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The Effect of Advanced Driver Assistance Systems on Fatigue Levels of Heavy Truck Drivers
in Prolonged Driving Tasks
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Abstract: Previous research in the passenger.car-domain has found that drivers using advanced driver assistance systems (ADAS)
are more likely to experience fatigue compared to manual driving. Therefore, it is necessary to investigate the impact of ADAS on
the fatigue levels of truck drivers during long-haul driving. Based on over 120 h of naturalistic driving experiments, multiple
psychophysiological indicators (such as heart rate, heart rate variability, etc.) were used to compare the fatigue levels of heavy truck
drivers when manually driving vehicles and when driving vehicles with ADAS. The average heart rate, respiratory rate, respiratory
depth, and pupil diameter of drivers driving with’ ADAS are all higher than those under manual driving. When driving with ADAS,
drivers’ root mean square of continuous RR interval, low to high frequency ratio, blink frequency, blink duration and PERCLOS are
all lower than those of drivers under manual driving. When the driver is driving manually, the reaction time will increase by 0.032 s
for every 2 hours. When the driver is driving with ADAS, the reaction time does not change significantly with the increase of driving
time. The fatigue levels of heavy truck drivers when driving vehicles with ADAS are lower than when manually driving, providing
theoretical support for the safe use of ADAS in heavy trucks.
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Fig.1 The JieFang J7 heavy truck used in the experiment and experimental route
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Fig.2 Fixed dashboard-mounted-eye tracker and settings for physiological sensors
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Tab.1 Physiological and eye movement metrics used to evaluate the fatigue levels

fEPR B EX BRI e 5 B IR
SEEPLR Remin! B ERER REFIHOR ECG & ka= TR0
ELEMARD ms BSRIEEFERROCBESTES RR BFEHNE  ECG ERR EFHR3

Bt (RR) fd] TR

PRi9774R

RS ELH) BRIETERROBESTESRRUOBNE  ECG ZR-H% EFH03

B fE S MRS ML R (4 0.04~0.15 Hz;
B4 0.15~0.4 Hz)

IR SR Remin? BRI R B R AERTR RESP £ &85 TR
WER R Bt R B I 5B ERRE RESP {£m22 TR
RZARATC s B RAEBERE R RAK SmartEye Pro |18, 22,33]

Az BRAE Rmin'  BRFAEBHIEPHFHERME (FOK  SmartBye Pro  LFH!S 23

4<: 2 min)
ILER m BYRAABWR N AARBAEZNFHE SmartEyePro . RIS
PERCLOS % B REBWIREFE 60 s NEREE 7 BT 80% SmartEye Pro b FH1%22
Ffr &5 B9 f8]

1.5 Giit4r b

N T ER T ) 2 B AN B 2 B R 0% 5 R AE EE I ZE S, BRI IE ST TR AR . SRS [R] A&
KSS ERPE HINE T — NGRS L MR . MO b 5 A8 5 o 2 g 2 DL S 2 B 6], H e 2 gt
KXAKINER (FINEBEHIERD . B AR AT & B AR AR 2 0 57 RO BENLAN, [
I 5 R 2 B AR 5 2 T A) 2 A AR R AT TREAEVE I A8 ELSONE . £1f A B 9 ANAEFRIR B9 55 Fe A 2500
SRBEMAREE FBL K KSS #RE R, A T 11 MEERNLHERL, Ao EET SAS
OnDemand for Academics 58/, HH4rit e Z/K-F&E N p=0.05.
2453
2.1 AR FFahR

2 0 R SR SS 0 % (p < 0.0001) 4L RR [HFE TR (p < 0.0001). {REMLLE] (p <

0.0001). PEIEAIR (p < 0.0001). MR (p < 0.0001). BZEREFK (p < 0.0001). HZERAIER (p <
0.0001). MEFLE4E (p=0.0003). PERCLOS (p <0.0001)., Z5HHHE] (p > 0.05) K 2 mohss 2 A0 2 il k]
IR B HALN. (p > 0.05) XF LA B Frg A BEAIAR S Fa AR 35 0 B 2 UM o & P AR 7EAS [F) 28BS X T 1 2L 1]
XTECAnE 5 prs

HARRUL, B RSN A0 BP0 R GBS R TF S ZEE (A = 7.34%, 95%EB(EIX
If: [5.80%, 8.88%], p < 0.0001) FEEARZR (A =7.40%, 95% B 15X [H: [5.60%, 9.20%], p < 0.0001) FEI
I (A =38.89%, 95% B A5 X [8]: [29.64%, 48.14%], p < 0.0001) PLRIEFLEAE (A =17.61%, 95%E5X



[H]: [8.18%, 27.04%], p = 0.0003) 3= T FaN B G F B3 5. RN, BN MG T 23k %L RR
ARG TR (A =-66.36%, 95% B 15 [X]: [-88.99%, -43.73%], p < 0.0001). LrHKESALLE] (A =-58.76%,
95% B A5 X [H): [-41.77%, -75.75%], p <0.0001) 4 REZHRINER (A =-24.07%, 95%E 15 X [H: [-32.27%,

-15.87%], p < 0.0001). HZHRE K (A = -9.28%, 95% & 15 X [8]: [-11.77%, -6.81%], p < 0.0001) LA K
PERCLOS (A =-130.76%, 95%E.15 X [f]: [-165.20%, -96.32%)], p < 0.0001) K& T FhZuiEN &5 5.

EHDERT/%

MR SR TS/ %

Az ARATTEAL/%

404

204

-20

.40

204

10

-10

-20

404

204

204

400

300

300

200

8
aJ
5 g
l g 200 e ¢
I . B
{ a £ 100
A (& . =
= . =
'—'T_' _J 'n:: 100 {ﬂ@
| [~ e
’” Y | PNLEY 0 -
; o T -- — -
| [
-100 -100
iHENZE5E ] HENZ 3 BT YTy BEEEE
Rt [ S IPART
100 150
50 100
L]
— < BN 8
Fpead S ’ S
l _I £  » I £X
; 0 B 50
I F‘ I = |
= | = -
I__I i %
-50 0 T
L[]
-100 -50
HENZE3E FNE S Finie ETESE FNEE
SR, B3 =
100 . R 750
> .
L]
1 L ]
4 . 500 3
< 50 ° <
e | N N
TE—- & £
... J w 8
l ‘1 I—.-_ g E 250
2| = :
——
- 0 P T
T ) |
-50
-250
AL FiNE TS TR AN BEZEE
SRR =5y Bl

K 5 2% A BEARIHR SR AR A AR 25 B U A 4L IRD 0 Bl

Fig.5 Comparison of physiological and eye movement metrics across different driving modes.
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