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An Estimation of Link Travel Time by Using BMS Data

[

(Ok-Hee Jeon) (Gye-Hyeong Ahn) (Cheol-Seung Hyun) (Kyung-Sik Hong) (Hyun-Ju Kim)  (Choul-Ki Lee)

=3 oF A & oS g 3 A a8 F o # oo

A UTISE =3 2270 AAA o) w71 A% 1150704, A2 51,
atal Yot UTIS /\P%H g3 J A&ZFe 5]’\5} 0}7H AAE BEA
Aro A Ayt Bgeln), & AT AE o7 BAYES T
BIS(Bus Information System)E 7] HEo 2 3te] A A Z_}Qi dﬂi BMS
FARY 7}1%& =3 UTIS 22 G719 %Exﬂ*"ﬂ < O]'_L.Z

ol 8l FUNFHFUE, FHUNE 73D), € °ok/‘l(—§—°iﬂ1i
242kl Cased BMS Ar59k UTIS al5gH et g 374 3l é%% él/\lé}%lﬁ}. I A Case2, 4, 6, 89 49 UTIS
2R A 1 ABHET A UEsoH, Case3 59] A% & 222 3| UTIS 7.=i T AFHHEE O
Astzol = g Fe7t 9le Aos Addn. mebd g 7&% EREY 24 9 4P g ARV 2 2

LS Ae & Havt ot
gl Alef : UTIS dlolE, BMS tlo|E], FHFd&E, a3 AR, UTIS 45+3¢

ABSTRACT

Now, UTIS collects and provides traffic information by building RSE 1,150(unit) and OBE about 51,000(vehicle). it’s
inevitable to enlarge traffic information sources which use to improve quality of UTIS traffic information for Stabilizing UTIS’s
service. but there are missing data sections. And, In this study as a way to overcome these problems, based on BIS(Bus
information system) installed and operating in the capital area to develop normal vehicle’s link transit time estimation model
which is used realtime collecting BMS data, we’ll utilize the model to provide missing data section’s information.

For these problem, we selected partial section of suwon-city, anyang-city followed by drive only way or not and conducted
model estimating and verification each of BMS data and UTIS traffic information. Consequently, Case2,4,6,8 presented highly
credibility between UTIS communication data and estimated value but In the Case 3,5 we determined to replace communication
data of UTIS’ missing data section too hard for large error. So we need to apply high credibility model formula adjusting road
managing condition and the situation of object section.

Key words : UTIS Data, BMS Data, Average Travel Speed, Multiple Regression Analysis, Missing Interval of UTIS
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BMS CIOE{S &3+ 2/ ATk ofsA|Zt ArZgrolof 2Heh 01T
A Foll g e JFe AT g 2 4ES FIATHEEE FHA St
5 M5t g3 5PANE HAHLE A3 uwetA BIS Al2~H Y AAZE 3 HolHE S5
= AL EYFZoA B olyg AA HEd= T & e FENY dEAY B e gL
ojZ&o] WET. 2 M2 AAZE Eddoly 43 2 UTIS &
olg g TAE 3ty s AANHY RFE A d&5 HolHE 39
£ wol= qgsA FFE A HFES A <1H1>3 Zo] UTIS £5EAHARE 3 - ZA3
date] FIFPAL T8 HFE /X1 2y Ay FoA Ha32 FANE FRFol AAF7L
= TE3e 2o Fasith g oZ oF 57%° 2t oF 43%9 ASF7ho|
a7te] A7 ZA%E AYEY, BMSA 2' 3 3 UES T A A1 BMS HIolHE o] §3 UTIS 23
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BoAR AT AR FH, JeRE 5 (Fig. 1) The range to offer Traffic information
2 ¥4z Heste BA3 Ao) EolAgto|t), in case of using data of Suwon’s
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o= 2.79km, %4k 97) 9] ?_}-‘%] gaz FA3}

Jangan Daedongumul Pajangcheon Guksecheong Gyoyukwon Jijidae
underpass 4 4 3 3 JcT
CTlinkl g Link 2. g __Llik3 g Cink 4 d

* ]
Link 9 Link 8 Link 7 Link 6 Link 5
—==> forward
& === backward

(18| 3) ALz 249774
(Fig. 3> The analysis section of Gyeongsu-daero

(E 1) BM7 d=2(d5U2)
(Table 1) The situation of analysis section
(Gyeongsu- daero)

Beolmal Heungan-daero Minbaek Poildanji d
439beon-gil 4 4 4
Ii____!uk_l_ §____tnk2 §____link3 | ___Liuk_‘l____.al
Link 8 1 Link 7 | Link 6 T Link 5 |
====> forward
=== backward

(3gl b) otttz 2M774
(Fig. 5> The analysis section of Heungan-daero

Link L’?I’;g)th (%;;‘5 Tntersection g;slf Bus Stop Bl‘;say"f (E 3) 2A77} 88 (Soly2)
1 546 3 5 ) 1 X (Table 3) The situation of analysis section
2 1 o3 | 3 2 3 3 X (Heungan-daero)
3 259 3 0 0 1 X
. . |Length| Lane . | Cross Bus of
4 | 1,067 3 2 3 1 X Link (m) | (lanc) Intersection walk Bus Stop Bay
5 [ 710 | 3 2 1 1 X T4 | 5 ] > ] X
6 | 369 | 3 1 1 0 X 2 [ | s 1 1 1 X
7129 | 3 0 0 1 X HIECHEE 0 2 1 X
8 | 913 | 3 4 3 2 X 4 [ a0 | s 0 1 1 X
6 502 5 0 2 2 X
Dongsuwon Uman Gasangol Ajou Univ. 7 581 5 1 2 1 X
4 Link 1 4 Link 2 3 Link 3 3 Link 4 4 8 404 5 1 2 2 X
Link 8 I Link 7 I Link 6 I Link 5 I
== forward
@ === backward 3 Xl-EQ_l _E_A_'Il
(O8 4) sF0z2 SM72t = y
. . . A A = A 8% ] A 7}0] A
(Fig. 4) The analysis section of Jungbu-daero A0 T HadgAs vdA el Ay
U 4 T FRe] Qi w2
(B 2) M7 S2H(EFU2) = ) .
, ) t}te 7 34 EYPETE B 0S
(Table 2) The situation of analysis section G T g sYL=S ]J.LO]'?aE]'
(Jungbu-daero) WA A5 EAAY BIFEEAAFAE
Link Length| Lane In . | Cross Bus S Bus of AW RAR) T e ARl WG
tersection t 3
! (m) | (lane) | MMM walk [P XOP Bay B 74% A Vehgon ddk A uAE—
1 537 4 1 1 3 O .
T T T T % AAA N TR A4S 187% %7 vehgt
3 | 338 | 4 1 1 1 X o= tﬂi A&z mAATFRoEN HHAF
4 151 4 0 0 2 X - -
AT T % M2 FE FHolAe BYFYA % 2YFA
6 | 338 | 4 1 1 2 X 59 Yol A FLdte W FYPLEEE W
7 [ 254 [ 4 0 0 2 X 21 golog HoT
8 539 4 1 1 2 X
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BMS tloleiE 288 2acks

(E 4) MEXAZ o|dR|77He] AlZitY S35 T d|w
(Table 4> The comparison of hourly travel speed
of not to implement bus of lane

Section Time Vehicle | Bus Rate of
(km/h) | (kmyh) | Variation(%)

13:00~15:00 | 32.7 30.2 -8.2
forward | 18:00~20:00 | 31.0 29.1 -6.5
Total Average | 31.9 29.7 -7.4
13:00~15:00 | 33.0 28.0 -17.9
backward | 18:00~20:00 | 26.3 22.0 -19.5
Total Average | 29.7 25.0 -18.7

WA TR A Wil FALEI Qukk
ol Mgl B 164% ¥A Ve, olze u
2RAGAE AP st} TE W G &
$317 o) MEoz B,

WA POV AA DT A ) T2
A9 MangAze] AYoE Bon Yuae

N

o) B3&5rt Harg 27% A UEhgou 1
Aol 7b WA FAl Llkmh, HFA 0.6kmhz ZH&
Aol & HYT

(F b) MBAZ MR|FZHe| AlZtY SHEE d(W

(Table 5) The comparison of hourly travel
speed of implement bus of lane

dolEl el 7h A1 W5

olg&ol & ALE A3ttt

A .

Section Time Vehicle | Bus Rate of
(km/h) | (km/h) | Variation(%) (X 6) Case MY
13:00~15:00 | 32.6 374 129 (Table 6) The set-up of Case

Forward | 18:00~20:00 27.8 34.6 19.8

Total Average 30.2 36.0 164 Classification DeSCtiptiOIl

13:00~15:00 315 304 -3.8 CASELl To implement exclusive bus lane data
Backward | 18:00~20:00 | 34.8 342 -1.6 CASE2 Not to implement exclusive bus lane data

Total Average | 33.1 32.3 -2.7

V. 239 7/t 9 AF

1. 28 TS e

A& B3 Adstaa s
7N A7 AL 1Y WA AAste A
SAE AR oo we} IS Vo] 158, 308

CASE3 Peak data

CASE4 Non-peak data

Peak & to implement exclusive bus lane

CASES data

CASES6 Peak & not to implement exclusive bus
lane data

CASE7 Non-peak & to implement exclusive bus
lane data

CASES Non-peak & not to implement exclusive
bus lane data

CASE9 Total link data
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SHEUZ F2tel tiste] UTIS HlolEE o] &%

5% T2 A g3t

Travel Speed(ATS) = 5% T YubAt=F

& %% = (km/h)

o
M
of
Og(:,"

3} o] A g3,
S35 A%
AP F88 SaolAW FF Azl T3l
HgAT A ojegol AoBE, WAPFES
18 S/ $A%, ARE AAAL 5o

o EANZE A

LiE=
R
0]
AR

T3 ASuARF, JGREF, 2T A
29} FE&AY] £Eo JFS AE 8407 o
ol =d¥TE Attt
- Bus Travel Speed(BTS) = 5% ©$ W2 HI%F
& 4 & (kmy/h)
- Bus Stop(BS) = HHFIAE HAFFZST (7))
- Signalized Intersection(SI) = TG Y IH AT w
Az (70
- Cross Walk(CW) = @334 JFEEF0))
- Lane(L) = @933 225 (M)
(3 Hrds

¥ 2 Bay fr/%, H2AEAE /% A - v
F AR A SFATY e Aolzt A A
o072 Adste Z4Z4E fuisE dAFgon
Case’ 2 285+ Wgds Aot Adn

- Bus of Lane(BOL) = A &2 f/F

(=1, F=0)

- Bus of Bay(BOB) = M2 Bay /5 (fr=1, ¥=0)

- Peak or Nonpeak(PON) =

(2 5=1, 13 F=0)

=] &=
A5

H

_’._

29| Jy
CASE ¥ B33 Zt7+o] zxiol| upzt SPSS A
Z2aYe ogdtel BARGoN, SYUSL 2
7N ool 7] WEol tFdARL S AE3tH A
3 fol5r} e EPNSE A9she DAY
HE Fotd B2¥S st n
B AFdMe FAS3EF v A 95% AlF S
=2 005 oY Afol tial FAHCE Fo35t
7 gty Adste] 2y FH A A9 4,
AAAFR)Z] 19 S-S 3|7 M0] FEL
Aysted #43 Ao A ®3, TH
A o] Y2l VIF(Variance Inflation Factor; ¥4+&
WA s T3l A7 IAATE deITAA
o7& st
1) MBAZE {FE T2 ZH
Case 18] 4% 2819 dAXLNHS B8 gL A
Astgon, Zt g VIFZF 1.0082 102t &
ASA Ao} BEFAAY BAL 9t Ao B
ddt. £, 2HAFE ot & A4 T
HE Yo st W5 429%E AWt
(B 7) UEBXAZ o{Fof mE ZHFH Znt
(Table 7) The result of model estimation
(whether bus lane or not)
CA . . 2
SE Variables |Coefficient| t-value [p-value| VIF | R™ | F-value
Constant | 20.939 | 25.641 | .000 -
1 BTS 394 15.422 | .000 (1.008|.429| .038
BOB 3.877 2.083 | .038 |1.008
ATS=20.939+0.394- BTS+3.87T-d,,,
Constant | 12.673 | 8.959 | .000 -
BTS 513 14.504 | .000 (1.090|
2 BS 2.038 4.852 | .000 (1.031 331046
PON -1.343 | -2.007 | .046 |1.060|
ATS=12.673+0.513 BTS+2.038-BS—1.343d, |
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(Table 8) The result of model estimation

4n
=
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[e)

(Peak or Non-peak)

#5%

21

CA
SE

Variables

Coefficient]

t-value

p-value

VIF

F-value

Constant

12.020

10.892

.000

BTS

.504

17.429

.000

1.012

BS

3.207

6.006

.000

1.439

CW

-947

-2.659

.008

1.433

BOL

3.577

5.860

.000

1.009

617

.008

ATS=12.020+0.504- BTS+ 3.207
d,

—0.947-CWH-3.577

bol

BS

Constant

17.755

15.504

.000

BTS

.398

14.318

.000

1.017

SI

.804

2.792

.006

1.442

BOB

3.694

1.975

.049

1.031

BOL

2.464

3.557

000

1.456

408

049

ATS=17.755+0.398- BTS+0.804-ST

+3.694+d,,, +2.464-d,,
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(£ 9) HFHIEFA| MBXIZ 0F0]| 2 ZHFH 2ot
(Table 9) The result of model estimation (Peak or
Non-peak & whether bus lane or not)

CA 2

Variables|Coefficient t-value|p-value| VIF | R” |F-value

Constant | 16.981 |11.303| .000 -
BTS 430 ]12.888| .000 |1.001|.633| .003
BS 2.637 2992 .003 |1.001
ATS=16.981+0.430-BTS+2.637-BS
Constant| 9.583 |5.470| .000 -
BTS 562 [11.143] .000 |1.077
6 BS 3921 |4.498| .000 |2.302
SI -1.079  |-2.217| .029 |2.408
ATS=9.583+0.562 BTS+3.921- BS—1.079-51
Constant | 20.837 [17.998| .000 -
BTS 374 ]10.835] .000 |1.010|.372| .027

5591 .000

! SI 1.541 ]2.226| .027 |1.010
ATS=20.837+0.374- BTS+1.541-51
Constant | 16.564 |8.740| .000 -
3 BTS 418 18.503| .000 |1.037|.420( .019

BS 1.373 |2.380| .019 |1.037
ATS=16.564+0.418-BTS5+1.373-BS
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Case 99 7% 3919 WAME ] g 58 T
W BEEASES ARAS, AR 47 9
w7t AR R }

cA et g A AR #ud
o =3 AAAFE Toko & FAYe] FEUS
Yol thate] FWME9 502%5 AHsAom 34
A2l X*%Lé ASde F sAFY 4¢=

T gel o

(E 10) Aol et 28¥FH 2ot

(Table 10) The result of model estimation
about the total link
CA X . 2
SE Variables | Coefficient | t-value |p-value| VIF | R™ |F-value
Constant | 14.959 |18.411| .000 -
BTS 450 22.017| .000 |1.020
9 BS 1.346 4403 | .000 [1.016 02/ 000

BOL 2.567 6.118 | .000 (1.005
ATS=14.959+0.450- BTS+ 1.346- BS+2.567+dj,,

ASE AAB] 93] A T g3 e ¢
A2l 10¥€ 29¢9 BMS H©lE ¢t UTIS HolHE
JhaetR o Abgs A oged 2.

- A F 2 AHRMSE : Root Mean Square Error)

ol 275 AR ASU(T) T oA
7 AR

1
RMSE= |5 T~ TP A
- PYoAg A WES(MAPE : Mean Absolute

Percentage Error) : #tol Z&FE AZIN(T))
I A ZZ(T)e Aol7} 2
T.— T,
MAPE= iz K L <100 ()'\Jl 2)
n Ty
- ¥ A4*(EC : Equivalent Coefficient) : 1°] &3
IFE J|EH) 2A-T
(T~ T,
BO=1- 2K TR ? 3)
ST+ /21
1) MEXZE o{FE 12st 2
AEAZ ofFe wetA Case 1, 28 HATHI

& W Case2(HEAE P A FTH ] B A 4}

WE-E(MAPE)©] 172%% SHA UEhd AA UTIS 4

SRR a7t A9kom, Casel(WEAE AA
TZhel A5 A 3 WEE(MAPE)°| 27.7%
2 AR o =o] "ot

ZYouny 42 TSRS HE &4 A
Case2= A UTIS 2541 A8 448 yee
UER I ¢lo, Casel?] )

7% < +8(kmyh) H

oA Ao Z Fh FAHE ASE YgyT

(B 11) U8XI2 o{Fo e 43 21t

(Table 11) The result of verification to depend
on whether bus of lane or not

Classification N RMSE | MAPE EC
CASE1 354 9.250 27.7% 0.784
CASE2 401 7.734 17.2% 0.819

2) MF -H|IHF =2 12 Y

Case 3, 45 AZH A P& W Cased(HHFAITH
o PEAd At MES(MAPE)©] 163%E A U

Bl AA UTIS AFAHe] a7 2gtom,
Case%**ﬂmu % B A 23} WE-&(MAPE)
o] 30.1%2 o319 H]go] Eo} A 2L g=ES
Hao

RYPogRE 4EH FIEEE BHT ZH
Cased(H H FA17h) 9] 7 T !
HE o2 HoAw A UTIS &54H A5
A A E S e 921, Case3(H FAI7HY
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A% ok +70ah) 09 delA Bl @ i F4
& Qo2 ey,

(X 12) EF-HIHF =Ho| w2 H=Z5}
(Table 12) The result of verification to depend
on conditions of peak or non-peak

Classification N RMSE MAPE EC
CASE3 371 9.570 30.1% 0.763
CASE4 384 7.997 16.3% 0.824

3 HBAZ ool AT AT TS DB 2Y

AR o R el AT HHF 2o mEiA
Case 5, 6, 7, 82 ZHAE0 2 & u] Case8(H % FAl
A SAE v AA T FEdg e wEs
(MAPE)°] 14.8%Z £ AFoAM 23 97}A <
Case & AA UTIS 25 HH}e a7} 713 v
UEREOH, Case6(H FAIZH+AEAE W AAF7T)
3 Case7(HIH FAZH+A L2 AAFH] A
747} 182%, 18.6%%E & Qa9 43ttt

WA Case5(A FA+ALXE AA T 29
MAPE Zto] 41.3%2 $319] Hlgo] uj$

A A5 Case9(AATFHY BHP2A & o] &ste A
FAEG Zlo AIFHAT.

RYCRHE 4EH FIAEEE AT AH
Case6, Case7, Case8Y 7% tA|z o= A UTIS
ABAR Azet fAE HES YERT oH,
Case59] 75 oF +10(km/h) ¢l ol A o 5 3
2 FAHE AoE YeET

b}
o

(E 13) MBAZ o ¥ MTFH|HFo| 2 HEZn

(Table 13) The result of verification to depend
on conditions of peak or non-peak
and whether bus of lane or not

Classification N RMSE MAPE EC
CASE5 178 11.056 41.3% 0.726
CASE6 193 7.331 18.2% 0.814
CASE7 176 8.658 18.6% 0.812
CASES8 208 7.623 14.8% 0.832

< ZHRMSE)7
& (MAPE)°]| 22.5%% UE}

} 8.656, HoAthext
om +7(km/h)R

el A o) 2 g FAHHE A= YEgT

(E 14) ™AFZHo| Chst 28 A35Z 1)
(Table 14) The result of verification about the
total link

Classification

N

RMSE

MAPE EC

CASE9

755

8.656

22.5% 0.799

(E 15) WaEU2X}

i
s T =49
294 F 9%

=7t

e ulm 2

(Table 15> The comparing result of MAPE

. . MAPE
Classification MAPE (CASE9-CASE/)
CASE1 27.7% 52%
CASE2 17.2% -5.3%
CASE3 30.1% 7.6%
CASE4 16.3% -6.2%
CASE5 41.3% 18.8%
CASE6 182% -4.3%
CASE7 18.6% -3.9%
CASES8 14.83% -1.7%
CASE9 22.5% -
V. 2E % FF &84
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