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ABSTRACT

Considering the need for an infrastructure-level review, this study analyzed the impact of truck
platooning on freeway traffic flow and the effect of dedicated lanes based on domestic road and
traffic conditions. According to the study, the higher traffic volume and truck ratio, the higher ratio
of platoons and the greater size of platoons are formed, which results in greater effect of increasing
the average speed of the network. Therefore, the routes with heavy traffic and heavy cargo traffic
could be positively considered for truck platooning. However, the analysis showed that the effect of
increasing the average speed of the entire network is difficult to expect in the event of a queue due
to entry and exit, and that the overall network’s throughput could be reduced. Therefore, traffic
operation strategies associated with the access road, such as securing capacity of the connection, are
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needed to maximize the effect of truck platooning. When it comes to the effect of dedicated lane,
it could have a positive effect only if one lane was fully operated by automated trucks under the
condition of 100% MPR, which allowed positive effects in all aspects, such as higher average speed,
throughput, and reduced conflict rates.

Key words : Truck Platooning, Automated Driving, CACC, Dedicated Lane, Freeway
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<Table 1> Truck Platooning Driving Test

Project Test Site Platoon Size Gap S;:]i;lgs Reference
Chauffeur Project Europe 3 Trucks 10m 21% Fritz.(2004)
SARTRE Project Buope | , f,asTSz:fgk; Zars 10m 12% Lee(2016), Robinson et al.(2010)
PATH USA 2 Trucks 8~10m -8% Browand et al.(2004)
Energy ITS Japan 4 Trucks 4~10m 2.1~15% Tsugawa(2014)
- USA 3 Trucks 6~23m 2.7~9.7% Lammert et al.(2014)
- Sweden 2 Trucks 2lm -3.9~8.6% Alam et al.(2015)
Mmfany Korea 2 Trucks 16.7m ; Press re(:[z)glitgil-l‘g.)Chosun

2) AlZa0|M o1
Jo et al.(2018)& VISSIM<= ©o]-&ato] dwkatgds} ateko] EAE Aol A2l &S FHsAth
|F St a3t 7 2 HAY AdEles 727171 2o, 7 W 2HFo] 10m, 7 XF 24 0] 50m,
MPRC] 10%%] A2 7]E &3 tiv] ¢F 178%2] SHEHE IS F vk AL E43AT
Jo et al.(2019)F VISSIMS o] &3t Iwkalaat #gatedo] EAlE oA A2 &3 HstE AvR T,
SHE &FS IO E TransCADE o] &3t fejuet 1EE2 VES Ao A& Al TP ditol| mE
ol FASAT. &FF a3t 7P & AlvEl &= MPRO| 25%°014 3 =717} 2, o+ W 1H4 9]
F 2F A 0] 50mel A-Rom, Az A A7 HelL 2020 71E oF 1,8769 0 E FA ST
Jeong et al.(2020)> = Ul &9 T MW EAZ7} AEFYAFY MAEFY AF F npEE Has)
7FeAdS AEst AeFAN 2 BgES wEd, I FdFUY Zolo

3
o

7] 9% AgA=E 299
WE AFEHE Fo S WY P Polg AAHA,
Lec and OhQOI8)E TEHEE FYAAZ T LEF HENLE FUAL & U R 2

54  Pr=RTSYL =27 193, MI52(2020H 10¥)

=]



SR SYARL ALY B4R 2R 2 B0 somol 2RV} 6thel £ Arteles)
Mol A% FET F 92 FAYD,

o
i

Ramezani et al.(2018) = YHF 58219} CACC A3 E&e] &) 48X nF &9 T&4S H7187] 4
3 mAF AlEF ol 2d-g sl Tt CACC, ACC 2 CC(Conventional cruise control) A2 EZ o] A&
AY Ay o zHE EFH ALY EY FFRUE AEYoHE FIsHoH AT EY HE&S
gejste] AlEGolA 3 A7 EY EPANTL HIEE BEFE BT AAEYoH Ul $83 2o 2
A oo g AL elsyrt

Deng(2016)2 VISSIM®l| COM {1 Ej ¥ o] 2
Foll miA= FFH 3 4 A vAE g A
At F &2k S FREAAE WFF
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3221 FHFY 2 ACC/CACC 71&S #2373 &3
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<Table 2> Studies on the ACC/CACC Effect through Simulation

Divide Refefence Findings
Analysis of CACC effects according to the lane restriction. Dedicated lane
Zhong et al.(2017) had negative impacts when the CACC penetration was less than the capacity
of one lane.

Analysis of the traffic-flow changes of Gyeongbu freeway Seoul-Singal basic
Park et al.(2015) section according to the Agent-Based-Model. The introduction of automated
vehicles achieves positive effect in more than LOS C.

Better traffic flow performance and higher capacity in the case of CACC

Arn; Arn; 2014
aout and aout(2014) penetration compared to the scenario without CACC-embedded vehicles.

When CACC penetration added, the lane capacity increased significantly.

Zh: d Sun(2013
a0 and Sun(2013) Platoon size have little impact on traffic capacity.

CACC is able to greatly increase capacity after its market penetration reaches

ACC/CACC Shladover et al.(2012) n;or(]ljegazl ttlo high percentages while ACC is unlikely to change lane capacity

Effects Slenticany-
Analysis Analysis of ACC impacts on a road section with an on-ramp bottleneck. ACC
Kesting et al.(2008) vehicles improve the traffic stability and the dynamic road capacity. Traffic

congestion was eliminated when a proportion of 25% ACC vehicles.

Analysis of the impacts of CACC for a highway-merging scenario from four
to three lanes. An improvement of traffic-flow stability and a slight increase
Van Arem et al(2006) in traffic-flow efficiency are found compared with the merging scenario without

equipped vehicles.

CACC can potentially double the capacity of a highway lane at a high-market
penetration. If a special lane for CACC vehicles are introduced to a four-lane
freeway, the overall capacity could be increased from 8,200pcu/h to
10,500pcu/h.

A set of mathematical models is defined and developed simulation model
to predict the effects of ACC/CACC on traffic flow dynamics and capacity.

Vander Werf et al.(2002)

VanderWerf et al.(2001)
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<Table 3> Desired Speed Settings [Unit : kphl
Type Min Max Mean sd
Passenger Car 50 170 110 104
Bus 50 170 110 104
Truck 50 150 90 133
Automated Truck 85 90 875 25

<Table 4> Truck Weight & Power Settings

Default Value Setting Value
Divide Type - -
Min Max Min Max
Weight Truck 2,800(0) 40,000(1) 2,665(0.7) 38,890(1)
(kg) Automated Truck - - 2,665(0.7) 38,890(1)
Power Truck 55(0) 600(1) 41(0.7) 307(1)
(kw) Automated Truck - - 41(0.7) 307(1)
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<Table 5> Parameter Settings on Driving Behavior

Reference Setting Values
Autonomous Car Automated Truck
Parameter Default Recommended by COEXist | A in<) Manual Following Following
Values Car Automated
Nl All knowing (leveld) Manual Car Truck
CCO L5 1.5 1 0.5 1.5 1.5 L5
CC1 09 09 0.6 0.6 0.9 0.9 0.6
cc2 4 0 0 0 4 0 0
CC3 -8 -8 -6 0 -8 -8 -8
CC4 -0.35 -0.1 -0.1 0 -0.35 -0.1 -0.1
CC5 0.35 0.1 0.1 0 0.35 0.1 0.1
CC6 11.44 0 0 0 11.44 0 0
ccr 0.25 0.1 0.1 04 0.25 0.1 0.1
CC8 35 35 4 3.8 35 35 35
CCo 15 15 2 1.8 1.5 15 1.5
Increased acceleration 100% 100-110% 110% - 100% 100% 100%

* CCO(Standstill distance) /| CC1(Following distance) / CC2(Longitudinal oscillation) / CC3(Perception threshold for following) /
CC4(Neg.speed difference) / CC5(Pos.speed difference) / CC6(Influence speed on oscillation) / CC7(Oscillation acceleration) /
CC8(Acceleration starting from standstill) / CC9(Acceleration at 80km/h)

FHFDL SR E2lN LS FAS AT AR A2 2L+ AES @Al Bas)
o E ATNME ARFYREAL T3 BF AT FF5 B AFIU A% AP 2PE F
Haha, AEAge AP Aol 9N Aoz AYATHE 7MY sl AYHAG FAFY Aol
SEo] }E YT A VAL FANDE - gL AV, FA 7Y F AIAFL A g
FHRA| FESA %2 Aol MY} FYRFRe A0 o] ot ol A AT 23 7
B st o4O P45 Sleks A7} o)

h=
Automobile Manufacturers Association, 2017)2] 32} TR+ HAGAE 7ILste] HY 5
T3 W AAE AA3HE Gap time <Table 1>3 2o Al@Ee) o] 3] 7F 744 g F-8-0] 10m °]/d2
Z AYPFHD JoenZ 0.6sF HAHSATE 0652 - 85~90kph T3 Al oF 162m~17m2] 27t HE S {4

o ofs & ¢ ok
2. AlU2|2 HA|

1) ZdEnsEe £2 . DEXA 24

2) Atkins(2016)
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<Fig. 1> Traffic volume by time and section on Gyeongbu <Fig. 2> Truck ratio by time and section on Gyeongbu
expressway(to Seoul) expressway(to Seoul)
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<Table 6> Simulation Scenario

Independent Variables Input Values # of Cases Note
Number of lanes 4 1

Road -
Dedicated lane 0/1 2 0: Current / 1 : Introduced
Traffic Volume | 1,600(A), 2,667(B), 3,600(C), 4,667(D), 5,867(E) 5 Unit : vph

Tﬁ)‘;’r Truck ratio 20%/30%/40%/50% 4 Ratio of 3-12 types among all
MPR3) 0%/50%/100% 3 Ratio of automated ones among trucks
Number of Scenarios 1x2x5%4%3 = 120
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<Table 7> Allowed vehicles by lanes

CASE1 CASSE2
! All types available 7 All types available but Platooning restricted
1 lane Passenger car 1 lane Passenger car
2" lane Passenger car 2" lane Passenger car
3" Jane Passenger car, Bus, Truck(Automated/Manual) 3 Jane Passenger car, Bus, Truck(Manual)
4" Jane Passenger car, Bus, Truck(Automated/Manual) 4" Jane Truck(Automated/Manual)

V. AlEdold 2 AFEA

F AEHolA AIZHE 2400240E)0) 2L ©] F A S 600Z2(108) = warm-up AIZTCE HAStY] a3 T
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<Table 8> P-values for CASE1

CASEI Truck Ratio
20% 30%
LOS Ave. Throughput Conflict rates Ave. Throughput Conflict rates
Speed Speed
A 0.887 0.978 0.000 0.956 0.983 0.000
B 0.919 0.927 0.000 0.050 0.939 0.000
C 0.072 0.958 0.000 0.001 0.497 0.000
D 0.001 0.789 0.000 0.000 0.952 0.000
E 0.000 0.050 0.000 0.000 0.575 0.000
LOS 40% 50%
A 0.796 0.978 0.000 0.138 0.952 0.000
B 0.000 0.951 0.000 0.000 0.972 0.000
C 0.000 0.801 0.000 0.000 0.959 0.000
D 0.000 0.983 0.000 0.000 0.989 0.000
E 0.000 0.000 0.000 0.000 0.000 0.000
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Truck CASE1
Ratio 20% 30% 40% 50%
A 1=2=3 1=2=3 1=2=3 1=2=3
1=2=3 1=2=3 1=2 1=2
B 1=2=3 1=2=3 2#3 2#3
1=2=3 1=2=3 1#3 1#3
1=2=3 1=2 1=2 1=2
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S 1=2 172 1%2 122
D 2=3 2#3 2#3 2#3
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1=2 1=2 1=2 1=2
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<Table 10> P-values of T test on average speed for CASE1 and CASE2

Truck Ratio 20% 30% 40% 50%
MPR 0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100%
A 0.074 | 0.198 | 0.702 | 0.261 0342 | 0345 | 0643 | 0373 | 0.116 | 0.842 | 0.119 | 0.121
B 0.000 | 0.004 | 0209 | 0.023 | 0.213 | 0.007 | 0356 | 0.896 | 0.000 | 0.873 | 0.033 | 0.000
LOS C 0.000 | 0.004 | 0051 | 0.014 | 0.705 | 0.000 | 0.776 | 0.055 | 0.000 | 0244 | 0257 | 0.000
D 0.000 | 0.000 | 0.000 | 0.007 | 0.128 | 0.000 | 0.272 | 0473 | 0.000 | 0.002 | 0.023 | 0.000
E 0.000 | 0.020 | 0.001 | 0.000 | 0.031 | 0.000 | 0.009 | 0.000 [ 0.000 | 0.000 | 0.562 | 0.056
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