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ABSTRACT

Much time has passed since Korea’s expressway congestion-threshold speed was revised in 2011.

In the meantime, various expressway environments have changed owing to improved performance of

vehicles, expanded operations of transport competition (i.e., the KTX), and increased speed limits

Received 11 August 2020 along some expressway sections. In addition, the speed that expressway users expect to travel at is
Revised 7 September 2020 also increasing. Therefore, through a survey, this study investigates expressway users’ perceptions of
Accepted 2 October 2020 congestion, and reviews the adjustment of the expressway speed congestion threshold by analyzing
R expressway traffic flow. One result of the survey confirms that the threshold speed expressway users
Intelligent Transport Systems, Al consider to be congestion has slightly increased. Analyzing traffic and speed data through a K-means

rights reserved. algorithm found that the threshold speed for congestion is 60 km/h. In addition, assuming the
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congestion threshold speed increase from 40 km/h to 50 km/h and 60 km/h, frequently congested
expressway sections are identified, determining that 50 km/h is appropriate as a congestion threshold
for proper expressway mobility management.

Key words : Expressway, Congestion threshold speed, K-means algorithm, Frequent congestion
expressway section
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W =22 918 K-means &1L \}3) nz= A
7N1EEEE AAEIIH. 28a, AEER FA e S5 Wt mE AT Ae] MEE oS
Hokth

1A, 1EEE AAZL2FHE AAse d AHSEE A Ve S5 ted 2ok T2 FA
5 S AslA 2R 7] (vehicle detection system, VDS)OlAl FAHE &£57F AA 7|E &
oj3tZ "ol A% dF VDS zone?] WEAE|E A A(congestion)Z A3l 0|2 A A& A7t
£ Tt AAZSFE ARt delsta ok 19967 2011 49 o] H7A] AHEH A
A 71% £E& 30kmholth. I F 20119 495EH A V|E £EE 40kmhE G ZH3HATHKECR],
2019). o]# g A 71¥ SEE 7|Hro 2 FAZre178 A G3l= A4 AlZH(congestion duration) =AY 1l

S (congestion frequency)= <Table 1>3} Zt},

<Table 1> Criteria for Frequent Congestion Expressway Sections

Classification Threshold Speed Congestion Duration Congestion Frequency
1996~2011.4 - 30km/h 2 hour/day over 10 day/month over
Weekday 1 hour/day over 8 day/month over
2011.4~ 40km/h
Weekend 2 hour/day over 4 day/month over

AA LT RS 8] AHSste AA 7 £ Yol 1F EF AE AFTS 8 AREHE Ve &
SEE Atk IuollA AHgSkE 1l S BRE TR

Al(heavy congestion)= TEH T AT o]H 3 wF EF R AFE A% VE SE= AR AT FA,
=2 5F Tl we 2] AMSE I QJITHKECRL 2019). FAIZQ 2+ 7|38 u&529 A 7FE SR
<Table 2>9} Zt}.

Y& o congestion), A1 3J(light congestion), %
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<Table 2> Express Congestion Threshold Speed by Domestic Service Providers

Service Providers No Congestion Light Congestion Heavy Congestion
Korea Expressway Corporation over 80km/h 80~40km/h under 40km/h
National Transport Information Center over 80km/h 80~40km/h under 40km/h
Seoul Highway Traffic Management Center over 50km/h 50~35km/h under 35km/h
Gyeonggi-do Expressway over 80km/h 80~40km/h under 40km/h
Traffic Management Center Highway over 50km/h 50~35km/h under 35km/h
SK Tmap over 70km/h 70~30km/h under 30km/h
NAVER over 70km/h 70~30km/h under 40km/h
Daum over 70kmh | 70~50km/h |  50-30kmh | under 30km/h
UTIS over 80kmh | 80~40kmyh | under 40kmyh
=99 A, GF 1EEE #IRA FA 71E £2F AAs s £52 dEsta #H ARE
A Fsta Aok v]= AT 2 (Federal Highway Administration, FHWA)2 A|3h& =9} B4 =0] H|EZ ol
SAA 71¥ £5F AL Itk FHWA 7S sl 1&EZ] A8t 100kmh APEE 7]E Al
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71 9ol ml=olAe Frlth wE BA o st E}%—

1 A 7(-" =2
71

_'

=0
=

ATHNeudorff et al., 2003). FHWA
ST}, Washington, Oregon £J2]

E2 48~56km/h ©]3HE ST FAZ BFII Atk 79 P2 48kmh H|THE FASH AR BF{3}
o, 9 2 NUthes 40kmh W& S HAZ EFITHKECRI, 2019). FAg Ul-8-2 <Table 3> A|
A=l A

<Table 3> Expressway Congestion Threshold Speed for Other Countries

Countries States No Congestion Light Congestion Heavy Congestion
California over 80km/h 52~T79km/h under 51km/h
Design Speeds | No Congestion | Light Congestion Coizz\s,t}ilon C}jzgz;r(l)n
Michigan
United 113~105km/h over 97km/h 97~80km/h 80~56km/h under 56km/h
States of 97~89%m/h over 89km/h 89~72km/h 72~48km/h under 48km/h
America Washington over 72km/h 40~71km/h under 39km/h
Oregon over 72km/h 40~71km/h under 39km/h
Maryland over 80km/h 48~79km/h under 48km/h
Baltimore over 80km/h 48~79%km/h under 48km/h
No Congestion Light Congestion Heavy Congestion Extream Congestion
Australia Victoria
over 87km/h 87~74km/h 74~48km/h under 48km/h
EU road management system over 80km/h 80~40km/h under 40km/h
United Kingdom over 80km/h 80~48km/h under 48km/h
Canada over 75km/h 75~39%km/h under 39km/h
Ul 71E3 99 V&S RS W, U TE=E YA (heavy congestion)d] 7]F 4 =2 40km/hi=
she) Fowke) A HRol WA /1% SE WAGo-sokmh) F E- e ol sk Ao A,
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39%(11979), ‘50t0’>7} 22%(679), ‘60th° 7} 11%(327), L& 3 “70th ©]’d°] 1%3™H)°| 3
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<Table 4> Composition of Survey ltems

Classification Questionnaire

Personal Information

Gender, age, driving experience, average weekly driving time, vehicle type, occupation

Characteristics of
Expressway Use

Expressway use frequency, frequency of use on weekdays and weekends, main use time, mode,
purpose of expressway use

Expressway Congestion
Awareness

Sameness of traffic information and actual expressway situation, threshold for congestion
recognition, appropriateness of congestion threshold speed, satisfaction by speed, recognition of
congestion depending on speed, assessment of the congestion threshold speed increasing
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(b) Adequacy result of congestion threshold speed 40km/h

<Fig. 1> Survey Results on Congestion Recognition Method and the Existing Congestion Threshold Speed
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(b) Respondents’ level of improvement opinion that the congestion
threshold speed is appropriate

<Fig. 2> Survey Results on the Increase in Congestion Threshold Speed

<Fig. 3>°ll4] A3 vpe} o], FPLET) o] AE vt wjiE HAE =7]=A of o gk

)

oA 30km/h’Z HES SHEA7} 10%(31H), 40km/h’ 2 F3F SEA7F 42%(126%), S0km/h’ 2 HE3S <
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A 145529 5PE ST} 40kmh U O E 4SS uwl, A (heavy congestion)E EF3FL J=H,
<>lE 10km/h A& A7l A did JARAE F33A A $=7]F0] S0kmh=E =He Ao g &

B Az )9 2Adg o] 3%(59), ‘AHE o] 41%(1249), ‘H50] 29%(88%), ‘F-2 A g o] 24%(759),
‘UH% 23 o] 3%08%) o2 BAFJT. AA 7EEES SuE Welo] A= oA b B
H-&41%)& AAStL Aot

Very inappropriate

80km/h ;
70km/h 1;:/ 90k2n/h Very apzpo/:opnate ‘ 3% = Very
1% 0% inappropriate
= 30km/h Y H [nappropriate
60km/h “ u 40km/h "
15%
= 50km/h Appropriate ® Normal
60km/h 41%
m 70km/h .
u 80km/h Appropriate
m 90km/h
m Very appropriate
Recognition of congestion per speed Opinion on changing the congestion threshold speed to 50km/h

<Fig. 3> Survey Results on Congestion Recognition by Speed and Congestion Threshold Speed Increase (50km/h)
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1. Initialize cluster centroids y, pa., ..., k. € R™ randomly. , = B b
2. Repeat until convergence: {

For every 1, set

 := arg min ||z = u;|%. ] ® ) ©
P |

For each j, set B L o
e T 1 =}z e - '
¥ Yom, 1{c = j} ” . . ) .

<Fig. 4> K-means Algorithm Concept

AEER VDS SE B9 wEF X L5 A5l Kmeans Y FS A G5, FIHER A84FE BF
3k AAlO dd &= 71FS APgetatt 2018 BY, 1EER YW VDS ARE o] 88k 2%
F #3827 B4E AP 1, S5 S she] WE R sto] {32 7 2] (Buclidean distance)
7Rk FAES SASER wT I FYSEE PGS Aifskshe HH o] APHT 1EER LTS @
A AER vke 2ol A% MY, AAR FRAERE FY2H F kE 302 At 248 APt 2

H2E FF 308 AT olfe 7E AFEolA AMET A o] /S AA Al 7FA (o congestion,
light congestion, heavy congestion) .2 T3}7] s Ao|t}, B4 Az} wEIC-HEIC 73] 7% Cluster
1°] 3577970, Cluster 27} 31,2267, 183 Cluster 3°] 1,305/ 2 EFH Atk v BIC—>FIC 73] 7
Cluster 1°] 33,5997l, Cluster 27} 27,4907}, 18] Cluster 3] 7,2237R 2 EFHUH-.

W ARE AFHFH 5 gS 2t HE R o]FA JonE £ V| 18 A £E HYE 88
3hoAth. <Fig. 5>} o] H—sﬂ QH 9] wFIC—RIIC T1ke] A Ak MaAe] ZAl M= 614~ 61.7kmyh,
H] BICm]4IC 7742 A9 77} 54.1~64.0km/hZ AT 4 Qo) o] & Ea)] A FHo)] &3l TEHM)
o] AAMSE F ?{POM F 60km/h TEOE YERGTH FE o] 7319 AlFEEE 110km/hol o vt
A AgrEE7) 100km/hel TFIHES] ASodls AEE 7F $EE0] tha Yold Ao g poHr

Seohaean expressway Maesong IC — Beabong IC Seohaean expressway Beabong IC — Maesong IC
100 100
s i z
E 75 E 7
k=t Critical speedfor classification - Critical speed for classification
g 61.4~61.7 km/h g 5 54.1~64.0 km/h
« 50 @ - IS
0 100 200 300 400 500 0 100 200 300 400 500
Flow (veh/5min) Flow (veh/5min)
Speed Cluster 1 Cluster 2 Cluster 3 Speed Cluster 1 Cluster 2 Cluster 3
(k) L I (k) L I
Threshol range 6031140 | 614-617 Threshold range | 5921110 | 541640

<Fig. 5> Classification of Traffic Conditions according to Traffic Volume and Speed Distribution
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<Table 5> Lengths of Frequent Congestion Expressway Sections according to Congestion Threshold Speeds

Classification Congestion Threshold Speed Congestion Threshold Speed Congestion Threshold Speed
asstiicatio 40km/h 50km/h 60km/h
Weekday

4., 1km 103.6km
(End point direction) 340km %
Weekday 34.8km 53.4km 105.7km
(Start point direction)
Weekend
. X 33.1km
(End point direction) 9.3km 15.0km
Weekend
. . 31.2km
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