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ABSTRACT

Objective: The aim of this study was to develop the adaptive device for severe physical disabilities using smart device in
the driving simulator and its performance evaluation. Development of appropriate driving adaptive device for the people with
serious physical limitation could contribute to maintain their community mobility. Background: There is lack of adaptive
driving devices for the people with disabilities in Korea. However, if smart device systems like iPod and iPhone are used for
driving a car, the people with serious physical limitations can improve their community mobility. Method: Both gyroscope
and accelerometer from iPod were used to measure the tilted angle of the smart device for driving. Customized Labview
program was also used to control three axis motors for steering wheel, accelerator and brake pedals. Thirteen subjects were
involved in the experiment for performance evaluation of smart device in simulator. Five subjects had driver licenses. Another
four subjects did not have driver licenses. Others were people with disabilities. Results: Average driving score of the normal
group with driver license in the simulator increased 46.6% compared with the normal group without driver license and
increased 30.4% compared with the disabled group(p<0.01). There was no significant difference in the average driving
score between normal group without driver license and disabled group(p>0.05). Conclusion: The normal group with driver
license showed significantly higher driving score than other groups. The normal group without driver license and disabled
group could improve their driving skills with training in simulator. Application: If follow-up studies would be continued
and applied in adapted vehicle for on road environment, many people with more severe disabilities could drive and improve
the quality of life.
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2. Materials and Methods
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Table 1. Characteristics of subjects

. Age | Driver Types of
Subjects Gender (years) | license disabilities
A M 23 (6] N/A
B F 24 (0} N/A
Normal group [, 1y 26 0 N/A
with license
D F 26 (6} N/A
E M 25 (6} N/A
F F 22 X N/A
Normal group G F 2 X NA
without license H M 23 X N/A
1 F 22 X N/A
5 F » o Phys“?l disability
1% grade
K F 20 X Physué?l disability
Disabled I” grade
aroup . o
L F 20 X Physuf:tl disability
1% grade
Physical disability
M F 20 X 4% grade

N/A: not applicable
Grade: Korean disability grade(I~VI)

2.2 Experimental setup
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Figure 2. Smart interface system with motor driven actuator
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Figure 3. iPod mounting mechanism for 2-axis rotations

2.3 Control algorithms
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2.4 Experimental procedure
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Figure 5. Driving map using STISIM software



Vol. 31, No. 5. 2012.10. 31 Development of Smart Driving System Using iPod and Its Performance Evaluation 641

NI AN F9 5 Wk mRaEH AL T
Aol M 26 "=2FY AF AY FE - AW NIE 2
B2 12N S, B, 7 9 S5 R4, AE, 2
A, B P A% WA, A W 4984, Jle
F5ol e 4HE A1EOR AP

2.5 Data analysis
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3. Results
3.1 Analysis of driving scores in three different groups
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3.3 Comparison of driving performance in three
different groups
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3.4 Characteristic analysis of driving penalty in different
groups

SFEE A A el ta 7 A20s A
onl, WE 24 )%, A AT B, A= B, @
Az 219 FH) A P S 5 571 FBe
7V wol vehdthFigure 11). 57H1 $% FolA 44
wol Sk A WY G AP LA 244 1F0



Vol. 31, No. 5. 2012. 10. 31

Development of Smart Driving System Using iPod and Its Performance Evaluation 645

vl e AHS] v A 2F 250 A 522%, ol 1

#el A9 489% b stk A AR Te B 3%
o) A9 A% thkAso] AFelEe 39 TV B

He FYohs dolui o= dlate] T skl
LA R i o et bl i = e ] Rk 1 i A g B Bl b
59 A 87% sVl e, el 15 A% 9%

)

z3lgleh. ol9lel 7] AF Al 23o] tha: %A ¢

o

L Aew @ 24 vGel 1 ez Wk ol A%
o] AYLSF Zolsi FAZ BTk AHA A 1A,
8 A P $ERRAN] NS B - 934 1Y F
u) gk ABE1e] s Ha Aol stetwly] A7

W 29102 AgHY, A3 A 1HHOE Solon

4
%
o1 e A% AR RS dolgel uret 4
Hg00 o) AYAe $E7} Uk

O Normal group
160 w license

B Normal group
wio license

O Disabled group B

120

100

80

60

The number of penalty points

40

NIl =Hi IND AN m M sl

Violations
before turns

Steering
control errors

Lateral space Lane
violations violations

Stop sign
violations

Figure 11. The number of penalty points in three different groups

4. Conclusion

Aol AAZ o] g vk A2uE AlEEolE @
A A5 B AN BFS ¢

8 247 59, SAws] mlaAAt 4
SfelAE A B A5 Aol 15 452 v
. Agsseh. 2% 139

o7 Aol MNE o] g5 ArkE tlulol AE Aojet

il

K
M
rlo
iin)
r
o
n2
filo
B
¥0
32
o

0

&

s
BN
o
N
et

R QEERIES
o 1 golel
5 it 4 A7t

T 708 Bt E=A YER]
2~

Ol
¢ i

dlo

U

o rot
b

M [o

|o

M o

— r_>‘~l_‘
o
¥

Mo
[
e
o
B~
N
>
o2 H
ot
N
(@]
o,
=l

st
RO
k)

k3
i
l‘é
o
il
-
ofo
<

14
2
0,
do off
=L
eI
Qi

DY U
>
>
.
b
I
z
ol
2
=
(o3
2o
ne)
alr

=)
B
N,
>
u
o
o
o
>
Rl
%
ox

4 Avh HF Y A5 Aol
Frolg Aol} i Row ek
Aws) marztel A9 W 222 15 )

4 5eo] Ao PRI wie] Bit 7
7h Wbl R, F7bAl E1 7187 Folxick
277}9) o] PIA L8 e wolE Sow of

{0

Lo

ox rH mx Kl

oo o ok
2
Mo
=R
of

2

S, Bgolel £ vz 15 el 18 A
o AF A4 A3k 1E 00 B 79 45 Aol

A% YERGHH(p>0.05).

2
B,
)
g
B

A 25 gl 1S

=
Az g2rha wet 5= g7 wige] Aolel T1EE s
w|Zaz] BlelQl 153 FUsHl F7HEQ Fdo] A& o]
Folzthd WE FHEo] Fosk kAl 4 AsS By
Ao 7 et

= ¢T3 SECECRIESS

Z] it EART o] =R Aol 29 HAE A
g et 5= Qlo] A7le Ak ey d 7R
o] & FtelA 3ol wWol yelkkith o= Aol AlA
5 5% A7k FA Qlo] &) e BT, AlE
golefellA] 3t BA 715 Bedithd £ o £ 2
7t e Ao et

Acknowledgements

This work was supported by the National Research Foundation
of Korea(NRF) grant funded by the Korea government(MEST)
(No. 2011-0014458).

References

Andonian, B., Rauch, W. and Bhise, V., Driver steering performance using



646 Woochul Jung - Yongchul Kim

J Ergon Soc Korea

joystick vs. steering wheel control, Sae paper no. 2003-01-0118, 2003.

Gurgold, G. D. and Harden, D. H., Assessing the driving potential of the
handicapped, The American Journal of Occupational Therapy, 32(1),
41-46, 1978.

Employment Development Institute, Survey on the Employment Status of
the Disabled in Business, 2010, http://edi.kead.or.kr.

Fowler, M., Elineni, S. K., Wills, M., Laurentis, K. D., Sundarrao, S.,
Roosmalen, L. V. and Dubey, R., A novel driving simulator utilizing
drive-by-wire controllers to test drivers with disabilities: evaluation
of acceleration and braking controls, RESNA Annual Conference,
2010.

Kim, Y. and Kim, Y., Driving performance evaluation using bio-signals
from the prefrontal lobe in the driving simulator, Journal of the
Ergonomics Society of Korea, 31(2),319-325,2012.

Koppa, RJ., McDermott, M., Leavitt, LA., Zuniga, EN., Handicapped
driver controls operability: a device for clinical evaluation of patients,
Achieves of Physical Medicine and Rehabilitation, 59(5), 227-231,
1978.

Mitarai, K., Measurement of the car steering wheel turning force of
persons with cervical cord injuries, Journal of Human Ergology
(Tokyo), 21(1), 57-67, 1992.

Park, Y., Chung, W. and Youm, Y., Development of a new type of
integrated reactive joystick and control algorithm for steer-by-wire
system, 5" IFAC/EURON Symposium on Intelligent Autonomous
Vehicles, 2004.

Pellerito, Jr., J. M., Driver rehabilitation and community mobility principle
and practice, Elsevier Mosby, USA, 2006.

Reger, S. L, McGloin, A. T., Law, D. E, Spence, R. E. and Claus, C., Aid
for training and evaluation of handicapped drivers, Bulletin of
Prosthetics Research, 35-39, 1981.

Risk, H. F., From the clinic, Pros and cons of the "less effort" steering and
braking systems for the severely handicapped driver, Amer Corr Ther
J., 34(5), 154-155, 1980.

Road Traffic Authority, Driver's License Examination Office, http:/
www.dla.go kr.

Road Traffic Enforcement Rule, Article 54, 60 and 61, 2011.

Statics Korea, Survey of Census Population, 2009, http://www.kostat.go.kr.

Tsutomu, 1., Selection of automobiles and assist devices for persons with

physical disabilities, National Rehabilitation Center for Persons with
Disabilities, Japan, 2004.

Wada, M., Kameda, F., A joystick car drive system for wheelchair users,
Proceedings of the 2009 IEEE International Conference on
Mechatronics and Automation, 921-925, 2009.

Zekri, S., Gage, A., Ying, S. J., Sundarrao, S. and Dubey, R. V., Driving
evaluation of persons with disabilities using an advanced vehicle
interface system, Proceedings of the 2002 IEEE/RSJ International
Conference on Intelligent Robots and Systems, 1158-1164, 2002.

Author listings

Woochul Jung: lionchur@easymove.co.kr

Highest degree: M.A, Department of Rehabilitation Science and
Technology, Daegu University

Position title: Researcher, R&D Center, EasyMove Co., Ltd.

Areas of interest: Driver Rehabilitation, Rehabilitation Engineering

Yongchul Kim: nakim@daegu.ac.kr

Highest degree: PhD, Department of Mechanical Engineering,
POSTECH

Position title: Assistant Professor, Department of Rehabilitation Science
& Technology, Daegu University

Areas of interest: Biomechanics, Driver Rehabilitation

Date Received : 2012-07-10
Date Revised :2012-10-04
Date Accepted : 2012-10-04



