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Abstract : This study compared and examined the electroencephalogram(EEG)-based driver inattention warning system with
actual bus drivers in real-road environments. EEG and survey data were gathered from 20 professional bus drivers who drove
their buses under the conditions in which the warning systems were turned on and off for 47 days. The analysis revealed that
the ratio of the SMR-mid beta to theta(RSMT) increased significantly after inattention was detected when the alarms were
turned on, compared to conditions when the alarms were turned off. Furthermore, the frequency of detecting inattention was
lower when the alarm was turned on. An analysis of the survey indicators showed that stress level was lower after driving
when the alarm was turned off. On the contrary, stress was higher after driving with the alarm turned on. The study’s findings
are expected to be used in improving future driver monitoring systems.
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Ti iods of
Category Dependent variable (DV) | Unit Description ime perio S © Reference
data collection
Relative theta power (RT) - Theta wave (4-8 Hz) / total wave (1-30 Hz) During driving | [16][17]
Relative SMR power (RS) - SMR wave (13-15 Hz) / total wave (1-30 Hz) During driving [16]
EEG Relative mid beta power
- Mid beta wave (15-20 Hz) / total wave (1-30 Hz During drivin, 16
(ROL) (RMB) ( ) (1-30 Ho) gdriving | [16]
Ratio of SMR - mid beta to SMR wave (13-15 Hz) + mid beta wave (15-20 Hz) / . L.
- During driving [18]
theta (RSMT) theta wave (4-8 Hz)
EEG Frequency of inattention | Count/ The number of times that the driver reaches the (71119]
(RQ2) per minute (FIM) min inattention state per minute
The level of current stress was rated on a 4-point scale. ..
. . ) Before driving,
Stress Points Question: How much are you stressed now? After drivi [20]
er drivin,
S Answer: Very low (1) / Low (2) / High (3) / Very high (4)) &
urve
(RQ3§/ The level of drowsiness was rated on a 4-point scale.
. . Question: How much are you feeling drowsy? Before driving,
Drowsiness Points . [21]
Answer: Not drowsy at all (1) / Not drowsy (2) / After driving
drowsy (3) / Very drowsy (4)
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4.1.1 GOJE| 2w

&1 of| 4] RT, RS, RMB, RSMTE #41&}17] 93] tf
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where x : acquired data
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3tk 3) HolH & 12 9= B4 59Ed, F-F9
A 715302 A5 dolH F A5
Aol A AL =] At 4) 7o) AlH S 7
°]H 4-10% 7F dlo]H o] WMatge] F1hgk(2 (3)), 7
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O|3¥H - O1ES - YA

Xbefore = Median(xc —Xi Xe = Xjp1, X T xn) (3)
where x: acquired data
Xafter = Median(xe — x; Xo — Xjp1, s Xe —Xn ) (4)

where x: acquired data, x,: data at the point of inattention, x,:
data in n seconds before or after the inattention state(x~4,
x,~10)

A 4 1"?3 S & Two-way mixed-design ANOVAS
AFg-3o], HFo] ekl ON/OFF #71¢] e 3 A v
Sho} 740 % ko) WalE v mc), 39 agle ¥
o] k¥l ON/OFF, WHg 54 891 AITHE-F2] Al4 A,
n7o) Al Fyolch

4.1.2 Relative Theta power(RT)

A Ay, d¥lel| wE RTY Fade §idt
(F(1,767)=0.002, p=0.967). HHH, A|7ko]] u}2 RT2] -9
u] gk F & 37}t Y ATHE(1,767)=23.979, p<0.001). F-F2
A MR F20] Al 3 RT7F U Ak S Al
Zboll whE RTE frofv|sh sz ave it
(F(1,767)=1.166, p=0.281) (Tables 2, 3, Fig. 1).

4.1.3 Relative SMR power(RS)

A Ay, delof mhE RSO] fom gk Fa ot Al
CHF(1,767)=5.347 p=0.021). &% ON 7oA RSE T}

Table 2 Descriptive statistics table of RT, RS, RMB, and

RSMT(Mean(SD))
Factor Level RT RS RMB | RSMT
-0.006 | 0.068 | 0.021
ON -0.199(0.048
( ) (0.028) | (0.038) | (0.023)
Alarm

-0.002 | 0.069 | 0.019

OFF -0.199(0.056) (0.027) | (0.037) | (0.016)

-0.003 | 0.069 | 0.018

Bef -0.197(0.053
elore 0053) 1 .029) | (0.038) | (0.014)

Time 0.004 | 0.068 | 0.022
A -0.201(0.054) | ‘ ‘
fer —1-02010.059)| 557 0.036) | (0.023)
20005 | 0.068 | 0.018
ON-before | -0.196(0.048
elore 0481 0.030) | 0.039) | (0.012)
ONatier | 0202(0.045) | 0008 | 0068 | 0025
Alarm x AT 0.028) | 0.037) [ (0.030)

Time -0.002 | 0.070 | 0.018
FF-before | -0.197(0.056
OFF-before ©0056)| 6 029) | (0.038) | (0.014)

-0.005 | 0.067 | 0.021

FF-
OFF-afer (0.030) | (0.036) | (0.017)

-0.201(0.056)
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0
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Fig. 1 Main and interaction effects(RT, RS, RMB, RSMT)
Table 3 Inferential statistics table of RT, RS, RMB, and RSMT
RT RS RMB RSMT
Factor
F P F P F P F P
Alarm 0.002 0.967 5.347 0.021 0.066 0.797 3.172 0.075
Time 23.979 <0.001 1.859 0.173 0.339 0.560 30.160 <0.001
Alarm x Time 1.166 0.281 3.373 0.064 1.540 0.215 6.980 0.008
& OFF 2110014 RS7}H A 358k t). WA, A|7kol| i RT p=0.075). HFAH, AJ7bol] whE RTO] FEI=

o] frolm sk a7} YIATHE(1,767)=1.859, p=0.173).
AT AT w2 RSO Frofn] gk s AR mkE ¢l
ATKF(1,767)=3.373, p=0.064)(Tables 2, 3, Fig. 1).

4.1.4 Relative Mid Beta power(RMB)

o] wE RMBE] Fa3= §IATHF(1,767)=0.066,
p=0.797). W}F7IA 2, AlZbol| wh2 RTS] F-2Ju|dt 8
7} AATHE(,767)=0.339, p=0.560). 23 1} A7t wh2
RMB2] f-2]1]3k A5 28 g 3= $ITHE(,767)=1.540,
p=0.215)(Tables 2, 3).

4.1.5 Ratio of SMR-Mid beta to theta(RSMT)
ool wE RSMTO] Fa 7= fIATHE(1,767)=3.172,
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o ¢

(F(1,767)=30.160, p<0.001). -5=2] 5 RSMT2]
0.022%, F-2] A RSMT?] 0.018E.t} o] ZAt},
Al Zbol| whE RSMT] o m| &k 5 2H-8 a7} Aot
(F(1,767)=6.980, p=0.008). F+ 7 5 F-Fo A4
B} B0 3 RSMT7} =94+, &% OFF 2113} v
WS o], A ON 2704 1 x}o] 7} t] ZITHTables
2,3, Fig. 1).
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B3] 2 A Wre] RFe) B AQ 219 FIM
o Pitah HFe] A A 2219 FIMS] BTES vl
At

4.2.2 Frequency of Inattention per Minute(FIM)

] Ax), Bgo) Aol w2 FIME o] w) gk xjo]

R

FIM

’ T
w
04 J {

count/min

Alarm ON Alarm OFF

Fig. 2 Comparison of FIM according to alarm ON and OFF

H =z 0

7F AATKt(12)=-3.662, p=0.003, N=13). 5
25 S v FIME] HS 0.427(FFH=2E: 0242 K-
o] dilo] #HsahA] ks W FIMSL 0.572(& -0 4k
0.231) Xt} 2 A ThFig. 2).

ool

43 H=xo| A A7 ON/OFF RH0| T2
A% AEQ A £ HIRQ3)

4.3.1 HlO|5 &4 2y

FFo] &= ON/OFF 270l e 3] A% ~Edx

S 1] 23}7] 2130 Two-way Mixed-Design ANOVA T

AP 17 8912 FFo] &9l ON/OFF, WHE

Qe AZHFE A, Tyl

=
_I_SOH

AN ox
o, o dfo

Table 4 Mean, standard deviation, F-value, and p-value of survey indicator(Stress and Drowsiness)

Stress Drowsiness
Factor Level
Mean (SD) F p Mean (SD) F p
ON 2.080 (0.499) 1.980 (0.524)
Alarm 0.125 0.724 0.187 0.666
OFF 2.055 (0.531) 1.949 (0.535)
Before 2.040 (0.517) 1.965 (0.522)
Time 6.996 0.009 0.326 0.569
After 2.089 (0.520) 1.955 (0.540)
ON-Before 2.000 (0.435) 2.000 (0.520)
| , ON-After 2.160 (0.546) 058 ) 1.960 (0.531) 072 0306
Alarm x Time OFF-Before 2063 (0.560) | 1038 0001 1 945 (0.524) 7 '
OFF-After 2.047 (0.502) 1.952 (0.547)
Main effect - Alarm (Stress) Main effect - Time (Stress) Interaction effect - Alarm x Time (Stress)
[ JAlarm ON
4 4 4 [ Alarm OFF
3 23 L 23 =
3 T T 3 T T g
2 l l 2 l l 2
1 1 1
Alarm ON Alarm OFF Before After Before After
Main effect - Alarm (Drowsiness) Main effect - Time (Drowsiness) Interaction effect - Alarm x Time (Drowsiness)
[""JAlarm ON
4 4 4 [ Alarm OFF
w3 w3 »3
: T 1 5 T E
a2 a2 a2
1 1 1 I
1 1 1
Alarm ON Alarm OFF Before After Before After

Fig. 3 Main and interaction effect(Stress and Drowsiness)
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A= FAATHF(1,2000=0.125, p=0.724). WHA, A|ZHF38
A5y fomg Fadrh AATHE(,200)=6.996, p=
0.009). @& vl gk A3}, T3 H 2Ew 2= 2.0400
2, 78 § ~Ew Q] 20895 T} W) o] 4
3} A|7be] w2 ~Ed o] §-ou|dt s ztgo] ]
THF(1,200)=10.385, p=0.001). <& OFF Z3dol|A] 53}
A RE AR} F3) 5 A A7} SorT) A, o
2 ON 70X 53 dur 53 § ~sd27) =

YTHTable 4, Fig. 3).

4.3.3 &3(Drowsiness)

Kol dylo e F5o] frove Fane gldl
THF(1,200)=0.187, p=0.666). "7 HA =, S8 7, S w}
2 59 FYus Fadrt I thF(1,200)=0.326,
p=0.569). &H I} A7t w2 ZL-o] fFoln|et Js )
42 SIATHF(1,200)=0.724, p=0.396) (Table 4, Fig. 3).
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