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2 AFdME G5 TEER BRIIC ~ YAIC 77He tFo 2 rARSAEY ol =¥
VISSIME- ©]&3te 1458 wFgAHE H5S 93 TFE A H4 vl&S F450A g
AYE 9t I3 fFu3sS 183 7,200 7HA Y AU L& AAEAT A RE
BE AUELE A48E B8 3]s oEee] o #El stelsFE /‘,EE%)(Latm
Hypercube sampling) 8-S AH&-3t 40 712 9] AU 25 ettt ol & &3l 42 /W8

$o| 159 HoHE do] ZLB Y LS AT BFFYAL BEE B0
M Y SR A3 QU ARIAE DEEE BEAR ASS AT TTH AP Ak g
o 193 FIFBANAE 45% % AFHUTE B At e 24 A3} 25%9] TTH A
ARG M F3 Adee aEE 3 0%E $HAD & At R0 FA

Aalol - ANNASHLEAA, WEHR, ZFE 2, VISSIM, Sl sto] =71 AEd

ABSTRACT

The purpose of this study is to estimate the minimum proportion of probe vehicles for obtaining
expressway traffic information using VISSIM, a micro traffic simulation model, between Yongin IC
and Yangji IC on Yeongdong Expressway. 7,200 scenarios were created for the experiment, and 40
scenarios were adopted using the Latin hypercube sampling method because it was difficult to perform
all the scenarios through experiments. The reliability of the experiment was improved by adding a
situation when the general situation and the accident situation exist. In the experiments, the average
travel time of probe vehicles at different market penetration rates were compared with the average
travel time of the entire vehicles. As a result, the minimum market penetration rate of probe vehicles
for obtaining expressway traffic information was found to be 45%. In addition, it is estimated that
25% market penetration rate of probe vehicle can meet 70% of traffic situations in accident scenario.

Key words : Cooperative Intelligent transport systems, Traffic information, Probe vehicle, VISSIM,
Latin-hypercube sampling
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SA AT A @3S A8 A MAR SR HHFAI7]<(Information and Communication Technologies,
ICT) 719+ al&&A Aol %‘7&1 T A A2 FFo] AAAA ot} o= wFEE EUEHT A,
A FAF A2 S AE2 AR, A dFgns A2" 59 Vs Asdow :r“ég_q. 245
Zke] 71&8) od 3k wEARE FHskE Wl flolA BEE A S v2X SAlVleS BAE 2§
B AFFE o] &3t AN E A 222 HAHE TSI 222 HARE B F QA HIAth oy
n s A" FE2E YalME AU A5d 5 A 28 (Cooperative Intelligent Transport Systems, C-ITS)
o] ={le] 27" th(Yoon, 2018). CITSE Aol = F 2R NA 1 wedFa AL 919 g 4
ANZEOZ2 AFslE AlZEl o] tH(Kim, 2016).

TN A= CITS EYS A8l AFS F28ka ot 20120l & A3, E2a%F EoF ITSAIY 2020

Hatgom, 77t A4 A8t Lol A ITS 1z} s FHATE 2013doll= AT ITS
718AES FERoH WH-AF FRER AEAYES AAEATh AAde 1EEE IR, AL,
AFZol A dSAge] AAEL Ut
& 9}2 & (Measures of Effectiveness, MOE)«= T=29| n5/43+S

= CITS =945 #siA= MOES A&s] S4sh= 2o Ta8tt CITSS] 7484 & syl
71e AF ARE =WVAT e FHAE $Falshe @.@_'% 5}‘:} F/’kﬂ'”alﬂﬂ kgl A}gF
MOE ZA4& $I3 vlo|E & Bol 718 + ¢ Fabat=
ot} o] 3k i}am 719 E] = X} 2H(Connected Vehicle, CV)2} o}u] WAVE 5 sz%ﬁﬂ =< 9
relol AAE AFFE ofn|gth AT A Tdy] AXu|go] ATt AX| TF AeFo] &4
A& 72 g s 2R vl oggol W27 i AN BE 2] dE7]

Zlo] ofHrh.

ole & AFolAe HARFTAEHAS 53 AEEEE T3 HolHE F3T & FA £4sto

1EEE WEPR F5S A VY HIEY 1EEE WEHE S AT ZHE(probe) AHF Ha WS

o F—QH
L

14
tio

2~
nn

o
- &
o
o>

(&l _&4 ai

rlr
ol
i lo o

.
2
O]
ol

H

E AFdAE ¥ 15 A 1EER A5 FE FHS A ZRH A vlgS AHgsh] 93t
o MARFAEH A BYE ALSsTh AlEHIA AHaks flsl AMES AAl HolE ] /\171}34 ‘%‘.M%
2018\ el FHA W=
WEAEH A ZE W VISSIM verl0.0S ©]-&3H%

& A

B =50 23 A= el to]HFE AZ 3 MOES] #3F I-9]9] A7
HE At AT) 3NAE vAZFAIEH A Z2 T2 VISSMS o]-83o] | A=t
olAde FHEAL 4ol E SR tolHE ZTEH A u&S A, 57%01]*1% A

v}
r&
mlm
4o o
o
2
e
[es}
frul
e e
ok
:L
o
:t.I
).
I
o
:t.I
Hﬂ
o2
>

o M
1» K
e
Qﬂ
2

L
e
i
lLore
-
iin)

Vol.18 No.6(2019. 12) The Journal of The Korea Institute of Intelligent Transport Systems 263



—
e

0|2 1&
1) 2iEl stolHTFH HEY

2l sjo] 2 A& (Latin Hypercube sampling, LHS)2 & F& W 7l2d U2 thald Ex=3
Bl wi7iis gre] A9 MES AN B olth(Mease, 2006). FEH o2 HES A} A7) 9 do
St A 35S dF =Y 4 7] WEo] Monte Carlo Al E# oA Bt} de] AMEHTh <Fig. 1>3 Zo] 7%
3} doll shte] A&l e 2 AR HARIS 7Nt Jirt 2t Sto|HF R S-S vuA I
A A AED Ha AA o2 18 #3208 BE
PE pol 7 €& SHHOE I7H NAA Y 8
W i=1,..0N; j=1,..ME Z7F SHHOZ 0°f
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— 1 1 g T 17 P
X, =F NP1+ W), i=1,. N j=1,, M (eq.1)

Ao "l P, Py e 2 BEHESFE X, X,,0 THA B3 gho] HFA oA ofE Whcell)oll &3l=7}
£ YERaL w,,..., Wij% 1ol A ofd 3ol flAIEETE YERAT

<Fig. 1> Latin Hypercube sampling Concept

2) 4o SYSE

B THEEE WA 25485 Uehll= MOE sl stutelth B+ 5355 %73 | F3F 5
doll weh 24 WS 2l A3tk B A7 iR 1EERe 2 ALRY A vlolHrt £ H
© AA7IE T wet a2 EAS 18ty FALEE &3 oF gtk SHEEANE F A /R
AT WA, AZHEF4 S (time mean speed, TMS)= 574 Al ¢ o= A e g2 7S T3 A&
S 479 £55 et s vtk 8o £ AR B ERO| S A3 BE AEEC]
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N2 UF £55 7S S(space mean speed, SMS)ZHL $Ho}, SMS+ EE A&
°

=]
74F-oll= TMSSF Z2A] Vet o]9]e] Ag-ole 4 TMSETH 2A Uehdth ofef 22

TMSE o] 8£38}a] SMSE 243 21o|thDo, 2014). B AToNXE &80 EXS st W S
=24 SMSE EHHEE HAAsATH
Hi
- i=1
'uT\[S s (Eq 2)
— 1 1
Hsps o (Eq. 3)

S, 458 olgdel A T AdE F T2
Qo= ol Atk BA, AT TS FAY Ao BINLE A Sk} o §3h Pl Yok,
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At 4 ot FHdAE 5 Heshed H]%ZLC_E £ 4% HrEE 719
< Yotr7] 93 Ao g 74 Wgvt ALY UA “uqur_o?lxl
J&ﬁl—r(Correlatlon coefficient) 2H= ZEo.2 A3l A Ve 5 ¢l
7HIH 10 WA ASE o] AREA - 19 WA ESE &

25 o)1t A7 4=(Spearman’s correlation) = AHHAA S EA35tuA}l 3
A AEEE dojduy == 7 ‘34—’1\—7} MEAE AR o AH8S
EhiAl oL 3 Mgt S7HE W) O Mgt SURskeAl AdaskeAl ol i aAe
2 Q1 H] B (non-parametric) A 5o ]13]-. 2uofrt FHATE 29 ofRte] &9 FHA < (Spearman’s rank
correlation)’, 2~3] 0}k = -9-(Spearman’s tho)s-2] ThE ¢ 5L 25 AME-gTH(Kwon, 2001). ¥ AFoA = ZF
B Ao HaiHleo] tid e AAelE 23 RiATEEZE ekt mebd HlES2 A (non
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Juan et al.(2015)2 A 53tE TAREZ A F&g MOEE FA317] A& AVEE A7k a4 ARH
Fr&e A 1A At HHEEE, AA3E, 7L, AAS} 22 MOES] F4WHE AASAL, 1
o Bxs)t g #2383l 27044 MOEE B3l 4317 A A% AG&s Brietinh =8 1539,
A5 AA, MEF AL AR 9 MOE 7FHA ] 3,2 A 89 MOE 48 BAst7] 93] H4 cv A%
&S AAske WS Adsidth 1 432 gkt A HA AR Ff-go] tiFES MOE
o tial 1% olWlA F88 F A& EOCIT"iT%

Na et al.(2018) A5k voxa Y wjo] tiEA B4 AES 3] 73 JEY A} EFE A4
on, SUMO AlE#ol4e T3 Augle B4 S8t a8l usd 3o meh vax
Non-V2X 2t Abo] o] B Azl that BAIA AFS Adstdth 1 2, 3-5% oo s 744
TEE 110/ oo Z vaxatEe] FAE wEFOA V2X A BAFREI S D § v A
gelstAt.

AAAA L] FAQ #Hxzs} ol ZX&% %"iE} @/\PPOE e MEAE X ARE HREE WS
ate] HaAFHE o] 8¢ IARY F gt A Ag FE3) %
=8 78 E Zdolg TN FHEA S AN A =
Ko(zooz)t FATINGT ARE T A2"HAM &8 ZRBEAFYS
I, HAS] A9 zrEAFYTE AAskE RES NLSITh 48 221
T B TN AR F, TREAE UE] HL E
g o]std et
Kim et al.(2008) GPSE o] &3l 7fExtefe) FPA AL
AXEATE o] F 95t AIMSUNS.Z 7fdxtge] B3 A8 S
THAE skt 4 A, o] Welo] AFuFFAA e eaks

o AR HE FANG AEF/NE RSS2 Hom AN, NFY UE 3
sla) LEARRE FAVAL Th2A Agete AL AVAAT. DT A% B FAlol 3ol 9 A
ol AT 2 2L AAPOW, FALE sokphol A BhFAFI] FAlo] A5 e molFATh
3. J|Z o7l Ay
7%l ol gH3 Q= AA7] Ao WE AR e AA7E B e AHwe] BF ARE 5
HHoE =2l AN WF YRE A7l REFo] Ytk ol B FHILA 43 HAHF
F8 84 F shuel CITS7h AR @alo] A g5lo) 2 4L Slstel WA Hold S0l hsd Ad
CV ZFu A Hlg AT Bk ES ANFFEE ollje} ERelq doluht WEATLS} LE FI
A e 71200 7s) AeleE Ads AhS) A SHAAL, AT RE Al o8
193 5l AP ofel ol glof el ol 7E A% Latin Hypercube sampling) 1 & A+

o 40 7Hx9) AveleE Adat
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1. AIEY0|E

IC 779 &2 b2 DamX E5 1452 FFHolE LYo} VDsHo]
5o olelE FAsA 74 HolHE D aERS YHsT S8 24l 3

Wk olBAl TEE WEY AL B <Fg 2> Lok

2 A7E FYs) A8 WA mAnsAEeld 2
|

<Fig. 2> Test Site

<Table 1> HEHY I &L 913 vAH 2 A EHlH AuHE AT AEHAH Ul Az 7F
AL 122 450027 AEE oIS FHsHA N HolE F32 9002 5FH 4,50027HA 2 g AlZF Fete] b
o]E1E FRFT 2= o W axtE S22 &30 Oulk Ao 2} *fﬂi} 3,683th, =& 996Th
2 F 467909 1FHFS AT AN FAEFL FREZFA BAF ATE A AFTEF 7150
ol 2FHH 5E7MA S S Tty FaE A FA] TR AHI 2T FE(level of service, LOS)>

© ol

<Table 1> Parameters for Simulation

Parameters Values
Simulation frequence 1 second
Simulation duration 0~4,500 seconds

Expressway type 4-lane expressway
Expressway length 8,349 m
No. of vehicles 4,679 v/h
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2 A||_|.,'.l_|o MA

A S Fol7] Al g Fadse Aue s AU oA Tele frarddol
¢ WAL T ER W dojuhs 8 B8-S Eath o) 98l 2AAAES AEste dF A=27F 9A
NS Ak 8o 2 EWg o[MlE Wit nlEwFo] SUIskAY A4S 48 s i
F8e] e 2AE Apd A2, Apd AP, ¢ A ARP, AF A 15 F ey, Fa neT HIbE
A 7HAE Akl & 7200 7HA @B 7HA %3 7FAIx8 7FA]x10 7FAIx10 7R AvE]l 2E ST 814
B EE AU E AFE Sl FHsde oflwel o] 2l sto]HFHE AMEY WH S Python 3.62
2 Adste] 40 7HA 9 AuE 2 E AR AARE Alue] @+ T <Table 2>9F 20

<Table 2> Selected Scenarios for Accident Situations

Volume Volume
chanee in Volume S Volume
. | No. of . Closure g change in . | No. of . Closure change in
Scenario Location . small Scenario Location . small
closed duration . heavy closed duration . heavy
No. of closure . -sized . No. of closure . -sized .
lanes (min.) . vehicle lanes (min.) . vehicle
vehicle %) vehicle %)
(%) ) (%) )
1 2 front 15 10 35 21 2 rear 35 30 45
2 1 middle 20 15 25 22 3 rear 15 10 45
3 2 front 25 20 30 23 3 middle 35 60 5
4 3 middle 35 30 20 24 1 rear 10 5 40
5 3 rear 25 20 10 25 3 middle 5 0 10
6 1 rear 10 5 40 26 1 front 10 5 35
7 3 rear 15 10 15 27 1 middle 30 25 30
8 3 front 10 5 10 28 3 rear 35 30 20
9 2 front 15 10 45 29 2 rear 40 35 0
10 2 rear 25 20 5 30 3 middle 5 0 45
11 1 front 30 25 20 31 2 rear 5 0 0
12 1 middle 5 0 35 32 2 front 30 25 25
13 2 middle 40 35 40 33 3 middle 15 10 25
14 1 middle 35 30 20 34 3 middle 20 15 35
15 2 front 5 0 15 35 3 front 25 20 30
16 2 rear 30 25 40 36 3 front 25 20 5
17 1 middle 20 15 25 37 1 rear 40 35 15
18 1 front 20 15 0 38 1 front 5 5 30
19 2 rear 40 35 5 39 3 middle 20 15 0
20 1 front 40 35 15 40 2 middle 30 25 10
268  PIRTSOR|=2T| 187, T|6=2(20194 128)
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V. u|A ZEA EH o] By F5 9 A A
1. OA|ZEAIZY0IM 28 5
E Ao A= ANEY A VEYIE 40 V1A Avel ez F3317] 93 VISSIMS Com-interface 7]%

< AHgstaion dAR AbESt AR AR £E7F Okph?l AFFE AT AlASHs THo= A
& Adshs dRE e olo taf Python 3602 AT A ZEE Y <Fig. 3>3 2t

il

for SimStep in range(®, End_of_simulation):

if SimStep == 916:
veh_1= Vissim.Net.Vehicles.AddVehicleAtLinkPosition(lee, 1, 2, 216, 8)
veh_2= Vissim.Net.Vehicles.AddVehicleAatLinkPosition(lee, 1, 2, 316, ©)
if SimStep == 1518:

wveh_1.SetAttValue('Des
veh_2.SetAttValue('Des

W

peed', 1
peed' ,1

(o]
(G <)

[N

Vissim.Simulation.RunSingleStep()

<Fig. 3> Python-based Com-interface
2. HO|E 7t= & Zat BN

22t A 2.

2 FEs A A 127 AR S dolHE AT BA oy AR mE
938 BHAZ =

Well E33 AFE=t At IRt Faddele) Auee U= o] A%

o

<Table 3> SNS Difference by Market Penetration Rate

Market penetration rates SMS DFF with 100
1% 85.53231 0.620223
2% 85.65474 0.742653
3% 85.18867 0.276584
4% 84.68487 0.227215
5% 84.47191 0.440174
10% 84.47939 0.432699
20% 84.73476 0.177328
308 84.77252 0.139564
50% 84.92208 0.009993
70% 85.02016 0.108078
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<Table 4> P-value by Market Penetration Rate

B A3} <Table 4>a+ 7o) 1%5E 20%71HA

 gleh mebd Qudae
o Uekgh A4 Hjol
2545 350 Baw A4

Market penetration rates

P-value

1%

0.167

2%

0.339

3%

0.239

4%

0.247

5%

0.239

10%

0.263

15%

0.704

20%

0.353

3]
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Avelesl e TERR A5 $
AUel o8 HAEHE BARE -

H 40 7HA1 9
APt =

=

S0
=
N =

nE AA
20% ANM= FolstAl JertA &gttt
0.05 ©]’¢e] €2 30%S HAHEE AT
2 358 F9k i}%z‘s}ﬂ 282 A5HFS 35%, TAF LFFS 20%
35S 7HA A ) weba] ZRE Ao 4 v]go| 45%FE M
Ul oA e 1%5E 40%7HA ThFstAl Yerstitt. whebA 7$Ei
H &2 H 4 45% = Holof BE oo nEHRE dpoted
o] QoS <Table 5> AzlE o] AU

28 A Az veg

HAHEE AYstth stAT AUl oMol e ARE |
o8& Aol pv alue7]-
E3] AU L 282 432
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<Table 5> Minimum Market Penetration Rate by Scenarios

Scenario No. Minimum Market Penetration Rate (%) Scenario No. Minimum Market Penetration Rate (%)
1 25% 21 30%
2 10% 22 2%
3 25% 23 40%
4 30% 24 25%
5 10% 25 2%
6 10% 26 10%
7 1% 27 25%
8 25% 28 45%
9 30% 29 10%
10 1% 30 30%
11 15% 31 25%
12 1% 32 30%
13 10% 33 4%
14 1% 34 35%
15 25% 35 1%
16 5% 36 1%
17 10% 37 1%
18 30% 38 30%
19 15% 39 1%
20 40% 40 35%

TS <Table 6> HAEEE G448 Alygle 5 4 2 9l=x2 HojZt) welA
Aol 25%eHd 25%° ZFE g FRE 7 fadd AuEle Asdd T 10%s T5AE T
Ae o= Agdn

PN

<Table 6> Scenario Satisfaction by Market Penetration Rate

Market penetration rate(%) Scenario coverage (%)
45 100
40 97.5
35 92.5
30 87.5
25 70

) ArpiEs

e AAH HanES st o’ A3t AvE el gl 7k 2AE3 oW #AVL

A=A EA S Hk.

(]
4

HI

o
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<Table 7> Correlation Coefficient and P-Value Between Variables and Minimum Ratio

Types Correlation coefficient (rs) p-value

No. of closed lanes -0.10 0.952

Closure duration (min.) .106 0.516

Volume change in small-sized vehicle (%) .139 0.392
Volume change in heavy vehicle (%) .097 0.552

<Table 7> 40 7}A] Avp] 2o tha] B4 714 tﬂ’“% ol A& 2= L1 7HA e Weh Ha

& o] AAATE YEh Zlojth HanlEel dsl Fde AR Ad viATEEE YEbgth ©
F/W H| 242 744 (non parametric test)Q] 227 o *JUH?% T A éﬂr A A=, 2
o ARY, 2% wEE Wb, FAY wEY Wik i BF AT es)7E 01572 FaaA T o
o3k Zo® vehgth £ WEY M A Ao Havd ko] FAF FAHe AR S8
Bl HAQ) 227 - dEix AL Solth I A3 24 fro] &80 03372 257 Aol7t 9
T AR7HE S Agste] A §1A9F HanE3te] fFode fle 202 Ueyth BE Wt 4|
& 7o) AWAATE Qi U Ade AEFTE HolH U AR FHET U <Fig 42 95F W
FEF Han e AHHE IHZE Yepd Aol

>

NO. of clesed lanes - Minimum Ratic Closure duration - Minimaom Ratie
Ao L)
04 * «d
[ ] Ao [ ] »
(=] (=]
E 03 & £ E [k}
= [ ] 1] L1 = [ ] [ ] [ ] [ ] [ ]
£ 0z Eoz
; [ ] [ ] ; [ ] [ ]
w 01
[ . .
el ® P ] . ] ] P o P ®
100 126 150 176 200 226 260 2ZT7F 00 ] 1o 1% 20 25 k] 35 40
R, of closed lanes Closure durationtmin
Volume chiange in heavy vehicle - Minimum Ratie | yoiyume change In small-sized vehiele - Minimum Ratio
[ ] °
[ ] - = 04 °
L ] [ ]
(=] [=]
E o3| * “ . « . E 03
= - L ] L ] L ] » L =
g oz g o2
2 2
i L ] L ] =
&1 - - - o1 L L L
. ° L
ol ® ¢ o o e = ® IR, 8 o o o o
@ 1w 20 k] 40 80 &
¢ 1o o » ® Volume ohange in smwall-sized vehicle%!

Volume change in heavy veliielkd®d

<Fig. 4> Scatter plot graph
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