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ABSTRACT
Expressways play pivotal roles in cargo transportation because of their superior accessibility and
mobility compared to rail and air. On the other hand, there is a limit to the accurate calculation of
cargo transportation performance using existing highways owing to the mixture of vehicle types and
difficulty in identifying cargo loads of individual cargo vehicles. This paper presents an algorithm
for calculating more reliable cargo transportation performance using big data. The traffic performance
(veh-km/day) was derived using the data collected from Toll Collecting System. The average
Received 31 March 2023 tolerance weight for each vehicle type and the cargo load unit (ton/unit) considering it was calculated
Revised 11 April 2023 using vehicle specification information data and high-speed and low-speed axis data. This study

Glesgien L9 by 2028 calculated the cargo transportation performance by section and type using various online integrated

highway data and presented a method for calculating the transportation performance by linking open

(© 2023. The Korea Institute of K K .
business offices and private highways.
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stdon ol tddt wEEA AFE A% V12 A5EA EEEI JTHMOLIT, 2023). 18y 1455
TCS(Toll Collection System) B|o|ElE= 5F5(H At E£3 6502 32 AF3 $8& 2 $Tx7 EAH 25
o] EFHERE 3FTHE 1237149 E AFE s 7Y 7 Uv FEATH 2F V|F0E AEFT
gaAo] gtk B AFolA s 3% TCS HolHE &83t9 12F9] AFo= ujHsly, & 258 94
2 ODHE FFAH M -km)< HASAT

E3 1EE2E FYPsE A AFe T2 v ¥ 5 52 I @ AHE YA dTE Fr,
=4 P FY A A AE AL, oS TP e rnyR a5 i AE AAE THsAol
RO BE FRERFANANE B AFE TdEstr] fste] 14 9 A& FF7](High/Low Speed Weight in
Motion: HS/LS WIM)S 1452 J4 9 BAF ) AX)8ka ot o]&@A %7 to|HE R 31&8 2}
F) FFHFUSE T El u2 skE AT AA Y FARRE X33 AFALAAE dole et v &

ot SEATEE s AAF dEAEHE =T F A

a8EE, B AFA &gd dolee 71HE, ODY nEH 4L 9% TCS HolE 9 TAARS] o
5% dolH, 44 1 A S AT FAADY 2F% dojE, & FAF HFS 23 HSWIM 2
LS-WIM Hl°olH, 2k5E B 32k TF ohS 3 A LA R tlo]E Folm, <Table 1>3 o] ©o]E]
o] &85 AFHA e, &9 5& HYsHArh

<Table 1> Characteristics of Available Data

Data Objective Coverage Unit Class

- Spatial : 586 TG
TCS Toll Collection - Temporal : 2021.10.18. ~ 2021.10.24. vehicle/day 5
- Object : All vehicles

- Spatial : IC to IC, IC to JC

Statistical Yearbook Traffic survey statistics - Temporal : 2021 (vehicle /ga ) 12
- Object : All vehicles Y
Mileage Distance data - Spatial : All Closed TG to Closed TG km )
Table for toll calculation - Object : All TG

- Spatial : Installed HS-WIM System
Weight Measurement Data (near by Gwangju TG and Namphohang TG)

HS-WIM on High Speed - Temporal : 2021.10. 00lton/vehicle 12
- Object : All vehicles
- Spatial : Installed LS-WIM System
i Weight Measurement Data (Cargo-only Lanes in All ICs) .
LS-WiM on Low Speed - Temporal : 2021.10. ton/vehicle >
- Object : All vehicles
Vehicle . .
Specification Information about th.e vehicle | Object : Vehicles registered in KOTSA" - 12/16
. such as Name, weight etc
Information

" KOTSA:Korea Transportation Safety Authority
TCS HlolEl= 1&EE2 FY5 A A=de T —’FJHE HlolE & «l“lo}‘#
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£ <Table 2> A] A|

She AALF 9 AZ8(0]3 HiPase)olth. HiPass FIOIEISh B9 44 Hjole]
| 7 B8 SUT U2 TEE| Qon 9EsE AIUE, AYYA, Y FY&, 1F

Al 74,

A, AEDAL, 5%, 12F, 165 25 T volHE Pt Yok £ AFE flske] TCS wlolE 9| A3t

A W= 1&EE 2 AADTY hEAS 7HA = 108 AAF Z2oYS 233 2021 109 18YHE 20219

109 24¥ 2 A3tk

<Table 2> Structure of TCS

Name of Name of Car Class

Secret Number of Car Date of Enter Enter TG Date of Advance Advance TG . - T
3031EAB1B031313631 20211018114900 Dongkimhae 20211018115330 Bukbusan 1 1 1
3031EAB5AC33313030 20211018110000 Bukthongyoung 20211018144841 Dongseoul 1 1 4
ECB6A9EBB6813939 20211018001000 Songtan 20211018005911 Seosan 5 10 15

Zt AFe 3 B9 E 53 FEHY 12F A5 EF AAl= oF <Table 3>3F Zh B AF A= TCS
o2 WEs] gt A WA AAFE XE T3 e

<Table 3> Classification of vehicle Classes

Classes by MOLIT Classes by TCS
Vehicle . Typical body and axle arrangement | Vehicle .
Criteria Criteria
Class Class
a passenger car =D ) o
Class 1 (two-axis one unit) fo==0~ E [2nd axis, under 279.4mm in width]
Sl (125 ) Class 1 |- a passenger car
mall cargo (1~2.5 tons - Small cargo (1~2.5 tons
Class 3 (two-axis one unit) L‘0|—05 g )
[2 axis, width of the wheel
Buses (16-32 seats or less) : ex.ceeds.279.4mm],
Class 2 Bus (33 seats or more) 1;6 f 1“61 =i = Qass 2 | [ightening less than 1,800mm]

- Buses (16-32 seats or less)
- Medium cargo (2.5~8.5 tons)
(Lubrication of 1,800mm or less)

[2 axis, width of the wheel exceeds

(two-axis one unit)

Medium cargo ’ 'T“'" 2794mm, Over 1,800mm]
(ass 4 (two-axis, 2.5~8.5 tons) A (ass 3 |- Bus (33 seats or more)
(two-axis one unit) - Medium cargo (2.5~8.5 tons)

(Over 1,800mm of lubrication)
Medium cargo [3 axis]
@ EO.‘;' 4
Class 3 (three-axis one unit) Cass Medium cargo (3 axis one unit)
Qass 6 | Large cargo (4-axis 1 unit) leoﬂﬁ_—o?‘ [Over 4 axis]

- Large cargo (4 axis 1 unit)

Cass 7 | Large cargo (5 axis 1 unit) E‘é%ﬁ Qas 5 |- Large cargo (5 axis 1 unit)

- a semi-trailer

== == - Full Trailer
Qas 8 | Semi-trailer (d-axis 2 units) | Egurg ‘oo |- o oo e

120 QTSR =27 T|223, MI32(2023H 69)
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Classes by MOLIT Classes by TCS
Vehicle Typical body and axle arrangement | Vehicle
Criteria Criteria
Class Class
Class 9 Full trailer (four axis two Oh- 0O 00
i)
Qass 10 | Semitrailer (5 axis 2 units) | Egurgo o0 | - == on
Class 11 | Full trailer (5 axis 2 units) | ‘o ==gg=g=g |- == |[= I
@W- ~ 000

(lass 12 | Semi-trailer (6-axis 2 units)

* Source : Ministry of Land, Infrastructure and Transport & Korea Expressway Corporation
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<Table 4> Analysis Traffic Volume of TCS (Unit = vehicle/7day, %)
S Gl Total (TCS) Hi-pass Toll Road Ticket
Volume Percentage Volume Percentage Volume Percentage

Class 1 16,800,390 53.17 14,591,189 54.32 2,209,201 46.66
Class 2 378,621 1.20 369,131 1.37 9,490 0.20
Class 3 3,864,223 12.23 3,140,488 11.69 723,735 15.28
Class 4 1,117,513 354 739,899 275 377,614 797
Class 5 705,605 223 534,118 1.99 171,487 3.62
Class 6 225,802 0.71 179,481 0.67 46,321 0.98
Class 7 169,272 0.54 143,219 0.53 26,053 0.55
Class 8 12,069 0.04 10,391 0.04 1,678 0.04
Class 9 0 0.00 0 0.00 0 0.00
Class 10 177,275 0.56 153,068 0.57 24,207 0.51
Class 11 0 0.00 0 0.00 0 0.00
Class 12 1,311 0.00 1,018 0.00 293 0.01

Not classified 7,397,413 2341 6,358,686 23.67 1,038,727 21.94
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Total (TCS) Hi-pass Toll Road Ticket
Car Class
Volume Percentage Volume Percentage Volume Percentage
Not classified (class 9) 222 0.00 214 0.00 8 0.00
Not classified (class 11) 327 0.00 303 0.00 24 0.00
Not classified (9 or 11) 7 0.00 7 0.00 - -
Null 746,738 236 640,412 2.38 106,326 225
Sum (veh/7day) 31,596,788 100.00 26,861,624 100.00 4,735,164 100.00
Average (veh/day) 4,513,827 - 3,837,375 - 676,452 -
1. 1% 9 HE £FI((HS WIM, LS WIM)
HS WIM HloBE D422 B4 Ho) 53 A28 FUW BE 88 Ao dA, F5, AE, F 45,
AFHEgas) 5o HH TFHL Ae
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28 599 A5 TR} LA
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<Table 5>$} <Table 6>= HS WIM} LS WIMS| YA oJEle] T2 HojZr)
<Table 5> Structure of HS WIM (Unit = 0.01t) <Table 6> Structure of LS WIM (Unit : ton)
Car . Secret Number Name of | Code of .
Date Class Weight of Car TG TG Date Weight
20211001000 7 2809 e 50902C76EA1BEBO KimPho 068 20211003080557 e 13
006600
20201 115020010000 10 1616 R 334916BF7460F9F5 KimPho 068 20211003080200 e 15
20211031235 3 316 e 12BB9B6DA11C2F SeoBusan 244 20211003000135 8
904900
HS WIM$} LS WIM EHlolE¢] 315 2}l i3t 7| 254 B4 Aue= olg <Table 7>3 Zth H
tolE 9] 3% Hit Tl o 27F, 2F2 F4IESR %ﬂ ATk HS WIMS 318 zpo] 2% H %Zg

2 918 nelo| 2 Hol A%02 B3} A BB £Y SO 5| S0 LFI AT F Ut LS WIM
of Waled o) e A go] AT 05 115 59| B Aol te) TR 47} ul$ HEarhe

Aol gtk Ls WIME 57 H35S stustag 4 AeolA Bl o LolAu 45 A thep
gelol & =2 B B AZS WAHEE D AP AAF 2o ofel & WAMKim et al,
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<Table 7> Summary Statistics of HS and LS WIM (Unit = ea, 0.0, 1)
HS WIM LS WIM
I g B N o B TS P VO T
- (0.01¢) e 001t) | (0.01f) P ® @ ® ®
Class 3 73,844 277 144 2,664 0 221,632 11.1 544 63.6 0
Class 4 42,227 873 330 2,158 83 2,468,572 124 5.18 76.9 0
Class 5 34,678 1,776 438 10,356 0 1,821,329 20.7 9.21 89.9 0
Class 6 21,575 2,244 951 16,340 0 763,922 24.1 104 84.0 0
Class 7 12,028 3,960 473 5,235 1,491 418,042 27.0 10.6 76.1 0
Class 8 2,774 1,796 360 3,419 276 29,920 239 9.72 61.2 0
Class 9 29 2,101 783 2,879 373 409 21.1 599 39.8 5.35
Class 10 | 11,471 3,746 850 14,178 0 445,510 25.1 104 88.2 0
Class 11 79 2,570 649 4,588 0 800 26.9 11.6 445 6.3
Class 12 6,096 4,111 779 18,344 0 2,028 15.1 8.56 43.6 454

1. SSUH(CH-km) AE

TCS HIolHE 3 3= g A - 738 wE (D) T2 2% dolHe 44 1 A
YkmE L&t stEatFe] FHLH (N -kme AT FHLH S AT SM & DTN 5
¥ TCS HolE 8 A=A It 1&g I wEF tolEe nusiitt 1&Es I WY
dolHe A2 AollA &Fshs AA 73] H4 Fhdapnt ozt /A g4, A== o
A BAA 3L ARRE YWREY 5 BEE SRR 73] asdo] [AE HeolE el I3y, ik

A

T2 Ol wEF tolEHe A5, =4 uEE AR T AT AR §lo] MA wEHTE AASH] o
ol A n5F 24 F v A5 A% ASEN EE3519h TCS HolHE AR (FE WAk £3h 11
2 9 A 1&5529 AAE AEERE FYste Al U FYS AF 71E vlo]Ho|nE YA
£52 HAA 72 @ WF BHFE 23R LUTh hEbA] <Table 8>0 4 HofF= nie} o] 1&ER
9l wEF golHoAE Hi 4 wE o] oF 4965+ th/doluk TCS HolE o AE oF 4505 thLE HA
Hof, MiztnEER HAA 7 2 UAEE YWE F3] of 407 tivt FEENTE AS & Aok o
A FEE D5 HES WS Y By HAo] FItE Yk
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<Table 8> Comparison of Traffic Volume by Day Data and Payment Data (Unit : vehicle/day)
Date Day T];z;ff:ss\virzlyl;me in Total (TCS) Hi-Pass Toll Road Ticket
10/18 4,915,995 4,465,756 3,795,854 669,902
10/19 4,819,541 4,379,622 3,732,330 647,292
10/20 4,869,125 4,453,232 3,790,122 663,110
10/21 4,913,567 4,489,127 3,823,633 665,494
10/22 5,340,597 4,855,111 4,133,362 721,749
10/23 5,239,073 4,746,073 4,016,985 729,088
10/24 4,653,050 4,207,867 3,569,338 638,529
Average 4,964,421 4,513,827 3,837,375 676,452

TCS HIolHE 55(3A £ 6502 EFo] Jou= 12F02 AEF3] 95t 252 volH ®
2 £ AESAE AA TCS tlely o 32T Jf F 55 12F AFe] WAHE dHolHE oF 2230
M2 <F 68%7 o] Wi 7Fest oF 32%9 dHolHe aE ARF/F osite s & & Stk

s A FPAAL A 95t opE, AFE FAF DBE TE3G oM, 1 AT 105408719
O/D7} TEE A TCS HlolEHE &43 Jd4 2t 5344 g2 ofg Eq. (D& H o)

]:)d = Z(I/od ><Lod) ................................................................................................................. 6))
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<Table 9> Result of transport performance for freight vehicles (Unit : vehicle-km/day)
Car Class Total TCS Non-Linked Private Expressway Non—I]::iijrzcsis‘l;z;ancml

Class 1 170,546,501 121,491,747 26,862,888 22,191,866

Class 2 4,533,880 3,689,303 568,726 275,852

Class 3 29,095,818 20,876,920 4,377,380 3,841,518

Class 4 10,439,931 7,829,813 1,752,923 857,195

Class 5 12,871,326 10,216,679 1,892,387 762,259

Class 6 5,391,173 4,163,774 844,080 383,319

Class 7 4,844,905 3,825,698 744,642 274,566

Class 8 496,253 365,086 118,408 12,759

Class 9 43,479 24,612 16,800 2,068

Class 10 4,795,235 3,854,474 699,023 241,738

Class 11 87,277 63,586 11,826 11,865

Class 12 756,593 535,508 180,446 40,640

Sum 243,902,372 176,937,200 38,069,527 28,895,644
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Unit; = Avg(WI/K—Avg(EW)) .......................................................................................... ?)

SFEAF FA THS 4G5 Yl AFAIY DB A AYARE 2F AFoE FES HolHE
Tt 7 Akl Bt 3 TS ST 44 5715 Sl 7EE SRR T HEwol 02
2 E3HE akEo] o Hulgto] 2+ AFe] Ao AAF Bt 24 =29 FAVF 2FH Utk wet
Al 00139 Fhe EEFdte A dalxe 3k AFORE ke, AA|Fo] o)A R w4 EEH A
ZFoll tisliMe AH AFor BERate £4& 2ttt HS WIM# LS WIM Hlo|E|25E F33 5
Foll Fak wFE AL T = AA dDAEFWME Ao I AAE <Table 10> 2T HS
WIM LS WIM Hlo|E| 25 sHH A5 sla A4 A& vt 23 333 1250049 da9] A
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<Table 10> Summary units of freight weight (Unit : ton/vehicle, ea)

O Bl EW, HS-WIM LS-WIM Unit from the
Unit Number of sample Unit Number of sample study

Class 3 2.15 0.62 73,844 8.93 221,632 0.62
Class 4 7.10 1.63 42,227 5.33 2,468,572 5.33
Class 5 10.20 7.56 34,678 10.51 1,821,329 10.51
Class 6 13.55 8.89 21,575 10.60 763,922 10.60
Class 7 13.34 26.26 12,028 13.69 418,042 13.69
Class 8 7.15 10.81 2,774 16.79 29,920 16.79
Class 9 12.31 8.70 29 8.78 409 8.78
Class 10 8.59 28.27 11,471 16.56 445,510 16.56
Class 11 10.61 15.09 79 16.30 800 16.30
Class 12 8.74 32.37 6,096 6.38 2,028 32.37

3. HETSUH(Ekm)Q A

q. 39 2ol Aosgon FPE 3% &
FAHE k), Unit & 557 88 3% A4 A99IEh), 7,5 24 op2 FAAH kD)< o)

FP 2 Unit. X T, %< 365) ................................................................................................. 3)
Eq. 391 23ty 2021 F 32 F542E oF 162,962 vHE kmdo|H. 7k AFE gE 54
<Table 11>0l|4 HoJETh,
<Table 11> Freight transport performance by vehicle types (Unit : ton-km/year)
Car Class HS WIM LS WIM Final value from the study
Class 3 6,584,383,696 94,836,363,980 6,584,383,696
Class 4 6,211,237,078 20,310,363,764 20,310,363,764
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Car Class HS WIM LS WIM Final value from the study
Class 5 35,517,135914 49,376,337,235 49,376,337,235
Class 6 17,493,546,137 20,858,448,337 20,858,448,337
Class 7 46,437,930,719 24,209,263,549 24,209,263,549
Class 8 1,958,041,187 3,041,212,073 3,041,212,073
Class 9 138,068,014 139,337,151 139,337,151
Class 10 49,479,872,318 28,984,318,434 28,984,318,434
Class 11 480,709,878 519,254,512 519,254,512
Class 12 8,939,184,568 1,761,878,119 8,939,184,568
Sum 173,240,109,509 244,036,778,689 162,962,103,319
4. B2 +EHH AE 41a|1F T3
9 FAE Tl AN & A7 s a5 S A% AA LuFe AL <Fg >3 2t
B d7e A = AT LA ko] =F, T3 TFE AT e AA A& £, e
FEAH(Ekm) E2 5o AHom THALT
Data Collection Data Collection
- { Hs-WIM || LsWIM. || Vehicle Specificetions DB |
distznes Dasa | Ls-wim | Vehicle specification 12 types |
{ with AVC 12¢ypes |} of vehicle classification DB
¥
Establishment of O/D Table
for each type of TCS

¥

Estimation Empty Vehicle's Weight

TCS O/D Table Combined
with Distance DB

| Vehicle Specifications DB

icle specification 12 types
of vehicle classification DB.

¥

Apply Average Distance with
TCS O/D Table that not Matching

¥

Data Combine

le specification DB

TCS O/D table
Combined with
Distance DB

Apply average
Distance W
TCS O/D Table

that not mazching

¥

Tith

| Calculation Empty vehicle's average weight |

3

Traffic Volume Calibration

|

| Combined Deta |
| Using disance data |

Daily waffic
volume DB

Pre—processing WIM data

[ Es-wIM |

{Ls—wmd | LS-WIM

| Gype1d) | | lgpes) |
:

3

| with AVC 12 types |
,

| Lewi(ype 12) |

Combined Non-linked Data

1| Opened segment. | |
| Mixed of segment

| Free segment

Private |
1 expresgways |

|

¥

Estimation Transport Performance

I S

or: performanceveki

Estimation Unit of Freight
Unit; = Avg( WW, — Avg(EW))

type 12(3~12)
it - Uit of freight in type i
W, 2 WIM weight in type i
W, Empry weight in type i

v
Estimation Freight Performance
FP. =Y (Uhit,x T,

% 365)
7 * Freight pesformance son )
i, Urit of freight In type iétor.
. : Transpor: performance(vehicle “km/day)

<Fig. 1> Algorithm of Estimation Freight Performance
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