER L. RBARFERIT
PERER K EMEER S OARE G- L Tirbhr-.

2.2.2. 1E¥EARNT

ERBINE N T % 2 S 572D ORSR AR & LT MATH & FETL 2 B RERE[66] 12 1D
WIZRERAERE A 100 43[R (20 23[R X5 34T) 1787, RmE=% LicEtAERX (M2.1) 228
, Wiz TEQUALS| D07 % 1.5 BEHER Lo %IciE (K 2.2) % 1.5 BHFERT 5. 6%
T~ T ATITY, ENIELTITAEZ U v 7, BiES> TWIUTEZ Y v 2735, RBIGEDR
HECIERRICE D BT, MERR 1.6 PRICIIROHERX 2R T 5. HEXOES 1T 2 HilE 1
DOMFEMNB72% Level 1 25 3Hi D 2Hi 25 < JHHED G722 Level 5 £ TD 5 BEfENL 72 5.

12



314 + 92

X 2.1 FE XD ZRE O 4]

Fig.2.1 Screen image of calculating formula

ER2—FELLY : BE-ARY Y

[ 2.2 28 D 2o i O — 5]

Fig.2.2 Screen image of solution
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Z D Level Z)GEDHEOERRIZE > T ETFEELZEICLY, ERSINEOHERENIL LT
AR AENTH N TEX S, RETIINR T 4+ —~ v ZAOIEIEICIFAR L R L-HERX0
Level (BEDE) OWHME (BLF, EZHL~UL) & Hnie.

2.2.3 FHHEA
2.2.3.1 FBIEHE

VAS |2 & 2 E-EH <, B, IRE, WHWnh, BiE, SASY, &9, KL, BhHo 8
HEIZDOWT, T =4 RIZAMNC TEvyg, 2N HEW) ERRLERSZIRR R L~ Y X%
AWTHEY EDORAT A4 X —DONEE B ESE T, VAS IZAFFREE & 55 S8 5 72 b [ R S Tl
72K, ZOERIOLHRCHREEETOREBICOVWTHE TS X ) IR Lz

HAGER POMSIfH#k2 BIZEBRT ¥ 1 126y, PRE, POST1, POST2 DE#%D 3 DD
A CEERFOREIZONWTHIE S B2, EFERMITKEE=Z IR L VA TRE S .
NASA-TLX [3EEAM SRR b O THRAAIENR DD > TR WD L 2R T 572012,
ARt 100 73 OB EAEZEIZ SOV TRIZ S E 2.

2.2.3.2 BfEFEHET A b

BRI T A b (Sequential Digit Search Test: SDST) (%, ATMT (Advanced Trail Making Test)
DTN RABZFESOETRBZRETH D, 1IN TnD 25 12l D £ T 24 HOHESR
e DY) (T) ZFHEfEE E L TR L2 £, 2 OBETFOF NG, 1 HfiORTEETOERRE
ZTHY, WRRENELS DB 20N57-0, 11T ThHD 9IZfitivd £ To 8 fHDEERE
BFE] D) (Tie) &, 9IS TH D 25 (2l 5 £ TD 16 HOLRERFH D) (Ti025) Z5H
HL7o. ZeBIEhIcEE LT, BN HAMEOEWVICHER D EBERHOIXL X 2FE LT, 25
E TS T A b & 3ElERE CiThoE 7. 207 X MIfEEARN (MATH) (215 1E¥ERET DIK
TZEFHhT 5720 T .

2.2.3.3 EHRIERE

L (Electrocardiogram: ECG), MW (Respiration: RSP), & =45 5 & 8 Rk K
(Plethysmogram: PTG), KEEXE/KYE (Skin Conductance Level: SCL), & 2% &l
fkfLii & (Tissue Blood Volume: TBV), &5HiRfEHHAk M T H (Tissue Blood Flow: TBF), M
RDOT 2 7 —EiEME(saliva Amylase Activity: sAA) D FHAI 24T - 7=, DERKIEE CMs & H I K
DEHIIL 72, RHlEAE S LT, DMRABERE AR L, AR CHW DI ABEIE OB T
BT T O Th L. DEMEENS REZHBEELTRRHAR L 7T A2l L7z BT,
TUHNT 4 VFIZE DA 0.04Hz UL FORREEL T ZRE L. €D LT3 RAT T A 4
21T\, 500ms THY 7Y 7 L, EhRHERIRINCEH L. oK, KE&E 10 KIC
[EE L CHCEYRANZ MLEReD, B3V —fE (Total Power: T-P) ZH ¥ 25 &Iz, D

14



FW D 0.1Hz (HElc v — 27 2RO E w5y (LF:0.06~0.15Hz) & &JE ks> (HF:0.15~
0.40Hz) ZHhiL, LF/HF b2 B Lo, ZRBBERIEIT /oM 288 THEAINR L 2 0WiGEiT,
BERFR S E 1 DT O T CEIRZCV B Lz, WEN TIRELT &0 12358121, 11 kA BIEIC
18 WETHHE LT, WURKEKIZOWTHREFT L7z, 72, ZhThoxt#E (In(T-P), In(LF),
In(HF), In(LF/HF)) &, R-RBEREBIRE(CVRR) , L% (HR) ZHMH L.

R OFHRNE, PR Y Y 77 v 7 (ST 7 v 7 AWF5EET AP-CO21) & I EES L
TATo7c. ODEBFREE 2 G BRI, PERIRIE & Rk O <Y HF IS EE 525 2
ED, FEROFHINEE L, Lo LR b ARERIZE W IR GEH 2 ik L& 5 LR
VERE~DOEFRBDNT /2 DRI b 2 To OFERAERNTA T, PR OFEEICR D72, FERk O
J81# (Resp Period: RSP-P) & #REiE (Resp Amplitude: RSP-A), X OF DAL ENEZ 3 R
L LT, ZNENOEEERFA (RSP-Psp, RSP-Asp) #:K7-. ECG, RSP, PTG, SCL ®»7 —
X DFLEkIE, INRAIRT (5 YT v 7 BFFERT Polymate AP1124)% vy, TBV, TBF (&5 —
ZuH— (F—x=2ANR-2000) 240 LT, BT IDOTF—F &Y a | liddkliz. Y7
V> 7R % ECG: 1000Hz, RSP: 500Hz, PTG: 100Hz, SCL: 100Hz, TBV, TBF: 100Hz
L L7

2.2.4 EBTFIE

FEERATIC EBRBRE BN S 572012 10 AR % & v, 0%, (E¥0%# (PREL),
100 77fF (20 73 X5 58497) & MATH I L 212 (TASK1~5), {EE&OZF (POST1), 20
IR E, IREFR D% (POST2), 5 73 O FAFZE (TASK6) DNEIZ 4 L 7= (¢ 2.3) . TASK6
1% 100 OB EAEEIC L VIR T LA EERE EE L~V OKREIC L D EIEE 2D -2 Fi L
7o NAIS EARBITEEALIC T T, TRICLTLESW ] EBor L, BIREFARICOWTITHERL
PR T2 X BRI AL T, TIEE DT =X OFLERkD, TE L2087 0nX 512
LHEOR LT

FEBrh1X, ECG, RSP, PTG, SCL, TBV, TBF Oit#ka1T-7-. sAA ZFHAIT 5 72 DM
ORI, AFEEBIEE (VAS, POMS) ~o0[n%, SDST O FEfiiXX 2.1 (2~ 3 K - I FF T
1T-7=. TASK5 % SDST %17 9 BilZ TASK1~5 2{KIC-5\ T NASA-TLX D[E% % Kb 7=,
ZDOIEFTIF>7=D1% TASK TlE72< SDSTIZOWTEFHEL TLE 9 D& THD. 775
E2E% @ SDST & POMS & POST1 OEIE/EH Akl 2728, POST1 O, 2% Y TASK5 1%
DT —HERA L.

SAA L& VAS [TERECREE L-WRE R Tl <, ZORORIER KB L T\ 5728, ZOIEF TfT
o 7o R VEZ, SDST, £ EBFHMEOFMIZIX, b akAs L7 n 77 4%y b SIMPLE.
#HWz[67]. 723 MATH & SDST ISEENR & INEHIEOBROT-%, EBHA ORTH £ TITHK
Sy OME 2 iThE .
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adaptation 10 min
|

| PRE 5 min |
sAA, VAS, SDST, POMS
|
|  TASK(1~5) 20 min |
SAA, VAS, (NASA-TLX)*, x5
SDST, POMS

|
POST1 5 min |

sAA, VAS, SDST
I
recovery 20 min
I
| POST2 5 min |

sAA, VAS, SDST, POMS
|
| TASK6 5 min |

2.3 EBRTFIA

Fig.2.3 Experimental procedure

sAA: saliva Amylase Activity, VAS: Visual Analog scale, SDST: Serial Digit Search Test,
POMS: Profiles of Mood State, NASA-TLX: NASA Task Load Index

Physiological signals were continuously recorded during all experimental blocks.

*: NASA-TLX was answered after TASK5.

2.2.5 7 — X fEbT
2.2.5.1 {EEAMICET DT — X fighr

WREIC L DEEAENEE Th oo 2 & 2l 5728, WREREIEEICE S b x BEiEE+~ H
WTHF L7z, TASK1~5 O%I2fTH7z VAS & SDST @ 5 [y F —4 &, TASK1~6 128
T AR EEEORRE (EAR, EEL~UL) ITOWTHEVIRLDH 5 — TR ES BT 21T - 7-.
Mauchly OERIEMEME OFE R, EREMEOEED L Y L7272 & X1 Greenhouse-Geisser ® H
EORIELZ L, ERRIEO bz O E (Bonferroni 15) 217> 7-. AEKMEIL 5% & L
THERHAENT Y 7 b D = 7 @ SPSS (11.0d) % HWTHENT L 7=,

2.2.5.2 JEHICBET DT — X fifbT

2.1 1ZUOIZ] TR X 91T, A TIE <HEFITHIE L TEL T 2R A2 R T
% 7= IZF 100 sy orsE ‘T (PRE), BFHE#% (POST1) LiKEH% (POST2) @ 3 kiR Tz
1T9. FBEEEE (VAS, POMS), SDST O¥EHEER, AM/AMEIZOWT, EEAH L FED
FRHENT 21T > 72

16



2.3. #R

2.3.1 fEEAMICET DR

VAS 2L 5% 8HHH (i, MK, w‘ou\%, Bk, SAZY, EHo, RNE, B OFBEE
MO EHTORER (X 2.4~2.11), ¥, IR, HSAIY, &I 28V TEHERTD LN
7= (E(F(2.72,40.81) = 8.64, p<0.001, ¢ = 0.68), IE&(F(2.14,32.04) = 4.66, p<0.05, ¢ =0.53),
2 A X0 (F(2.16,32.32) = 3.89, p<0.05, ¢ =0.54), % 9 >(F(2.33,34.88) =5.34, p<0.01, ¢ =
0.58)). 2AZD LB DIFZEIRICBWTHEENRD ONRD -T2, ZTOMOIEE (W6
W5, B, R, B) [IREERNBEO LRI

TEERFEIZ DWW TIERERIESE (TASK1~6) 1[2851) 5 F4 % (1X2.12) L IEEL-~UL (1% 2.13)

YOI ORER, IEERIZEHRENRD bz (EEH(F(2.37,35.49) = 4.80, p<0.001, ¢ =

0.47). BFRA{E¥E (TASK1~5) (2% L7223 5 SDST DiRZEIEM] (T, Tio, Tioes) (X
2.14) OFHIHTORER, FRHRITBO ST,

2.3.2 JEIFICHATHHER

VAS ® 8 lHE (i, IR, Voo, Bk, 540, #9520, KN, 7)) (¥ 2.15~2.22)
IZOWTIE, R, BIRICEDRIRD bz (EI(F(2,30) = 6.65, p<0.01), FEiR(F(1.19,17.82)
= 5.37, p<0.05, ¢ = 0.59)). POMS ® 6 JHH (BiE-1~%, 15 0-%KiAA, K0-HiE, R,
B g7, AL (X 2.23-2.28) 1TV T, T XTOHA TENRBBO LN (Bik-A%
(F(1.22,17.03) = 12.10, p<0.01, ¢ = 0.61), #19 >-¥iAZA(F(2,28) = 3.85, p<0.05), &V -
(F(2,28) = 7.28, p<0.01), HX(F(2,28) =10.53, p<0.001), ¥%57(F(2,28) = 28.55, p<0.001), EHEL
(F(2,28) = 9.60, p<0.05)) .

PRE, POST1, POST2(Z#F % SDST OHEKERHH (T, Tro, Tio2s) (2.29) 1%, T, T,
Tio-25 DT XTIZERENFRD Bz (T(F(2,30) = 5.09, p<0.05), T1-9 (F(2,30) = 4.87, p<0.05),
T10-25 (F(2,30) = 3.64, p<0.05)).

BRI OWT L MO ORER, HROBECEDRIBD b, LIHABEE
(In(T-P), In(LF), In(HF), In(LF/HF), CVrr) (X 2.30~2.34) {22\ T, In(T-P), In(LF) ,
CVRRrICEZDE RO 572 (In(T-P)(F(2,18) = 6.41, P<0.01), In(LF)(F(2,18) = 4.37, P<0.05),
CVrr(F(2,18) =5.61, P<0.05)). £7- HR (X1 2.35) & LD b7 (HR (F(2,18) = 13.47,
P<0.001)). 2B % f54= (RSP-P, RSP-Psp, RSP-A, RSP-Asp) (¥ 2.36~2.39) Tl
RSP-Psp ODI%%GZﬁﬁ@IWﬂi)S%&) b, ZoMmoEREEE (PTG, SCL, TBV, TBF, sAA)
IZBWTIE, TBF (X2.40) OAIZEHENFED iz (TBF(F(1.02,14.21) = 4.68, P<0.05, «
=0.51)). LiL, ZHELBRICHEZTRD IR o7z, £/ TBV (X 2.41) OFHRICEE
EEARRD b=, 7ok, DHEABEE L HR (I2HOWTLLERIZ ) A XDNEAN LTI-8E % R
M BBRa Liz72d n 223 10 & 72 o 7=, F72 TBF & TBV IZOoWTCIEER T Vs

RIBRE BRI, nEN 15 &lpoT-.
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80 r
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60 r
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40 |
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20 |
10 r

Score

TASK1 TASK2 TASK3 TASK4 TASKS5
Block

4 2.4 VAS 0¥ D%t (n=16, mean+SE)
Fig.2.4 Change in VAS (Visual Analog Scale) fatigue (n=16, mean=SE)

100
90 |
80 |
70 | |
60 |
50
40 |
30
20 |
10 r

Score

TASK1 TASK2 TASK3 TASK4 TASKS5
Block

2.5 VAS OIRZDZ(n=16, mean=*SE)
Fig.2.5 Change in VAS (Visual Analog Scale) sleepiness (n=16, mean =+ SE)
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100

90 r
80 r
70 r
60 r
50 r
40 |
30 r
20 |
10 |

Score

TASK1 TASK2 TASK3 TASK4 TASKS5
Block

2.6 VAS DWW 5H 10502 k(n=16, mean=*SE)
Fig.2.6 Change in VAS (Visual Analog Scale) irritation (n=16, mean=*SE)

100
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80
70
60 r
50 -

40

30 r

20
10

Score

TASK1 TASK2 TASK3 TASK4 TASKS5S
Block

2.7 VAS O#REDOE{(n=16, mean®SE)
Fig.2.7 Change in VAS (Visual Analog Scale) tension (n=16, mean=*SE)
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2.8 VAS ® 95 AV DZ4k(n=16, mean=*SE)
Fig.2.8 Change in VAS (Visual Analog Scale) boredom (n=16, mean=SE)

100
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TASK1 TASK2 TASK3 TASK4 TASKS5
Block

2.9 VAS ©%& 5 >D%{k(n=16, mean+SE)
Fig.2.9 Change in VAS (Visual Analog Scale) depression (n=16, mean=+SE)
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90
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40
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Score

TASK1 TASK2 TASK3 TASK4 TASKS5S
Block

2.10 VAS OARZDZ/t(n=16, mean=*SE)
Fig.2.10 Change in VAS (Visual Analog Scale) anxiety (n=16, mean=SE)
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2.11 VAS 0210 %4k(n=16, mean=*SE)
Fig.2.11 Change in VAS (Visual Analog Scale) effort (n=16, mean=+SE)
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o0
(V)]

80

TASK1 TASK2 TASK3 TASK4 TASKS5 TASK6
Block

X 2.12 EALRDOE((=16, mean*SE)

Fig.2.12 Change in correct rate (n=16, mean=+SE)
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TASK1 TASK2 TASK3 TASK4 TASKS5 TASK6
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X 2.13 EZL~L0Z{tnh=16, mean*SE)

Fig.2.13 Change in level of correctness (n=16, mean=+SE)
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2.14 BRKFH DO Z((n=16, mean+SE)
Fig.2.14 Change in search times (n=16, mean=*SE)

T: The mean search time of all.

Ti-9: The mean search time of the series 1 to 9. Tio-25° The

mean search time of the series 10 to 25.
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PRE POSTI1 POST2
Block

2.15 VAS 0¥ dDZ{t(n=16, mean+SE)
Fig.2.15 Change in VAS (Visual Analog Scale) fatigue (n=16, mean=SE)

PRE POSTI1 POST2
Block

2.16  VAS OIRKDZ{k(n=16, mean=*SE)
Fig.2.16 Change in VAS (Visual Analog Scale) sleepiness (n=16, mean=+SE)
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2.17 VAS D\ 505 D2 k=16, mean*SE)
Fig.2.17 Change in VAS (Visual Analog Scale) irritation (n=16, mean=SE)

PRE POSTI1 POST2
Block

2.18 VAS OE3EDZ/t(n=16, mean*SE)
Fig.2.18 Change in VAS (Visual Analog Scale) tension (n=16, mean=+SE)
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PRE POSTI1 POST2
Block

2.19 VAS ® 9 A XY D% k(n=16, mean=*SE)
Fig.2.19 Change in VAS (Visual Analog Scale) boredom (n=16, mean=*SE)

\®)
(a)
T

——t—

PRE POSTI1 POST2
Block

2.20 VAS 0% 5 >DZ{k(n=16, mean=+SE)
Fig.2.20 Change in VAS (Visual Analog Scale) depression (n=16, mean+SE)
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Block

4 2.21 VAS DA% DZAk(n=16, mean*SE)
Fig.2.21 Change in VAS (Visual Analog Scale) anxiety (n=16, mean=SE)

N e —4

PRE POST1 POST2
Block

2.22 VAS ©%)D7%1t(nh=16, mean=*SE)
Fig.2.22 Change in VAS (Visual Analog Scale) effort (n=16, mean=+SE)
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2.23 POMS DEIE-1~ZDZ%{k(n=16, mean+SE)
Fig.2.23 Change in POMS (Profiles of Mood Stete) tension-anxiety (n=16, mean=SE)
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15 1
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PRE POSTI1 POST2
Block

2.24 POMS O 9 >-%iAZ D2 k(n=16, mean+SE)
Fig.2.24 Change in POMS (Profiles of Mood Stete) depression-dejection (n=16, mean=*SE)
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Block

2.25 POMS D&Y -#iE "% {t(n=16, mean+SE)
Fig.2.25 Change in POMS (Profiles of Mood Stete) anger-hostility (n=16, mean=SE)
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15 | | !
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PRE POSTI1 POST2
Block

2.26  POMS DifF< D%k (n=16, mean=+SE)
Fig.2.26 Change in POMS (Profiles of Mood Stete) vigor (n=16, mean=+SE)
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2.27 POMS O¥E 5 D% {k(n=16, mean=SE)
Fig.2.27 Change in POMS (Profiles of Mood Stete) fatigue (n=16, mean=SE)
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4 2.28 POMS DiEE.DZ(n=16, mean=*SE)
Fig.2.28 Change in POMS (Profiles of Mood Stete) confusion (n=16, mean=*SE)
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Fig.2.29 Change in search times (n=16, mean=+SE)
T: The mean search time of all.

mean search time of the series 10 to 25.
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2.30 In(T-P)?»Z{t(n=10, mean=+SE)
Fig.2.28 Change in In(T-P) (n=10, mean=*SE)
T-P: Total Power
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2.31 In(LF)®Z{t(nh=10, mean+SE)
Fig.2.31 Change in In(LF) (h=10, mean+SE)
LF: Low Frequency
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2.32 In(HF)®»%1{t(n=10, mean=*SE)
Fig.2.32 Change in In(HF) (n=10, mean=*SE)
HF: High Frequency
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2.33 In(LF/HF)»Z{t(n=10, mean=SE)
Fig.2.33 Change in In(LF/HF) (n=10, mean=+SE)
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2.34 CVrr DZ4r(n=10, mean+SE)
Fig.2.34 Change in CVrr (n=10, mean=SE)
CV=r-r: Coefficient of Variation of R-R interval
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2.35 HR »Z{k(n=10, mean=*SE)
Fig.2.53 Change in HR (n=10, mean=*SE)
HR: Heart Rate

34



7.4

7.2 ¢

268
Egp L

PRE POST1 POST2
Block

2.36 RSP-P »Z1t(n=16, mean=SE)
Fig.2.36 Change in RSP-P (n=16, mean=*SE)
RSP-P: Resp Period
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2.37 REP-Psp ®Z1{t(n=16, mean=*SE)
Fig.2.37 Change in REP-Psp (n=16, mean=*+SE)
REP-Psp: Standard Deviation of Resp7 Period
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2.38 RSP-A 0Z{k(n=16, mean*SE)
Fig.2.38 Change in RSP-A (n=16, mean=*SE)
RSP-A: Resp Amplitude
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2.39 REP-Asp ®Z1t(n=16, mean=*SE)
Fig.2.39 Change in REP-Asp (n=16, mean=+ SE)
REP-Psp: Standard Deviation of Resp Amplitude
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2.40 TBF ©»Z4{t(n=15, mean=*SE)
Fig.2.40 Change in TBF (n=15, mean=*SE)
TBF: Tissue Blood Flow
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2.41 TBV ®Z1{k(n=15, mean+SE)
Fig.2.41 Change in TBV (n=15, mean=*SE)
TBV: Tissue Blood Volume
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24, EER
2.4.1 EEAMICET 5%

AMFFENTIE 57 DZEAIZKHE L TR T 2R ORRE BN E LT\ D T8, JE5 DOFAE LR
SNTNDHUENDHD. T TASK1I~5 (BHEIEEDIEERED A TASK1I~6) (Z81) 2 E8]
PR L ESERE (RBEEDERR L EZ L ~UL, SDST OEERIEM) OB D, (EXEINNET
AT OISR RAHE AL L TH NN TR ZIT-o 2.

FBUEIEIX, VAS O LIRKICIBWT, HHEIEEOFE (TASK1 & TASK2, TASK1 O )
2k L CHERESRE O P LIF% (TASK3~5, TASKS,4) THEICHEML TS, 2O bR
TESER THRICIE, §F 100 0B ORRIC X DB OER FJ5) NMELTWEZEExbN5.

VESRGEI, TEEORHICHE ) BMMAHOBINC L > TR TT5EE52x 005, L LR
TEEDEA#1T TASKL 1ZxF LT TASK6 THEi 2o TW\W5. ZAUIHFEIEEDOE AN R+4T
TASK1 O EERMMEoT272072E 2 b, SDST OERFREEM (T, Ti9, Ti025) HIEEDFF
BETPE O BB DOIRT (BRBREFOIER) 13580 benodz, L LEEHREE, 7 LX) U
PR A AR A O T L 22 B RAE A2 3R U 72 B TR I W T B AEERRR IR & L <IFHEE 7
ERZRLTWD [18,19]. F 7= AWFFECTHWREFEIESE LR L= (7277 LIRIE RN HI IR 2N 722
V) XY 3 EHWERREAEEICE W T O IESTEOHENNERS 6D PMEEMEITIK T LT
W20l 2O X S ITHEEEOFREICAE O AR O T4 L b Bl Shevy. T EERRE
%L, HHL NV ETEIHENCEL > TR T 57207 EE 265,

PLEXY, RFFECHWRREERIE A EZTOICHEI Chom B X 5.

2.4.2 JRIFICBIT HEL

TR OB E I (PRE 7> 5 POST1) OA B e 2T F7 DR E %, BEHE#% ) B IR EH% (POST1
225 POST2) OFERZEITIEHT DIRBIZEDEEEZR L TWDHEBEXBND. ORI
EEM AN LR, 5% v, PRE, POST1, POST2 ® 3 Fi ST (H 25\ EaH) o8
X ks LIZHERENE, POMS OESE-R%2, RV -G, #H57, IRELOATH D, Zh b ORI
WFDOFRELBEOWM G ERZ DI ENTELLEZLND. VAS OFiLE POMS OIEEIIIA
BRICAERIKT 278 L TR LTILEICIET 2 > T, £72 POMS O 6 (LIAIZIE 72 > T
L NEEZ IR ERTO L-UUZII R > T, 26 OFEE (VAS O, POMS OfFR &%
55) OEALH S FPRES BIE> T2 LRSS, VAS OFEEZ POMS & E 7250
T EER R OEWIZ LD VASIZIZ POSTL (ZH) DIEEIRNEEN TN DD L EZ HND.

SDST DKL PRE (2% LT POST1 CTBENED HT, W EZ RS RNho72. 2
PRE TITEHANR 3 Thmnolole DI LTI L D BENFHEE SN AREENRE 2 6 5.
L7 L POST1 OB S THAFICHA LI AHEMERH Y, POST1 & POST2 & OFEITHHAD T
RNWEARET D E, T & Tioes 28T POSTL (2%t LT POST2 CTHEAMENFED Bz DITREIZ
FoTEFVEE LI EEZRLTWDLEEXLND. Tiold 2HOBFOF NG 1 HiDOKT%
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BRTDHOTEHGENMEL, EHERZON o7 tEBEZoND. U EOB A SDST I3,
FCERASE BT, BBEIEHETE 2 HORTIITIE T RS 57 A b & LTOFIH
TExHEZZLND.

A PRFR AR I LR 2 BR AR B 1 T AR A AR SR DAY & Bl A AR R Ol © Bk &R L, &
D%, WEHE LWV BFZREEORRICEY, BB MRROTUELZ R T 2R BND LEX BN
5[25]. 2 OB EEEZICB O Tk L, IREZICHREIEEMOREICRS Z LT
A (FEEEIC L > TIERM) ORZ 2R ZENTPHEENS.

PTG, SCL, sAA IZ/E¥Rit4 & IREHZ D 3 SOREEOZ(IZ FRENRD LT, (KFUH -

ZPE D B RITHEGR CE o 7.

um%%hﬁ(mWEIMHUCWm)i%ﬁﬁwﬁMJﬁﬁ TRV, AREIZIE L %
ALTWS. —F, HR & TBF ERFEIEETHE CIERWMME T AR L, IRE®Z BIKT L7kAE
D E R 2 R LT, DA BRI E D DIRAI AR R OTEEY 2, HR (30 8A B
R, RIZZEARER O T OTEShZ KK U, TBF TR QAR OIGE 2 K32 L& 2 b
L. IO OEEE) D AEMRROENEEZLET D, T REEMOBREEEICL-T, Dl
Il AR AR R DRI & R AR ORIE N Z o7 T E R SN, THUTZSRHERTH
%. 17272 URE O R L EMEDFREECd D RSP-Psp ([ ENEATRD DA, AL EHEIE &Ll L
AR L TNDZ EnD, ZbOEITOIREIREARFR R D72 T, MR OFES
ZITTWAHATREME S B 5 [25]. KB TIX, ONREIR AR R & AR A AR R I L4432 B 3
6T, EERMOKEIZIIE SR o 7o, DIRASEARRE R OTEE) XA O B RAESE TIdtET
DN, RRFEOBHAR T, WHNOLRRY BN E X FIRIE L, £ 9 TRIGHOBMINE X

IR T T2 B2 6 TW5(25]. DIBAIEARRE R OIEE) D 2 % ™ 5 FaAE 2 FHI L Cunie
Wiz, HR & DAEBEIEOZ(LDHEET 5 2 L1t/ . BFRIEE%K O HR 2MET LIKER
% HR 2MEF L72REEN W2 2 & D, IR I DI EAR R TE T O TUHED & o 72 03 Ll
RIEARFEROTTHEIT E Tl e ol E B 2 b, KEIZ X D DIBA AP RTIEE O TTHEDL E -
fmlHtgshg. LLEXY, 20 5 ORE &V O IRKEOREIT, (OIBEEAPRE R OEIEIZITA RN
T, RIEZEARER & DIREI SRR R DEEIZIIAR 0 Th oo L EX b, VAS OIRR

BEREZ R L TWRWAMOIEE X0 FHIES SV, 202 & X0 REK N 23S AR A
LIZEBE LT TREMEIZZ WIS ® 5. RISCIEAPRE R & RIHAZ AR R DO TUENMRERL I E & 72 h
STZDIE, FBALEET 20 sy ZHRE CIIRRHINE N -T2 2 & B 6N 50, IREDHEITHS
WCHMER -T2 B2 N5, £ ZOTLERZN D D ITITTEMHE (LS 2IKEN G TH 5 Al
REPED V.

LI b o ERIFREE, SDST DERIREFH, %LT%@%%@%%#%,%Emi@@%ﬁ%%@@
L CHIEFIC R DWEFTREEBEN K> TWDOEENH D L 2R LTS, Z ORI E
O BISTR T B3 2 5 — R TH 5 AH ﬁﬁ%z%hé.ﬁ%ﬁ%ﬁ%ﬁm;of,%ﬁﬁﬁ,ﬁ
ST, BEVEET, 1BYEET O 4 DIcXgansl9l. 200 HAHE THWZRERIEEIC X
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DT IRMEIE 7 AR T IR S T 5. LaL, AFRICE VT, REICK > THa7ZmE

WERIRS o T 4akE (POMS D57 &5, VAS O L, (DIREIAZEARE R L L T\ 54

f£ (In(T-P), In(LF), CVwrr, HR) &RMAEMIEROIEE (TBF)) BRI TS, Zh

D OFEFRITERIE T (ORI HRREZ R L CW D AEEMED DV, BT ORIl 721 T/ <t d7
BTGB OFHE~DIEH bRFTT o /RN H 5.

2.5. BHYIC

FHUEEE, VEERUE, EBRIEEICOWT, MM as (100 M ORRERE) 231, Zom]
Be, MEERZLEOTEEZONDIRE (20 MO 2RI & W - TR AR 2N )
3o TR 3 DORER D LI BIE kG L TE LT DIRIEORR 21T o7, TOMKE, +
BUEIETIZ POMS O E (BiR-R%, M5 O-%iAR, BV -HE, &K, ¥, EI, VAS
DA & BRARE, VEFERE Tlx SDST DK (T, Tio-2s), EFLFEHE T In(T-P), In(LF), CVrR,
HR, TBF THEZRZDHER I, ZHHIFESO RO —RBEHEE ) 0Z OFRIEICHE O K
mﬁkéb%KQMK.:h%wiﬁhﬁ®WMﬂ IRV, DIRTEARRE R, RIS

, RAHIEAFIR R OTCHEN G Z 5 Z L3R Sz, F72 20 4B OIREIC X o THESERGE X[
WRFRO BT, FBHREO —HCA BRI EEMOKEE TR O R o 0. LIRS
FOTEFNZ DO W TR EZRITVERERTOKIEITR D F M~ LI v Rtk & 523, KA IAah e
FROFRFIIEHRSL OREBA RS> TB Y, FIHOEIEICH S ZLIXBAMEOR TH R (RIZZ M
PR, DIBAS AR R, R ZEARER) (CH - THRR D Z ERBR I,

ARE T, ﬁ@@f%%%mﬁd%ﬁm%ﬁw%r W7 BRI, PRI o TELT D45
BEOYEREZIT 1=, L L s #x 5 %wétbii§$W Lﬁﬁbfﬁm#éhﬁéﬁ
RTDMENRDDH. T2 TRETIE, AREI IS TE L LTz £ B 2 DL e 2 iz
SRR IS U CE LT DR 2 TR 21T 9
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3.1. ELHIC
FEITIRBERIC L - C, AMESr, SatEEsy, HEMEEY, BIEETICsEIn5[9].
2%?@:@5%%@?%%L<iﬁ%ﬁfM:A%éhéf%’ﬁmbfﬁkféhﬁ_ow
THETZ T o7, 2 2 CEBUEE, (FERGE, ABEBREOZNZIICOWTESTIE > TELT
DIRIEDHER ST, I E TE R IC I T B R M 57 o8 ﬁkWOﬁ%ELtrﬁ%
A DVERDD. T OFFIERANIFEDO R BIR Th 21 E 5@ RO —8R Th 5 EEEIC
KX AmBREEONGEDA T J—=0 ZIZHWAD Z LN TEH0E I DITONTIE, Hie b MEt
MILELL 725 JeATIFIE & 3 2 B COMBT A E 2, 5 3 = CIT/AEMIBEITOER & BB %,
TEEERAR T ATMT 28 L 7o R PRRERE 4, FBRE L LTI A ®IE L b [H&s ], s
DWEFEFEEA KT = v 7 U X Mt R], ST IRE &S RIA 7 > 7 21250
T H AR I 7> D BV 5712 M SELFH O BRIk L CH B LA R TIC OV TR 5. L
7 LI 55 oMM T & W o Te RN B - THERET 29897 & FEBICR/AE ST 5 01%, ERBINE

DIEFE~DOFE B ZE 2 D L BRI Blm D EE L.

ZITRFAEZRRE L, BRSO VAR — hoOfig 0 23EH 3 5 BB 2 2RI S o
HZETRALE. T EHMOT2I121E, TORKERLAN - AHOE L&D &
LA EE 2, RBROAHIZET 2 EEARHE & AT B OBERZ & 24 A O IRF OFt ik 2
B, AETIIINSOEAIZHE L CEMREZ & I & 2 LSO B THREHRE 21T 9
LT, WG DOERERTH D97 DERIKHGE LTS 2 v etED & 2 HEtE OB 217 9 .

3.2. A&k
3.2.1 EBRBINE
PEXERRKZOMEBEESOARO T, FANICEICIVERANFZHHAL T 74 —2 K
aky NS RER KA, B84 (184F0.5 %), it 64 (18.5+10.8 1) Zxfg L
L7z.

3.2.2 FHEBRGA: & FEH A R

WH ORI TON TS (200946 H 15 B67H 9H : DL, @EH) L
FEN A TN D EMER 2 S Te iR (2009458 A 31 5 9 A 30 A : LLF, ;ﬁ%)u I
HEKIEH, E72Ii3kREH &RREH OB 2[5, 8] (8~9K), B (12~13Kf), #7J7 (16~18 I)
DTN DORFLIHC TR A AT o 7=, BEH & RZIR LTRSS INE & & ACEE Lz, FHEES A&
OHIMT8ET DL L.

M

oy
"Ll

EFF

3.2.3 FHHIEHE
3.2.3.1 FBIAYE 7
HREL 5 (25 HE), HBFORGERMEA DT => 27 )2~ (13 HH), HHAE
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JilkEA 7y 7 A (81 HHA) O 3 SOBERMKICHEIZE S 7z, BREL S ~NTFH O I 5= L
To. FEEOEFEBER CZHT = v 7 VA MIBEIC—E, Eilo 1EHOERIZOWTEZE
BRI BRI ITTIMEA Ty 7 ARG ERE A BT = v 7 U X b LRBICEIZ 1,
[B1& 7z KO T,

BRI L & NTERR AT D 5 O a7 %, ERIESIGEA T v 7 AL 8 DA
TEREH U (FHICOW T L2ACFH) . Frid ORIy EREH Ok T = v 7 U A M2
HogitzfH L.

3.2.3.2 Afif - A

B LA — FOAMIZHOWTIE, Visual Analog scale(VAS) & W TaIZ S ¥7=. AFEBR Tl
FesiiZ IR/ E W, Aingz [FEFRICREV] & LTz 10em Ofy EOYS T HALE ICH % 5]
CEOITHERLE. BIFFRBREBIOULA—FOEIZIT) Lo RL, REBARES LIILAR
— hOFRI A LR ST, RBI TRICIR S, A A T A A0S mm H
iz (0~100) TatAEL Y, FHMEE Lz, 2B LA — hoAR - SHE KT 55EmL L
THI B OBERZ &2 B OERERRICOWTHEE S8, Al B ORERFEF OFLERE1T - 72

3.2.3.3 TESERGH (BLTEIRIRARE O SO H])

ATMT (Advanced Trail Making Test) @7 /L3 U X AZHS S PRETRET A b (Sequential
Digit Search Test: SDST) {7, {EEMMREICOVWTIME L. 1ICfiiv T D 25 I2filih 5 F
TO 24 HOBEBERER O (T) ZHE L. 1L TnMd 9 12fiind £ To 8l OFRFE R
D) (Tre) &, 9Tk TG 25 Ik 5 &£ TO 16 EOLRERFH D) (Tio25) 1ZONT
HEREH L.

3.2.3.4 A PRIEIE

AEPREREX, 0K (Electrocardiogram: ECG), MW (Respiration: RSP), H.L#E)FE (Center
of Gravity: CoG) Z#t#ll L7=. ECG & RSP Of B/ NUAKRT 7 (F 27 v 7 Wi%EHT Polymate
AP1124) ST LY A D= RTF 4 A7k LI 21T o 72, o7 v 7RI,
ECG:1000 Hz, RSP:500 Hz T1T-7-. ECG I3/l CMs 3 Hi (chest lead from manubrium toV5
position ) 12XV FHHIZ4T-7=. Total Power, LF(Low Frequency)f%/y,HF(High Frequency)
& 2 mERBROFEICIVEH L, i Comiic (HR) & R-R BIRA#HEE(CVRR)
RO,

RSP (IO 28 2 28 I K 0 EHIZAT 5 72. CoG 1%, /3T A Wil 7R — K (R 4EL)
ZRWTEHBEIL, 7 —#1% Bluetooth 241 LT /Y 2 Z50ek L7, BHEREE & PHIRFFIZI T D FE
DEIE DO 710 & 2 T M ORERZZFH LT, CoG ORHiifaE & L7z,
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3.2.4 FEBRFIH

HERSINE TR E O BRI EREIORER, OFHEEMOE o O%EE (1915 4), @0%
MERMB LT o — M2BEZE (810 43), @AZIZT ECG & RSP OFHH (5 57), @CoG
OFHAL (BAIR 1430, PAIR 14530), OBERFZERE (K 1457) OEMONRTEBREZITHOE. &
HNIPERER K FZOERRICTER L, BHE OB IIEREDMHI L.

3.2.5 T — & b
B L LA — b VAS OFEMEIZEBRSINE Z L ICHEF Lz, TOMoEEIE, EReng 2
CACTEFE W, AU A L CEES AL AT o2 LT L. S D OFRREIE, @ &I
o 2 FIZOWTENSBERE LT t EEITo 7. AEKMEL 5%E LT SPSS (11.0d) & H
UNTTHRMT L7Z.

33. R
BACHIO A 5 [BILL BRI LT 8 B 2T BRA LT, BRI OV TSRS D H 5 t e
AT /R, AEENROLNT-HDE EHEH LD E LI FIRT.

3.3.1 LBIET

HRIEL H_D722% S (Feeling of local pain or dullness) 130 & #IZ lb ~ZCHAIZ BV TR
ZO¥EMPBFEO BT (KM 8.1). FREAVEITIEA 7 v 7 ATIE, — ey I7E (General
fatigue) |1 I E~NZICHICRRZ N L, FEESKOIKT (Decline in labor eagerness),
A% (Anxiety), #1192 (Depressive feeling) 1X#F 2288 L7z (X 3.2). @& OS5
EREBHCRET =y 7 U2 FOR a7 TR EPIC AR THERE R 33D B/ (4 3.3).

3.3.2 Afir - AH

B E LAR— FOAMIZEET D VAS DA a7 %% 3.1 12T, il L LAR— oKL 3~16 [A]
EEBRBINFICL > TENALNTZ. £ VAS OFEH AT 1 49.3~83.5 L K& EH o0 -,
REAR PV om & ] & BU I TR B ZITR O bz -72(X 3.4).

3.3.3 1Bk (BURIPRFHVED SOSHH])
BRSO SOGREIE, T & Tioes THEHNIEANBICH THEICEL 72> 72(X 3.5).

3.3.4 /EPfetE

HF 138 E IR A RICIR T L. £ F I BCH T HR OBMNNEED &
7= (X 3.6). CoG 1%, @i I ~NBICHACTRAIRIC I T B R 717 D CoG 2385 L 7= (X 3.7).
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Fig.3.1 Changes in subjective feelings of fatigue

*: p<0.05
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Fig.3.2 Changes in cumulative fatigue symptoms index

*: p<0.05 **p<0.01
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Fig.3.3 Changes in sore of checklist for the accumulation of general fatigue of the workers

* p<0.05
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Fig.3.4 Changes in sleep time
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3.5 BIEIRKE T A b ORFEFREM DZAL (mean = SE)
Fig.3.5 Changes in search time of sequential digit search test
The mean search times from touching one target circle to the next was divided into three
phases. T phase was from 1 to 25. T1-9 phase was from 1 to 9. T10-25 phase was from 10 to 25.

*: p<0.05
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3.6 Total power, LF, HF, HR,CVrr ®Z1l. (mean *= SE)

Fig.3.6 Changes in total power, LF, HF, HR, CVz-r

LF: Low Frequency, HF: High Frequency, HR: Heart Rate, CVr-r: Coefficient of Variation of
R-R interval

**p<0.01
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Fig.3.7 Changes in center of gravity (mean * SE)
3.7 ELEEOLEL
*: p<0.05

Table3.1 The number of tests and reports, and the VAS scores regarding their strain
# 3.1 ABRE LAR— bolEEkE, TORMICEHTD VASOA=T

Participant Number of tests VAS score
and reports Mean  Standard deviation Maximum  Minimum

A 10 58.7 19.9 87 31
B 10 66.3 25.9 88 22
C 12 59.9 233 86 23
D 10 58.5 34.6 98 6
E 14 53.3 31.9 89

F 10 55.2 31.3 96 2
G 5 52.4 28.7 81

H 13 83.5 18.0 100 54
I 13 68.5 34.1 100 15
J 16 76.6 25.1 99 47
K 3 49.3 42.4 84 2
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34. BER

3.4.1 FBIE T

BT IR A T 7 ADFBEROIKRT, RLE, #1928k E 57@hE 0N EHEERC
PWF = v 7 U A NPEICHICRD L7 RRIEAR TH 503, 3ERDEY & 72 - TR TG
WEESTAREMENEZDND. BRIELOLRDED SRE, ERIETIIES T v 7 AD—
RO 57 T BT B W CaF ISR A8 ML TRk (K] 3.1,3.2), RBRSLLA— MZ

D HERADNIZEBZ OGNS, 2D OHEBIXFEBAMEN O EREET LR Z D2 LN
TExHEZZLND.

3.4.2 Af - A

R L LAR— holEE FBHAHOKRE SIIERSMEICL > TREL BT (F
3.1). ZOZENnD, EBRBMEICL > TUIABRO LR — FVEHTOSHEHELE Z TIZEOAHIC
7o TR TERIEEMENRZ Z b D, FE-MERFFFICHE W CETF Y L B THEZEZDNRED b
NIRRT 2 &b (K34), BUWICK T 280 - AN ZIEERE R o72Z LM
5.

3.4.3 1R

PR IRRIFRI O FOSREIE T & Tio10 lICHBWTEILH O SR Er -7 (K 3.5). ZHUTERAIZ
KENEEZOND. EFTRBRICEDAA - AHNENIZERE AL, FRMNICIETL LAE
PEALL TV D alBEMEDR S D Z L, SRBRASE FE /R IK & 70 > TIEERE O 17 FICE R > T D
ELEILND.

=L, —EOERSIMEICE T, BICH CREIRFE M O BN PO RUSEE R O IERE 23 B
7= (1K 3.8,3.9,3,10). ARELFHBIIGED LTV WD, Z OFERITEHAOEENR L, Aff -
BN THIE, EREITICE DIEERGE O T 2R RZREO MG TR 2 b b A
REMEEZ R LTS

3.4.4 HEFLEIE

WE I AECHI T HF 13AE 2B 2, HRIZEMARD Sz (X 3.6). Zivk v st
AN AP RRIE BN N TCHE L TV D & B 2 Bivd . SBATHFRBINC BV TIE, ERET DL WEET
IEAPRTETN DB T DH Z LN RSN TR RFERFERE KT 5. ZORRIE, Aff - A1
R0 TN D RERRZ DEL T TR, BEMICE S AM - AHIZ X o THEE ISR
TEETLHET D e 2 R LT 5.

CoG IXFARFE D FI% J5 [ OFEER AN BN W THEIZHM L2 2 &5, CoG L&/
T OEE &L R D RN B Z HiLD.
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Fig.3.8 Relationship between Search time and Sleep time in subject A on the peak period
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Fig.3.9 Relationship between Search time and Sleep time in subject B on the peak period
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Fig.3.10 Relationship between Search time and Sleep time in subject D on the peak period
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35. BHYIC

RERHIM 2 AR - A L35 2 & THBEMRS D OB & Vo B LI - T
IET 2 HIEORT 21T 7. BETT 2ICh - > CREHIMNE S O &2 K =301+ A
fif « B E72 5 TVDENE I DIZOWVTHER L7z, MEIRFFRI AN @ & BT TR B B b &R
lehoteZ b, RBBE LA— FOEEKSZFOEBINAHRNERSMNE TRE B> TND
ZEMnG, ERBMEFIZ L o TR FICLT L HIETOEER A L TR W EREER & -
t.bﬂb,:@iiﬁ%#l%%bEf FHIE CITARIE L D075 SRk & SRR 5
M”27 > 7 AD— W G BUC M ASGR O iz, F-EBIEE CIx HF o, HR D8
m,%ﬁ%@ﬁ%ﬁﬁ@&ﬁ@%M&wotﬁ%EQMﬁ%wémk.:m%®%%@§%ﬁ%
DFHEIE L R VG0 &&ZE 2 b D.

PR RBZRE O SRR B W I RO EN L S =728, BB T 2 1EERE DK
TIEFRD bR Do To. 1272 L—E0 FERSB NN TEITHNT I TRENRFE[H OB 2 fF O SOGRE
MOIERERA LN, ZOZ D HAICBAEE ETHOWIIE, EHOEMEFMTX 5
REMEN S 5.

ARECBWCERIE T 27 T& 5 R0 H 2 FEESEER GRS -, Lo L 2 b OfRE
EHEPEHREOMBED A V—=2 TIZHWD DI, TOMEEB LT L &2 OZRMBEE
@6&5&%E?ét®@%ﬁﬁﬁg&&é WE LIS CRIME O E & fxHiE i <, &MA
DL L AEHE(R 22 CHIRAL U 7oA YER R E 38 L7 B & ORI Ko CTHERE b E it 7
HREERF LTS, Ll %kg%%m¢ét 2%, A S EICEEREIOFHIZ1T 9 ME
WD, RETOFHHNITEREIZT 30 /5 LL EOREMZHNT TIT-> Tl Y, ZOFFETIET @
BGCAZ ) —=2 75479 ZEIIREETH D, £ 2 CRFETIE, S5E5 CHE A rTRE e il v
AT LOBRBEEITH. TOE, VAT MHMAATEIEL, FICAECERE T2 cx 5
REMENR D D & B2 BN IEIEE WS
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4.1. [FLHIC

H 3T OEMARZ LD RN & SIBIEN GRSz, LA L, FEBRET 30 /UL I
DOIEH % 2T TET 2 BAEDO FIE TIXHEES ClMBE @ RO —R & L TEMT 20T L
VN E TS ORI 2 FRE S E OMGENBURE R TlX 0 LIEE 2 v 16]lolk, BH—fEED
MERHMELZ X 25 CITEFH 2R A E NN IZ LB X b5, & 2 TH 4 B CIXERIE T I
> TEALT DI OFERE A fE DR TR CE 5 VA7 LA ORIEEIT O .

F I AR R THR L2 b E (RGN 2152 121347205 b EEE O FH 23
WELR D, 2 2 TAMIZEICI W TERIE LT2EHII S AT A0St RF I 22 < keI R T &
HH0ELTRZITFANLNTZD GHIY AT AOZENE) IZOWTHRET 5. FHlIV AT A%
ENOHEFTITA 2 b O & T 5B ML, AR TIHRET@XIRO R E L TITOI TV D E
HEICL AEBEEEOHNRED AT ) —= 0 TV AT AOWBELZBEKNRBEL LTWANDLT
HbH. ZOREOOFHMT AT LOBEEE LTE, FHINCE L CTHEMFOMB 20 L L,
FIEIER 3 72 < THIEK D Z &< FHAINRTE 5, ERE Tl S FEOY TRl TE 272 &3
#=Fons.

UL EZEE 272 BT, BB LGS AT A0 & 0N 5T — 2 2312, EEOBEOE
WG R L RRE LT BE & O B I OR B2 2 kA it U CERE 7 OJRMEE I 2 5 FiED
BEtEITH. ZOB, A2V —=0 7L LTOMAZEEL TWHe®, EXEOEHELSZTD
TENEFE LWVRIEEERH TS 2 L &, USSR E R SEE A R L SN2 LI E LRt
w119

42. Ak
4.2.1 FEBOSGRAE L S I
EBIL, KIRLERET A 7 A U AERGHEBROFEE LR TEM Lz, 5L, KK
TRERFREEMNTEZIT> TODHRFPA, B34 (22~23 %), KME14 (225 THDH. FHH
X 20114 1 H 10 H25 3 A 11 BIZHT TTV, ABFFROFEfMICES U CTRIE L2527 A
AW, ZOFHEIEIZ, AREICARER ORI BRREMEOREZ L Vol A XU b (R

# 4.1 ERES ORI VEDLA X R EZH

Table 4.1 Dates of events expected to be the cause of accumulated fatigue.

Dates Event

Jan. 25 review of graduation thesis
Jan. 29 submission of graduation thesis
Feb. 2 review of oral presentation
Feb. 9 rehearsal of oral presentation
Feb. 12 oral presentation

54



4.1) BEPFLTODIELWHIH E BRERORKOH 2Rz 2 L HH 2 50E Lz, MRE 134k
HEHA O HAZE TIXRWD, RESPHEZE L TETOAEBEHIORBREZ A L T e, dREIC
(T 3~5 [A], REATHE W TCRF RIS (WIS A L2 IR R 3200 FHl 2 £ 912

£ TELRETR CRHAICEHIT 2 L 5 IR L, SHAIRIS, mIEEZR#EH TAERRILIC W
TOATEKE L2, EFHIRE TRIZITE RIS TEHII AT A L TR SE 7.

4.2.2 FHUIZ AT L

% 3 ETORFHIB W TEFI E-> TEL L TV D ATREMEN S D & B 2 b= HEE % i,
FHIFEIE DREZIT o 72, TIRE CTIXEHI L 722> 5 72 03 45 A AR TG 8 & R4l C & 2 fRiE &
U CARIE R R 28095 2 L2 Lie., MR RIEEORE L LCiEEZ M5 2 & b
FHL7223, FHANSAE S #RD K 0 DA WARE S ERF A R 2 L & L.

HRIERIZOWTIE, AL 3 SOEBM (ARIEL bRIUTES ], 58 095 EREE
HOZWTF =y 7 ) A MHERSR], ERETIMEA 7 v 7 AUSERS R OFEREE o
Mo, FHIEOEERAEN K E oo HE (K 4.2) 2+ 52 LT, BIZERHOERZX S Z
LT L7z, FHlT 27 A%, FEBREHEOEREICRE Lz (M 4.1a). FEPHY Tl &
FIATHBICHEIL THE ) EWIHITETH D, ABEORORNCHE Y v F/AFT =X 2k
EL, FUEmEZ/NUGESE T =7 2 —%2 0T, IREDOEROEHEE OHEIZHE LT —
T7IT—IHEE L.

FOLBEIFEIE, 2N E TOEBREFERC Wil R— 26 L7z, REAEORTOKRICHE L TED
P TRHICE D L 9Lz, 5 —#Ii% Bluetooth 2/ LT, MO — READOH %8 2
VZREER LT,

DB, EEMT —7 (DF7007CFR-25,H KT v /X—F 2 — ) & Wil R — ROl g D
IR (BIMEIIFEZTWILA—RIZESTH L D) BETIMEIZ2EHERA T 47T
SNA ADENYT-H00E (K 4.1b,e) (CHEY (1 CHEIHT 2 Z & T, MWEICEMmZ AL S 92 5H
MITRHEIIC L. BHLIERIT, K77 (BA1008m, =& W7 7) THllgEL, A/D
Zigs (NI USB6009, National Instruments) #4rLC, # 7'V 27 L— | 1000 Hz T/3Y
aUACREE L. IREIIKARONEE Y (=R o7 r) 2~Yy 77 —FITHARIAT Z

, BHIHRIZEE DTN IO LTEHILZ. £k y 77 v 7 (TR-751T, AA
) AMEEICAL R THRE DT S CHERE OF I AZ1T o 7.

DER, R, MERISGHIYERNE ST AT, ZRODOEENIEFIZEG TE TV 200
m?éﬁ@@ﬁm%@ﬁﬁﬁb@,_@Eﬁ®&%%ﬁ%%u£Tbt D%, EFIEIBICA
738 > 7235512, EmOSFICFHIMR LA R 2 FIHICED L O IR T 2 Em A Ror Lz,

R, SRR LomEEcEME 2Rl (¥ 4.1d), RA T o I T A A EHNT
IR - EE ST L Lz,

TEERARICOWTIE, Plfitret & RERORE (K 4.1e) &% v F XV TiThHE, RREFHEZ

h
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DEOFEREERE L.
YOS, FBIEEA~ORE, ABEEOFN, PR RRIREO M ONETEHI A2 1T
C AEBREE O FHNIER O Z G L2 D 4 T o7z, 4 BRI CERNIERERICE
b2 ERGHEEROSICHEY (K4.1f) L, ZHICHDE TR X5 2 & T JE I 2
il L7z,

4.2.3 FHAFEEE O E &1k

EHE (HR) 1%, DEXELY RFEOE—7 OBHE21T, R-RBERLVEH L. O
BRI OV T, FHIIREMZY 1 0FRE LW 205 2, 3 B CTHWETFETORMIIRECTH
5. £ZTZZTIERRMIRE O BRRREOAEZRD, 3 IRAT T A M CERFMRT —Z12
THa LT E TNV RA2T7 o v &2 % HWTLF (0.08~0.15 Hz) & HF (0.15~0.5 Hz) &%
M U7e. kb EZss U CiRIga@Eis > « v 2 (1> b4 7L 0.04 Hz) %750 T
L LRIND R E2 L0, 2z FE0HEChR Lz b o &2 0 mAEEE (HRV-LF, HRV-HF)
ELTCRHBICH W, £/, RIED ©— 27 2 bl EEAREE O v — 7 £ T O & Ik 52k (PTT)
L LTk,

HOBRICOWTE, DB & RARICE.O ORI B MR ARG L TS Z &b
HLOD x, y FEFEIZ FFT (Fast Fourier Transform) % 237 CTIRIEAXZ FL &K, 0.08~0.15
Hz OREHEHL > (GR-LF), 0.15~0.5 Hz O &8 EHHEK > (GR-HF) ZRKH7-.

FRUEITARIEL Db L7 10 HE (% 4.2) OFFEE (1: Fo07<dTUTELAR
W~5IEFICELSHTIEE D) OEHERDZ. HEBEOEFEMEA T =7 U AL
EROETIEA T v 7 A LIZEREE (& 4.2) 1220 T, R & v RS L7z,
OEHIX, HEHOXMRELVRE L SoWEDOE RN SN, EEMEOH 5 BIE DG D IR

REMRBZ b ThDH. Z0 2 >OEMITEER D 1 7 AREORIICH 5 REICD
WTCEHIZEZRD LA TH L2 Z3~5 FDEIZELZ RO DLAFEIOFREICHEHI R0 oTc &FE R
Lbivd.

HEARIERE, FHAT R OBERZ & 2 B ORKRIEL 2 [E14 S8, BH Uz, RREERITEA
T H O ARMRIRFR] 2 [B124 S 7z,

TERERUGEIY, HRERIEORBIEM O P AT S L7z, e LZDiX, IR
DEF- % BT 2 DI FEHRBERE ] OGO IR D0 D58 BN A2 T bzl dTh 5.

INLOEEICOWTIE, MHBEETLIC, 2FHIA OFME & EERZEZ RS, EHESS
(Standardized score & L<ILZ A2 =27) ZHM L7z, EEGS (S) 1%, &FHIHOELEX;, £
DOVFEEER, EEFEEZcl L7z &, K41 TREND.

X=X
S, =

(4-1)
(0)
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b R EFROEENT — T OALE

b Position of the conductive tape
on the Wii board for the soles

a AEY AT LA c FEIOEEMNT — T DOME

a Appearance of the system ¢ Position of the conductive tape on
the pointing device for the palm

LEOBHBEORBICOVTEMELET, 2EQOLIBILITOINT, EORE
HTEFENFTH. TATOHRBICOVT, MFALBHTEESLLIMET IR
ICECBTIEES IFTOSERMEDTS, HTIFFELDCTFIVIERITTIZSEL,
a8 hihi L 31 FEMICC
BTRELLL  HTIFED  HTIFD  HTEFE  HTIES
EHHEBL ‘

HITBEL

BRI
[anit

|
|
e
BEATEELY ‘

d  FEFERE O 2o o —1F e BB HEFEFRE O i O — 1]

d Screen image of subjective check list e  Screen image of ATMT

£ PR 2 Rl S 70l Bond o M

f  Displayed circles for the respiration control

K41 FBAELIEZRGCHET AT A

Fig.4.1  Prototype of the multi-dimensional measurement system
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4.2.4 ERENE I7 DI A FR T 5 Fik

AL TIX, FEITIRRBOHIE BB R SRR DS A e, THE R 1%
BRI OIEERS R % G2 = k’m@t%1c(%43)%ﬁikﬁ&¢é(c@%ﬁ%@@
#%iR) . 7270 LIS & 32 &, EOEED X 5 ICHE RS (4 F81E = x, y JEIE X GR-LF,
GR-HF i57) HHfENRMKeTFHEEZ L TCLED. 22T, 1) FEHREE, 2) KRS EIRORERH],
3) TE¥ERUR, 4 FOBME, 5) LI e IR SERE, 6) DETRED 6 SDOIBEIZHHH
L7z (F4.3). ZablE, DIXBERAIET O CTh 5 BB, DT/ ah - AL

# 4.3 LRI T OHIEIZH T 6 DD FafEE

Table 4.3 Six sorted indices used for the detection of accumulated fatigue.

Index categry Measurrment Criteria
Feelings of Fatigue SFF score Standardized score > ¢
Leisure time Standardized score < -c
or
Leisure & Sleep time
Leisure time Standardized score <c¢ and
Sleep time Standardized score < -c
Work performance Search time n SDST Standardized score >c¢
GR-LF
Longitudinal
GR-HF
Center of Gravity any Standardized score > ¢
GR-LF
Lateral
GR-HF
HR | Standardized score | > ¢
HR & PTT or
PTT | Standardized score | > ¢
HRV-LF | Standardized score | > ¢
HRYV indices or
HRV-HF | Standardized score | > ¢

SFF: Subjective Feelings of Fatigue, SDST: Sequential Digit Search Test, GR-LF: 0.08~0.15
Hz component of the amplitude spectrum of center of gravity, GR-HF: 0.15~0.5Hz component
of the amplitude spectrum of center of gravity, HR: Average heart rate, PTT: Pulse Transit
Time, HRV-LF: 0.08~0.15Hz component / HR, HRV-HF: 0.15~0.5Hz component / HR,
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TEAT DR, LM LAV T OFRIE & U CTIEERE, 4)~6)IZAEBRRE T OfRiE & L CABRE
AR L T 5.

ZLTC, 6 DIZHBELEEEOEE, S%0 3 DU RICHEARZEIRD b GE & S
FOKEPRHSNTZH EHETHZ & & LTz,

TN B RAE U D R OS2 W, 970 B2 & Lz, JEHFREOE)
VB c # AT HEICAEEREE L.

R & BEARIFE AT IS T R & L TRE L7z, IC LW & £ T RIBICE ST HREHIAY ,
TNTH R 2WIGEICHEIRKFR KD E B2 bid. £ 2 CTRIBREA —c KV EWGEEH
BRBbE Uiz, £7-RBREN S D RREMER S - £ ZIERFFE SO HE L EZ N DH720,
AR Y ¢ L0 <, HOMERMEMS —c L0 BWEA b AERZE(LE L.

VEERAEI, JEITIE D HERE ORI OMGR 2 #2 . 2 f5HE & L C SDST ORI %
Wz BEREFN ¢ LR LA lca BB b L HE L

FOEE, D IR EERER], DA B A B RE ORI IS & L CRE L7-. =
DEFEITIE TS X > TELOOBENEMT 5 L& 2 b D=0tk 4O GR-LF %4y, GR-HF
AT DTN ¢ AT EICABEREILE LT,

D% (HR) EREA=ERRH] (PTT) 1%, &I OO T THAMSLAMITRIGT 5 ~<
AETEAPRE R A IRTE S5 B A Z T o e L CRE Lz, —F, OMEEfEE (HRV-LF,
HRV-HF) 3R HICEVIRR A C 572 EOREBERD 5 OGS ERBE L, RIS R Ol
XORBEZTHEEE L CGRE L2, 20 OFEF AT EIRIE <, HR 2388/ L, PTT
23%ELHE L, HRV-LF, HF M T3 5. F 72 BIA AR IRTE CTHR 2384 L, PTT 234K L, HRV-LF,
HF 23 %. ZAb0fHREZce LYV REWGE S —c L0/ SWEabAERE(RE L. B
AR RITRA G AL ADOHEFHCH T AT L THY[68], ELALLLOELL BEL B
ZTCWDEGAIITERICKRE AN « AR TWNDHEBEZLNHTDOTHD.

FHAEOHB 2R T DL, SHEEOEERS (S) BE ¢ B TWDH0E D i
LT NESICR A ZHHEL LU TFTOHEI T ey b 2E (P) Z%ETS.

PR, EEREIILL T O®mY TH 5.

Iz &

|

P,=S§; (4-2)
il & BEIR OFRFIE, RIRFFHOIEESRS (SL) A—ck /NS WIEEITIT

P=-S,; :S.<-c (4-3)
ET 5. S e K u/ha <, HERFFEOEAES R (Sg) 2A—ck D/ WIGEIZIT

P=-Ss; :S.<cand Sg< —c (4-4)
ET 5. ERUSDEEITIE, SLE VSV NEWIEAIZIE

P.=—-Sg :S.>Ss (4-5)
EL, Sgk S /N WEGAIZIE

P.=-S,; :Sg>5. (4-6)

60



EL, SgESLBELWEAITIX
P,=-S,;=Ss; :S¢=S5. (4-7)
L9T5.
HOBERIL, A7 GR-LF, GR-HF & /4510 GR-LF, GR-HF OF CRKDE%
GR-MAX, Z0 & & DEW¥ES S ZScromax & L,
P, = Sgr-maxi (4-8)
LT 5.
DS & IR EERE I, DA DIEERS 1 % Syr, IRIAR BRI OIEHERS 1% Sprr & LT2IGE,
Sur DAL 23 Sppr DAfEHE L D K& WHEITIE

P, = |Suril  : ISurl > ISprrl (4-9)
Sprr DHERHME 3 Syr DAfaHE X 0 K EWIHEIZIE

P, = |Sprril @ ISprr| > ISurI (4-10)
Sur PHEXHE & Sprr DHEXHE A3 LUWGA 21X

P, = |Sugril = ISprril  : [Surl = ISprrl (4-11)
LT5.

DIEEERRIE, HRV-LF OISR ZS gy 1pp HRV-HF OIFREGRZ Sy yr & LEHE,

Syiny L PHERHIAS, o ORI L D K& VBAIT I

b= |SHRV7LF| : |SHRV7LF| > |SHRV7HF| (4-12)
Siry pp PHEHEDS oy L p PFERME L D RE WG EITIT

B = |SHRV7HF| : |SHRV7HF| > |SHRV7LF| (4-13)
Syry L PHERME &S, o e OB NS LWEA I

B = |SHRV,LF| = |SI-[RV7HF| : |SHRV7LF| > |SHRV7HF| (4-14)

L9T5.

B En s AU, B c DRE Ik s ThEAEND. Bl c ZRELTH L AKE L LA
mu, 2742 EBBREAEMNT 52 L2k b. AT, Bffcix, 1.0 Z8HEE L, &
MENDHN 3 HLUTIZZRD K HIZ 0.1 ZAATHIME o, EBEEHZ 5 5RO R %R
EERLT, chEDF, —cUUTFDH, b LTl —cLTDOMED 3 DD5M (3 4.3)
T T

Z OERNE T OIMEE RN T D FEOZ Y ML, Rt SHZFHA 2, ZRER SO B
EMROFRZEVoTo A XU FOHRE (R 4.1) X0, BINED A ENGHE LI T OEFRED A
REMER DD B AT 20 E I 0 THIE LT,

43. R
4.3.1 FHAIS AT 2 fE R

MRE 4L REN— NTHITE, FHINC B D IR T 10 R E & e o 7. FHIERL (R
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¥) 1%, #2» BICEZERPIFFIZ 16 B5 21 BiTbiiz., E-ERE S ORKIZR VS5
AR MOH (F4.1) OZL THENER I TV, 72720, FHRZIIZIES 22 R A 60
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Fig.4.2 Changes of six indices in subject A
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Table 4.4 Detected dates by this system

Participants A B C D
Threshold value (c) 1.3 1.2 1.0 1.2
Date Jan.29 Feb.2 Feb.8 Jan.25Jan.28 Feb.8 Feb.9 Feb.12Feb.19 Jan.25 Feb.8 Feb.9
Indices Measurrment & criterion Sum
Fel::::;:gguseof SFF score > ¢ - - - v - - v v - - v v 5

Leisure time <—¢
Leisure & or

Sleep time Leisure time <c and Sleep time <— - o o- v oo - / oo 6
-c
Leisure time <—c v - - - - = oo - = - v -
Leisure time < ¢ - v v v 4 - — 4 — v
Sleep time <—c - - = v -/ - - - v - -
Work
performanc Search time in SDST > ¢ - Y - = = = - /S 4 = 5
e
ter of
Cen e.r 0 any criterion > ¢ - -/ v v / v / - s - J/ 8
Gravity
Longitudinal GR-LF > ¢ - - - - v - v - oo -/
Longitudinal GR-HF > ¢ - = / - - - - v - v o - -
Horizontal GR-LF > ¢ - - = v - - - v — v - -
Horizontal GR-HF > ¢ - = / v - = v - v oo - -
|HR |> ¢
HR & PTT or v v v v v v v v v VvV VvV VvV 12
|PTT |> ¢
HR <—c¢ v -/ v -/ - =/ v -
HR>c¢ - v = - v = - = = - = =
PTT <—c¢ - v - - = = oo - - - - -
PIT>c - - v - - - - v - - v -
|HRV-LF |> ¢
HRY indices or v v / - v v - v / - = v/ 8
| HRV-HF | > ¢
HRV-LF <—c¢ - - - = = = = = = = = =
HRV-LF >c V4 - = = -/ v - = /
HRV-HF <—c¢ - v - - v - - - = = = =
HRV-HF >c¢ - - = - = / - -/ - - -

Indices that contributed to the detection of fatigue are indicated by cheek marks by the proposed
method.

SFF: Subjective Feelings of Fatigue, SDST: Sequential Digit Search Test, GR-LF: 0.08~0.15 Hz
component of the amplitude spectrum of center of gravity, GR-HF: 0.15~0.5Hz component of the
amplitude spectrum of center of gravity, HR: Average heart rate, PTT: Pulse Transit Time,
HRV-LF: 0.08~0.15Hz component / HR, HRV-HF: 0.15~0.5Hz component / HR,
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Table 4.5 Classification of autonomic nervous system activity on the measurement dates

detected by the method

Participants A B C D
Threshold value (c) 1.3 1.2 1.0 1.2
Date Jan.29 Feb.2 Feb.8 Jan.25 Jan.28 Feb.8 Feb.9 Feb.12 Feb.19 Jan.25 Feb.8 Feb.9
T:HR>c, |:HR<-— l 1 l 1 1 1 - = | L=l
T:PTT>¢, |:PTT<- - | 1 - - = ! - = 1T -
Measurement & criterion

7:HRV-LF>, |:HRV-LF<-c 1 — 1 - - - = 1 ) - - 1
7:HRV-HF >, |:HRV-HF<c — ! - = 1 - - 1 - - -
S: sympathetic activation, P:parasympathetic activation P S P P S P S P P P P P

HR: Average heart rate, PTT: Pulse Transit Time, HRV-LF: 0.08~0.15Hz component / HR,
HRV-HF: 0.15~0.5Hz component / HR
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Fig.5.1 Appearance of measurement system
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Fig.5.2 System configuration
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# 5.1 FHUIABE L FHAIT — 2 ICRED B o 72 Ak LU OEIE
Table 5.1 Number of days of measurement and number of days with failures of measurement

data, and their proportions

Measurement days Electrocardiogram  Plethysmogram Center of Gravity

Participant

(Days) (Days) (%)  (Days) (%)  (Days) (%)

A 16 0 0.0) 16 (100.0) 13 (81.3)
B 15 13 (86.7) 15 (100.0) 11 (73.3)
C 15 8 (53.3) 14 (93.3) 13 (86.7)
D 15 13 (86.7) 14 (93.3) 12 (80.0)
E 26 15 (57.7) 26 (100.0) 19 (73.1)
F 14 12 (85.7) 14 (100.0) 13 (92.9)
G 15 10 (66.7) 15 (100.0) 10 (66.7)
H 15 11 (73.3) 14 (93.3) 12 (80.0)
I 15 14 (93.3) 14 (93.3) 9 (60.0)
J 15 10 (66.7) 14 (93.3) 12 (80.0)
K 15 11 (73.3) 14 (93.3) 11 (73.3)
L 15 8 (53.3) 7 (46.7) 11 (73.3)
M 15 13 (86.7) 14 (93.3) 11 (73.3)
N 16 16 (100.0) 16 (100.0) 11 (68.8)
0) 16 15 (93.8) 15 (93.8) 9 (56.3)
P 16 14 (87.5) 15 (93.8) 11 (68.8)
Q 17 16 (94.1) 17 (100.0) 13 (76.5)
R 24 21 (87.5) 24 (100.0) 21 (87.5)
S 15 14 (93.3) 14 (93.3) 12 (80.0)
T 15 14 (93.3) 14 (93.3) 9 (60.0)
All 325 248 (76.3) 306 (94.2) 243 (74.8)

MEFICER T 2HEBIC LY EEEOmRKEEZHL] LTEY, »oH 100 K LL E o E) %
%925 11 BHoiREERER A 5 FELL E (=100 FEf+5 B +~4 BH) ) 2R3 HiX720
o7 (520 4FH a.n>b.). ®5aE LideENSRME 0 72 HALREZ] & BAERER O 7 —
A5 5 LU EOBRE B SR S =0, BHEICEHIIM ThIL TR o7z (£ 5.2 D 2 5
H a BBEigsirin s /B LD R 7m0 A7 ) —= 0 P REO YL REET 5 2 L8 T
ol GHUT AT AT K 2FHA EARYEETMSZ L TV D720, S EEEDRZ Y B IZFHH
PITONTWND EIER LRV, FEEE L DmREHRLEL TR ole (£ 5.2 @ 351H b.
HHEICERT BRI LV EEEORREGALLZEE) . HRE M 131EEEWE B IZFH 6 [\l
STEEZRDIZT o r— MIBWT, EE, FICBEET 5 & THEERE L DmRE M E

W (520 3%5H bALFICERTAHEMBICE Y EEEOmKREALE LIZEE) 23, KKBEE
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—e—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance

—*%— Center of Gravity —*—HR & PTT —0—HRV indices
A A A A A A
4 }
o3 T
-
3
w2
]
gL
3
<0
g
(/)_1_
2 0F
_3 1 1 1 1 1 1 1 1 1 1 1 1 1
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Date
X 5.3 *5H A OFKIEEORSRYIE

Fig.5.3 Changes over time in each indicator for subject A

O: Days on which the subject appeared tired to coworkers. /A: Days on which the subject was thought to be burdened
based on the contents of free response descriptions. [: Days after a business trip or working on a holiday. ®:Days with
overtime of at least 5 hours/day. The black marks indicate the days on which measurements were taken among the days on
which the external criteria were applicable. The gray marks indicate the days on which measurements were not taken

among the days on which the external criteria were applicable.

—o—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0—HRV indices
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5.4 XA B ORFEEORRIIZEAL
Fig.5.4 Changes over time in each indicator for subject B

See the caption of Fig.5.3.

81



—&—Feelings of fatigue —=— Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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4 5.5 5HEH C DEIRIEDORRYIZ L
Fig.5.5 Changes over time in each indicator for subject C
See the caption of Fig.5.3.
—o—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*— Center of Gravity —*%—HR & PTT —0— HRV indices
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Fig.5.6 Changes over time in each indicator for subject D

See the caption of Fig.5.3.
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—&—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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Fig.5.7 Changes over time in each indicator for subject E

See the caption of Fig.5.3.

—e—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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Fig.5.8 Changes over time in each indicator for subject F

See the caption of Fig.5.3.
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—&—Feelings of fatigue —8—Leisure & Sleeptime —4&— Work Performance

—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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Fig.5.9 Changes over time in each indicator for subject G
See the caption of Fig.5.3
—e—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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Fig.5.10 Changes over time in each indicator for subject H

See the caption of Fig.5.3
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—&—Feelings of fatigue —8—Leisure & Sleeptime —4&— Work Performance
—*%— Center of Gravity —*—HR & PTT —0— HRV indices
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Fig.5.11 Changes over time in each indicator for subject I

See the caption of Fig.5.3
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Fig.5.12 Changes over time in each indicator for subject J
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Fig.5.13 Changes over time in each indicator for subject K

See the caption of Fig.5.3
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Fig.5.14 Changes over time in each indicator for subject L

See the caption of Fig.5.3
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Fig.5.15 Changes over time in each indicator for subject M
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Fig.5.16 Changes over time in each indicator for subject N

See the caption of Fig.5.3
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Fig.5.17 Changes over time in each indicator for subject O

See the caption of Fig.5.3
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Fig.5.18 Changes over time in each indicator for subject P

See the caption of Fig.5.3.
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Fig.5.19 Changes over time in each indicator for subject Q

See the caption of Fig.5.3
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Fig.5.20 Changes over time in each indicator for subject R

See the caption of Fig.5.3.

89



—o— Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance

—*%— Center of Gravity —*—HR & PTT —8— HRV indices
A A A
4
o3 T
=
3
wn2r
=)
3|
S
ot
g
(I)_l_
2+
_3 1 1 1 1 1 1 1 1 1 1 1 1 1
§ 8 ¥ 85 9 9% % Y ° o= 3 3 5 8
 Z X %2 2 £ £ % p p @B B g2 %

Date
5.21 xt5E S KRIE DR RN
Fig.5.21 Changes over time in each indicator for subject S

See the caption of Fig.5.3
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Fig.5.22 Changes over time in each indicator for subject T
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#5652 A7V —=0 7 FEOHBIEIZEY LT B

Table 5.2 Numbers of days on which the external criteria of the screening

method were

applicable
a. Number b. Number of times Number of Number of Number of Number of days Number of “days on  Number of “days on
of days a consultation with days on days on days on on which they ~ which they were which they were
with an occupational whichthe ~ whichthe  whichthe  were thought to thought to be thought to be
Experimental overtime  physician was a. and b worker worker worker a be burdened burdened based on  burdened based on the
participant  of > 5 requested due to ’ " wentona workedon looked tired based on the the contents of open- contents of open-
hr/day work-related business a holiday to contents of ended method” that  ended method” that
reasons trip coworkers  open-ended should have been did not necessarily
method detected need to be detected
2 BAH b LBRETS Rimog SRR TO BRBIMCORNN BBERCOEHN
BEMAS B <5 YERE HIBISH> KEHBIL NTLGE ot on BOSARADNS ShsaENm N
xRenE Do ommrsgirs PP ham RBE Siman EABEOTLY TUBEZALAL TWEEERSNIKE
L.OE)EI%I @%{"' - - - ?‘EI%;L‘ pEEZONT: BOSHBETEO 0564 FLBEHL
- 2k ALEELLEH H{TOLWBE
A 0 0 0 0 0 0 4(2) 0 4
B 0 0 0 1 0 0 7(2) 0 6
C 0 0 0 0 0 0 3() 0 3
D 0 0 0 0 0 0 4 0 4
E 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0
G 0 0 0 1(2) 0 0 5 0 4
H 0 0 0 0 0 0 2 0 2
I (1) 0 0 0 0 0 1 0 1
J 0 0 0 0 0 0 1 0 1
K 0 0 0 0 0 0 4 0 4
L 0 0 0 0 0 0 0 0 0
M 0 6 0 0 0 1(1) 9 (4) 0 8
N 0 0 0 0 1 @) 2(1) 0 2
0 0 0 0 0 0 0 5(1) 1 4
P 0 0 0 0 0 0 0 0 0
Q 0 0 0 1 0 0 3(1) 0 2
R 0 0 0 1 0 1 1 0 0
S 0 0 0 0 0 0 3 1 2
T 0 0 0 200 2Q) 0 9(2) 2 5
Total 1) 6 0 64) 302 20) 63 (13) 4 52
OFAMEEHEIZ RS T 2 3G HA B TR o 7o AR KT

The numbers in brackets indicate the number of days without measurement on which the external criteria
were applicable.
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EhES )T 2 BRI OO R BN R 1.44£0.77 BERE T d 0 SNBSS L o 7.
HIEIIR %% B,G,QRT O 54 TIER 10 HH Y, TONERIZHHZITo-TCW-HIZ6 B
o7 (% 5.2 0 558 HRIZIT-72H). IRAHENIINEGE N & T I\ TThitTne (F
52D 6FH KAMHEILIZA). TIZOWTIIHEN LA TH o7/ THRIAT -7 A%y & TR
AHE L2 A%y nEEL TV

RN DN TND X ICRZ TG TE MNR O 340 = (£520 7THH RENLENL
TWAHEICRZTERE). 20N, BRHICGGHIZIT> TV EM & ROAT, £E
A1 EFOR S .

HHFIR OB D AR Do TNDH EEX LN HIE, 16 £4ICBWTIER 76 HIZH
D, FHUBE L —EHL7ZDX 63 BH-7= (520 8%5H HHLERDILHENENLABENNI -
TV EEZLNTEHE). TARGER CORBNENLABER PP TNDEEZ LN I
BLTIE, FEHANENORIHT2ONREELVWA (520 9%1H) LT LM LR TH
WWHE (R 520D 1051H) (20072 ETHE 21T o7, ZHHIFEHIA & —E LRV AR
KA 8 & EET 5 RIS LT

BT HONREE LWAIE, ETHARDLIAUN (Bl BETAN L, ERIALZIZ0 o7
73E) OREERE, o ETHEICERT 2AHEARTREA SN TWDES, 1 TH7 L
W7 ENTET Eno Rt (- F oIt L@\, EERICA T4 795, BRI
Do TENATHET, ((EFER) EETHENLTWET) "bd 4 HEAZRE L. #EYHEHR
THMNGEHFITO0,STD34EleoTz (52D 9%1H).

5.3.8. MEFIEIZ L oM A LAMEEDTL Y A & D—3

RETHEICTRIBESNZA & 15.24, BETIEICTRE SN B OZ S MEOIIENE ) (2305
TAMFEYEICRE Y 5 B & O HIRBEFIEO S ORGEEZ (T 12,

72720, %% D, E, F, K, L% 5.2.4.12 % F 7= MEARFRER & BRENE IR IC X 0 E D 72 BRoM L HE
ST HDOT, MiRENDHA LTz, oI OXMRFIISMERECHE L THANR 1 HH R
Mmofo. ZOMIZ A, C H, L J, P bR 35 B e SBREIPMT A o7z, £72 M
SMIEYE | ~VICHEY T HH TE 4.3 TRLEZ 6 DOEED H B 2 LU EOERE LR - T
T ORE G BRI LT, Ko TRRESIE B, G, N,0,Q, R, S, T D 84 L 72~ 7-.

F B2 ITRLIZL DT, AMUHEARE L & U CRE L7BTOREREEIC L 2 HEHREOXRE D%
PRICHERLS 2 MESRICERT 2B LV EEEOmR ZAL] LTEBY, 7> H 100 FFELLE
ORBIBEF YT 11 B OBBEIEFER A 5 BRIl L (=100 B <+5 AR<+4 @) | Zi
e BidZeholz. ZOROBUTOREICE ST 2 ADBRET H A2 ) —=0 7 FETRENLR <
B TE SOV CORFHNIITZ 2o 7.

SMIFEHED i, i, vIZEEM T D BB L CIE, 5.2.4 O FIEIC CTRIMEE 2L I8 TR B 23%
YHE—BLBROBIME, iR, R, miiwa, WIRHME, BIRE & AR ORY A
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DA L2 (£ 5.3). TORROBEIE & 6 DOfRIFEE A X 5.23~5.34 12T, ZHH DI
LCIRHB YA L0 —HERFNTDIENEMNTH L0, HEMED | ~ivIiciEN T 5
DEHII L TWedro 72 AN (O, A, O, @) &, HIEIKRAHEOE R OB Bk OMH (A)
R ECRBIEAZ ST RL TR .

XRE NAICBWTITBMED 0.4 & 72 0 i AL RN 2 <, IIRHE & 34 A 3o e b KD
272 (#5.3). MRET bEAUHET X THRET 572020, B4 0.3 ECTIFROILERH Y,
N & FEERICR Y B4 & 3 O, 36 X ONTHIIRHE L 3224 A O O F A A btz (3 5.3,
[ 5.34) . & DO GF TR, ML & I 7o 72 (% 5.3, [X15.23, 5.24, 5.26~5.30) .
FRlZxt53E B, G, R, S I HIEAL 0 OREEICEB W CRERENS 1 A E1T 2 HE 2> T,

SMEEEDRE Y RICH BB L L HE SN IEEZ £ 5.4 1 RT. REFIEIL 6 DDORRED D
L 3 ONHERELE R LI & SITERE ST OIRFEE LTS, 524 H M S B0 HR0E
HOIMEDHR I E G LIZHEIZR R > TV, 72 6 oOIBEIIWFRARBRHEICES LTk

# 5.3 IR A HEIN H o T2 REINCHB T DIMYEEDOL Y H L A7 ) —= 0 VT FEIC L D%
tH & OIS

Table 5.3 Correspondence between the days on which external criteria were applicable and
the days of detection based on the screening method in subjects who had business trips or

work on holidays

Partici- Thre- Number ~ Number of days of agreement (D.A.) False- False- Expec- D.A./

pant  shold of days Business Coworker  Free response pos-  nega- ftation E
of . itive tive value

detection tzlrp Should Does not (E)
be  necessarily

V;’lg]rjlé;; detected need to be

detected
B 1.0 4 1/1 0/0 0/0 2/6 1 0 027 3.75
G 08 4 1/1 0/0 0/0 2/4 1 0 027 3.75
N 04 14 1/1 0/0 0/0 2/2 11 0 088 1.14
O 1.1 6 0/0 0/0 1/1 1/4 4 0 038 267
Q 09 6 1/1 0/0 0/0 2/2 3 0 035 2.83
R 20 1 1/1 0/1 0/0 0/0 0 I 0.08 12.00
R 13 3 1/1 1/1 0/0 0/0 1 0 025 8.00
S 0.9 5 0/0 0/0 1/1 1/2 2 0 033 3.00
T 1.5 1 1/2 0/0 0/2 0/5 0 3 027 3.5
T 0.7 6 1/2 0/0 172 3/5 0 2 1.60 1.25
T 0.5 8 12 0/0 2/2 4/5 1 I 213 141
T 03 12 2/2 0/0 2/2 4/5 4 0 319 1.25
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Fig. 5.23 Changes over time in each indicator for subject B

O: Days on which the subject appeared tired to coworkers. A: “days on which they were thought to be burdened based on
the contents of free responses” that did not necessarily need to be detected. A: “days on which they were thought to be

burdened based on the contents of free responses” that should have been detected. [1: Days after a business trip or working

on a holiday. --- : Threshold value C. *: Days on which detection was made by the present system.
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Fig. 5.24 Changes over time in each indicator for subject G

See the caption of Fig.5.23.
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Fig. 5.25 Changes over time in each indicator for subject N

See the caption of Fig.5.23.
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Fig.5.26 Changes over time in each indicator for subject O

See the caption of Fig.5.23.

95



—o—Feelings of fatigue —8— Leisure & Sleeptime —4&— Work Performance
—*— Center of Gravity —*—HR & PTT —8— HRV indices
o A A
4 | X X X X X
o3 T
g
»n2
3
N L
= 1
0t
g
(0_1 -
2t
_3 1 1 1 1 1 1 1 1 1 1 1 1 1
§ % % 5 9 % % & @9 o2 5 3 5 8
: 2 2 =2 2 Z z ¢ 2 2% 2 2 2 3
Date
5.27 XMGH Q DHFRIEDORRIIAAL
Fig. 5.27 Changes over time in each indicator for subject Q
See the caption of Fig.5.23
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Fig. 5.28 Changes over time in each indicator for subject R

See the caption of Fig.5.23.
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Fig.5.29 Changes over time in each indicator for subject R

See the caption of Fig.5.23.
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Fig.5.30 Changes over time in each indicator for subject S

See the caption of Fig.5.23
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Fig.5.31 Changes over time in each indicator for subject T
See the caption of Fig.5.23
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Fig.5.32 Changes over time in each indicator for subject T

See the caption of Fig.5.23
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Fig.5.33 Changes over time in each indicator for subject T
See the caption of Fig.5.23
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Fig. 5.28 Changes over time in each indicator for subject T

See the caption of Fig.5.23
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D, —ELEG RN o7, 1277 L HR&PTT 2B\ T HR 3BfEZ B 25 2 &
Ik o> THRHICHS LWz — R 372~ 7. £72 HR, PTT, HRV-LF, HR OZAt & v 2%
MRENEN E B2 DD B LRI NEN LB X DD BICHE LI E 2 A, RREREIME
72 A2 5 H, FIZIEAREAMEN 72 A3 6 A, HIERGE IR &  IZS AR 0O BT ORRIE %
~L7ZH) N1 HBH-T-.

TR R E o7 8 KB WT, BETFIETHMEEDE Y AR I -BIEICBIT 2
B A, AMOREEEOFY A SR RS - U B, R, B, BIRME, W 4
FIEAEDFE Y A L DKL L7-(3 5.5). “—” IZMH AN 0 &2 0 B ERFH TE 2h -
T2 ZRLTVS.

BIE Z & T HARHIE & 5204 B L O fE A B L7 (3 5.5). xt%# 8 4 2B O WIFRHEH F
SN TV AHREIEICRIT 2RKMEIL, BE0.8 TD 2.11 &7257-(% 5.5).

# 5.4 HRET OIMEOREIZ AT G- L IR
Table 5.4 Indices that contributed to the detection of accumulated fatigue

Participants B G N O Q R R S T T T T
Threshold value (c) 1.0 08 04 1.1 09 20 13 09 15 07 05 03 sum
Feelings of fatigue o 0 o0 o0 1 1 0 1 1 1 1 1 7
Leisure & Sleeptime 0 1 0 1 1 0 1 1 0 0 o0 1 6
Work performance 1 1 0 o0 o0 1 0 o0 o0 O o0 o0 3
Center of Gravity 0o 0 1 o 0 o0 1 o 0 o0 0 o 2
HR & PTT 1P o0 1 1 o0 1 1 o0 1 1 1 1 9
HR<-c 0 0 0 1 0 0 0 0 | 0 0 1 3
HR>c 0 0 0 0 0 0 0 0 0 0 0 0 0
PTT<< 1 0 | 0 0 | 0 0 | 1 0 0 5
PTT>c 0 0 0 0 0 0 1 0 0 0 1 0 2
HRY indices 1 1 1 1 1 o0 1 1 1 1 1 1 11
HRV-LF<-c 0 0 0 0 0 0 0 0 0 1 0 0 1
HRV-LF>c 1 0 0 0 0 0 1 0 | 0 1 0 4
HRV-HF<-c 0 1 | 0 0 0 0 0 0 0 0 0 2
HRV-HF>c 0 0 0 1 1 0 1 1 0 0 0 1 5
:ﬁgﬁ?ﬁm}nmve S s S P P S P P - S P P

S: Sympathetic activation, P: Parasympathetic activation
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