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ABSTRACT

This study conducted a 3-stage survey and simulation experiment to identify the impact of
vehicle platoons on car-following behavior of manually-driven vehicles. Vehicle maneuvering data
obtained from driving simulations was statistically analyzed based on three measures including
Received 4 July 2017 average speed, acceleration noise, and offset to represent the deviation of lateral movements.
Revised 2 August 2017 Results indicate that MV drivers tended to have psychological burden while driving in automated
Accepted 21 August 2017 vehicle platooning environments, which resulted in different vehicle maneuvers. It is expected that

the outcome of this study would be useful fundamentals in developing various traffic operations
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Alexander et al.2013)= 202032 714 08 A&FPA5ate] 887} o]FolA 1, A AA A& ng 2
o] A7k AAEC] 202008 5 20359714 oF 85%7F B ALE ol AEtglon, 2035»# AEFYape] By
o] ¢ 85%7} 2 Zlolkal o stGieh. AEF AT F85TL o] FolA L HgEo] HoAE ¢ X}%
FAL viA-EATE EAH e &l ALE Aotk oA 7 g A, E%*é SHolA 744
A e v 7Hs o] E0HPark et al,2004; Tsugawa et al,2006). TekA A&7 L 3] F3of A A
T ohdet AEFHAY THFBAFT I AR EAFAYNE Aol tiF £ Fasi.
A&7 B FAF g AU AFATH BEE AFES FE FY AEYoIAE o] &3 U
A 3L(Kim et al.,2008; Jo et al.,2008; Kim et al.,2006; Gouy et al.,2014), T3 A E# A& o] &2l 57 g3l A]
SAATE e AYFety 2E# 2o tidk A7 (Lank et al,2011; Heikoop et al.2017)% 3% u} =gt
TRHFYRA AN BIAEA; LAY A 9 AFATS 24T AT VEFT etk & 79 &
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HIT, 2RFEEd tet AAEPERE wA-ear &) AFgAE 9 AdHeE Brkske Aol
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2 A7 2 AEE AP FAPAEH A #E AT AHEA, AFAE, ISt
ATE THOE FYstgon, 7|E A7 AEAZE AASHAT

Kim et al.(2008)> 3 AlE# oS &8af APGRslo] wE
3, 514 oRE &Ed Y, 73, AgALTE
et al.2008) 3 AlEHO|HS &83) 1H A} FAd
7Wr AR AT &4 }ED} ?ﬂizﬁﬂo}L 9‘}

B A oA 01 ‘#é no 1EFAE W Gouy et al.(2014)= F3} A&
< %%‘H 4@%6@ 75‘01 HAEAF Ak T FadE o nA e JFEAS FAsHA 24
FE HAEA &R &5 FEFUATE 24 UYERSTE Lank
et al.(2011)+ ?—33 /\lﬂarfﬂlOIf‘ﬂQ 235 A-&FWste EYT FHKONVODN A HIAEAL 24212 2H¢] R
3t 9712 AAEAT KONVOL 374 Y o 94327} L7l 2Ed 29 24587} KONVOI &7o] o}
d o ®od o A4 Jelstth Heikoop et al.2017)2 533 Al Edo|AdS &3 FHFYo] 4A A%
g, A3l 2Eg 2ol HXE I BAS AASGY, O 23 dFge] ol s #FYd nE &
Axke] ZAARe A7t 22 AoE et
B A7AEe] #ATH wAFH U 1A vhgo] A AFE FHSAA T, viAEa &7
A7F FHe) TRAF] FFOR A AF| A B NASATLXE 88 Aj)F-shE B7e A7+ vl

FoTh £ ATelN 74 ABelolie B MPH, FAFARAL TES AF, AR FAE YL,
HARA S A HEYILE NASATLXE 283 AAATHE HolA 712 dpeh Aaye shac,

108 =TS ==N| M6, M42(2017H 88)



M
e}
M
0%
riok
0\1

40| bl AtEAtEkel X FEo| o|xs JEEH

Py

Shd

II.

B AFoA e <Fig. 1> AR vpe} o] 39719 AL 2 AP S Fsi THFFAA T vEHF
73N A HIAEARe] B E B8 AT

1. Video Questionnaire

Characteristics of participants

(Gender, Age, and Driving experience)

Responsive behavior to vehicle platoons

(Left-most and Right-most lanes)

Following front vehicle with 100m spacing

) [T

-

Offset from the

lane center

. ........ : Workload Evaluations

(Fig. 1) Research procedure

1. HlolE +&

1) AEx} 2E

B AFAE Hole 1S 93k 2016 11¥€ 3¥RE 12€ 997-1 309, 20179 2€ 7¥HE 24
229 23lo A4 602 HAHAE BHsIP o, HEZA D AFATE 19T ¢ 30 = A28 FHSTH
T3 AGAGE HEE gAgase] selo|y] AEYolHE A3 F e FEI ALE F9sige
H, A3y AU e 2 0]99 do]k £o v AHS FUlR o R FHYPIEE . Az e
299, oJA 3190l on, AFHE= 20th~60th 2 ZF A TE QY-S <Table 1>9] A|ASFATE ©] 5 30T <
4 149 HelHE AEHelH Aoz BN A9sle F 599 tlo|HE o] &3l Th

Qﬂ
3R
°

(Table. 1) Age group distribution of participants

Gender
Age
Male Female Total
20s 7 8 14
30s 8 8 16
40s 7 8 15
More than 50 7 8 15
Total 29 31 60

(Fig. 2> Driving simulation experiments
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2) Jy7lgt AMSY A 2IXSY ZAL

GE7E 2ARE A@A AHEE S ARSI, AlEHCIA A FREE AeAte 2T 3
of W3k Y& AT F AddAe] THFY UA ofFok THFHOR AT BFFe] theiA Ak
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(B, A", 2AFHE A F A oA ME vy, o FHHE Gl i HeE =
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A HsH(Workload)&t o A& S5t d FHEH= T &2 w89 402 HoAT 4 Jthdd
Agghg-olAb7). NASA-TLX AEZAbE td Alz"ollA 248 A 875+ A¢Rat 37tE 9t
= ﬂﬁ%—zr%"ﬂ"‘] Mg o s B AFoA e #HFYA AL &xAe] A FstE Brtetr] 9

T30 53’\]?—:31]0]’9_ Ay T YA NASA-TLXE Taskell et JHF3E Hr1shr] 9
AG27E 9 AlEHolAE B3 AR AHMERE Fsie T T FAS
A FatE Hristed E8FAT FRFIFAH AN = ARG SRR Hhgo] g}
ZoE AoEy, QIAEY HE FHFPA A o3 AP FsHE th2A YERE Zolth. NASA-TLX+
A& Q7 (mental demand), A1*A QT (physical demand), A7FA 3:%(temporal demand), YFAZ
(performance), =84 (effort), A ZH(frustration)®] 6714 Fo] 3 FAF 24 S Hrisiy, 7k &=
2 Al%3} £ (Analytical Hierarchical Process, AHP)S F3l| <t&3 715X & 283t A3 AFE
23} THKim et al.,2010; Jeon et al., 2009a; Jeon et al., 2009b). 2] & Mg?»t— 1004 H=2 AsEd, A
b 2EE AR $AAY] AR E Aes And & E}. B Al A o]-§3F NASA-TLX A
ZA 5 7FEA & <Table 2>°0l A st oH, FPAEH ol AP F Lé], 3 FhA AUE
o sl HES PstHT

N,
rlr

z
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=
=
T
=
o
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(Table 2) Questions for NASA-TLX survey

Classification Questions Weight
Mental demand How mentally demanding was the task? 0.281
Physical demand How physically demanding was the task? 0.488
Temporal demand How hurried or rushed was the pace of the task? 0.080

Performance How unsatisfied are you in accomplishing what you were asked to do? 0.048

Effort How hard did you have to work to accomplish your level of performance? 0.073
Frustration How insecure, discouraged, irritated, stressed and annoyed were you? 0.031

BE7INE AASA B AASA Aol 1A JIASA Auet FPANEH D AT 0 F NASA-TLX
88l AR ARdFs s A BAsT. vied, 24 FAEANM A, AP, £4749
2 AR Mol Zolrh A BAAs] Y SAREA 230 SPSSE 43 T-testeh ANOVA

Ak T-testﬁ} ANOVAE ER9| Hi Aol & vlushs WHoZ E29| ol w2t A4
of hEAl A&HH, T M7t 2Y W SHER ttests TR 370 o] wl= ANOVAS A
ot 71EATAAM dehd ASER v)ojrol v, 23] FRBA wel, A S et AR
b Aol Aol7h verd Zlo e ddA.

oo rE Hr n%
o 4
m

ol

AFABA 0] AR 3fel fz,k—g— SR, A Hehe] B ATl et 71
AA7) FAFREAO FRdoly 2028 LA HE 5, 448, Offset] ol

l“lor_u

112 PR TSYUR| =27 TH163, M42(20174 8K)



TAFY BHo| vRBAL MY 2 0lxE PBEA

()

HIEHFRBACNA ) gt ulmal BRPYSAL HolsAl Lehd o2 BEHRT. AR5t nhavh
A2 $3% AASR Ame) 79 AR WL B £UT ARAT ARE AN BAsAT v
234, 23 FARANA A9, A, L4749 B2 ABAT Aolsh A=A e 913 Testd)
ANOVA #4412 45t

B ATlAE 608 ALPAE o s 3o 2X 2A B AP ARE o] &eto] HRFHEA
oA HIAEAL 2AAY] AFAT B AYGRE e FYs AT EAANE G AAEG 24,
AZYPeAd Be PFEs Jr}, 2AFPSA0) B2 Fgus By} 18 ALASHYs) AT S0
AAEATE B AFols FYPEE, AR S, Offset, 71543 4714 G50l tiste] FHFYP3A 3 1)
FAFHRAN M EAS wwsgdrh 59 AR dFs 23T vEF Alold] EAHOR §o)3t
Aol7h e ZAoE YERgou, Offsets 7HAhdd BAAQ Aol7t e 2oz EAFEIT. beiA
OffsetT} 7}48-o ARarzel Ay oy SAAE ARENS Sysigion EAHOE o3 2
H7F Jehd FES FAH 02 A A

r‘-LJ

Qa7 A A SH B0 Uk AnkE <Fig 3ol AASAT, B4R, 95%2) FAHA} 23
FYG YA FARLE FYSHE ATl thal THFBVOL A ow, ol FAN B Gl
FAFAE FANAL S HolFE ZARTOIN(Fg. 300). BT FABAY 67%7F FHAZE T}
t PR A4 FEe Lt 202 UeEth<Fg 3b>). ole@ x4 deld qhuigel A4
FaAolNE Aol A% Wakz e 2 Folth ety FA ol YL Bal LAl Y
B o Aol AWEE BAske e AeA) NALAe] FEAEL olashed FaF Lol

Meutral, 5% Disagree,

8.33%
Strongly
agree,
21.67%
Strongly Agree,

agree, 56.67% 38.33%

Strongly Agree, 55%
disagree, 0% Strongly
Disagree, 0% disagree, 0%

(a) Does th reality of simulated vehicle platoons (b) Do you feel the burden due to platooning
seem to be acceptable? vehicles?

(Fig. 3> Results of video questionnaire
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2. FRFUAN M2 XHHS 24

FY AgdoldE 28l viTy FIEH o FISG WE AR AR AT vl
AT T-est A7 BEEE, 1422, Offset A 7109 AFAF 5 FEEEAA frol8Hgo] 010]512
ekt 90% AZ 5ol A BAHOR fol@ Folrt YE A0 R UERTh<Table 35). THFHY wle] B
FEE7} PR FRBAY o BEFEERT o 05kph03%) FAT O Uehtn BEUA G4 0
TR FYSAL wof of 2ufol] k= ghol UEstth ol T A Al SEFFHAL A vEhd
o= 71E A7 A (Gouy et al, 2014)9}F ARG Aolth 7hEAS3 Offset 419 734 A CE F9
g Zol7h YEhbA] gttt
(Table 3) Comparison of average speed by t-test

102.580
93.051
Non-
Platoonging
Platoonging
.............. Speed
(kph)
S > P @ P o> P PP RO ,\6\ RIS
MNon-platooning—Platooning
: 9.528kph(9.3%) decrease
Group_Statistics
Mean Std.Deviation
Non-platooning 102.850 1.858
Platooning 93.051 3.339
t-test
Levene’s Test for Equality of Variances t-test for Equality of Means
F Sig. t df Sig.(2-tailed)
Equal variance assumed 6.721 0.011 3.515 100 0.001
Equal variance not assumed - - 3515 50.923 0.001

=
$aHS Aol7h A FARAES FASAUT 24 AHEPER Po] Bt Tes, HT, &
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(<Table 4). EF Y/} BoFAFE AYRAYLE oA AL AT = U, o) Ao] Fo}
5% FAFY) B2 229 ARe Y7k BORATHE |1E T2 5HHeikoop ef al, 20172 FAHE
Asjolth, 4, LHAHE BA AL BAHOR fol8 AolE BAT 5 Gk

P

(Table 4) Comparison of workloads by age
(P1)

60 44,829
50 43.549
39.60
40
o 2587 28563
20
10
0
Pla't‘l;;r;ing Platooning
W 20 m 30s W 40s Owver 50s
ANOVA
d.f Mean Square F Sig.
Between Groups 3 1255.148 3.288 0.027
P Within Groups 56 381.708 - -
atooning
Total 59 - - -
Between Groups 3 1365.474 3.162 0.031
Platooning Within Groups 56 431.801 - -
Total 59 - - -
4. AMEHSHIL
2 dToME AL 2 FHA A AA FEES =AY, AgAEY #EE 1 AdEA
uebd Aolekal 7Hg sttt Lol wet nl A, o E Zgoll A 2@ JAAELER AFA Tl 2
ole] EA| ofRE S| Y3 LHS ST

1) M XIS}

A AAER FHEE, 7hEaE, Offset 2F017F A=A Tests TR 423 ML, w539
7 BT AL oAk B L% Hla Al el gEo] o.c0lst®E YEhY 0% Aol SAK R fofdd
Ao 7k EAISHE A LR YERITH<Table 5>). Ake] HH&E=7E wate] FEERG B YERt o, of
T TR ol TAFAA Aol dART W e H AZE JHRIts AT AIKim et al,
2006)9F #go] Atk AT E=F FAHOE o3t Aol7h EASA = AT, WY 2F L T
BB Ao} HEEErE vER FARE A FEEERT W dERTh ol LT/ ] A}
Al SFe wA= Ao 8T o gl
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(Table 5) Comparison of average speed by gender

(ke 103.017
110 - 102.126
98.130
100 636
90
80
70
60
50
40
30
20
10
0
s Ptooning
EM EW
t-test
Levene’s Test for Equality of Variances t-test for Equality of Means
F Sig. t df Sig.(2-tailed)
Non-platooning 3.287 0.076 1.753 49 0.086
Platooning 1.106 0.298 2.829 49 0.007

2) ABCHE XZASE}

AR ABA T Aol7t UERHEA ANOVA B4 ity BAAT A4age] 45 w2
BAFALY 2 %R0 01 G e 0% U FEA FAHOL FI2 FAe)) 2
1= 2102 UERI(<Table 6>), Offset®] 49 HIZAFHEAY w) f2)2F0] 01 o]5= e} 0%
4 SAROE fole Batolh BANE ACE elsieheTube 1)

8 BAA OEHQ} 300h ] 7hh48, Offset 3%, 40tk 50t olde] 74, Offset Gtol 72
Ao Y 47 3, FAIF0R AGE AT Test® ST 2427 s
, Offset &5 HITH, THTYAANA A ISl AdFHEY =4 UElE I (<Table 8>, <Table 9>), °]&
Adzol o BHY FYPeE Vehdckn 4T 5 ok =R AdFe A FHFIRAL B
15285 Offset ko] HIZAFARAY Weh B JE 2RFYIA0] LA RS T A
Z aath

—lN

(R
ol

i)

T

Ry
<
T

Erjo}fx\i

K
al

{o

off o i
i re

o X

116 =TS ==N| M167, M4=2(2017H 87)



=
28%

o

8 20| HIRIBRIZ A2 FB0 olAE YEEA

o To

(Table 6) Comparison of acceleration noise by age

(m/s?)
0.140 0.123 0.133
0.120
0.120
0.100
081
0.080
0.062
0.060 0.053
0.042 0.039
0.040
0.020 I I
0.000
Non- Platooning
Platooning
B 20s H 30s H 40s Ower 50s
ANOVA
d.f Mean Square F Sig.
Between Groups 3 0.023 6.503 0.001
s Within Groups 47 0.004 - ;
Platooning
Total 50 - - -
Between Groups 3 0.021 6.212 0.001
Platooning Within Groups 47 0.003 - -
Total 50 - - -
(Table 7) Comparison of offset by age
o 0.424
0.450 0305 0.398
0.400
0.350 0.301 0.323 320
0300 ¢35 0.27
0.250
0.200
0.150
0.100
0.050
0.000
Non- Platooning
Platooning
H 20s m 30s m 40s Over 50s
ANOVA
d.f Mean Square F Sig.
Between Groups 3 0.077 5.576 0.002
Non- Within Groups 47 0014 - -
Platooning
Total 50 - - -
Between Groups 3 0.036 1.531 0.195
Platooning Within Groups 47 0.022 - -
Total 50 - - -
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(Table 8) Comparison of acceleration noise by age group

(m/s?)
0.140
0121
0.120 0.107
0.100
0.080 0.064
0.060 0.049
0.040
0.020
0.000
T Ptcarin
. Young Middle
B Caged ¥ aged
t-test
Levene’s Test for Equality of Variances t-test for Equality of Means
. Sig.
F Sig. t df (@-tailed)
Non- 5.983 0,018 4316 33312 0.000
platooning
Platooning 0.024 0.878 -2.226 49 0.031
(Table 9> Comparison of offset by age group
(m)
0.450 0.402
0.400 0.361
0.350 0.307
0.300 0.278
0.250
0.200
0.150
0.100
0.050
0.000
Non- .
Pla‘la?:ning Platooning
g Young . Middle
-aged -aged
t-test
Levene’s Test for Equality of Variances t-test for Equality of Means
. Sig.
F Sig. t df (@-tailed)
Non- 0.696 0.408 3871 48 0.000
platooning
Platooning 0.004 0.950 -1.267 47 0.211
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7

A2 AFA Tl Zpol7F dEhb=A ANOVARA S F3sksitt. 445 virF3eadd o
L7 HE Offseto] o8& 0.1 I3tz 90% AHFFANM FAXCE foI7 2o]7h UEbsktH(<Table
10>). B3 HITHAFAREY W) 2AEHe] B ALFAR] A Offseto] WA Hehu= e AL
= Ao Ropdas AlEdold #43 22 B4 73 870l O wEA A3 Aoz 4

(Table 10> Comparison of offset by driving experience

(m)

0.36
0.35 [] 337
0.335
0.34 0.32 0.328
0.33
0.32
0.31
0.3 .296
0.29
0.28
0.27
0.26
Mon- .
Platooning Platooning
N ~2years W NEEY;:; :s ~E:I ‘_.!:f ';ir:rs 10 years~
ANOVA
df Mean Square F Sig.
Between Groups 3 0.046 2.681 0.058
Non- o
o Within Groups 46 0017 - ;
Platooning
Total 49 - - -
Between Groups 3 0.013 0.596 0.621
Platooning Within Groups 45 0.022 - -
Total 48 - - -

A AAHoE ALYEFY B FAFY B AF D Je] BT o] ol 1 glow, T &3}
BEAZE 918 xeke] AL FHFYe] ek @ Zelth & Fl AFAAE 71%elAE 20184
FAFY ADE BEZ FI YIS JEE TPFY/1E HES7E BAe] the golth Ty g
2ol 72 APNNE TUFY /1% AAG e Bajo] AAHY o, FRFEe] FAFVL 1 9
£ BN WAL Pet ML SAAL WS T ATE BESPA olFolAA gsieh vt
A B ATIAE TR AT AT LA vIAE GFEANS AN, A
A% 9 AQRs 24 FHo2 AW,

2 dFolM e 2T N viAEAte] FEEH e ffe) 38A o] 24 2 AES FREAT. 194
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2 Agdold 9ol FAFVL TANYEA BOIL 2] AHEHES AT I3 A7)
2AE AT EH WAL T ABHold AP Fal FHFBBANA MRl ASAT
2 BAsigon, A WAL U ABd A ¥ eade AYRSE 2AEI S
NASA-TLX HEZAE FASAT 7N 284 AASH 24 A3} 54 @Ae] 0597 FAFA 9
AREL AAsfgon NP 16%7t FARABTEOE A3 AA FHEE L Ho2 ey
o F4 ABHold BaAS, FAFABANAY BEFEEot MEAFRBAY W 2T oF 95kph(0.3%)
Fashe Zloz Uit BRsEe] BEuA 94 FUFRRAY 9§ 2 deyt, 5434 <
4%* 3} NASATLXE ©] §3 2% BAF ARags} A3 24, AT AL

Foih Eol A4S YR TTE FoE 20T Uehga, AYTEE A Ratasol FAHC
9]‘5& Aol7h Ueksitk, S dAAe] AHEHT F A AL Fal U AFATL A BA
FEAEEI A3 FUFVRAY W 8 BREE, AU SHagold SALOR fol@ Holvt vt
Ehd, HEHFRBAYD W AHUE Offset, 7H5a83h LA Offsercl 4 FAZOZ o8 FHol7h
Urebie,

Dohe AgFAAe] LER AdlA AEFY, FHEY U BFR ohfel, ulxgel O]
% 9T B AW olof Wk, B A7) A%E HLHAY o4 5o n9IYT LA A
Zo), WIAEAF SAANA T FATFAAG) B AR AT Yok 24, ARFPRM AL e ¥
o mA Fo] MALAY LHAE A% AERYAGES AU BET 5 Ye Zolet B
B AFE WA S e g SR ATk Bastth A, B AL 2R 217
Py H

Nn\l
d

L o —lrl d
SN
T e

N

54 1@ ATANE AN G5 APUE AW AIolY A8 FYPE Fo| wIE F7h A

F7h Basth BEo] £ APAAE Hho| I @] WEe] FAHY BAAAE AAdGoN, FF F

HHel 8B4 IS FE R 48 B B4R NS Y 5+ IS A0 wUAL E
3Y 3]
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