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Effects of fatigue on operator monitoring behavior based on EEG experiments
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(1 School of Resources Environment and Safety Engineering, University of South China,
Hengyang Hunan 421001, China; 2 School of Safety and Management Engineering,

Hunan Institute of Technology, Hengyang Hunan 421002, China)

Abstract;  To optimize operator fatigue risk management and reduce the impact of fatigue on operator
performance, the monitoring tasks before and after fatigue induction were conducted. Firstly, the fatigue-
inducing task of the 2-back paradigm and the monitoring task of the oddball paradigm were designed with
the digital main control room of a pressurized-water reactor nuclear power plant, and the control interfaces
of low, medium, and high complexity were used. Then, human trials with 23 participants were performed
to obtain subjective fatigue ratings, behavioral data, and EEG signals. Moreover, the effectiveness of
fatigue induction was verified using relevant fatigue indicators. Finally, the participator’s behavioral data

and event-related potential P3 components under three different complexity interfaces before and after
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fatigue induction were analyzed. The results showed that the shortest 2-back task lasting 30 to 60 min

induced fatigue. Fatigue or interface complexity increase resulted in a decrease in the monitoring behavior

performance, and the maximum performance difference was observed between high-complexity and

medium-complexity interfaces under fatigue conditions. Moreover, a 4.9% decrease in accuracy and a

10. 4% increase in reaction time were observed. The trend of P3 latency was consistent with that of

reaction time, and P3 amplitude increased significantly only under high-complexity interfaces. Based on

the performance analysis and event-related potential data, it was concluded that the interface complexity

increased the negative impact of fatigue on operators” mental workload.

Keywords: fatigue; operators;

interface complexity
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Fig.1 Fatigue induction task flowchart
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Table 1 Interface classification and selection

e H {5 H ¥
KB 22 (1.112,1.732] 1.274 3
WA AR (1.732,2.351] 1.979 5
A e B (2.351,2.969] 2.597 3

2) AE55 R, WEAAT 45 LR —as il S 1 A
YA, Rl i ) W AL T R B AEE SR S
ks (RESIC T ®H NS HEERS) . 15
AL IR 2% B LT | P AR A% 8 A T R A A A
3 P AY B S BN — A block, block 5 B
FEAERGRIAIFEHL, 24 block £3 7 80 /NI, 1 55
3t 240 MHIEL(3%80) , IEH THLA 5 % .00
B A 8 2, FIECEETL 1 000 ms, il 0] b 7



49 4]

(SR SEp0E S AR

1 A M AL )i R X - 53 -

1 000~1 200 ms PFBEHL, T BN [F] 44 5] Wy
PR A T, I e 52 2 B S R R AT 55
f%) block 43 ic y L-1, M-1, H-1, 7E J5 W AT 55 1Y
block 430 A L-2 M-2 H-2, F5 v 1A H A5 )
i%fzﬂﬂﬁnlﬁl 2 Ffr/? W "*mf%mzﬁnlzl 3PN,

el (RS

EEPE R R R |
EEPPRTEE!

(b) HFRRIEK

(a) FRAERI
B2 #RAERIEA0 B ARRER G

Fig.2 Examples of standard and target stimuli

4 FEL (1 000 ms)

|| BREIE(80%, 1 000 ms)

2% BR(1 000~1 200 ms)

B FRI#(20%, 1 000 ms)

B3 BREERE
Fig.3 Monitoring task flowchart

1.4 RXILiRE

IR WA 4 iR, BRI E 22 AT I
H AT 55, BRI AT 55 e il 55 K i
S D WA 55 b 5 A i 55, 1E 2l Z Hip R
8 —48 518 K 25 ) 13 50 il 28 A 54 A
BT oddball Wi HRLAT: 55 25 U A% 1E i %235 5] 96%
DA R R Ry 2023 4F 4 H 3 H—
57 12 H S AR AE R 50 A AL T84 10k PR
A I A 2 HEE N 15.00 HE1T, $E95 5K
1155 B AR A e i B0 9% 57 B ) A TR i AR 4k, SCb i
%5 FRY 30 min, B¢ K AT 60 min,, FF A S5 AR T
2R 16 min, BAPHEEE B ZH 2 h,
1.5 #IEREMLIE

EEG Bl it 64 F LR IE i KA Fl EEG il
SEOTMTRGER A, W B R bR F 8K 10-20
FGELEH, 10 57K B E A0 AR R T UL
TP9 . TP10 A Z % Hibl , IR I 1738 0. 5 ~40 Hz, RAf
500 Hz, i 56 i FR AR R BT AT A BH AT/ N T 5 kQ,

_ WS
C w3 >_‘ %3 CRTD
N WMAES AR
< BRI >4— Rl W ERILS

B4 RERE
Fig.4 Test protocol

W= s i,
. |

Bs5 REHms

Fig.5 Experimental environment

SER EEG (0555 B LA FRACH | K i 38 2 BX A
PR —ZIWE RIS 3 AT A 2 A, A IsF i) 1 135 N
-200~800 ms, LAiX 1 000 ms % EEG {5 5 #4743 Bx
B EEBAE S -200~ 0 ms & AR FATKIE, IR
KT £80 wV MR thilt 2Bk, ¥4 BUE 1 EEG 5%
Y153 ERP B

TR AT A5 43K A 8 R 35 37 43 4T R BCHE A
EEG 54, e BLIEmE I, 68 F G T80 o M it
BEKFHH «=0.05,

2 EHFFEIXIEE KSR R

2.1 EHFFRESZHIE

1) FWAE, KSS-115 KSS-2 FCXHEAR ¢ K5
GERFE W] KSS-2(7.91+0.793) i E & T KSS-1
(3.3920.941) (Git#aE (H F=310. 642,1%1‘3@2%
p=0<0.05), H KSS-1 5 KSS-2 B Hife /N,
UEHITESR 57 5 KA 55 I, il o7 )RS iR, H%ﬁiﬁt
[i1) 32 L9 57 %2 FEATE [F]— 7K

2) TrnEdE ., BOXTENE 5575 & 455 B-1 Fl B-2
AT G W 2, RIE B-1 5 B-2 17 B & H:
BEXTREAS ¢ KB 45 9 | B-2 MO IE A R AREL B-1 KRR
2% (HEF B3E (1=2.590,p=0.017<0.05), B-2
()5 Ny N AR A B-1 W 33 (¢ = -5.515,p=0<
0.05) ,B-2 {Y W I AH#L B-1 35 4119. 9%,



hoE e B o

- 54 - China  Safety

Science

343
20244F

Journal

R2 EEFFERESTHESE

Table 2 Fatigue induction task behavioral data
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Table 3 Monitor task behavior data
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Table 4 Paired-sample ¢ test results for accuracy

and reaction time

i B FEA t P
L-1&L-2 1.91 0. 069
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H-1&H-2 -5.565 0

I3 4RI AR 3 2 2% B AT 9 TE B R A
PFHE ARG ZE S B % (1=3.333 3,p=0.003<
0.05) , PPAS &1 &2 44 B8 S5 T 5% 1 1, 9 97 RS 9 1
B AH BB RS B E A,

H A 28 U (1= =3, 141, p = 0. 044<0. 05) Al
TR 2R B AR (1= -5. 565, p=0<0.05) F 1) 52 1E
&ﬁ%kmFﬁﬁﬁﬁoﬁﬁWﬁmVﬁﬁﬁmﬂ
J% B T S s 98 95 TR 118 B g B A 4T AR
AWER,

2.2.2 ERP i

P3 1 7E B AR BLS 300 ~600 ms Hi B

[ IE 1% , ERP fisi b IE an &l 6 Frs

0~150 ms 150~300 ms

300~450 ms 450~600 ms
[ |
-15 uv ouv 15 uv

B 6 ERP Rt
Fig. 6 ERP brain topography
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Table 5 Paired-sample ¢-test results of P3 latency

and amplitude

HAmEm B XA t p
L-1&L-2 0.118 0.907
P3 &R M-1&M-2 -1.475 0. 154
H-1&H-2 -3.529 0. 002
L-1&L-2 -0. 309 0. 760
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Table 6 Statistical results of rhythmic wave power ratio
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