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Abstract

Analysis of the interaction between the automated vehicles and manual vehicles is very important in
analyzing the performance of automated cooperative driving environments. In particular, the automated
vehicle platooning can affect the driving behavior of adjacent manual vehicles. The purpose of this study is to
analyze the lane change behavior of the manual vehicles in automated vehicle platonning environment and to
conduct the experiment and questionnaire surveys in three stages. In the first stage, a video questionnaire
survey was conducted, and responsive behaviors of manual vehicles were investigated. In second stage, the
driving simulator experiments were conducted to investigate the lane change behaviors of in automated
vehicle platonning environments. To analyze the lane change behavior of the manual vehicles, lane change
durations and acceleration noise, which are indicators of traffic flow stability, were used. The driving
behavior of manual vehicles were compared across different market penetration rates (MPR) of automated
vehicles and human factors. Lastly, NASA-TLX (NASA Task Load Index) was used to evaluate the
workload of the manual vehicle drivers. As a result of the analysis, it was identified that manual vehicle
drivers had psychological burdens while driving in automated vehicle platonning environments. Lane change
durations were longer when the MPR of the automated vehicles increased, and acceleration noise were
increased in the case of 30-40 years old or female drivers. The results from this study can be used as a
fundamental for more realistic traffic simulations reflecting the interaction between the automated vehicles
and manual vehicles. It is also expected to effectively support the establishment of valuable transportation
management strategy in automated vehicle environments.

Keywords: automated vehicle platooning, driving simulator, lane change behavior, manual
vehicle, questionnaire survey
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Figure 2. Driving simulation experiment

Table 1. Age group distribution of participants

Gender
Age
Male Female Total

20s 5 4 9
30s 4 3 7
40s 4 7
More than 50 4 7
Total 15 15 30
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Table 2. Questions for NASA-TLX survey

Classification Questions Weight
Mental demand How mentally demanding was the task during changing the lane? 0.156
Physical demand How physically demanding was the task during changing the lane? 0.169
Temporal demand How hurried or rushed was he pace of the task during changing the lane? 0.147
Performance How unsuccessful were you in accomplishing what you were asked to do during 0.282

changing the lane?

Effort How hard did you have to work to accomplish your level of performance during 0.142
changing the lane?

Frustration How insecure, discouraged, irritated, stressed, and annoyed were you during changing  0.102
the lane?
=
=425
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Table 3. Results of ANOVA (Lane change durations)

ANOVA
Sum of Squares d.f Mean Square H Sig.
Between Groups 870.164 7 124.309 106.224 0.000
Within Groups 215.326 184 1.170

Total 1085.490 191

Post—Hoc test

Subset for alpha = 0.05

Section N

1 2 3 4 5

Duncan Dd, 24 1.2479

Cd, 24 1.3120

Bd, 24 1.6216 1.6216

Ad, 24 1.9764

Bd; 24 4.5616

Dd; 24 4.8407

Cd, 24 6.1059

Ad, 24 6.7952

Sig. 0.263 0.257 0.373 1.000 1.000

2) A2HA I} AQAZH

FAFY ARE AL ARAA L $AFHE A AFR2EAN] EAS B s Qutza
225 W7 shs AZHL Hl W she Zlo] ofu|7E ekl Tkt o]= i S4olu o4 kol whet 2p=
Ao 22 F= AHY] 2ol & RHstr] Qlgtolnth, whebA] 2 Aol A e FHAE A=A AR ARkt g 22
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ZaAITEE] 2ol & Ap= A F7F A Ak o 7 A oJstal BARAE ZIeYSHTE A= 7 7T A8 A17o] A
&, MPRO|| w2} ezt 2o 7F EAot=A15 B7Fotsinh. ATt BH| o &
MPR2 HE2t AA o7} Sl Ao = et

‘Jo] T t—testA = Table 4] A Ao}
FoRt Ao EAH o dHk= gAY
A= M 285 Ao & YeET.

Gl
hil

Table 4. Analysis results of additional lane change durations by gender (t-test)

Group Statistics

N Mean Std.Deviation  Std.Error Mean ‘ “2’ 204
Man 153 2.040 3.151 0.255 1 l ﬁ
Wonan 106 1.076 2.288 0.222 L
t—test
Levene’s Test for .
Equality of Variances t—test for Equality of Means
95% Confidence
F Si . df Sig. Mean  Std.Error Interval of the
& (2-tailed) Difference Difference Difference
Lower Upper
Equal variance 9738 0002  -2.692  257.000  0.008  -0.963 0358  -1.668  —0.259
assumed
Equal variance not -2.849 256406 0005  -0.963 0338  -1.629  -0.297
assumed

MPRo|| w}-2 2F2 7 57} 4 Q AI7F EAHEA] Aiks Table 56l AIAGHA. 0, FAH 02 Fofgh Ao 7} Gl
710 2 vepidth. MPRYE 22817 £7} 4 @ A7+ Figure 7°] Box plot& 2 A|A|5Hl o, MPRHE 212 H7 3=

w7
714 @ A17H0] FURLE o] 5te] 27l that 2ANS EET Ak 3544 o] FA|40] AR A0 PE gl
MPRo] Z7Fgte] whe} 22 7ol Wagh F7h4 aAlzbo] Zojxlis 412 Lehict,

Table 5. Analysis results of additional lane change durations by MPR (ANOVA)

ANOVA
Sum of Squares d.f Mean Square F Sig.

Between Groups 204.037 6 34.006 4.479 0.000
Within Groups 1913.155 252 7.592
Total 2117.192 258

sle; y = 0.0498x% - 0.5536x> + 1.9666x - 0.6098

10 R? = 0.4768

o L

m(0% ®m10% ®20% ®30% ®40% ©50% © 100%

Figure 7. Additional lane change durations by MPR
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3) Jaas

71542 (Acceleration Noise, AN)2 7129 BEHAREA] E2FPA] oFHAS

HFFeE 2| o), F A O] 7HE A4S0 Mk WE R b ol ke rIXItHOh e
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FAPE 7HE A4S A skt
AR08 2ol e mhetsly| S]] BARRAS Salsl] o n] B AT Table 69l AAlsH Tt BAMEA A}
FoJ8HE0] 0.050]5k=2 Yeht 95% A g4Eol A TAH 02 {5 2ho] 7k Qlis A 02 et o, A7k
THE A2 ks AT7HEE 7126k ek ol AR THE Aol [t Aol 7t QL3-S S|tk Abe

AR AT}, 7M a0 A9 AR FHTIHA) T WA ARTH] e Gakn

a7 the #2282
WAL S A9ACTDO FTS Bl B A0z Uehirh o) B9l 2UAZE HRUAS sHe 49 2
Aol AsteE A2 & 4 ek AR Az A7 ABHTHAdY) O 785, A=A THE Aol Hlsh E
2 7M402 024512 7 5 A0 UeRdth ol e A7 9sh] AR AL St Aoz g
&4 Stk G A= 7 8 7HCd) O] 745 A= 7 FH|AT o] A1, 7HEAS-20.230% 2 Ao 1
ERdth ol 95 TR A2WAL ol A9 A2AAL Folois 59 99T LS Hol Ao
ShATeE 4 Sl
Table 6. Results of ANOVA (Acceleration noise)
ANOVA
Sum of Squares d.f Mean Square H Sig.
Between Groups 0.340 7 0.049 10.667 0.000
Within Groups 0.838 184 0.005
Total 1.178 191
Post-Hoc test
i Subset for alpha = 0.05
Section N
1 2 3 4 5
Duncan Bd, 24 0.1142
Dd, 24 0.1324 0.1324
Bd, 24 0.1685 0.1685
Dd, 24 0.1758
Cd, 24 0.1780
Ad, 24 0.2018 0.2018
Cdi 24 0.2321 0.2321
Ad, 24 0.2451
Sig. 0.352 0.065 0.121 0.122 0.507
7sngol A, 9%, MPRY wet B Ao]7h SLEAIE HASIIA ttests) RAHEAS S0}y, 14
48, 999 B9 oishel 0% Ul BA08 GOl Aol Sl 202 ekt ot MPRE

A 5}
BT HE AL RN T eI Table T AN, P UL Tk 8] BAH 02 Kol
AR T A0l el vlmel 3 o, Bt o] 90 bk go] 00395 362
7102 ebek Table 49] 23t} ST o, 014991 2% WAl H19) 2UF AR A2 AR 24002
PR st AR AT 058 71443 0] ok QAL Wolxk A 02 BAE gt Tet AGH A%

o Fl
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Table 7. Analysis results of acceleration noise by gender (t-test)

Group Statistics

N Mean Std.Deviation  Std.Error Mean e gi i
017 016
Man 362 0.162 0.105 0.006 016 l
0.15
Woman 290 0.188 0.107 0.006 o Vo Wormen
t—test
Levene’s Test for
Equality of t—test for Equality of Means
Variances

95% Confidence Interval of

. Sig. Mean  Std.Error .
the Diff
F Sig. t df (2-tailed) Difference Difference ¢ rerence
Lower Upper
Equal variance 5500 0070 3132 650000 0002  -0.026  0.008 -0.043 -0.010
assumed
Equel vanlarce -3.127 615898 0002  -0.026  0.008 -0.043 -0.010
not assumed

45 35 AR FAALL FAT Aob} 9k 202 elikom, AR AT s Table
ofl AASHEE. B AT 20919} 50T ol o] 2 Heko 2 ek, 30t} 40t/ e FEel 0.2 vehg
S Z o=z

th. 20H19F 500 o] o] A=A ARHS v A TohE ﬁ FoiEet 71 9 7HEA2-2 282 01591 0.162 & T
AR 22 A o2 FAE QI WA 30teF 40t 23 242] A, FHF B oA A=A Al e AP
of W]l 7Hs o] 2 A0 et A& Atet HAHg AL B ATAEL HEY 4 e BEL T
Hohe At A gstel WER 5B QHHAE A4 Past gk
Table 8. Analysis results of acceleration noise by ages (ANOVA)
ANOVA
Sum of Squares d.f Mean Square F Sig.
Between Groups 0.331 3 0.110 10.078 0.000
Within Groups 7.084 648 0.011
Total 7.414 651
Post—Hoc test
. Subset for alpha = 0.05
Section N mjs? 025
1 2 . 019 020
Duncan 20s 207 0.1464 p
More than 50 139 0.1631 010
30s 164 0.1941 o I
40s 142 0.1992 Ta e o e
Sig. 0.1539 0.6650
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MPRO| et 7h4:4-8-2) 2ok 94 20 2 aASHAO M, SAHEA A3t §oI5Hgo] 05600 2 MPR'E 2ol
7} Qe A0 2 Uehdek, ST FP7Y MPRo 02 viahg7e] SHEge BASHE AL Fa7 9Fold, of

of thgt @ F7H0 2 435 Wask gleky g,

3. NASA-TLX 7|8} 22z} 2FiH5t 2M

NASA-TLX 7]3he] HBZAE Fol FaAleol ol b2 e iae] i 5ol Bashuat shick, 22
Al e HYRsIE wlasls] Sl AR gat Age FoHom Agsgon,
NASA-TLX®] 2427+ Figure 891 AXs}sict, 2427 227 Taskel tjet 5ok 420752 o4
e Ao} vlmstel BRHOR AYREEGTF 42.17% F7HRE 02 BAH . BT 2AATO] 2

Z]
=]
5H= MPR 50%, 100% AFol A 2l Ratd<7} 2H7k 65,593 54,338 MPR 0% AFghe ot 2 5sit 715 s
AL ghelstodrt.

42.17%

0 ncrease 65.59
T 6 54.33
§ 50 47 27
=
5 37.60 40.56 3945
| I I I
0% 50% 100%
No lane change Lane change

Figure 8. Results of workload score

i};lﬂ%ﬂ Taskol] Tt NASA-TLX] 67}2] H7} &+-2-2 v w gt AvH= Table 90 A A5 =

122 SRERE

= MPR 50%, 100%, 0% 0. Urebgteh, 2427} v} Aol 2 22972 5he MPR 0%2] 43Rt 2
QA Aol AZRAS S B A, A, A0, Y, 4@ of thst 278 2A L1 A
© 2 Vbt 23y 2 E =04 MPR 100%%] A3HETH MPR 50%91 Aol A 2t Betd4rt w2 02
Urebtt, ol BRREAE EAE ] Sl B9 A2t 21 2o) 247] T2 w;_ MPR 100%:4] Aol 23712t

Zo] 100mZ YASIEZ H|ZFEA} LA} A2 AL 93 A7 HA S 2= Zlo] £=4F)7] R o 2 ot

i

o

Table 9. Comparison of workload scores by classification

Mental demand  Physical demand Temporal demand  Performance Effort Frustration
MPR 0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100%
Average 10.9 155 13.0 104 153 124 99 140 11.8 82 128 83 106 151 120 9.3 141 11.1
Std. 51 44 53 50 47 49 43 57 51 47 35 51 44 42 51 43 50 50
Min. 2 2 2 2 2 2 2 2 2 3 4 2

Max. 2121 21 19 21 18 17 21 8 19 19 19 18 21 18 17 21 17

w
-
=
~
S}
S}

NASA-TLX 227t 944 2 T eold #4544 Aol 8l
FFET MPRO] 50%2t 100%<] 3ol A A= 7o digt feo] & Aoz yeith. F4F
Figure 5-d%} upz7F2] 2 Figure 89] 2 H5F 4= MPR
A2 2 A=A A2 Aol ol A

L MPR 0%¢]

AREZA ARl
0%, 100%, 50% =02 oA H, o]} FAdstA &3
igure 6% Sl &5t E3H 0|23t WfEl-2 Figure 7]

3]

rOh
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