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Abstract

Truck platooning, which is a cluster of trucks in support of vehicle-to-vehicle communication
and automated longitudinal vehicle control, is a promising method to both operational
efficiency and prevent traffic crashes. Although a variety of studies have been conducted to
identify the effects of vehicle platooning on traffic stream, we are not aware of any study
attempting to identify promising road segments for vehicle platooning. This study aims to
develop a methodology for determining the priority of freeway segments that would potentially
lead to maximize the effectiveness of truck platooning. Evaluation measures derived in this
study includes truck crash rates, the percentage of truck traffic, segment length, and the number
of entry and exit points. Weighting values obtained from an analytical hierarchical process
(AHP) method were applied to compute the proposed priority score to determine better freeway
segment for truck platooning. Results suggested that a 46.9km freeway segment, from Sacheon
IC to Sanin JC, was the most promising segment for maximizing the effectiveness of truck
platooning. It is expected that the outcome of this study would be effectively used as a
fundamental to establish operational strategies for truck platooning.
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Data Collection and Processing

!

Methodology

Selecting MOEs for priority of - Calculating weights by AHP

truck platooning segments
4m1
’ 4w3
4oy

S

Percentage of trucks
g wifw w/w; wifwg /ey

Truck accident rate ‘ wafwy wafwy wyfwy wyfws

wafwy wafwy wifws wai/ws
wyloy wyfw; wyfw; wy/wy

Section length

Number of Entry & Exit Points ‘ A w=Apgxw
N
Evaluation
Priority evaluation ‘ | Section selection
I
Min Max Normalization of MOEs [\, Section selection of the largest
by truck platooning segments | priority score
x; — min{x}

maxix; — mingx
) 2 0.308 0.187 0.043 0.086 0.452
0.185 0.224 0.038 0.020 0428
0.239 0.150 0.006 0.007 0.388
0.240 0.143 0.000 0.000 0.383
0.364 0.011 0.009 0.013 0.370

Derivation of priority score by
truck platooning segments

W wa b

\ Priovityscore = wyZy + woZy + waZy + weZy

Figure 1. Overall Research Procedure
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i section = “excluded section”

4’| j section = “continuous section”

! +
Derive weights by AHP Min Max Normalization
Tuck_rate; No T i
= Truck_rateqyg 1A ®=Apgy Lz = 4maxl{x} —min(x) |
! ]
oo >+ ¢ = 00| |l==—----e----2-
Accident; ‘

= Accidentg,g

r 1 wy X 7y wy X Zp w3 X 23 Wy X Zy
i section = “possible section” . Data es;al?lwsh .
' for priority H | I |

| priorityscore;= wyz; + wyz; + w3zz + Wz,

+ lane; : number of lanes on i section

« Accident; : accident rate of truck on i section

» Truck_rate; : traffic volume ratio of truck on i section

* Accident,yg * average accident rate of truck on the whole section

+ Truck rate,,, : average traffic volume ratio of truck on the whole section

Figure 2. Overall methodology for selecting possible section and priority of truck platooning
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Table 2. Analysis scope of this study by expressway from 2013 to 2015

Expressway Length (km) AADT AADT of trucks Number of truck

accidents
Gyeongbu 416.1 14,209,508 939,562 283
Namhae 166.4 5,422,165 598,352 215
Gwangju Daegu 176.2 623,372 31,273 16
Seohaean 340.8 6,342,286 337,908 152
Ulsan 14.3 300,287 30,937 15
Yeongdong 234.4 8,652,825 233,726 120
Jungbu 117.23 4,770,122 138,249 108
Pyeongtaek Jechen 126.9 1,473,378 466,640 37
Donghae 85.1 361,681 15,958 7
Gyeongin 23.9 2,778,909 77,593 13
Second Gyeongin 25.4 2,503,954 113,676 12
a beltway around Seoul 127.9 16,392,146 421,007 45
Branch line of Jungbu Naeryuk 30.0 1,021,591 58,245 20
Branch line of Jungang 17.4 767,051 80,983 12

41712191 2013-2015 52t 1471 & 2o thof] Bt 2HEAF Hl&-2 5.94%, B+ 3FEAF A& 4.63%
EEH 9t 2 1EE 2 [C/]C-IC/JCR FEste] 1718 R 24rt HE 3312 o|Ao| 1, SMEA} AlTg T

| BE 2 4, A 45 7 e g AAstoint. o] off, A E 1ol A4 A
, AEH 172 Y] e B FRbeli) 7 gk 2of| e} SHEAF S o] 7Fe 't #H2 Table 30

Table 3. Characteristics of selected freeway segments for analysis

Expressway Section Length (km)
Gyeongbu Yangsan JC - FEonyang]C 27.3
Yeongcheon IC — Youngdong IC 136
Ochon IC - Shintanjin IC 22.3
SouthCheongjulC - Cheongju JC 3.5
Nami JC - NorthCheonanIC 48.1
Anseong IC - Giheung IC 27.1
Shingal JC - Pangyo JC 13.0
Nambhae Sacheon IC - Sanin JC 46.9
Changwon JC - Busan 36.9
Gwangju Daegu Goseo JC — Damyang JC 3.0
EastGoryeong IC - Goryeong JC 1.5
Yeongdong Seochang JC - NorthSuwonIC 30.8
Shingal JC - Maseong IC 6.6
Hobeop JC - Yeoju JC 15.1
A beltway around Seoul Toegyewon IC — Byeollae IC 2.0
Songchu IC - Tongil-ro IC 8.9
llsan IC - Jayu-ro JC 2.2
Kimpo IC - Noji JC 3.7
Jangsu IC — Ahnhyun JC 6.9
Hagui JC — Pangyo JC 8.8
Ulsan Ulsan JC - Terminal 2.5
Jungbu Sangok JC - Hanam IC 5.2
Seohaean Dangjin JC - Balan IC 44.4
Ansan JC - Chonam JC 2.9
Mokgam IC - KwangmyunglC 1.2
Pyeongtaek Jechen WestPyeongtaek]JC — WestAnseonglC 25.7
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Table 3. Characteristics of selected freeway segments for analysis (continued)

Expressway Section Length (km)
Donghae Kangnung IC - Kangnung JC 2.7
Branch line of Jungang Mulgeum IC - Namyangsan IC 4.2
Branch line of Jungang Naeryuk Namdaegu IC - Kumho JC 6.8
Gyeongin Incheon - Gajwa IC 6.3
Seoun JC - Bucheon IC 1.7
Second Gyeongin Incheon - Sincheon IC 13.6
Ahnhyun JC - KwangmyunglC 3.0
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Figure 3. Survey of MOEs for selecting truck platooning segments
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H1E 0] ZHEAIE 03642 474A19) BAIS 3 A4 A mEw gk, T S, DA EReIA SHE 2750
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Table 4. Result of weighting value calculation

MOE Percentage of trucks  Truck accident rate Section length Number of entry & exit points
Weights 0.364 0.233 0.197 0.206
e Bt Aaol 715AE Aeelo] 419l A4S ABaln, glol 248 7] Al &

HOH

opAItk. Z, 48 FHFY M TUOR Y T2 B WEFe] B, SHBA AL} WIHsh WAys
T4 o7t P45 4917} ok WH] A4 A Sk HL5T S LI} obAlct, 2 771
]_

=
9] A4 AESHs WL Equation 73 2 45912 AN, B g
-

L—lo

o
el ABHIC-AFIIC F7ke] S A2=9] HZr) o 4522 71 3A =EEgloH, At gRjC-EeH
0.428% 25291, WA B EJC-AIAFICT}0.388% 3912 Lpehgtth. o] 8 A9 7 o2 nejshd
FAFA - A, S G- 5 S, A7 BEA -7 Ao thal ShE A E S $-4
4017} =2 A o7 wETh [-34-9)0) sl 7] 7|5 LR EAL Table 60 Aalateic).

X ol rli‘

priority score; = 0.364 X Truckrate;+0.233 X Accident; +0.197 X Length; — 0.206 X Ramp; @)

(Truckmtej N 7 SREA S, Accident; SFEAALLE, Length; e R Ramp, FEA - )

Table 5. Result of truck platooning section priority by using weights and min-max normalization

Bxpressway section Percentage Truck Section  Number of entry Priority

of trucks accident rate length & exit points score

Gyeongbu  Yangsan JC - Eonyang JC 0.364 0.011 0.009 0.013 0.370

Yeongcheon IC — Youngdong IC 0.280 0.000* 0.197 0.206 0.271

Ochon IC - Shintanjin IC 0.240 0.143 0.000* 0.000* 0.383

Nami JC — NorthCheonan IC 0.136 0.002 0.045 0.040 0.143

Anseong IC - Giheung IC 0.000* 0.233 0.008 0.007 0.235

Namhae Sacheon IC - Sanin JC 0.308 0.187 0.043 0.086 0.452

Changwon JC - Busan 0.241 0.128 0.026 0.047 0.349

Yeongdong  Seochang JC — North Suwon IC 0.160 0.193 0.015 0.060 0.308

Seohaean Dangjin JC — Balan IC 0.185 0.224 0.039 0.020 0.428

Pyeongtaek  West Pyeongtack JC — West Anseong IC 0.239 0.150 0.006 0.007 0.388
Jechen

*If a value is minimum, it is calculated as 0 by a min—-max normalization method
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Table 6. Result of geometric characteristics of the sections (rank 1-3)

Number of entry & exit points

Section length Number of lanes

Expressway section (two—way) ~
(i) IC/]C rest area (orre=ely)
Nambhae Sacheon IC - Sanin JC 46.9 8 4 8
Seohaean Dangjin JC - Balan IC 44.4 4 2 6
Pyeongtaek West Pyeongtaek JC - 25.7 4 0 6
Jechen West Anseong IC
D —, —
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