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Objective: This study is to design optimal haptic warning signal to secure awareness
of drowsy driver and evaluate its alertness compared with the auditory signal.

Background: As drowsy driving is one of the causes of fatal traffic accidents, the
vehicle needs an assistant system that can monitor the driver's drowsiness and give
warnings to arouse in case of drowsy driving. It is important to design and utilize
effective warning signals in a drowsy driving warning system (DDWS) for fast and clear
response of the driver. Under certain circumstances like public transportations, haptic
display is more appropriate for silent and private communication between the system
and the driver.

Method: Experiments were conducted to evaluate alertness of warning signals in terms
of response rate and time in a simulated driving environment. Subjects participated
in the experiments for comparing the alertness for 3 haptic signals with 1 auditory
signal. Different haptic signals modulated by its frequencies of 2, 5, and 8Hz were
given in random order when a valid DDWS identified the subjects' drowsiness defined
in two levels (light and heavy).

Results: The response rate of the haptic signals (90%) was significantly lower than
that of the auditory signal (97%) under light drowsy condition, but haptic signal of
2Hz got fastest response time (1,390msec) among the signals. The difference in the
response time was statistically significant among the haptic signals but it is not for
auditory signal. The response time of 2Hz haptic signal was found as competitive in
heavy drowsy condition.

Conclusion: It is found that haptic signals with different design parameters can make
differences in alertness of drowsy driver and in case of this study the best option
was of 2Hz.

Application: The Haptic signal is going to be implemented in a DDWS and tested
for its alertness in real vehicle conditions.

Keywords: Driver drowsiness warning system, Human-vehicle interface, Haptic signal
design, Driver awareness, Response analysis
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1. Introduction
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2. Method

2.1 Apparatus
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Figure 1. Experimental setup

-

-

Figure 2. Haptic warning displays for wrist (left) and abdomen (right)

Table 1. Specifications of the haptic devices

Haptic device Model name Rated voltage Rated current Motor construction
Wrist GE0308-BLWO1 DC 3.0V 90 mA (Max) @4 cylindrical DC coreless motor
Abdomen MB-1805V (2EA) DC 3.0V 100 mA (Max) @18 coin type DC coreless motor
2.2 Variables

2.2.1 Independent variables
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Figure 3. Response rate by haptic patterns at drowsiness level 4
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Figure 4. Comparison of auditory and haptic signals response rate at drowsiness level 4

Table 3. Response rate by signals at drowsiness level 4

Haptic (2Hz) Haptic (5Hz) Haptic (8Hz) Auditory (1,500Hz) Total
Response 53 54 55 58 220
Non-response 7 6 5 2 20
Rate 88% 90% 92% 97%
Total 60 60 60 60 240
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Table 4. Chi-square analysis of response rate at drowsiness level 4

p-value

0.831

0.830

Degree of freedom

Value

0.370
0.372
180

Chi-square

Likelihood ratio

Sample size

3.2 Response rate at drowsiness level 5
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Figure 5. Comparison of auditory and haptic signals response rate at drowsiness level 5

Table 5. Response rate by signals at drowsiness level 5
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Table 6. Chi-square analysis of response rate at drowsiness level 5

Value Degree of freedom p-value
Chi-square 0.567 1 0.452
Likelihood ratio 0.890 1 0.346
Sample size 20

3.3 Response time to drowsiness level 4
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Table 7. ANOVA for response time of the signals

DF Adj SS Adj MS Fvalue p-value
Pattern (P) 3 0.6167 0.2056 1.64 0.183
Participants (PA) 59 29.5542 0.5009 3.99 0.000
P X PA 157 19.6956 0.1254
Total 219 49.7785
Response time (msec) Response time (msec)
2500 2500
2000 [ 2000
A 1523 A 1538 Ll 1557
1500 | 1362 1426 1500 1441
1298
1000 [ : [ [ 1000
500 500
0 0
2Hz SHz 8Hz Auditory 2Hz SHz 8Hz Auditory
(1500Hz) (1500Hz)
Male Female

Figure 7. Average response time for the signals by the gender (Unit: msec)
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Table 8. ANOVA result for response time of the signals including gender effect

DF Adj SS Adj MS Fvalue p-value
Gender (G) 1 0.9862 0.9862 1.86 0.177
Pattern (P) 3 0.5352 0.1784 144 0.233
GXP 3 0.652 02173 1.75 0.158
Participants (Pa) 58 30.6905 0.5291 427 0
P X PA 174 21.5634 0.1239
Total 239

oN
0z
for
on
i)
rot
0
=]
OH
10
ot
>



Design and Evaluation of Haptic Signals for Drowsy Driving Warning System 253

30 Jun, 2018; 37(3):

= 01582

b, pvalue

=

-

o0
ol
IH
ol
[

P3|
X0

RI=0l of

Xlc
=}

Zlo
=l

X2t 9| Table 71} Figure 70{ A

M
Ay

tol HIO[&0f et 24tz

LiA
oo —

Sl

ctol HO[HE A2l

A RIC
o d

00312 &4

o=z& SOt Ko|7t

S|
S

20| pvalues

A
sols 4 9l

FRICE Table 901 Af

.
o

AA

ofru

Table 9. ANOVA result for response time of the signals (Male)

g o
—
S|m| o
S22
&le e
9}
S|l |wn
S| ™M
_H32
VLI |[wnm|m
=235 8
TS| N =
<|oco|lo|oc
~ o
a5 KK
o |~ | = |
A0781
w|om| o || O
[a) N K| =
s
—_
©
[ays
S
wv
—~ | =
o c
=8
c | .2
$ S| &|
£15/x|2
e |a |l

AlZtol| SAXHSR 7ol Xt0|7}

HS
[y}

A9 Moz et

45t 74

==
AlZkel xtojof the

o 4

0o
d

ki
B0

I.

2HZze} H]

H

(95% Cl)

S5Hz - 2Hz

8Hz - 2Hz

Auditory — 2Hz

8Hz - S5Hz

Auditory — 5Hz

Auditory — 8Hz

0.2 0.3 0.4 0.5

0.1

-03 -0.2 - 01 0.0

-04

Figure 8. Result of Tukey test for the difference in mean response time

3.4 Response time at drowsiness level 5

OlCt 5SEAOME £51 =7 F 220 SAH2Z M=

o ERSA[ZEe] o7t ECt

I

b ey

M 4THAOf BISHAT

2Tt 2Hz THEHol E

S &

g

hnE]
=]

S
M=

2 [=1iml

sof g

A
(]

AZ7| Eof 22|

H

Z0
o

F

http://jesk.or.kr



J Ergon Soc Korea

254 Sang Ho Kim, et al.

FSAIZtE LIEHRIS D, 8Hz THEI2 1,131msec 71 =2l BtSAIZtS LIERHCE

HFSA|ZH2 509msecE 4EHAQF 20| ZHEH it

™

ol st
[}

Ch J2{Lt Table 10011M 2

mj

131

8Hz

1200

1000

875

SHz

832

Auditory (4000Hz)

800

509

2Hz

600

400

200

0

Figure 9. Response time by signals in drowsiness level 5 (Unit: msec)

Table 10. ANOVA for response time of signals in drowsiness level 5
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