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ABSTRACT

Understanding accurate traffic performance is crucial for ensuring efficient highway operation and
providing a sustainable mobility environment. On the other hand, an immediate and precise estimation
of highway traffic performance faces challenges because of infrastructure and technological
constraints, data processing complexities, and limitations in using integrated big data. This paper
introduces a framework for estimating traffic performance by analyzing real-time data sourced from
toll collection systems and dedicated short-range communications used on highways. In particular,
this study addresses the data errors arising from segmented information in data, influencing the
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individual travel trajectories of vehicles and establishing a more reliable Origin - Destination (OD)
framework. The study revealed the necessity of trip linkage for accurate estimations when consecutive
segments of individual vehicle travel within the OD occur within a 20-minute window. By linking
these trip ODs, the daily average highway traffic performance for South Korea was estimated to
be248,624 thousand vehicle kilometers per day. This value shows an increase of approximately 458
thousand vehicle kilometers per day compared to the 248,166 thousand vehicle kilometers per day
reported in the highway operations manual. This outcome highlights the potential for supplementing
previously omitted traffic performance data through the methodology proposed in this study.

Key words : Origin-destination trip, Travel distance, Traffic performance, Bigdata, Traffic linkage
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2 7|24 717 FYE 108 AR 5, 747Ee] dlojElolth TCS ¥ HI-PASS HolEl= /N Ze] wlo]E
7b BF 45 FEHE HolEY ar7|7F Biste JhEeted ol eo] EAg bk B AT E
d HolHE Tt S3HA 75 WHES AABIAom, &g B g 7w AHgstzz a3o] g
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HI-PASS 5t obd TMS AR 52] HolHE AAs F=E23AF LFohs 356712 G4t vl 8
% UAA L 47l LS A3 A= A& EEo|th TCS % HI-PASS H]O]ET‘ <Fig. 1> <Fig. 2>} %]
X dos}), AL, APLHLE, A2, G994, ALGE, 2F, 16922 79T
PAH S fJete] 8% I4EEE 0D Ut FAAYE ¢ Ci%"\bﬂﬁ AFe oD 7F AHAH=Z
tlo]E|, DSRC HI°]E], Dsrc§ Z2171S o] &35t ©] & OD 3+ HPA & HolHe A7} ditzos
HAAZE Asdithe 7HPgstolA AEEHA o A2 SRSl 1EERE &3 A B, 7H7EeW, WHlAl
old T HA 9 HIAZE AFMFE 7IeES ol &t e 1HE W HdIA Y dHolHE E4bE
stth= Zloll 84S B3tk DSRC HlolEl= A& @2 A 71€2, A% o AF 3t 54e ot &
Fol A FYAAS £33 "ol olth DSRC HelHE OD3lsle] ODY AA FPAZE F
£ DsrcS ZZ 13 (The Korea Expressway Corporation, 2022)S ©]-83le A FPAEE FE319.01 AA
HA ot FHE T3 HolHE TMS SAAE HolHE &3t At
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car_num in_date/time | in_office | outdate/time | out office 5“’;‘2’"’916 car_num in date/time | in.office | out date/time. | out.office p——"-Ybe
3031EAB1B031313631 [20211018114900 |soul 0211018115330 |busan HENE 3031EAB08033333435_[20211018143026 _|seoul 0211018150218 |sungname [ 1 | NH | 4
3031EAB3AD36363133 [20211018204000 |soul 0211018205039 |busan AERE 3031EAB0B033333435 2011018073159 _|seoul 0211018074625 |sungname | 1 | NH | 4
3031EABSAC33313030 (2021101811000 |soul £0211018144841 |busan T 3031EAB0B037343532_ 2021101814319 _|seoul 0211018164023 |sungname | 1 | 1 | 4
3031E8848831373537 2021101808580 |soul 0217018097520 |busan AW 3031EABTB031373931_[D0000000000000_|seoul 0211018155724 |sungname | 1 | 1 3
3031E8848831373537  120211018121300 |soul 0211018123050 |busan NGRS 3031EABTB031373931 2021101617457 |seoul 0211018175526 |sungname | 1 | 1 3
3031EB848831373537 2021018091600 |soul 0211018114904 _|busan 11 [3 3031EAB1B031373931 2021018160640 |seoul 2021018161816 _|daegu - 3
03TEB848831373557 302 11018123700 el 0311018175507 Tusan TS 3031EABTB031373931 0000000000000 _|seoul 0211018181218 _|daegu T 3
3021EB848832373736 2021101818160 |soul 0211018185253 _|seoul 1 [z S031EABTB032343635 0000000000000 Jseoul 2021018074504 |daegu L
3031EABTB035393031 (2021016161303 |seoul 20211018162152_|dacgu Tl 3
3031EB848832373736__|20211018080900 | soul 0211018084151 |seoul 11 (3  siBazssnaias Th0s00000000000 et For016073557 Jdaceu T
3021EB348837383231 2021101800290 | soul 0211018094033 _|seoul 1 [z o7Esstssansa32eTH0000000000000 Teeoul FoeTiote074413 dacgu T
3031EB888432333933__ 2021101806130 | soul 0211018070749 _|seoul 1113 3031848835333436 T50911018111525 Tecoul 031078113126 |quangs T 3
3031EB3BA431363530 |20211018172500 |soul 2021018181506 _|seoul L 3031EB666437393631 _ [20211018190906_|seoul 0211018191753 |gwangju G
3031EB8D9433373334_|20210000000000 | soul 0211018083559 _|seoul 11 (2 0316 0000000000000 |seoul 0211018192057 [gwangju T T s
3031EB809433373334 120210000000000 |soul 2021018000352 |seoul L S 3031£8888438303436__[00000000000000_|seoul 20211018091348_|gwangju T 1 [
3031EB8D9433373334 2021000000000 |soul 20211018165246 |seoul L A 3031EB888438303436 (0000000000000 |seoul 0211018090144 _|gwangju 1 1 4
3031EB919038323234  20211018062400 |soul 2021018085841 _|seoul L L 3031EB388438303436 0000000000000 |seoul 20211018193002_|gwangju 1 1 4
3031EB919038323234 2021101812050 |soul 2021018151308 |seoul A A 3031EB8D9431363738 (0000000000000 [seoul 2021018092728 [gwangju 1 1 4
3031EBIDBC35343034 2021101809160 |soul 0211018092456 _|seoul &N E 3031EB8D9431363738 2021018094234 _|seoul 20211018095240_|gwangju T 1 [ 4
3031EBIDBC35343034 2021101821100 _|soul 20211018212106_|seoul 13 3031EB8D431363738_[D0000000000000_|seoul 0211018071004_|gwangju T 1 [ &
<Fig. 1> Data structure of TCS <Fig. 2> Data structure of HI-PASS

st B = oA
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A FRLA Aol THssith AF HolHE JNte s 3 o“'d%ﬁi AR uses FYPAAI
ﬁd%"ﬂ/‘i Xﬂ/\ﬁf} SRR YL S HaEkGl o, <Table 1>3 o] Z2F-Hetol A A3

<Table 1> Traffic performance in 2021 road work manual

Year Road tvpe Road length | Average daily traffic volume VKT VKT rate | VKT/km of road
P (km) (veh/day) (thousand veh-km) (%) (thousand: veh)
2021 Highway 4,866 51,004 248,166 48.9 51.0
m. 2ye

1. HIOIE] HA[2|

TCS Ho]E| 2} HI-PASS Hlo|EH& AA 2] HAolA Tt om, o|AS < ole et Aottt ¢
HolEE I &2 AdFU7E 53 do]E(2021. 10. 18 - 2021. 10. 24)°]™, F 31,596,788(F3/7Y)

2 dY SYFORE 3 A, 9F 4,513,827(F /Y= YEMSTH

dole AT E $3 A WA FAHoz APl 72 5 AR} 3] TEE = ol E AAS =
& APAT 5Y AFo] Y 0D F At 53 vlojEl= 717] LFE 1% A HolE &2 753t
AAsG oM, TEAAS 53l AAR vlolHE F 24464702 FHolth F HMAZ Y D FELA o o)A
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TR /E Q3 FEEo] thE T HolHE BFRE Z2OE T F %E}. U A2 A5 dER S,
AEYH4, AESYATE LA R AEAZT] Aoldt A9, IEATHE 7|E0 7 Aol 7} 602 IRkl F3)-2
AASATE & dolEle] A9 =3 & A7Fo] Y A FY ARt o8 ¥ SRt FEHOIHRE
Atk oA HARZ 1EE2E T A A T £E B4 A, 79 R H R g
o] AAE AFS AA sttt <l A 2t o] ApFo] APEE R om 7Y%k F o] 38083 52661 9

TS T AR FHHIUN. o] A2 HolHe A% dd Hdi
A2 25 HolE R FSiin) mA Tt 2 Ay Jui s 7 o BAIZF A=A sl
g 2ol 2709 AFo2 /= wolEIE AR H I 1—t— 2 st HAAA FA7L
LA A0 2 Zhetal, JENE V]EoR FY A Yol B HolHE At <Fig 3> A&
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same vehicle number, it is selected as the with more than information completely except for entry time
most frequent value 300 trips in 7days
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& 3 -
% [ ——
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<Fig. 3> Procedure of data preprocessing

<Table 2> Summary of the data preprocessing

Process Number of observations
Raw data collection 31,596,788
Removal of duplicated observations 31,290,685
Removal of outlier 31,273,647
Final dataset 31,273,647

O

TCS H©712] dHole= 0D tez AgHlor A=A 32 A5 oD el 77t ixﬂf‘&lﬂr. ol# g
ol HAGAY tlolEZt o 160,0007) 7FFe] BE OD 3ol ek Frn
oDl &k HtA e Ar7t FHHAY] wEolth =3 2ol M I
2 Y99 as & F e Afol= oD 3+ A dHeolert wigE 4 glek o]FA Fed
& ArAs] 98t 7S ol &stdth VBT Ade AEY
< Eq (D= Aok

oD9] HwAg
i 7)o 2 FEEG o, 44 4

YA Ao F e wol7] Akl DSRC AA| F3 72 HIolHE o] 83t HAs3Ith DSRC H]

olel= N A T A= e AHBEIF 25 FEjelr] Wzl AF AH & F43 oD FH)
2 HEo]| 3L DereS ZE 1ML 831o] OD 7+ F AT HolElE =259t £29 oD 7t A
dolHE theFd 2] Agr 23HEE & oDl o] /e FAAs AT tekA BRFS o
&3 7A€ A&sto] ODE FAA 2] th3kghe AASISITh DSRC HolE S ©]&3 oD Al F37
2] 24 42 Eq. @9 oDH A FAE etk
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742 249 BHA ARt TS AFsAT

A WA 208 AF e ASANH QNS 71E0E AR Aol E Blaste] 10% (Ao
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W abge] IEAIZ A vEE o]ojA = v Bl ZPAES Wi 2 & FHol the F3o] AFEAEA
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EAZE B Fok 9] 238 Sl &S AL ol F3e 245 A B AR Eotes 59 A
ol dAsk= A HolH 4 SAH ool SRHIH.

(rmTmmmmmmmmmmmmeee Case ]l -----o--oomomo- (mmmmmmmmmmemmmmaoee Case?  ---mcmmmmmmmemee
Do not proceed with the traffic connection i i Progressing a transit connection
Distance.1 + Distance:2 | ! Distance.l + Distance2
e $ O oo | ! o o
v - ! ! ~ -
Di Distance. 1 Diistance.2 ! ! Distance Distance

Q0w SHAE AWALE AEFTHE 7Pgstel OD 1+ HekAAe HolHE oD wEY HolHe
WAste] FaAA 252 A% S dolHE FESINT. FEE AvAel WAHL ws) 9
o 24 % 0D 7 AA FAAL HolEE oD BEF Ho e Frlz

2) 44 A5 EE $HE BHOT W P2 olBe Y)Y
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mjsta HeAe g3t Al FEAD ghe vlasdt

HAY HolH= 994 3 olFste HEE o]8dt] AT Hagke| T E|EE DSRCE °|&
g A FAYTE HerieEng dud oF volEHE d4sta HEAEE ol&silen HdAYEY
AA FHAY 2 g, AA FIAYUE Fe tAlste] BAE JPsT

vjgo] ¢he¥l oD 7+ 7))ot oD FHFL ol gkl BHUA S s on AAsHe AL Eq
3o Foatt
N ~
E (FAAY X BB )) = F B A E oo A3)
OD=1
V. ¥4 23
1. S8eIZ 21 24

= @A AT 71EE R oR
A AN E = wke} 2ol %63047“ (s
AE 35 sttel Tz A

<Table 3>°] 00 minute®] & FHTIO|E1S] 21 IDE 7|E 02 54 Apgo] 7 I o]de] TPo = E&+
735 A A o A2 T A S YA 2HolE owdit. o] # @ Aol FE AAs)
of 753 SHF HolHE t7d ©elolH 79 A HolHE I8+ FHF tolHE 753817] s 7= U
ATk o] A2 ‘Average daily O/D trips’ 2 g EJ8tit}. &4 A3} F3-& A2sh= A M7F $74E+5 0D
o] 47} oAl W, OD T FS tha fdadte FAZ E4FHAY. i 23S <Table 3>9] 1=

|

A A3} Fof FHLZ AHE 42 W wsAt <Table 3>
o= F7kete] A 60 oluioll FY AEFe] T o] ETE o

5 2)
217

F

l

AZEE A% BTF Bo] 208 ol 1 A%, FADE A 718719 WRHe] WATHE AL B 5 ek
ot BUAZ F, FAT Wskgo] WASE TUHE oJnlshel o) Foli Wago] YA PPATHE AL A4
¥ 4 9t 0|8 Esjo] FAAZ HlolEE 208 o|F2 FAF U 0D o) Wiyl gAY,

<Table 3> Results of linking segmented O/D trips by 10-minute units

Time O/D pairs Rate of Average daily O/D trips | =500
(number) increase(%) (veh/day) _

00 minute 104,164 - 4,450,851 4400000 \\

10 minute 105,170 0.96% 4,405,791 4350000 \

20 minute 108,128 2.74% 4,349,051 \

30 minute 110,329 1.99% 4,320,781

40 minute 111,927 1.43% 4,298,395 420000

50 minute 112,921 0.88% 4,279,277 e e

60 minute 113,815 0.79% 4,263,019 B s =4

3 <Table 4>¢] 1ef &2l A3} F3o] £&E AFE T 94L& IE F 20:30& Aololl A &
52 e Adske A9 P Bskt SeAd sty AR 95e 93 4 sk Jled
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JIEXENZHO/MD) 7|Hte| ITETZE EMAX ALY giHE of

[=] o o

AFRLA AN AT B AT A U AFY A Tele) Boke w, HEAT} A A6l
PRI AT o 26201, ARAT SIHE HIAT Ao 0D $BE Bk Ao Hes

% 5 SEAel WS 2AZ ANE 5 9
C ARAG AR Tl AV} I, 2ol A 9 léﬂi st sEsh BUsA A A7t s
0o 2e ek B B4S 7D glow, BHAa A Bagel o] thE 453 sl FYUA 9
Wsl7h 2 S 2e ol BUsh 2088 NEoR BB ARSI,

<Table 4> Analysis of traffic performance changes by Vehicle Type

Time Passenger car(%) Bus(%) Trucks(%) oo
0.90% —
10 minute 0.54% 0.62% 0.51% 0.80% 0.66% /
0.70%
20 minute 0.69% 0.59% 0.71% osor %_’_\
. e sns? 545 054% oy 0.53% >
30 minute 0.54% 0.61% 0.73% 0.40% (3 3
0.30%
40 minute 0.51% 0.90% 0.78% 0.20%
0.10% 0.00%
50 minute 0.53% 0.92% 0.71% 0.00%
00 minute 10 minute 20 minute 30 minute 40 minute 50 minute 60 minute
60 minute 047% 085% 061% ——passengercar  ——bus lorries
2. BHNE AN 2N

FdAAol tie oD} FAF
MBI M =R 759 oDE
™ DSRC HI°[E & o] &3t 753 Al FPAe] HolHZ HPF = A tﬂ 1EiE 3
op¥ F3Az volEle} ODE FHF| Foll FE wEF ng 10% B4 &, Ah&ste] d-kny/d 919
AEER FHAAS ST AVIM rEE AEH vE 10%E AEZ AN AN I8 s

ST 4,964,421 (veh/day) £ AToIA JAG dTolH Y] d¥T L EE FH I 4450,851 (veh/day)S
Al stgle w YERd Aololth. ot #A4 Aols 1EER FHE FHVIV] &F 59 o= st
LA A0 2 A AEER FRPLH S SsiME BAol st

<Tible S| BelFRol $UE AUNSLE W, FYYE YLSIT U $IUA) W7 D A
2 % 5tk o= FYAAL Folo] SHol hE S2E FYT 4% 5o FehE T FYUH

<Table 5> Traffic performance of linking segmented O/D trips by 10-minute units

Time Number of ODs Rate of change in the Traffic volume traffic performance

(number) number of ODs(%) (veh/day) (veh-km/day)
00 minute 104,164 - 4,895,936 178,656,786
10 minute 105,170 0.96% 4,846,370 179,602,485
20 minute 108,128 2.74% 4,783,956 180,852,959
30 minute 110,329 1.99% 4,752,859 181,935,383
40 minute 111,927 1.43% 4,728,235 183,026,916
50 minute 112,921 0.88% 4,707,205 184,106,177
60 minute 113,815 0.79% 4,689,321 185,066,679
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of RIFYTGE AL ANIT. BA A, 082 s)FEoE EAAAL WAF 499 oD A4 E
108,128710]% olwle] OD 7}4- W3} 1) & C t 2AEY F U4
@ sREdol} FHL T 4 Yl FE T BAsE 971 208 ol 1% wol gt 3

Ho| 7h58tm o] F 20% /1% BYAAY AR AN ol

&

3. A5¥ S¥aH H|u

A% T 2HAE BN S8}
227} 3,799,099(veh-km/day) 2 7} 2
o] AYAF=H iﬁﬂoﬂé AZte] F7F
i%?% %63@.24 EEGJ %—ﬂb‘}ﬂi AEHE FEE Y oD A dvlolE BebE S SR & itk

<Table 6> Traffic performance by vehicle type on expressway

Time Passenger car(veh-km/day) Bus(veh-km/day) Truck(veh-km/day) All vehicles(veh-km/day)
00 minute 122,520,635 3,753,574 52,382,576 178,656,786
10 minute 123,176,557 3,776,805 52,649,122 179,602,485
20 minute 124,028,590 3,799,099 53,025,270 180,852,959
30 minute 124,703,381 3,822,217 53,409,786 181,935,383
40 minute 125,343,605 3,856,501 53,826,809 183,026,916
50 minute 126,007,475 3,892,001 54,206,702 184,106,177
60 minute 126,602,801 3,924,954 54,538,924 185,066,679

<Table 7>= &4}, W2, 323 AFE2 FPLH0] 7Pg B 738 FET oot &4 23

FPUH0] VY £ AFE SN UEIFON S840 FPUHE o 444,187(veh kmfday) 2 3

2
L l’j_
g Fae] 7Rl MY w1 AAEEAT. Mo FHLALS TAS-Ae 9ha TRl MY w3

At
°

<Table 7> The top 10 expressway segments with highest traffic performance by vehicle type

Passenger car Bus Truck
(oﬁ'gf‘iilljdzz:itlllzzon) (veh-km/day) (ori;(;llidzz;zzon) (veh-km/day) (oﬁ'gf‘iilljdzz:itlllzzon) (veh-km/day)
GimhaeBusan-Daedong 444,187 Pungsesang 2 - Seoul 41,954 GimhaeBusan-Daedong 166,865
Pungsesang 2-Seoul 341,266 GiheungDongtan-Seoul 22,532 Pungsesang 2-Seoul 106,279
Mokpo-DongGwangsan 323,249 SuwonSingal-Seoul 22,292 Mokpo-DongGwangsan 100,745
DongGwangsan-Mokpo 293,591 Cheongju-Seoul 21,109 DongGwangsan-Mokpo 92,967
Seoul-Cheonan 264,640 Seoul-Cheongju 20,306 NamNonsanha-Gwangju 88,679
Cheonan-Seoul 250,278 Seoul-GiheungDongtan 19,687 NamNonsanha-DongSuncheon 87,534
DongGwangju-Suncheon 229,017 Cheonan-Seoul 19,158 NamSuncheon-SeoYoungam 70,303
SuwonSingal-Seoul 228,353 NakdongJC2-Seoul 19,100 SeoYoungam-NamSuncheon 65,980
Suncheon-DongGwangju 222,062 Seoul-Cheonan 18,844 NakdongJC2-DongSeoul 65,676
Dongsan-Sokcho 214,463 Chilwon-Seoul 18,817 Suncheon-DongGwangju 64,335
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FdlolElE ol F3ol o# o] e nAA 3t tajAe wEF volEl7t JAHA Fethe
Al EAE o] IAXNE B3] Y3 TMS SAARANAN BlAA FIte] B3P AS AAste]
bt ghe Aw 1&ER9 FPAH o T AASHT HIAA T FHAAH-L 67,771,555(veh - km/day) =
AAERCH, TCS 718 1427 P42 180,852,959(veh-km/day) 2} HIGA F-7te] EHAA 67,771,555
(veh-km/day) S FHibete] A 1452 E8)412 248 624,514(veh-km/day) S A3tk o] WHES 53
7]&el vlolE7} FeE T3t tig S AA FZo] ThsalA AHAUE Ay &R ] FYPHH] A
AEA. Aoz B Ao A= 20213 TCS, HI-PASS, DSRC 52| HOJHEZ o] &3 A= 1458 &
Y HA & oF 248,624(thousand veh km/day) 2 A A3t TH E2GFHFA A A 2021 IEEE 53
A7 248,166(thousand-veh-km/day) ¥} Hla3t3l-S o, & AFoA 4AAHI Hw n&ER2] FPHH o] of
458(thousand-veh-km/day)7} ATh= AS AT + Ut

ojg% o] FYoZ ETH /NE g TAAHE At FPAHo] F 1% HTOE vu|EA F
7Vt ot o= & AFdlA 79X ddlolE vt E8E N en, sddolE 9} DSRC A 9] wl A H]
&o] oF 40% AEE, YA 60%°] ODE DSRCEHE S A F3Ae7} obd oD HAAEE 4831
o= HollAl 4F @A-C] Aok FE FEo] 50] 100% A o] 7hsaXtH SHHH A= ARt
AR 71 Z o2 JigEt) ol 71E9] SAHA S A% AP SR A FAEHAE 5
AR & ASHHolEE B3t ODE FF3ta AFYAY 2Hge B3l Hot A8 go® A 7Hest
oe HojFEoh
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B FetE A 9 o] 9lon o]E TCS ¥ DSRC HoJE £4& Faf nad 3¢ et
VEETR| FYHAE Arbsete B AEe AAE TEF  te AE AARTE E3 B AT
M AN2E AAEA ot BAIGREE 83t 2Edd vdA 731 FPAAS FE2 A 7
7149 dolH 45 Fall HolHrt dAETE HS A e 1E5ERE FPHHo] JAE FoE
7tk

TCS HlolEl & Ball =53 584k, W2, stExte] A5 FPHA S ER1% A3} vjdA 731 AYF
AA T3] F 3 47F 124,028,590(veh-kmyday), 3,799,099(veh-km/day), 53,025,270(veh-km/day)Z 4+ = %)
on, A vl A FEAe] TP 0] W) sEAte] FAAA R 247} 320, 28 o) =S &
/AT & QUth AT FHAH] A BE P IRIg AR, FE&A et W A9 A 9 4] AY
o TR AAC] A AN, SEA] A A e Ad T T ThE Aol T A o] =4
AAREHAT olE A FEE FE e S8 Tt A2 E Y] A9 &5 R| go] 23
T EA4S 1T  dom, sEAle & olFo] B2 AHHduA 9 &k FHol F3o] go| FxE1
U= Ae HofEd o3 A & IEEE AFE AL 24, stk 8RR A T udd A
A ko g AAE 4 S Aolth

FT B AFE 53t AEER o B 3E gig - ARE AT S A FHleH, Yot
75 B AWEE ¥3ets FEE HYE st B2 FE] oA 1 3E FEEHES A4S 7 As

pAEto g B oA o] &3 HH o+ 7920211 10€)3telgh= dHAIA o *xﬂf‘&ﬁk s, B3k
T2 dolE EAo] AT A AR AT FPHAS AT F Jorn A y&=2 T4
HE S 5 A 2 AR Zgdnh =3 FPEH 75 Al F8EUA oD AHF F3 A 2]+ DSRC
tolE F8 o] AR A2 FAA AlFshes FHAT HADAE A dolEet B
39 o &% DSRC tlolE o] FE-S shgate] oD /N8 Apeke] AA FRAS AAHITHE 1L5ER
SANA] AEEE Hrp FIAL F S Floth
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