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ABSTRACT

In Korea, interest in truck platooning is increasing because most cargo transportation is done by
road. Truck platooning is the operation of two or more trucks in a row to form one platoon, which
can increase road capacity and improve fuel efficiency. In this study, to analyze the effect of truck
platooning on traffic flow, scenarios were created according to traffic conditions and truck platooning
operating conditions. In order to understand the effect of the truck platooning operating conditions,
correlation analysis was conducted with the average travel speed, the number of lane change
disturbance, and the number of disturbance in the entry/exit section. As a result, the number of trucks
in the platoon, the spacing of trucks in the platoon, and the spacing between platoons were found
to have an effect on the average speed and the number of lane change disturbance In addition, the
truck platooning ratio was found to have a strong correlation with the average travel speed and the
number of lane change disturbance regardless of the LOS.

Key words : Truck platooning, Operation conditions, Microscopic simulation model, Traffic flow,
Lane change disturbance
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3 (Truck platooning) 7]&2 F tf o]+ 3HEA7} V2V(vehicle to vehicle, V2V) SA412 o]
g3t SR Add wHe A AT A FASHA FAske JlEelth sEA FRTFHLe 1
% =Y "F UL, AT AHIY A bAAG FUE & Ue Aol UTk(Segata et al.,
al 233 <% A oj(adaptive cruise control, ACC)A| 28-S A&-&te] b2l 34 3},
AFAFE AT AFELS FF A58 & Alo(cooperative adaptive cruise control, CACC)A| 2=H-& 53
# A z=8le Vav B4l 71%50] F7HE ACC A 2=Blo g A5 A FF 7]5o] 43t
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(Ramezani et al., 2018).
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<Table 1> Truck platooning technology levels

Truck platooning technology levels Features Remark
1: CACC truck platooning Longitudinal control automation Drivers required for each truck
2: Automated truck platooning Longitudinal, lateral control automation Drivers required for each truck

Longitudinal, lateral control automation | Unattended driving of a follow-up truck only

3: High ilot truck platooni . . .
1gitway priot truck: platooning Change lane, overtaking automation on a specific road

2)
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’$3BA F(Correlation coefficient)= T+ M 1Y BAE EAste 54 7IHORE 3ol A 8A 5 (Pearson
correlation coefficient), 2~3]oJ%F <=9] 37| 4(Spearman’s rank correlation coefficient) 5°] Atk AFHA 9|
7= F e 9] ABAE AEE Ul 4 A3ASY =g B3 820 & AR dade <

108 QR TSYUZ| =27 TI203, M42(20214 8K)



HelE AT e df&ﬂ & 7}11 %E}. 0.
oAl A 059714 2] W9l A HEo] ABAe 73
A1 075904 099744 &) & A Wi 43 A
7 E A& 2|u]gth(Rea and Parker, 2014). ©}2l] 219 di—e— = 4 fﬁ x}°l~ ~6¥E}(Knn, 2007).

105-E 029 Afol9 7+ 7}x]w4 e Odﬂr*é S 7FA 1, 0.30
ot sjA 3t} 0.605E 0749 WA A3 ABAHE T}
Sl

O'Ed?
B OO PUPO PP OPRON 1
p=1 n(n2 -1) ( )

M

—_

n

o2

o7 g

Calvert et al.(2019)2 3H&aF TR FYL #olt], 4, T vav SAE Fall 21 uf F of o]de] 35}
2 F2 AR A4S AL A G TleE YT o] ATdAe s=At g FH o] CACC Al
2o o)Est Fo AR o' ©Aa wiEd o|A| e ATt o, wEFol vk B A FFo] Aok
B+l Lane change Model with Relaxation and Synchronisation(LMRS)< 7| 2§ © 2 DM+ Z}%k %
B 2t oA, 25, AE AR AU o2 FEste] A nFAEH A S
3 AR FAEY oA RS o83 A Tl wEF ool vAE FE %41'5}11} '5}
=)

K

yal

O A% = TPl AA A H 4ol FEHYI dFE A AAE}— ANE =&,
3] CACC Alz®lo] A2tel 358 st&At vlgo] F71e| e} A wgH{ Aol 7 }
A AUl HA BE5F AAALEE 10~90%2 S7HES BHYom 0% Malooﬂxi A
A vebgth w5 F AAe sEA TS EU4gtel weh HA wF [ A A (delay) 7t &7}0}%
olm gt} B Ao A= VISSIMO A E£E&3F= MOE?! total delay timeS AF&3lo] w579 XA F&
g3ls o

Jo et al.(2018) &2t TS A FAIOE 2004 5THe] SHEAE
ke FAg A FYshe 7|EE GOt AFIEL A LFAEH A
o stEat FHFY E0] B2 &7l vA= 4F £4L s, &% Fo A

a7 sty duatE sHEA TRFY0] EXFHO e VEHIE FEIY 145E
Mg Fstdon, A #HFY &9 FevEe vy W =, 7 W 34, 23 3 34,
HFd stEat ves dFsnh 1 A% 23 W SEA vt 2o, o W s=A H4 0] 10m, 73
b 240 50m, wRF sHEAF Hlgo] 10%% Aol A= feFo] sEA T Al &
H3) °F 17.8% F7Vete AAE =F3}3Th

ee and Oh(2018) 3l&a AT S o8 o] EAIF HAge kAR E AT A d8F A3t

S FI FYske WA oE Aot o] dAFAE IEEE FUAARE FUhA &F a&8F
HAPE 1T FEA FAFY SFHTFS FHLA SHATE VISSIMS o] §3te] sEAF T30

fo dm 3@ 1 o

F.R
L 2

1{11

HEX

Ml ol o

N

¢

o

Vol.20 No.4(2021. 8) The Journal of The Korea Institute of Intelligent Transport Systems 109



WEF vAE FFS thFsAl B45t7] 3] VISSIME| Driving Behavior ¥M4E 2438l 18519,
B4 Alvges 23 #7, B4 15, I uEE, = vlE, 2 W =, 2 3 A4S
aHste] AT 9 &S Hrlele AREAN HE FPELEEE ol &stueH, B4 A 2 W
stEak 7 RS B FIEET BolAe HEe BTk St A A 1] FEsAed A
AFE o] &3 43E Mde AYstda, ¥4 23 7 1t H40] somY W HA 7+ W =AUt 6
el Aoz =&FHdoY & 3t A0 100mS] ol 2 W SEAF 7 4t o) TP AFE0l ¥
S Ao BAMH &4 TN e A%E Bt

Wang et al.2019)2 2t LT | 319 THOE At
E 253} A (connected automated vehicle) 12 th7} #-2

g A4S §AsE F1%2 et o AT
o 2He Ex 2AFYl ALY PN TEER Lol VAL FFL BAGLA YT ok

ENY, FAFY B 0)g, 2 U 44, 23 0 HEBR 52 4PS Y3
s o) A T B et A
o 23 A 228 A

O
Fol 2%14 19%7HA 74 ¢ A& AFHE =E3AT

=
Y
N
5
¥0
N
=
rlok
o
ot
Bl
oft
o
ol
2
Y
o
EN
H
il
El
oft
ofo

3. AIAHY & 79 AHEHY &=

g2t ST Bdste] REe] AdTFES 7P SR Vel =lE AR qFHe 1=
S O dhe AR Yeintth 3 ste4 250 =E B9 BEe & E84 B8t of
A G840l AA = 3o B3 A7 v ST 7€ TS A LFH o] wEFl v
e TS AHET] A BAFYEE, FFE, 52 £ 59 EAHETS AT AR 1
 AFHESTo s B2 2340l FEdhe st TAFY ddE A3 A=A oHEE 1y
stA] ettt AR, E ATelM e AEER JAESYRAN Bste A At THFER <l
AL ¢ e wTAEE AREAWs Fie T sdue AEAe] Ao E3, & AFelMe
VISSIM #4l Ao Algstes 2HFd LE5€ ol 8Fo2A Fext 2HFAE Bt FUsA 738

= g Age] AT,

. v 2eAEdold By 75 2 -3

1. OA|2EAIE0IM 2 75

of

wFEE, s=A THFY 2
A FAEHIA 2E Aluge
20205 HE vy 242 F 3y
o] 7ksstth AlEdold BY o e &AL v T &4 209 1 2UOE FESHA =R 7
A &9 2oz 3 U 3EX} S (platoon size), ‘TH W 322 7H (intra-platoon spacing)’, ‘T3
%t 7HA (inter-platoon spacing)’, ‘T &2 HEMPR)Y F Ul 7HAE FAEAT oW, X W &
2} A 9] A9 A 7r40] obd A7t IHA(time headway) 2.2 & =0 W} 1HA S AT THFY 3

z0) weh 323 FAFPo] WER PAE GG BA] 9@

3} T
AAEFTE B AT A= VISSIM 20202 ©]83t3om VISSIM

=OL_1‘
@)
>
Q
@)
>
[>
o
1o
A
o
o
)
Au)
A
rlr
i)
i
_>‘.(_4‘
=
i
N
ot
>
it
=
o
i

110 PR TSYUZ| =27 TI203, M42(20214 8K)



Sl
>

of X7 M

DSR0l Y82 FE SR 27 oz 24

—Ix
Mo

2k HI &2 AA) HEA § #R-FA S ke stk HIES orlein, v2v SAlE Agake shE ke H

sttt 3 Ul &2 4= VISSIM AHAl 32H0]EQl Autonomous driving®l| 4] Max. number of vehicles
OM-interfaceS 53 7@ om 23 ) 383 1H4-E Gap timeS T3l A8k 3 2t 2449
-°r Wiedemann 99 model P& ARESte] 744 FAE 913 AAAZ(CCO)S AMMAE B8G A
A (CCHe #AZ YERATHLee and Oh, 2018).

[‘

Inter—platoonspacmg = OO0+ CC1* 32 ....................................................................... )

wE 27 A% WEF, BT B VI, SR I, 200 3 AN P, o
]
=

| o] A9 20%% 14 o}gﬂ;gtn] &b B89 A9 20199 A EFHRAZAAES Fas)
o F 1EEE FEX Fo TANI 27.7%S ZE3ATh AEd ol 2y W4l At A g

<Table 2> Microscopic simulation model conditions ranges

. Ranges
Conditions
1 2 3 4 5 6
Platoon size 2 3 4 5 - -
Intra-platoon 0.09s 0.18s 0.27s 0.36s 0.45s 0.5s
Truck spacing (2m) (4m) (6m) (8m) (10m) (12.5m)
Platooning Inter—pllatoon S0m 100m i i ) )
spacing
MPR 0% 25% 50% 75% 100% -
Volume LOS A LOS B LOS C LOS D LOS E LOS F
Road & Ratio of ramp 20%
Traffic Ratio of trucks 27.7%
Speed Vehicles : 100km/h , Trucks : 80km/h

o] AEHA By WMFES 2FE F 1440709 Ayl 27 A% shARE 2E AU L9 b
g AEdold EYE FIste o] glo} gHl stolm FH AMEY WH(Latin Hyper cube
sampling method)S F3l 300712] Alue]2E A8+ tH(Mease and Bingham, 2006). A4 H Alvgl o] £
T <Table 3>¥} o1 <Table 3>9] 7 Aof| Y& 2 <Table 2>ll4 HAH &3 3T &4 =40 2
wE 27 HYrE AFE NEE on|dth £, 300709 AUl F oF W SEAF e 2 75709 Al

22 FxHH 73 W &= 14 A Ave] ol sttt 3 3F HA ] A9 24 1500 2 U
I T FEAR H]%% 6074, E%% 3 W sEA A A FLEHA 500 Alve] el 2 E T

39 HE H(multi-run) 55 2AsA s3ioh D= 10kme] 2
:rLZ_ho—i °]—r°17ﬂ EO]H]E—? EL?_] 4 wet HE He At 34 gls A= oi4E] LoS C, vF
T3 ﬂ%ﬂ HI & 0% 202 ANEdold B3 F 353 734 47 5 20714 & 49 FE3to =%
UE F g 28 A4S s O A e 2FEY FYEEC] 005 o3 S 7HA HE
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<Table 3> Scenario distribution

Ranges

Conditions Sum

1 2 3 4 5 6
Platoon size 75 75 75 75 - - 300
Intra-platoon spacing 50 50 50 50 50 50 300
Inter-platoon spacing 150 150 - - - - 300
MPR 60 60 60 60 60 - 300
Volume 50 50 50 50 50 50 300

2. DA ZSAIEY0I1M 28 ¥

£ AT VISSIME o] 83l VEYIE 7531tk A Lek nke} 2o
£ M o7 § £ AFOoZRE 2km Ao IEURT} EAEE ot} =3

o B rE2wEH AP, Al 392 “<uEER|A Y AR e FYEr] we} FHFY =R}
£ 3AENS FYFEE AASAT nAnFAE A 2y 24 AR F 4,500

warm-up times 900 = A4 3to] Ho|El& 90027 H 4,500%7H4] 3,600% F<F 5

A3E v <Fig. 1>3 2tk
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<Fig. 1> Network layout

3. DA|ZSAIZY0IM 2 FIIX|E

stk TR EFo] R MAE dFS Hrke] A ARE UEY A HAFIEEE AHE
At BEFTAEEE 53l E29 HHE AGT F Yo WA EE JFS AR 5
Oh, 2016). E3F, £ A7+ AZHAWNE SHEA FFFTPOE A3 YRk AERA ] AdHE= A
o7 Aottt VISSIMS AlEdold B8 3 § 21 AFe] 9 9 AH Soll g R s3] 7}
5ot 2} &3 Ael(driving state)®] A5 X217 Ul7] F’(wants to change lane), ‘227 % (changing
lane), ‘T F3 F(in platoon) T AF FHE YeERITh A FAEH ol ZFE HlolE A UES
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= ol EAste A il
il LAY FA FEAE A ty] T WE A& oW, 012 FH Lo
A

= = AEiistEe o
HkxbeFo]l MAst izt sk A2 R FY $% SEAt At AR tr] FellA AERA
o7 W3 B4-E 3 Ao ArHATdrE st T3 o] 3 A=A 7t S YTl
A A, AzigAdrE JAEd e sE Fofsto] AEstdt o714 AL AdAE
2o} AEAAZE onjsiH, EE2§FHF wet IAESY T TN AT AZHA L AYAEA =R
FEFEL A2 HEH] 100m FF ARFE sHF AMA Y B 73bs B3 JEdEE dFEe
AER AHEH2 400m &7 AFFE 100m sh7 AH7MA = A 28t (Ministry of Land, Infrastructure and

Transport, 2013).

V. vXEA & oA By 23

/};]l

Mz

1. 7

[P

SxH=y 2

VISSIME &3 =Z4 tlolElE A4vR7] 93] 7% BAEAE FHsIAT 712 FAEAS LOSEE
P53 S (mean speed), AZHGWS| A4 (lane change disturbance), &Y T3 7 4 (weaving area
disturbance)®] BEI, EEWA, HEgk AL Solsan,

BHEREE] A 3T vk 2ol LoS7F ymd s H gk Hasta RFdAe ST A
o] Uehton xzuAws| 42 ¢ LOS7F 43 eE gol wAE Ao g Yehyit)

T o

AZYTRN A5 A9 BREASES Th AR Los7 Wihd 58 Bagto] S71e BT, &
o ﬁ%—ﬁ%ﬂg-w% AZARPAAFE B3l AEHE Aoy FZARPHAFSE kA2
LOS C7} LOS D, BXTh S HRGE /HAAT o & Adgkol vebsieh, 12YTgsia%E 10,127
oz 43 i—%% B s AoE g

U <Table -5 DAREAEHNIL Y WHAES] J12 BARA Asfoltt

<Table 4> Results of basic statistics analysis

Conditions LOS A LOS B LOS C LOS D LOS E LOS F

Mean 96.70 94.40 87.46 80.35 75.18 67.86
Mean speed Stdev 1.1617 1.5890 12.7212 16.5991 16.7348 17.3828
Min 94.61 92.06 44.47 37.51 34.16 28.76

Max 102.41 101.52 99.14 95.42 91.28 83.72

Mean 66.5 142.86 2473 291.1 343.02 482
Lane change Stdev 63.8446 105.4408 218.0934 214.5171 227.2068 265.958

disturbance Min 0 0 0 0 0 0

Max 325 414 859 623 753 921

Weaving area Mean 032 0.84 352 39 6.38 10.12
disturbance Stdev 1.1328 1.6081 5.7187 4.3106 6.0706 9.7240
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ko] FHLE Tl F 30074 AluE] o] miAmEAEY ol REE T EEE 2IFE ol8dt] uF
B FE AL E, AZAATHAF, AEYTAAre sEA ZRFY 29 2AE Aol
AL AAsath stEAt TAFY 29 243 1F o] LOSE TEo] He d&F ol obd MFF Ul
wrel 2vofnt <=9 FAAFF ﬂﬂs}ﬁ}l BEo] 2vjojnt &9 FAAFE A=A 1 Ade o
+ <Table 5>} o 2vjojgt 9] FAAFE AE5t7] 98l Python 389 scipy H71A 9] stats ZES

8594

<Table 5> Results of Spearman’s rank correlation coefficient

h: Weavi
Traffic volume Platooning conditions Mean speed La.ne S e.avmg area
disturbance disturbance
Platoon size -0.12 -0.17 0.14
Intra-platoon spacing 0.07 -0.02 0.03
LOS A -
Inter-platoon spacing -0.05 -0.12 0.1
MPR -0.44 0.75 -0.02
Platoon size 0.12 -0.19 023
Intra-platoon spacing -0.2 -0.03 -0.17
LOS B -
Inter-platoon spacing -0.05 -0.21 0.08
MPR -0.25 0.78 0.09
Platoon size 0.59 -0.19 0.26
Intra-platoon spacing -0.14 -0.04 -0.06
LOS C -
Inter-platoon spacing -0.36 0.09 0.00
MPR 04 0.82 0.47
Platoon size 0.38 -0.27 0.11
Intra-platoon spacing -0.20 0.1 -0.08
LOS D -
Inter-platoon spacing -0.14 -0.28 -0.21
MPR -0.39 0.86 0.43
Platoon size 0.38 0.04 0.01
Intra-platoon spacing -0.06 043 042
LOS E -
Inter-platoon spacing -0.35 0.17 0.06
MPR -0.49 0.75 0.60
Platoon size -0.01 0.08 029
Intra-platoon spacing -0.25 0.17 021
LOS F -
Inter-platoon spacing -0.08 -0.28 -0.26
MPR -0.87 0.58 0.47

LEAIE FE 2AFY 29 240 G2 o
svjojgt &9 ARASE 42 At e 2

A W &2 9 49 LOS C, D, EolA A#A ST 7ho] 0.59, 0.38, 0.38E HAEWHEE HES A
4& 74tk 28 LOS A, B, FY © -0.12, 0.12, -0.01E d#Ado] <AL u)$ Hojx= Ao & Ve
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Be WEHY AT T U SR S0 F70l HRFYSES ABAo] $h-g ofuldk A=A
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