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ABSTRACT

The ITS performance evaluation has been performed in the evaluation of traffic data collection
equipment. However, evaluation of the data collection equipment alone cannot guarantee the
reliability of the traffic information. So, ITS service evaluation has to be implemented institutionally.
In this study, an evaluation method has been prepared to evaluate the accuracy of travel time
information in road sections. In addition, a piece of portable reference equipment was developed to
collect travel time data on the road. Field tests were performed on two national road sections
managed by the Seoul Construction and Management Administration (SCMA) to prepare an
evaluation method considering field conditions and evaluate the reference equipment’s performance.
Based on the test results, the improvement of the reference equipment to collect more samples and
the adjustment of collection points were discussed.

Key words : Road Section Travel Time Information, ITS Service, ITS Performance Evaluation,
Reference Equipment



27 SBAIZEE WIIE I3 7IETH N 2 B wy o
.4 &
S-eluele] A58 A Al(Intelligent Transport Systems; ITS) AAH2 "I7He R TAAEZESH ) o F

A3 npol] wEt A= ATk o] el A= FX}%X}'EEL%IOF ITS 5% 7F71%, o weh ITS A
GAIHA= ITS 4Hl, A2’ AH| 28] % 9 AZEE Pristojor gtk A4 ITS A%/ we8E
2 FHsE ANEEEAERA)7), A S0 2 AR (Automatic Vehicle Identification; AVI), ©AZH-EE4
(Dedicated Short Range Communication; DSRC), S48 AX A28l F)ol st A5H71He Al Q)
™ (Chung and Yoon, 2009; Kang and Lee, 2018; KICT, 2013; Lee and Ma, 2011), ITS A0 thk H7h= o
FolA 2] &AL Itk ITS 75 Z715H AS7HA ITS A5H 7P 44l 4537 402 AfH o)fe
2& At FEe) AsA A =2 nEHR £5U1 F23AKDL, 2021), ©] HH| FHEE
Fol7] HalAe dHoly 3 Anle] ASrE Frsle Zo| Fasy] WEolth #AY ITS Al =&

Pﬂﬁlor

Ul

FE, ©9, Belo) 2HE Do) AYHUY] BRo ITs B/ BERR £ o] =S H7}
SH= 2ol 24 Bl YTHMOLIT, 2017,

ITs 45718 4 wEAR 27 S| JALE FAND BT 3 glov, @A) Wivers
IMSE Fo Al TEAR A2 AP e BT = Yok TS Aulse B2 WgolA dolgE
AT §, £28 IS TERLAAN 901 A3, 24, DA, A3 5 AAE 1A B4 ]

Foj2)7] wZolth o wEAHRAE A T3 o] E W] o] 2(Database; DB) W 50| A= o],
WEAHEAE 3 DB GA HFolA Ao AeEAd SAAN F= o8 s FH| Xy} gy,
olo] wat WEAR AH| 2o Agwr} x{s}% 4= AThLim, 2014; MOLIT, 2013). wte}A] ITS ZHkol| ok
BEH7LE SleiAe ABARE Q3 7|24 R £ DAFEH ZRIL AFEHE AR 2 GA7MA B o
Folz of it}

o]-&2 BN E 2 wFFH £57t opd FHEA sk AR} 7718 AFAHE HAFET} ¢
AA A &, £2 o] gA o AlE BYAAHRIL 23 THLin et al., 2005; Tumner et al., 1996). Te}A] &
AFAAE ITS ARl T B2 FIH9 FHANA R 248 gh50] o] & Hrletaa stk H2ol=
T2 ATAHES SPAZLe g BRAFNAVE L] wet =2 o] & =23 EA|(Variable,
Message Signs; VMS), R EAHZ WS, UH]A o)A, A5 o]x], Buld Mu|x T s A& F3 T3 Al
DARE Agieth S2RTA L} ARAFTAES I A22 8 738 AeZRATS, 544

B 59 dugEs 7N R o FAANMARE AT ok dFE B0, IREEFAE IEE
o] Y4 AR, AFHA7], DSRCEHEH FHd wFgFRE 7|Rto g 73t A3k J%’é}l o]
£ B3 9= FIANTAHREE AF3thHan et al., 2018; Korea Expressway Corporation, 2006). T2
A AHT F QSRS FHANNARE A Fatr] AsiA= BrA het AAAQ H7Prt Sz E o
oF 3t}

ol 3t TR HEre} AlE kol v Hrt BaAde sk, HrF ol EH§ B A7t
Z8) =)o} 2-tH(Han, 2018; Han et al., 2018; KICT and KOTIL, 2011). 3}A| 9t o} 2171A] SHFAI AR E A =2
1 AeB7t 71l =9iskr] % AlFARERe] BAjEte] o] & whdstr] 91§ A&5H< ﬂ:rLﬂ g g5ttt o}
g B dFoMe B2 73 SRAIAR F7H R ntd Z1ostaal, A Aol AAIRE B2
= HE3S Hrtel Bagt 7|E4HE stttk o714, Bt 7]%% 1§ ®rlstaat she= 5o 7E

Sk AHlE ofuith B3, A AEEILE B8l W H e JNAARRS Ao RN S T
7} 71% 78 A 18T F e B S =Yskath

Hﬁ
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g AFOE YRE FSHL AAHA, FAAL OJE%LJJ Avlz 5 Wz AR AE 247) g FEes
ARAZTHE AT 5 At BepA] SPANYRE BT wol AT AN NEoR S gn
AEF7E] AT AANHRE WS shefstelof B,

br

%
-{E O_u

L g o

L=

kr

O

_Vﬂr_&l

2. "©WIX|

FH
FH

=
1) 7IX|&®

52 F79 FRANIARE Hrishr] HeiAe AFE AR AA FRA0T D ZgstA A s)
A Bristolol k. Han2018) "AExHEEnEECL ITS A5H772E, dAe 15 A= AF=S
Hrrelr] 9%k HUMAEE HF-du) 221 E-8-(Mean Absolute Percentage Error; MAPE)S AASFaL QJth
MAPET= 712363 B7F tidak ke 2k Ueilie AXEA 2 ()3 Zo] Zodt. gutdoz we
A5 BN 7HAL 5ESE AAS

Accuracy(%) = 100 - MAPE
MAPE(%) = %(Z

i=1

Y

A7NA, x, = AFH= 7 TIATE

K. = a] A T FPAZH (ﬁé%}\),
i = BN 114 58,

n =37} I AIZE AL

Bt A 7]#o] H& AA T Z(second) TFHE SAEHEH|, AFEE TIANNAHRI = T
2 32 A9 4 1)L o] &ste] BEA4o] 7bsdtA T E(minute) THE AFE A, A8 W HA
A dAsE 2aE 1HEt A 2)9 BE mMAPES AHgste] H71E £tk o] W), 2 &) ARE B
92 B4ske FHA TAsE 2AE AAT F AR 382A WS EAstoF ATh30%)

Accuracy(%) = 100 - mMAPE

1, |5
m]l/lAPE(%) — _( )><10() ...................................................................................................... (2)
n =Y
0, X, - Y| < AE
X, — ¥ X, — Y| > AE

o7|1A, 4E = 3823} (30 seconds).
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FHWA(1998)2> =277k 53zt dHolH 3 A a3k 4%
Arsta ok o] oA At AH BB A4EA FEAA
EPA|7He] ¥ F A S(Coefficient of Variation; CV)e} £ oA 71AstE A)eats 7|&0 2 3}

49T & ek

2
Standard Sample Size, n = (t><s ) ..................................................................................................... &)
s e
cv. ==, e=—
z z
n:(th)zz t><(c.’u._><;) Zi(fxc.z;. )2 ..................................................................................... @)
& (e X l‘) €

t X cv. \? xev. \* . .
Sample Size, n:( :U ) z(z ch ) , if estimated sample size is greater than 30

A71A, t = B4 AT t&E AL,
s = TIANY F=EHAL
e = AW L&Ak
cv. = AEAT,
e = 2t 24}, Relative Error,
r = YAz HE,
z = B4 A FA Y X FAF

KICT and KOTI(2011)2 nEA R F374 #AS HPYAFlA AAG HEATE ZASEL, TAHL
2 FYuAE Zte Ha FEFE 4GS T FHWA(1998), KICT(2008), Seoul Development Institute(2008)
ANA FHE SHPAIZE vlolH e MEATE Bt 2o WE HA FESFE <Table 1>3 2T A FE
90%NA ] HA FEFE FFA 3 veh/5-min, HIFFA| 4 veh/5-min©] AR FEOE UERT AF5E
95%N e olHT} B B 4o ®Ho| s Ao AAHHIT 1 Ay, gkl 2o EAN d%
g7 5 1Y Ha FESFE 5 veh/5Smin¢] AFsTial AASITE B AFolM s AAZ AHHIL T
el A 3R E BRI HolHE Hig o R HA FEFE ARSI AedFolA AAS 73 viwsth

<Table 1> Estimates of the minimum sample size to collect travel time

Time period cv M“m“(‘::h;a‘ﬁ;’ Sizes
90% Confidence, Peak period 0.175 3
10% Error Non-peak period 0.203 4
95% Confidence, Peak period 0.175 16
5% Error Non-peak period 0.203 22

Note: CVs are calculated with 15-min time intervals, and the minimum sample sizes are estimated with 5-min time intervals.
Source: KICT and KOTI(2011), ITS Service Certification*Evaluation Method.

M. 77 SFA7 F7} 71830

T FHANRAEE HIrekr] A Brke] ZIEe] e AAl AL ARE FES|oF At AA
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T2 SUANEE BILE lek JIER Y Y Bo) wE o7

THAANE 2 AN FRsof steg, & AT HolH = fd ool 7bsd Bt 7
FAE NS ATHFig. 1). ITS 587t Abgste 7129 ol B7t 7|&80= =29 3 A3
oA wEFH AT £E2E FHGES AAH N AFe] AY I FYNDS T8k Aol &7}
otk & ATelA NS B J1EFHE AVISH 2ol A Agset FRALe FH6ka, Bt
o 3k AR A SR AFHEE st 731 TS AHEFTHMoon et al., 2003).
A ITS AdolA = AVI 75 Al B2 FF AJE B dAsts 144 AuE F2 &8ata gk &
ATl e 7|28 E EWol dAjeke o] F4 AVIZ TRk, AN HolH FHERS AT
T AEF STk =3, 1 7t 718 E RERS Aot 7 7] Thesta sRE ol
Bl =3 Add L E Oﬂ AE s W, 1"& AT-2l 7180 = HAA HaEdelE "gAste A<l
Z2o] 7hsstal, R ER 94 §lo] 94 USB WlRgol AAHE a7 FRE A 5 3lof 4 &89

B Aol AR W AHIE A AR AUEES 24T 5 3]
o). oA AAe] AEALE 45m - SSmIE o 5ehe AFE AR FH st o

3m AHANA] SES AeF oUIAE GA AFIT ol F) WE iEE%M—S— Tl 243 olv]A 2
APUESE FEY + USS LLE0lE EPsel ALY, 123

o Sv, 2t AR A Al delA B Gl M| ol sz ASAE A7) s
HASAT £, A PHolE GPs ABE £HE £ UE FAVVE TP, NRY FFE 9B )
He=E ¥gd.

(a) Equipment front side (b) Equipment back side
Camers I - <o T

(c) Equipment inside (d) Equipment installed on site

<Fig. 1> Reference equipment for evaluation of road section travel time

V. @4 A7)

52 77 BYAR W7k el A4 Boheh AMAY B2, 283 97k 712 A5ErE 9
3 A7 ERelA AMHIE AN ALARTERHCIS ALH)e] Belshs YIEE F 2] 4
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. s 108 A% AT A oA B} ke 49 5 glene A %wmol st ol
/\

% %Lﬂ) 1?4 T2 7= E AX T 4 9l
3 E2W oAFZ(Ho, vidTAY T E2W A& o %7&)01 3m OI%OJ ?7&% oz &9t
npA o 2 Al-FH-e At AA FF oY A
T AR 71E0E A o] 7EE FFde 7t

ARFTLME BY 25 HFAE Tt YA
T2 P NHE TS Aol ¥
sk ARG 73 BRI ﬁ%ﬁk@i tlolHE T3t ok f‘&lﬂr.

<Table 2> Road sections for field test

Road Sections Length (km) Number of Lanes Flow rate (veh/h)
(National Route 42)
Mapyeong IC — Yangji Intersection

(National Route 39)
Ssanghak IC — Yangchon IC

5.17 2 1,590

6.71 2 2,740

Note : The traffic flow rates refer to the traffic volumes at 17:00 - 18:00 in the 2020 Annual Traffic Volume Report (Traffic
Monitoring System).

<Table 3> Data collection periods in field test

Road Sections Data Collection Period

(National Route 42) 2021. 06. 15. (Tue.)
Mapyeong IC — Yangji Intersection 16:30 - 19:10

(National Route 39) 2021. 06. 16. (Wed.)
Ssanghak IC — Yangchon IC 16:30 - 19:10

2) AlEI At

T8 o] 8= TYNNARE B2 73] A A A=ty 7Hgsta, Ad JAANZ 71E3 Al
Hg7E 73 AR RS uj st Frkekdh o] o, Mol AFEE 7R FHARE vlolHE
I S 2 FHAst AFstRE, 5% AR vlolHE FE3t] A7} HlolEof Hla2A ST Al
HE7F A3, P BPADAHR I E=E <Table 4> o] EAEQT dutdos =2u% REo 53
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AR JEEE Hrie ), HE857) 80% oldold HAg 5, 90% oldeld - F&sitty ok
SFCHAhn et al., 2014; CATT, 2010; KICT and KOTI, 2011). H7} A3}, =% 425X vpEuxp 204 IR AA
g 73k Aololl= 8719 *@ﬂi}iﬂ AX St AE ] TR HAE A O E A YEPde =
EFsly Byl AT %R B2 oE AEEAT 25 3954 48w i}ia} FEIC T HIH A
357} 91% 2 YEFTH<Tables 4 - 5>). MOLIT(2010) 379l AAE EWA A7} B 73.6% T2
2 Uehd A st s w B AHETE BRANAR FgET FA UrE}M%EL ol WEARE F
Aot IS =zt 75 o9 BIATL d= Ve F49 dFo= AddH.

ARF 7L A 8 HolEE e o R TN HEATe Ha B8 FESFE ALHE SIS Th<Table
5>). B7F R4 8 FHARE HolE "EATE 22 015, 005E UEFRTE A&5F 7] AstuatE
- GFEIC FRolA FRAIRTS HEAGTL A s a2 o] FEFE W PP AR - FAAAY PR T g
o] tte Ao g BAHIITE AP HEATE FET AP0l tidste] FEFE AL A3 v aAE

- SFAAAE FRAME T veh/S-min, HTRAE - FEFICTIHS 1 veb/5mineE  YUERSTE KICT and

KOTIQ01 oA & Ha FHSFE 5 Veh/5 -ming AABIAEH, o9 vwsgE W AEuAze] JFE TS
7B B B2 EEo] Had S & 5 Utk sHAIRE o] EF AT 7Rt I3k H4 FEFo|EE o
FF TEHFE TBHO ANl olgigol Uk Mt FF O g R ARE B A4F-
UEF 5 EEEHS PRI Hh BESE A T A0R HREth 223 ANG EE A2 o
@ Az BRSE WIS AT Hade] /120, U BE Fo| BES FUTSE Wyt A%y AYEE o
Y F Atk mepd Ha BRFRE oleh $EE RES 30y 93PS A ANstelor Ak
<Table 4> Evaluation results of travel time accuracy
. Average Travel Time .
Road Sections iz Tl Szt Accuracy Sample Sizes
(National Route 42) 6.7 minutes .
0 g
Mapyeong IC — Yangji Intersection (46.5 km/h) 92% 9 vehyS-min
(National Route 39) 9.5 minutes .
Ssanghak IC — Yangchon IC 4271 km/h) 1% 11 vely5-min
Note: Evaluation time periods are 16:50 - 18:50 at starting point.
<Table 5> Statistical analysis results for section travel time
Road Sections Average Travel Time | Average Standard Deviation| CV | Minimum Sample Sizes
(National Route 42) . . .
Mapyeong IC — Yangii Intersection 6.7 minutes 1.01 minutes 0.15 7 veh/5-min
(National Route 39) . . .
Ssanghak 1C — Yangchon IC 9.5 minutes 0.43 minutes 0.05 1 veh/5-min

Note: Minimum sample sizes are estimated with a t-Statistic of 1.812 at a level of confidence of 90% and 10 degrees of
freedom, and relative error 0.1(10%). CVs are calculated in 5-min intervals.

2. A\HEIIE S8t At =&

1) AHE7L A

AMHI} A}, TR SRS wEFe] s PR FESIL AL o] FaF IAYOE Uehgrt,
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Brkel AP E Fo|7] Y FET o] FrFojof FuR o3 A7} Yehd 90E& £A51o
ol FEY & e WS vidstoiol dth xR4T AA #E e 24T AR, B 71EH Y
A E wE FFH Holy FHAH Ao wE dFez ' F AT

A, B7F 71E4n e A AAES AT 7 o] F2 wTFAM AXE Asrt et A4 E
A8h= <Fig 2>9F o] 222 FHAFS] dolA HA 99 W2 AT 122 FHAF vIHA(Fig. 2),
TY A= FHAF e A DA SR AT vHAR el TAZTHFg. 20b). o2 PlAAE ATuAt
29| LAYl wEAHA Aol A3E HAo] Fe wEFAA F2 TS

WFHAZ AZE < 4%—% umam Sfell, A3taatz HlEHER AT Y] A4 ES £4 3 A3} <Table

6>} o] UEhiith ulE

L
>
r\l
&
o
R
ol
re
1>

F2 70% olAtoln, 2atE FYxateke] HEko® X2 F3Y

A A Fol 2429 Ml 1 R W, B Azile] A QIAEE 13 7%, 2342 45%0],
23R AARFOR A3 142 % YA A4 Fol F23] ASkHAT. Heba AA Aol AF ANE A,
2 wR BNE JAE AT A0 dEe 22T 5 9 A Pozo] neo] WY Ao Bt

.

Detection Distan

IDriving
Idirection
1

IDriving
Idirection
1

¥ R

Portable % | Portable %ﬁi |
Reference Reference
i Lane 2! Lane 1 ; Lane 2! Lane 1
Equipment | Equipment |
(a) Failure to detect vehicle on lane 1 (b) Failure to detect following vehicle due to inter-vehicle gap

Note: The red lines represent the line-of-sight region of the laser sensors.

<Fig. 2> Limitations of the Reference Equipment with Laser Sensors

Seoz, HelE £HAY 91X 9oz s BE Fuh AYRT v O etk 1 dale
AT A §F B BRI DERL Astel AHB FHE BT FAE A v e ol 73+
Y WEF FENG FYAT 4F HE APl F7b 2l dendy] gzolth R EAE
- AAR T ARl HlolE $£HAR olF AALALE Fa GRS o] EaolA A
SEE 2AVL BASAT 12T AuA - FEIC A E A HolE FPAHY oF HRICLA

mlo
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FREF 9T nelstel 2UAYE 2Yslolof BTk ol F UlgolA HolH FRAH R et i
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<Table 6> Vehicle identification rate at Ssanghak IC

. . . Flow rate Speed .
Point Time period Lane . Identification Rate
P (velyS-min/lane) (ki/h)
16:30 - 16:50 1 114 78.9 73%
(Non-congestion) 2 33 73.3 86%
Ssanghak IC

17:30 - 17:50 1 80 19.6 7%

(Congestion) 2 72 275 45%

2) Eot 71EEH| JHMAK

T2 FHAIAR Bohe] MRS Fol7] AslME BE Fus} Fask, R BE FUE A
£ A7 1E A Q4R E spoiok Iek Al A B4 E 018D /12 SHY ol 58
LA AT & B} 4R A A Aol Aol e Aol A e LA B

sttt #lolA AA = 54 7“]7%31( A9 71E 4= 35m)ol Al AAE ARk
AAE ooy o] Foll THsh= AFE SATE WAS TYUs] oA AA
Atk A AAAR A it Aoke sfastar, =2 A Aokl Fld A
O B2 82 FE2T F gls 208 Adaigitt o|2|g Ao ZA 35t
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T SYAIZMEE "ILE 25 7| EE| e 2 "op g o
d, e o Be A2E AAGES selet 2EE Yel7 2HT  glol, WE AT oo O
TR2A FEET £S5 A0E oddTh Ay, 2kt 1A o] Y u&Fe ERoA = golA W4,
A Qo] F1 AR4TE Be AR ERIME Y44 B85 £E Ao PuE
<Table 7> Vehicle identification rate by detection method
Detection Method Lane (vehIT/I;):]nhrz:ne) Identification Rate
Laser 3 89 45%
4 89 87%
Timage 3 89 63%
4 89 88%
Note: Evaluation time period is 15:40 - 17:10.
3) Clo|e & o 24 2 JHMAL
T SYANA R H7F A AR 7|Eie T3] Aste] 28 SRl gk =¥o] Fasith o
Aal A BE 1SRN AR A Bgshs Weks nhbstde), B oA HolE A 24
3} dole 2o Al Ade] Beke B3| FRFE /L F Qe PehE ANIHG
AR 7L AEH B ARAFTTEY A-F- XA HolHE T, - FRE
dole] PR X5 25t 1S FPAIL dolEE BASY 7|EgS A4EE Aok dAw
A=k 3ol TFHOl A& A, A oF FRAFT BH oW BRAFL Trd THNL 5 e
FRHAR A 2Ho] dasttt 29 FIARAR AEATFL 712 T FHEET 7 B THE
o} Aoy 7Pgskd 4 59 22 dHolE B WS o] &8 4 Aok o]y @ /A2 A =2 wFY
ol et gepd ¢ JoBE Wt H EE 3 545 vlE gefstoiof gtk
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