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Analysis of Driving Characteristics of Elderly Drivers on Roads
Using Vehicle Simulator
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ABSTRACT

vehicle simulator as part of an empirical analysis the driving characteristics of elderly drivers.
To this end, the driving characteristics of the elderly driver from previous study review. he driving
characteristics of the elderly the driving elderly driver and general driverln summarizing these
experimental results, the -test showed different driving characteristics from general drivers in all items
except for one side of the lane, such as driving speed and driving operation (brake, throttle, steering
operation) at a significance level of 95%. Second, when changing lanes, it was difficult for elderly
driver to maintain speed and secure an appropriate distance between carslderly driver changed lanes
even in inappropriate situations (short distances between cars). Third, in unexpected situation, elderly
drivers needed more distance and time.
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Atk AIZ2[0IBIE 0|88t HEF T=o| NHRUA FHEY =4

1. AIZ220/H &8 AT

Casutt(2014) = L% slol] @2 AA A A2 A 75 Astet wEA T4 F Add& AS3s] ¢, 1%
CHAAE Yo AEdolH AFA Aab T3, dAFIF APE NS HuEE, FAEE, A
A&, AR E, AT 84 W}«l EA4E &4

Park(2013)= A&F3 A] AlEHolHE 283 7T Aot A3 Ao ApolE HlaEA sk
A Re} FARY] FHPEEE J|WO T Ex}iﬂ A3 7 BFAE /pEsta ol& Fa 7T At
Z237H 22l 2

AA gRle] P& HAst] B AT9] ThHsgol tisl AAskATH

Guo2013)& A EHCIHE &83sle] 1&EEE Br7|d FIoA 7 2[R, 279 Zolo &
AP E Bt A A AZE ST 1E5EE Br1H aEEAEA VISR SRR
Y EEHA, AFAT 2 7S dEE vla 245t

Leversen(2012)-> Al E# 0B E F3al 0] 1@ate} 1B A7} 242 3714 F3HAZARIA 5 A3} e
oAl 71& ¥kEATo] QT EE IR Y FAol ATEE 3ol ol
T AsS AFsdth AdA3, uFAA) v 1HSAARG AR 5 AR 7|2 w-gA|7Ho]
oF 27% LEtha FRlstdrt

Calvi2011)= A& OB E Fall ERFAHIA, YA, &AM &P E E45t9 =], 3032
APAE O R 37k aEFE (high, medium, low)oll A 9] &%=, ZHEE A2 5] zfolE Hlal &
AT Calvi012)E Al EECIEE S8 tdd nEd(@E, 7IsktR)oA e FRY SAPHE £
o, BA mEFo] LAAZ FFe nx3, &tz e] dol= fojndt JEFa vt ¢le-S vy

Jo(2008)2 654 o]’ 177 Ake} 30~40tH HAE TRt HAPAE RS AFAEHCIHE
Zgato] A=A P seat 207} e 52 7joj=s *&-‘% T nanete] 2§ 4g, A
o] FAA 43 5 ANEZAA 9 A8E mAste gLt FYEAE =ESAL ST
A8 Azl vPA= Aoz e IS x7 7hakay Hﬂ]o]f,’_ Jz__} = Aw3k AP0 f2I} Y
< AASAT

Hirata(2007)= MOVIC-T42}= Driving SimulatorS ©]-&3}o] =A| A3ltu&T 2] bdAS B43517] 93|
AA FH A9 &5, AF0E, HEE 52 AT vlwstgh 1 A3 S5 2HF1HE, A<l HolE

= [}
=< AA F33 simulatorol| A hHEE AR FAIE EAoY RS simulatoroll A B A UERSTH.
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Lee(2014)2 1H A AEZALE 7|RES
olE &3, 65M191A 74x19] 7] nF AR} AFFo R AT = IFH>HA
3E& AASAT
Gyun(2014) I8k A 9r 2AyF ko] WARH e Foll 1HLAA 2A5Y £ 2Ys ALkl
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o} o]& Fall nHHAY] FAHH HA B AL FYH APLARF o] F2H WAE =S
Im(2012)2 >34+ 244 7 AHDriving Aptitude) S F3F 1H SAA] FFEAS B45l nFA AL AEE
7|90 2 AT EA S REY T ol B, R WF F FIYEE FoH

Lee(2006)> 8- AFe QA H EAY 2HEA ] Aold& T&317] Y3l AAXEA HANCFRAE AR}
HeAzE Bxetn Y3 AgoA wkeAt 59

Horberry(2004)= 64801 9] 4% 712 2 HEZALS £3) 13 SAR65A 019 YL ARE vm &
Aottt 182 &R BT Al TE & Esked, Ak A= A A1 A R
Y= guk 27 HlE) Itk EA43IATh

L ,

7Y, AEY As), 28 At 5 2 LHS FEo o] 27t dAE, 53] FAl theket s
djof 3t gl gut Az E T2 F3 EAS Holes AL ¢ 4 Ath(The Korea Road Traffic
Authority, 2005). =3+ the] & ¥
3 = 21 Th.(Jo, 2008; Jo, 2008)

AR &2 2 oz AyPE A7/ 2k (Kim, 2016; Jeon, 2018) 713 FEE FH A
L, O AERA WSS g o g ZdH AR ALR TS24 1A FPELS =
g ol
Andersen and Lebiere(1998)2 11328 A= &3 Al @43 o| Adstd #dgo] 343 AstAnh
193, LimQ2013)& £571 58
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AEF T2 JUHOE FYEETL Fob Aol E7] Wi d&F E2oA B EHAT}F 4o
ZE A HE 7 Be A SAEHE 2E5Y T2 A4 2 #E AYFHo| JiAsz
288 £ UEE o} i)

wehd B Ao A= <Fig. 1>, <Fig. 2>9} 20| d&F Z2oA 1H AT} SHNZE A4 5
= HEFE 71 AZAR 73 7S 1 2Rl o3 FAEACKISE )Y FAERLS
52T F e AUELE FE8t AlEdelAS FdstAnh

(D STA0+000 Follow the driving vehicle at intervals of 10m from the start

D

Object Vehicle

Object Vehicle
(@STA2+250 On passed an unexpected situation

— —— —— ——
N
pd User Vehicle

i 2 STA0+870  Order “Lane Change®
User Vehicle Follower Vehicle Automatic Diving

®STA0+020 start

@ STA2+325 Raccoon appearance

<Fig. 1> Road division and consolidation, acceleration <Fig. 2> Lane change / Emergency scenarios
and deceleration scenarios
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St A E 5 o) S o R St =2
W3] AAAAL 71202017.11.17. EETEFH wHA|

A5]S A= 25290 3

xil
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< 7HEAA ] F83H7] 913 FORUMSAR A 7dkst 7Hd8 4 A E o] UC-win/Road ver.14.0
t}. UC-win/Road= A A &9} 2AY-S AMESHEA A4 A7 8AE Yol 7hsste] &
AZA ] T sttt R2AY, FUAY, TAEA 59 ERAEA 84E BT WY Jheste] 949
A AA A TS S ABSHA At w3 FYRH(EETFY, ARE, TR 48, ZAH
o] 912 % A7), T/, WA )9 FAE folate] tithE WS FH31r]ol Hestth(Fig. 5~Fig. 8)

YEAEE NP2 FEAYAZEAAAN AFste TAAFEE ALA o H(Fg. 3), APVAEE XEA
olEo A A F3tE APAEE AHESIATH(Fig. 4)

<Fig. 4> Input Flat composition <Fig. 5> Cross section texture

/] —
<Fig. 6> Road safety facilities <Fig. 7> Input Cross slope/ Vertical <Fig. 8> Environment creation
grade

2) AtgF AlZ0|H

AR JEF ok st AAT7E MR A AZE o]l UC-winRoad$t d5o] 7153 32214 35
4 Display?] A28 Al EECIHE &8&sdom, LA}t 22 s ok ot FEQ AE, FH(IA, Heol=,
FEA), ©E7] AZ|R T A AFAAM AHSEE FEFS ARESEY ARk 2
=35}9]t).(Fig. 9~Fig. 10)
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<Fig. 9> Experimental vehicle simulator <Fig. 10> Vehicle simulator experiment

3) TYH|OE 7|ZFA|

754 HolE= UC-win/Roadoll Al Al E3H= 71553 DS Log datas A3t 7]53}99th DS Log
datas TP, FHEE, FPAL, 7R, BHolA 39, RPM, BEIHAE, A2UZ9A] & A5
O 2 A%, logtlolH = 00127t 7158 4 9tk logH|©]El= EXCELOIA 8171, Hxlo] 7hsd F
2 A= o, date I Ev 7N B40] 7Hed Aol drh(Fig 11~Fig. 12)

i e suskpes v T L EEd g
“um abninenEe: Mo WA AT R bW ens MuEn

<Fig. 12> Data Log of auto save data

AE W A AAFANAE FAFE B JRT DDt AP Aol th AHAAZ wAshel
AR APBRL 2ASAt B £29| axF0] ¢4 FYYH FFL 1IN YES B LFF
e Gacle Ast nHAE ARUelE 24o] n&Y £ 9ee nelse A7 A duFae A

A&te] 14827} Driving Simulator 22kl Q)& A £ 2 dlo] Ao Ty} FHlE R e g st
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A Y] &= <Table 1>3} 7L°] FH A G 5 )
A AABEHAT 4, 2 FRaF glo] AH
Fo A AIHEE 5]54}3]'% B4 Y 2 A2 HA A ] F3AFS

dlo rO('

A

OEos, 37 S el & dAYN7IIL DA
L F 5 FSAY For AR Tt olE T LR AL ks B A= WA A 2540
TEE F UES s TR e s I ke T8 Tl 58 AFAA o EE] ke oWE A
G2 AAsh

=

BN 29 9 A2ZHA thd WA FAS BH E29 STA. 0+020004] F8) A=, I} ZFajeFe

STA. 0+000°| A F3 A2 FaXEFT} 10m HES T FF — F3YXF0] STA. 048702 Ag v ‘1x=2=2

FhAFAL S WEE S48 slHd EF, VAR T FIAFL FYA FFo] ofd A&
o

FaAge] 2Adel U A lom 4L

<Table 1> Scenario synthesis

Content (Analysis Section) Composition of the scenario
@ Driving characteristics during acceleration /|- Start — end point
deceleration (All section) - Starting at the starting ramp and entering the main line of continuous flow

road (change lane and acceleration)
- Advance through the exit ramp at the end point (change lane and deceleration)
- Recording of acceleration and deceleration driving data for all section

(@ Driving characteristics of the entry/exit section
(ramp Entry, exit)

@ Driving characteristics of the rotating section

. . . .. - R=140m, R=240m, R=480m curve section
(Before entering, turning section, after exiting)

@ Driving characteristics when changing lanes - end point — start point
(Lane change section) - Entering and accelerating the main line from the 3rd lane
- Changing to the first lane while driving on the second lane (Voice instructing
(® Cognitive reaction time to change lanes (place other vehicles following the rear)

(Unexpected situation of crossing wild animals) | Wild animal emergence while driving

1. BRI DHEXIO| T-test Hn}

AFNA nH AR} vl H x| AlEYolH AAAEE vl B
o] Kim(2016), Korod(2016)o14 AF&3 t-test AW HES A}%o}‘ﬁotﬂ AR A FEA ﬁoﬂl«l %%TI—E—
2 AL AT

A4F SN TAAS} MDYA] LAEHL BY, FASE, WAL, 228, 2FolY
&ol g

0
T

Z5) AZHZ9| t-test AIHF-2 5T 95%)+ <Table 2>9F Zom, AZHZS A3t ZE &4 Aol
FYPEL S Hole= ALE Yt Fd4&EE A 70 U A7 HEEEE v o2 13

AAT o skmh e SEE FYSHE L O0E LEHITHE<0.00)
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A2k AIZ2{0IEE 0| 8% LR TR NYHRMA FHEHL EY

Hgo| 3 AFgh 0~-12 FAIFH Helo]Fd 713 go] Huld u 12
o Byolg 2F 3t B AT AU A2 A A JER, o
2 UERSTH(p<0.00),

HEAE A5 BEG 22E G2 0~1E FA T, AR gs 0 12 FARET 18 HAE 1
NHLAAL O] 22 E Fho] YAl Yehg o, Al Wshs AEE EATh(p<0.01)

HAEZAT AAT 2EY FF Fe -1~ +1 AfolY oz A= -1, 5 +1 2 FIAET 2E|o)F
< 59 FE 2] Wi Auge olgstHon 1A A 0004F FUH R A YERon,
&2l FAH37E AT (p<0.05)
% F3 kgAY BHd =2 A2 T4 A8 FFGA b
FdEh AEAZ A9 v A g Aoz L}E}‘XkE

e, Fi:l
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k)

FEe dehied dg 57
1,

o] HH 007 %4 ol 1A A&
B A frAleh vlag ke S WS FH(2E o H)7E BHgE ALR, 2E oY 2] sikEE
dF FRh ALfsa dut FRH aETIe e A=UF9 Fro] Fold AL el st

<Table 2> T-test result

division Young drive Elderly driver t-ratio / p-value

Speed S 1?12é%(;5)2 9599 28)9 644 [ 0.00
(strongB:larlllfie weak) m:(?n 2)0()%“25) 2)%?)533 5151000
Throttle m:;m (2532)9 (zéfg? 289 / 001
Steering m:é’n 25?00572) %?054‘; 201 / 0.05
lane of median m:jn (%,3103%8) %%1533; 121/ 024

* P < 005

2. 7 TYST EN

Zt OFe) W FEEES skl a4 96kmph, Hlﬂﬂﬂz}b 102kmhZ, T I1F 7+ Aole
o]

skmjh UEhgTh(Fig. 13) 9% FOIH DR LAAY FYSE £ BYS HGE, ot FRYY
T FY A AHGo] sho} £EA ] HA o] £l AH G A FskE A0, TE FRIAE

A
AWHOE FYEEIL e AOR Atk

T2 B0l mEAE B WY F Aolvh O AT, FETUNN FY $EOR FESE AYE 0
k. ol 71Ee] ATARE Hoke ) AHLAAE AA 7% Astol we kel A Bt 44 b
ol £ & o], AUAOE e £E2 FyYshs 2O sotHLh(Min, 200)
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dim
0x
AT
J

Speed

Speed(km/h)

elderly

Distance(m)

<Fig. 13> Speed Comparison result

3. B0|3, ARES| XF EM

A tEpton ol F%el sukd & g o)
ARE G FASES) WATL b, TR HESS B FAE BT 1HLAAY AP
0-14F0]9] b4l 0.48549) ke Mo} Jrhz o2 Al Uehgith. ZEloRe] Zajo] FukEE oA E

X
HE 92 A5 Hola, AR FYolAM AL HstH AT (Fig. 15)

g 233 2 W DAL QY FAIFAN FEE 44 98 ASA A 2242 )

s, 2Elole 242 JAT Aol SEE BEE S U 5 Ak ol Jp&HEHoR gl S5

2 FYsh o] H&ahe, 442 e Agslopt AAF S5 2do] ¥, 2Holg] 2] gt A

VAT oEolE 24S PRI Y W F, 4% EE M PAZ oloiAE AWNE F& B
& gk
AT

Brake Throttle

Brake

Distance(m) Distance(m)

<Fig. 14> Brake Comparison result <Fig. 15> Throttle Comparison result

Aol 2 GaL woh 2EofY go] B

£
il
BN
Yy
N2
_);1_1‘
ftl
re
[N
2
=
ot
|t
oX
o
f
rg
re
AP
u
b
fru
o
JH
rx
e

154 O_[E”’SU_[QIE_E_N T‘"QOE, ﬂ1|j_52(20215 2%)



A

(=}

L

HT

M

X2k A[Z2{0[BE 0|88 H&EF T2 NHRMA ¥ A

Jm

FAE ofolA, AT} HAFIe R Uirol A HlnE T A& wsbdHE ndagit:

o] 745 2Eolg AF g 000542 FA Al 7EE A0l A g E=A UeE, of
= ATzt XJ?J@, B A s AR WA A waR A div] 2Ejofd 22 WMevh diH e s gk
%

oJ ) g

A 7090 Hlal el e v £ A5 oA e Ao Uk 34 0 2 2
= 2ol #AA ARl A ek Aafe] il A7 FA

Atk (Fig. 17) ol £29| strzd A3 tgshe Fago %

W, 2% Q@ WSz PeuDe] 2o AFo] FutEs LAY S AT,

Steering lane of median

of median(m)

Lane

Distance(m)

<Fig. 16> Steering Comparison result <Fig. 17> lane of median Comparison result

W% 9 b B4S ASlE A% Y LA BRESE FRTAIA Helola A% grol An, FHw
o) A FRINA T Aol7k B A vekgeh R A% SE7F U A il S Eel s T

kI
N
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n
AEe o]8she A vigo] whon, 2EH g I =4 UEhTh
ol LB A, HFAFTANAM B2 dExFe] dastuM B FR8AN ti A 3 A&
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m[mT}L
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X
u:{ru‘f
=g
=9

g A, 1R THAAE IRk Atl HlEl 7h&o] v gF

e o 2 »}E}w =3 AgHZT} AU AuolAE DA AL 4 WHA
2

SAAY] FREY FASAL Hul, FAue] AL AATL U5S
3 AR FHOTY o Akl Bo| ARHE AL HAFYTh

A2 AT AAZHA A 1S AANS WRE o] WAstA sk AR WYt 2F

2 ACRE, dut A= AEHA Al OF 429] AZHH 114me] &

371?/]7} Fdesty, £% Hske A9 gle ACE Yeiwth Jeiy a® A A AEHA Al °F 6

Z A5 AN 9F 124me] 28 A 8t ¢F 20kmhe] A4S S ASE Yeh ARkl
ZFo]l & H T (Table 3)

A oo ofg AEMA L T AT FE ALE LY JHedo] w2 b ZhEg o) 2

Aoz reolth

i,

Eshely
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<Table 3> Simulator lane change experiment results

S Young drive Elderly driver

Time 4.074 5.970
Distance 114.941 124.703

Speed 102.190 76.735

[e)
(<)
of ¥kl glom, Fule] A9 ZE d#HS 1] i o 125 g3t
S| .(Han, 2016; kim, 2016) Q1AW A7 =2 A 0 ¢lof uj
3l @3 7| HluE TPk
3 NHZAITE B, Magister et al.(2005)= 2S5 1.1
Z, AEHOlE e 0929 W3AIZ] S-S BHPOH, Xu et al.2010)= AlEH o8 A} 1.19%9

WGl e 158 AR ARES Wiwsl] EQtth (Table 4) 7= AASHTONA & AANES AZE
1 E
2

frtt
i
)
2
X
p‘L
=2
pac
:L

B AgoAe ded vie} o] ofllFE 9 % FFoA 2257 Byola AF AIAE <
ARG APOZ A A, FiFo® =2 AN ARMS BAst, A&7 SRA dF 732 A
ojetal @ FYP st 71Ee] AT Aol A U A e FEoE IR AL 1.365%, BlaLR A
120722 Yepstth 158271 oF 0.158% AojH=tl, 18 A AA7sAs 54 & ARl =& A
o] Wrgd® Az Azdy

ST A% A BAAY ok el 44 ol9lY] LAYA@E2T T Adst, oMFEE 2E F
S44 Whgo g yehd 2283 Hiola A5 AL AYE AHEEAT

A A, n@AE 28712 F 3/5meli - 113kwyhe] S BT, HAE A= se7E] oF
37mell -536kmhe| e BT g &R B, 2 4% T Ao £571 § E3h7] Wi
ceAdgE A, 228 AFoE ESHA BANGS 2t 5 2 T 4 AES BV WE
of & Fo] AA Uehd Ao ARHT
<Table 4> Simulator emergency test results

Division Young drive(SD) Elderly driver(SD)
Perception Reaction Times 1.207(0.662) 1.365(0.854)
Distance 37.889(2.412) 35.968(4.447)
deceleration -5.36(1.008) -11.3(2.247)

=
)

€

w A7 AEHOIHE o] &8t AP dL5F RN £ 5L =EsA st ol
Sfel Y =2aTH lzol 6e5AE V1o R ABA AFH HlugA IFoE FEste] 24 1FEY 30
o2 F 60 vAdYAE mReinh
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A e WA FAR SERPL MRS T3] 5] FORUMBAIA U /@ ane
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