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Layered Vibration Warning of Take-over Requests for Automated Driving

JIANG Li-jun, ZHANG Ze-quan, LI Zhe-lin
(South China University of Technology, Guangzhou 510006, China)

ABSTRACT: When the automatic driving system is unable to deal with the traffic situation, the driver needs to resume
the control of the vehicle to restore the situational awareness as soon as possible. During automatic driving, the driver is
more engaged in subtask of driving. It is required to design the information prompt of taking over automatic driving, to
reduce cognitive load, promote takeover performance and improve the driving experience. The tactile display is a sup-
plement to the information acquisition mode when the audio-visual channel fails. Based on the developed tactile cushion,
the effects of layered vibration warning takeover strategy on situational awareness recovery and user experience were
studied. There were 24 subjects in the experiment, each of whom would carry out single-level, double-level and three-
level takeover experiments. After receiving the vibration warning, the subjects needed to stop the current non-driving re-
lated tasks, take over the control of the vehicle and avoid the risk situation. The experimental results show that compared
with single-level vibration warning, multi-level vibration warning can improve takeover performance, especially in high-
load and low-load roads. The comprehensive evaluation of three-level vibration warning is the highest, but it also brings
additional cognitive load.
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Fig.1 Test site of driving simulation system
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Fig.3 Pavement conditions of roads with different loads
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Road conditions in some risk scenarios in the system
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Fig.5 Risk scenarios distributed at the appropriate level of warning
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Fig.6 Average comparison of takeover success rate and
DRT hit rate of different layered vibration warnings
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time of different layered vibration warnings and loads

S)RRIRNE IR L LRI ] e, BRE
K, SEERERE SR 2E e B 2 M (P=0.006 ), & fh
fr KU IE B, — 2904 8l 7R 1 A0 2k 5 B8 ) 1] e
M, BRIZRMERK, TR R 5 R E
(P=0.001 ), Mi7EARGfar KU GBS, = )29k
N EERS I A, RGN IR, SR EE
FrH 22 B 0 M (P=0.039), T X g s, 52
ISR A SR [F] 43 2 iR 2 R 2 [ 4 B B 1k ()
25 5 w1 (P=0.216 ),

20 5 22 0] B BT AT A T 45 SRR e 2 B34 T
PSR,

24 EEEH

100

L=

AN o3 R AR B E 7R R BIAE 55 SUSCE B E A H L
WK

K 8.
=B
SHEARBE R

K8 AFENZIRSNE R T BT S5 SRS fEXT L
Fig.8 Average comparison of task performance under
different hierarchical vibration warnings

1ES558A5 53153
5§ 8 8

[\
(=]

(=]

>R FH 0 DA 28 A 4 Ty 22 A AN [ R i 38 00 )2
REVER T, [EFGEERA BEIEZSR, 4R 8=
YRS E R VI 55 S . SRR AR,
BSOS SR 22 5 3 (P=0.765 ), [R]I 52
B R AS SCRF LN 2 8] B9 25 57 B R (P=0.746)

3 ik

S5 BEATUEDE 22 WA ) 32 9 30 78 B9 1248 ni
Ty BN A] | SEAE IR B 2R S o (B
ST DRURSE 6 956 F , S IO R [ R4S I ) B AT (522
5, ZRGARSVE R ROV A iR R IREE
N HAEAE I (0] B L, B2 A B IS [ R4 I ) 22
el DRI g B r XU 1 58 ) = JR AR 3 & s 5 XL
JE AN HOAT S JE B0 S BE IR [R] , {ELR A I () 2, ]
AEJE = )R AR E AR T AN LA AT 8 5
Pk RSl R TR, S MK R 1 R TR A XL
29 o mireMR AT KIS ST, =R HARSE R
A ) 0 AR T B R RARUZ G, AT REE = 2490
(43 Bk eh R s B i T XU AR, T 15 58 R A
T ZRBYURSNERE DRT i hRRmk, 1551
e, HSCI A SR S Bk =2
YR E 7R B e A% I 18] e L, S 30 R dl SO L 22 5
WENE, JUHAE U U1 58 28 57 B 2% 0 IR
& =R PR E R L Bl 5L A5 B A T A I [
B, ZRGARE R TS R RS, 1k
BB PR A I T XU AR B 5 S 30 4 AT k3 2 W 4151
Z BB )% . DRT ifi tpofe | S [a] | 378 )



A A2

LALFA A S EAT B 2 RS B R BT 49

] MEFER I AT 55 Sk S B A 2 2 Sk
UEWY 72 S B , 4000 22 18] A 0 RS 5 A 97 i
IR EA L o

RS SRR M T RIS ER, £
JEIR SR RE S s A Bk, JUHAE o AT 1 R
AT . ZRBRIRNE R ZE S PR i, (RIS
R QU T RS i

PRI R SRR — 2, & E RS U5
e 2 25 B B f) [R) A, G T AR A B2 Bl BR PR
BRI, REERBEEER, # kA el 18
PATRE R, b5 RO X0 58 R 5 38 3 A
BANTE, BERSHI IR /R A TUAE , k2 3 B3 i i
N BIHE AR o AR S A SISO A AT U BT R Bl A
X% Sl b v AT, IR A RIS S I A 3h 8 A
BN RRSIZE, e th T EE ARSI E R AR, TR
WFEREHEES, S AR S R S,
AR A BB B G AL BT T AR S
2%,

SE

[1] LANERAS L. Human Factors Issues Associated with
Limited Ability Autonomous Driving System: Drivers’
Allocation of Visual Attention to the Forwards Roadway
Proceedings of the Seventh International Driving Sym-
posium on Human Factors in Driver Assessment, Train-
ing, and Vehicle Design[J]. Bolton Landing, 2013(9):
92-98.

[2] MENG F. Tactile Warning Signals for In-vehicle Sys-
tems[J]. Accident Analysis and Prevention, 2015(75):
333-346.

[31 SARTER N. The Need for Multisensory Interfaces in
Support of Effective Attention Allocation in Highly
Dynamic Event-driven Domains: The Case of Cockpit
Automation[J]. International Journal of Aviation Psy-
chology, 2000, 10(3): 231-245.

[4] MOHEBBI R. Driver Reaction Time to Tactile and
Auditory Rear-end Collision Warnings While Talking on
a Cell Phone[J]. Human Factors: The Journal of the
Human Factors and Ergonomics Society, 2009, 51(1):
102-110.

[5] GRAY R. A Comparison of Different Informative Vi-
brotactile Forward Collision Warnings: Does the Warn-
ing Need to be Linked to the Collision Event[J]. 2014,
9(1): 870.

[6] XU/sik, #ik—, EER. P AMhoE & BRI A&
(0 s BUR S T]. HLES A, 2001, 24(4): 362-366
LIU Shao-qiang, HUANG Wei-yi, WANG Ai-min. Ove-

[10]

[11]

[13]

[14]

[15]

[16]

[17]

rview and Prospect of Research and Development on
Robot Tactile Sensory Technology[J]. Robot, 2001, 24(4):
362-366.

MAENO T, KOBAYASHI K, YAMAZAKI N. Relation-
ship between the Structure of Human Finger Tissue and
the Location of Tactile Receptors[J]. Bulletin of JSME
International, 1998, 41(1): 94-100.

S J. Checkosky, Four Channels Mediate the Mechanical
Aspects of Touch[J]. Acoustical Society of America,
1988, 8(5): 1680-1694.

S J. Hairy Skin: Psychophysical Channels and Their
Physiological Substrates[J]. Somatosensory & Motor Re-
search, 1994, 11(3): 279-290.

G A. Some Characteristics of Tactile Channels[J]. Be-
havioural Brain Research, 2004, 148(1): 35-40.

BRI, IhBESE, BRI RS, T I 6 A B A b AR
TH B B RS AR A TEM [T]. WK, 2012, 31(3):
87-89.

LIAO Yong-quan, SUN Xiao-liang, JIA Li-min. Evalu-
ating Traffic Status of Urban Expressway in Beijing
Based on Road Vehicle Capacity[J]. Logistics Technol-
ogy, 2012, 31(2): 87-89.

CHRISTIAN G, MORITZ K, DAVID L. Taking Over
Control From Highly Automated Vehicles in Complex
Traffic Situations: The Role of Traffic Density[J]. Hu-
man Factors, 2016, 58(4): 642-652.

RADLMAYR J. How Traffic Situations and Non-driving
Related Tasks Affect the Take-over Quality in Highly
Automated Driving[J]. Santa Monica, 2014(8): 2063-
2067.

JEREE, IR, SN, 23055047 2 Al & Jr ik
LIRS BERE ], AR T35, 2010, 16(3): 70-74.
SHI Zhen-yan, GE Lie-zhong, HU Xiao-qing. Progress
in the Measurement of Distracted Driving Behavior and
Its Application[J]. Chinese Journal of Ergonomics, 2010,
16(3): 70-74.

Human Factors. Guidelines on the Multimodality of Ico-
ns, Symbols and Pictograms European Telecommunica-
tions Standards Institute[R]. France: 650 Route des Luc-
ioles F-06921 Sophia Antipolis Cedex, 2002.
PETERMEIJER S. Vibrotactile Displays: A Survey with
a View on Highly Automated Driving[J]. IEEE Transac-
tions on Intelligent Transportation Systems, 2016, 17(4):
897-907.

SKHT. HET PRI A 3 B R o AL HR
W& IFFE[D]. M FERFEET K24, 2018,
ZHANG Yu. Research on Human-computer Interaction
Strategy Design of Autopilot Takeover System Based on
User Experience[D]. Guangzhou: South China Univer-
sity of Technology, 2018.



