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Abstract

Bus information system(BIS), as a part of the intelligent transportation
system(ITS), is one of the most advanced public transportation systems which
provide the real-time bus traffic information for the users waiting the buses at
the bus stop. So, bus information system is in haste introduced into their bus
transportation systems 1in the cities, and also its extension taken into
consideration in some of the cities which already imported the bus information
system. However, bus information data such as the present bus location, the
user waiting time, the bus arrival time, and so on are not correctly provided in
most of the cities putting the bus information system into operation because the
proper models for predicting the bus arrival time are not suggested yet.

The purpose in this study 1is to investigate the real-time bus traffic
characteristic data for identifying the bus operation characteristics on the arterial
under the study in the metropolitan City of Ulsan, analyze the real-time bus
traffic characteristic data such as bus travel speed, inter—arrival time, the
number of vehicles, etc. in the ID locations of the arterial under the study,
construct the optimal unit segment models for the unit segments such as the
bus stop, node and travel section using the exponential smoothing, weighted

smoothing and Kalman Filter methods, respectively, and finally suggest the



optimal integrated model for the real-time bus arrival time prediction on the bus
stops of the arterial under the study.

From the bus roadway and traffic characteristic analyses on the each unit
segment, and the integrated model construction and verification for predicting
the real-time bus arrival time on the bus stops of the urban arterial under the

study, the following conclusions were drawn:

1) Roadway characteristics were found to show a little difference in the
width and length of the roadway, the number of the unit segments, and the
figure of intersection on the arterial under the study, but traffic characteristics
were found not to show a distinct difference in the number of vehicles, the
travel speeds, and the inter—arrival times on the arterial under the study.

i1) Signal operation characteristics were found to show a considerable
difference in the Green time ratios depending on the signalized intersections and
time periods within the study segments, but all the arterial under the study
segments were found to be put in operation by the real-time signal progressive
operation system with the bus information system, except the Samsanro.

iii) Bus traffic characteristics were found not to show a distinct difference in
the number of buses and routes passed on the arterial, but they were found to
be a distinct difference in the time intervals, the travel speeds and the travel
times depending on the unit segment under the study. Especially, the travel
times at the node were found to show a distinct difference in Green and Red
signals.

iv) Unit segment models were needed to be differently constructed based on
the unit segments and time periods. Particularly, the WSM1 was shown to be
correlated with the bus traffic characteristics during the morning and 1-day
periods, the WSM2 correlated during the noon period, and the ESM2 correlated
during afternoon period at the bus stop, respectively.

v) ESMI1 and ESM2 were shown to be correlated with the bus traffic

characteristics during the 1-day period, and the WSMI1 correlated during the



morning period at the intersection. Also, the ESM1 and ESM2 were shown to
be correlated with the bus traffic characteristics during the noon period and
afternoon period at the node, respectively.

vi) ESM1 and ESM2 were shown to be correlated with the bus traffic
characteristics during the 1-day and morning periods, respectively at the travel
section. And the WSMI1 was shown to be correlated with the bus traffic
characteristics during the noon period, and the ESMI1 and ESMZ2 correlated
during the afternoon period at the travel section.

vii) Integrated predictive model was shown to have a high explanatory power

in the coefficient of determination ( g2) of 0.945 or more, and a high significance
at the F-significance level of 0.000 and the t-significance level of 0.000. Also,
integrated predictive model was found to be very valid in testing between the

observed and expected travel times at the 95 % level of confidence.
Thus, it was concluded that the integrated predictive model would be very

valid in predicting the real-time bus arrival time in the cities putting the bus

information system(BIS) in operation.
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Nomenclature

Y Time-series data at time t
F,.;  Expected data at time t+1

w Weighted factors

a Smoothing factors

v, Observation error at time t

Xy Predicted values at time t

2 Expected error at time t

V4 Variance of observation error

0 Transition matrix from time t to time t+1
Z, Observed values at time t

/Z\ P Expected values at time t

Y/ Transition matrix from state value to observation value
§Q Variance of state error after 1 cycle

Ve Kalman gain

B Dependent variable

r Independent variable

By, B,,B,, B, Correlation coefficients for each independent variable

u Mean of population

o Standard deviation of population

X Expected values of travel time at bus stop(sec)
X, Expected values of travel time at node(sec)
X, Expected values of travel time at section(sec)
2 Determination coefficients

P Correlation coefficients

/— wlwe Values of t-test
— value Values of significant level

/ No. of bus stops
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KFM
ITS
BIS

AVL
GPS

ID
WSM1
WSM2
ESM1
ESM?2
MAFE
RMSE

No. of nodes

Length of section(m)

t—statistic

Mean difference in observed and expected values
Variance of difference in observed and expected values
Smoothing method

Moving average method

Exponential smoothing method

Weighted moving average method

Simple moving average method

Simple exponential smoothing method

Simple regression analysis

Multiple regression analysis

Tme-space diagram

Observed mean

Expected mean

Standard deviation

Kalman filtering method

Intelligent transportation system

Bus information system

Automated vehicle locator

Global positioning system

Identification

Weighted smoothing model based on 1 day period data
Weighted smoothing model based on the peak period
Exponential smoothing model based on 1 day period data
Exponential smoothing model based on the peak period
Mean absolute forecasting error

Root mean squared error
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Table 3.1 Roadway characteristics of bus routes within the study area
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Table 3.2 Bus stops and nodes within the study segment of road A

No. Facility Name of Facility Characteristics
@ Bus stop W o AR _

@ Node stFsolet warz A7)

® Node S WA A )

@ Node Ao wapE AHA 2]

® Bus stop SETAY AEH _

® Node A4 wx= AHA €

@ Bus stop Ao ApE=sru o A S _

A o] AFAdEIE ol e 4719 AT AR FolA 3717 44

Hojglar, 17l 34 dez FHojgler, ol Az uwaro 7]e+ 29
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Fig. 3.3 Plane figure of node @ within the study segment
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Fig. 3.4 Plane figure of node ® within the study segment
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Fig. 3.6 Spatial scope within the study segment of road B

Table 3.3 Bus stop and nodes within the study section of road B

No. Facility Name of Facility Characteristics
) Node BANA}E A7

@ Node St Ak WA= 27 e

©) Bus stop FTRATE HE2AFH -

@ Node BAxTTUY WA= A7

® Node W A= A

® Bus stop AdFetusr W24 73 -

@ Node AdFeaet war= 271

of ATt Wl 5709 Aoz wAzrt Sl=dl, 1 FolA 3= 44 dEH=
soflar, 270 34 FHR Hojlew, o5 wAarel vletxzo FH= ofd
Fig. 3.7~Fig. 3.11¥% Tt}
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Fig. 3.7 Plane figure of node @ within the study segment
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Fig. 3.8 Plane figure of node @ within the study segment
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Fig. 3.12 Spatial scope within the study segment of road C

Table 3.4 Bus stops and nodes within the study segment of road C

No. Facility Name of Facility Characteristics
@ Node St AR AT AHA 2

) Bus Stop Eoh o A 7k 2 /A -

©) Node i BT A 2

@ Bus Stop Aok W= 74 -

® Node BFEANEELY WAE AHA 2

® Bus Stop dETFed HaARA -

@ Node T AR A7
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Fig. 3.13 Plane figure of node @ within the study segment
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Fig. 3.16
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Plane figure of node @ within the study segment
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Table 3.5 Green time ratios of nodes with the bus flow direction

T Node @ Node 3 Node @ Node ®

M.P. ) i - :
(084] ~094]) 80.5% 56.0% 53.8% 49.4%
<13A§¥Pi4A1 ) 79.4% 57.0% 59.4% 47.0%

AP. = X - :
(187 ~194]) 81.5% 60.5% 58.9% 53.6%
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Table 3.6 Green time ratios of nodes with the bus flow direction

TR Node © | Node @ | Node ® | Node ® | Node ®
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Table 3.7 Green time ratios of nodes with the bus flow direction

- B Node © Node @ Node ® Node @
M.P.(08*] ~09A]) 45.5% 28.3% 65.0%% 42.29%
N.P.(13A] ~14A]) 45.59% 34.4% 63.8% 42.29%
A P.(18A] ~194]) 42.7% 35.0% 63.8% 45.09%
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Fig. 3.19 Time-space diagram between Node D and Node @
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Table 3.8 Characteristics of the facility within the study segments

No. Facility Name of Facility ID | Distance
Sum 1,120m
1 | Bus stop HYr w2 1,348 100m
2 Section P71 1 38m
3 Node R A el 670 100m
4 Section Ty 2 59m
5 Node ST WAR 789 100m
Segment in 6 Section —ijgﬁ :rL7J_ 3 166m
oad A 7 Node a7 o WAFR 334 100m
8 Section o AN 20m
9 | Bus stop ETTAHY HAAHAFTH 1,600 100m
10 | Section S I 83m
11 Node A wAE 790 100m
12 | Section P71 6 98m
13 | Bus stop | AoAAFstw S HAF{FA| 1,425 56m
A A 1,151m
14 Node HA a2 318 100m
15 | Section o A AT 187m
16 Node AT Y WAE 817 100m
17 | Bus stop | st 5y H2=2A 74 | 2131 62m
Segment in| 18 | Section =g+ 8 150m
road B 19 Node HAZza W22 200 100m
20 | Section =379 175m
21 Node W A= 199 100m
22 | Bus stop | Adsstae HAAHFA | 2132 77m
23 Node AdFsedwd W=z 196 99m
A A 1,027m
24 Node = 8lof A oF WAFRE 299 100m
25 | Bus stop | E3 oA B A2AFH | 1325 S0m
26 | Section =33 10 150m
27 Node He WA= 313 100m
28 | Section =3 11 34m
Segment in| 29 | Bus stop Adsdd HAEAFE 1739 100m
road C 30 | Section =1 12 119m
31 Node A ST WARE 314 100m
32 | Section =3 71k 13 10m
33 | Bus stop 95T M FA 1265 100m
34 | Section =P 71 14 34m
35 Node T wWAE 323 100m
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307 102 1348 ek 20060613053249 20060613053257 9 8
307 102 670 IR ) Bl 20060613053258 20060613053304 7 6
307 102 789 SEaiUd 20060613053309 20060613053315 11 6
307 102 334 A 2 20060613053326 20060613053331 16 5
307 102 1600 =TTy 20060613053332 20060613053339 8 7
307 102 790 a3 E ek 20060613053342 20060613053347 8 5
307 102 791 S gk 20060613053354 20060613053359 2 5
307 156 1348 HeAgk 20060613060334 20060613060358 24 24
307 156 670 g sofgk 20060613060403 20060613060409 11 6
307 156 789 SEoNUSt 20060613060413 20060613060417 8 4
307 156 334 T3 A 20060613060427 20060613060433 16 6
307 156 1600 STt 200606130604 35 20060613060459 26 24
307 156 790 RIS 20060613060515 20060613060555 56 40
307 156 791 A Lok 20060613060607 20060613060617 6 10
307 720 1348 Wk 20060613064534 20060613064554 84 20
307 720 1600 STt 20060613064629 20060613064651 57 22
307 102 743 Hde 20060613073354 20060613073403 83 9
307 102 1348 Helok 20060613073403 20060613073423 20 20
307 102 670 g Fofet 20060613073428 20060613073435 12 7
307 102 789 SEoE-US 20060613073439 20060613073444 9 5
307 102 334 T3 AAE 20060613073455 20060613073501 17 6
307 102 1600 STt 20060613073504 20060613073529 28 25
307 102 790 agAbE ek 20060613073708 20060613073717 108 9
307 102 791 st gk 20060613073749 20060613073800 5 11

Fig. 3.21 Real-time data example observed on the road
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412 302 670 grFFobA 20060613060116 20060613060124 15 7 8
307 156 670 FrFIiobd 20060613060403 20060613060409 11 5 6
1104 178 670 grgFsiolek 20060613060422 200606130604 29 12 5 7
401 408 670 grFFobA 2006061306084 2 20060613060849 11 4 7
406 244 670 FrFIiobd 20060613061032 20060613061037 7 2 5
1402 343 670 grgFsiokek 20060613061100 20060613061105 10 4 6
1114 187 670 grgFstokek 20060613061107 20060613061113 10 4 6
1401 471 670 FHgtotek 20060613061109 20060613061116 11 4 7
472 853 670 gHFFotA 20060613061348 20060613061354 9 3 6
406 243 670 grFotA 20060613061557 20060613061604 12 6 6
417 170 670 FHFIiotd 20060613061605 20060613061611 11 5 6
412 326 670 grFotA 20060613061613 20060613061620 12 5 7
1104 268 670 grgstolek 20060613061836 20060613061842 11 5 6
1124 801 670 Hgtoret 20060613062113 20060613062119 11 5 6
452 548 670 grFFotA 20060613062116 20060613062123 11 4 7
401 255 670 grFFotA 20060613062123 20060613062130 13 6 7
403 108 670 FrFIiotd 20060613062548 20060613062555 12 5 7
432 532 670 grFFotA 20060613062555 20060613062601 8 2 6
417 486 670 grFobA 20060613062818 20060613062823 7 2 5
412 315 670 FHFIiotbdt 20060613063332 20060613063340 15 7 8
401 254 670 grFotA 20060613063555 20060613063601 11 5 6
1114 248 670 ggsiokek 20060613063609 20060613063615 9 3 6
1127 580 670 ggtotet 20060613063806 20060613063813 9 2 7
411 730 670 FHFFotA 20060613063949 20060613064023 10 4 6
1402 568 670 ghgsiokek 20060613064113 20060613064119 10 4 6

Fig. 3.22 Real-time service time data example calculated on the node
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Table 3.9 Number of buses passed within the study segments(veh)
Road Date Period Day 1|\Day 2|Day 3| Sum

M.P.(07*] ~094]) 95 99 101 295

Jun. 2006 | N.P.(12A] ~14A)) 103 105 105 313

Segment in AP.(17X] ~ 194]) 101 104 108 313

road A M.P.(07A] ~094]) 89 91 91 271

Jan. 2007 | N.P.(12A] ~14A]) 91 89 83 263

AP.(17A] ~194]) 94 92 91 277

M.P.(07*4] ~094]) 69 66 67 202

Segment in

Mar. 2007| N.P.(12A] ~144]) 71 68 67 206
road B

AP.(17A] ~194]) 67 67 67 201

M.P.(07A] ~094]) 92 38 91 271

Segment in

Mar. 2007| N.P.(12*A] ~144]) 91 90 91 272
road C

AP.(17A] ~194]) 95 39 92 276
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Table 3.10 Routes and time interval within the study segment of road A

No. | Route |Interval O-D No. | Route |Interval O-D
Sum 23 - - 12 452 86
1 307 463 | ~=AS | 13 462 47 s~ A
2 401 132 |&d~=H¢| 14 472 2% |d¥~2EF
3 403 60 g ~HA 15 503 85+ ¢~ 24k
4 405 164+ & ~ 8t 16 714 162 |29 ~&&
5 406 BE | EH~FAE]| 17 724 100 | Ak~ &
6 411 60 &g~ 5 18 1104 12% | =08 ~ &7
7 412 154% & ~ 23} 3 1114 12% | =08~ &7
8 415 268 [ AAF~&E| 20 1124 25%  |(WolE~&+d
9 416 45+ Y ~FT 21 1127 9 |HT~=ETE
10 417 2w | FE~AAE | 22 1401 228 |~ =0k
11 432 27+ s~ 5T 23 1402 27 &8~ 23
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Table 3.11 Routes and time interval within the study segment of road B
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Table 3.12 Routes and time interval within the study segment of road C
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Table 3.13 Service time characteristics at bus stop(sec)
Segment |Period| < 10sec|<20sec|<30sec|<40sec|<50sec|>50sec| Sum
MLP 288 335 697 345 95 31 1841
T (15.6%)[(18.2%)|(37.9%) |(18.7%)| (5.2%) | (4.4%) [(100.0%)
Segment NP 344 386 515 323 124 82 1774
in road A| 7" [(19.4%)((21.8%)((29.0%)(18.2%)| (7.0%) | (4.6%) |(100.0%)
AP 226 241 439 380 188 194 1668
T (13.5%)((14.4%)|(26.3%)(22.8%)|(11.3%)|(11.6%)((100.0%)
MLP 64 143 200 91 68 42 608
T (10.5%)((23.5%)((32.9%) (15.0%)|(11.2%)| (6.9%) [(100.0%)
Segment NP 56 168 304 38 16 18 600
in road B| =" " | (9.3%) |(28.0%)((50.7%)| (6.3%) | (2.7%) | (3.0%) [(100.0%)
AP 21 49 75 27 16 13 201
T (10.4%)|(24.4%)|(37.3%)((13.4%)| (8.0%) | (6.5%) [(100.0%)
MP 69 265 320 105 39 25 823
T (8.4%) ((32.2%)((38.9%)|(12.8%)| (4.7%) | (3.0%) [(100.0%)
Segment NP 91 290 304 77 19 4 785
in road C| ~ " [(11.6%)|(36.9%)((38.7%)| (9.8%) | (2.4%) | (0.5%) [(100.0%)
AP 39 226 381 110 27 12 795
T (4.9%) ((28.4%)((47.9%)|(13.8%)| (3.4%) | (1.5%) [(100.0%)




percent

percent

percent

400%
350%
300%
250%
200%
150%
100%

50%

00%

60.0%
500%
400%
300%
200%
100%

00%

60.0%
500%
400%
300%
200%
100%

00%

Munsuro

M
|—i'_
<=10= <=20x% <=30= <=40= <=50% >50%
service time OM.P. EN.P. OAP.
Taehwaro
<=10=x <=20= <=30= <=40= <=50= >50=%
service time OM.P. EN.P. OA.P.
Samsanro
|_._\ <|_i7 M . 1 |
<=10= <=20x% <=30% <=40% <=50% >50%
service time OM.P. EN.P. OAP.

Fig. 3.23 Service time distribution at bus stop
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Table 3.14 Service time characteristics at node(sec)

Segment |Period| < 10sec|<20sec|<30sec|<40sec|<50sec|>5b0sec| Sum
ML 1630 203 9 5 5 118 1970
C U (82.7%)| (10.3%) | (0.5%) | (0.3%) | (0.3%) | (6.0%) {(100.0%)
Segment NP. 1545 222 8 ¢ 7 184 1975
in road A (78.2%)|(11.2%) | (0.4%) | (0.5%) | (0.4%) | (9.3%) [(100.0%)
AP 1493 287 12 10 3 125 1930
C(77.4%)|(14.9%) | (0.6%) | (0.5%) | (0.2%) | (6.5%) [(100.0%)
MP. 660 64 12 31 16 77 860
(76.7%)| (1.4%) | (1.4%) | (3.6%) | (1.9%) | (9.0%) [(100.0%)
Segment NP 639 30 4 24 10 105 812
inroad B| " ((78.7%)| (3.7%) | (05%) | (3.0%) | (1.2%) |(12.9%) |(100.0%)
AP 684 46 7 8 8 81 834
(82.0%)| (56.5%) | (0.8%) | (1.0%) | (1.0%) | (9.7%) [(100.0%)
MLP. 439 45 21 73 75 353 1006
(43.6%)| (4.5%) | (21%) | (7.3%) | (7.5%) |(35.1%)[(100.0%)
Segment NP 529 89 48 10 7 267 950
inroad C| " ((55.7%)| (9.4%) | (51%) | (1.1%) | (0.7%) | (28.1%) |(100.0%)
AP 412 207 42 27 10 279 977
(42.2%)|(21.2%) | (4.3%) | (2.8%) | (1.0%) |(28.6%) |(100.0%)
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Fig. 3.24 Service time distribution at node
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Table 3.15 Service time characteristics at section(sec/veh)

Segment | Period | < 10kmh| <20kmvh| <30kmvh| <40kmh| <50kmh| >50kmh| Sum
MP 277 125 564 766 433 871 3,036
Segment 1 (91%) | (41%) | (18.6%) | (25.2%) | (14.3%) |(28.7% )| (100.0%)
in road | NP 283 118 593 802 518 668 2,982
A 1 (95%) | (4.0%) | (19.9%) [(26.9%)| (17.4%) | (22.4%) | (100.0%)
AP 301 228 680 840 421 403 2,873
© 1 (10.5%) | (7.9%) | (23.7%) [(29.2%)| (14.7%) | (14.0%) | (100.0%)
NP 7 18 35 118 151 190 519
] (1.3%) | (35%) | (6.7%) | (22.7%) | (29.1%) |(36.6% )| (100.0%)
Segment NP 11 2 35 95 185 174 502
in road B T (22%) | (0.4%) | (7.0%) | (18.9%) [(36.9%)| (34.7%) | (100.0%)
AD 18 6 50 117 175 149 515
] (85%) | (1.2%) | (9.7%) | (22.7%) |(34.0%)| (28.9%) | (100.0%)
MP 15 167 372 588 123 38 1,303
T (1.2%) | (12.8%) | (285%) |(45.1%)| (9.4%) | (2.9%) |(100.0%)
Segment NP 3 179 347 515 148 49 1,241
in road C 1 (02%) | (14.4%) | (28.0%) [(41.5%)| (11.9%) | (3.9%) |(100.0%)
AP 74 338 346 378 102 20 1,258
0 (5.9%) | (26.9%) | (27.5%) [(30.0%)| (8.1%) | (1.6%) | (100.0%)
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Fig. 3.25 Service time distribution at section
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Table 4.1 Travel times observed within the study segment(sec)

Study segment | Study segment | Study segment
Period of road A of road B of road C
Mo SD Mo SD Mo SD
1 Day 201.9 38.1 158.7 39.3 264.7 60.0
M.P. 197.2 43.0 172.2 41.0 302.2 56.5
N.P. 192.3 314 152.3 41.8 2285 59.7
A.P 218.9 419 147.8 38.4 258.8 65.5
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Table 4.2 Travel times expected by

each weighted factor of WSM

WSM

Bus Stop

Node

Section

WSMI

WSM2

WSMI

WSM2

WSMI

WSM2

Z\

Z)

1 Day

N.P.

1 Day

M.P.

N.P.

AP.

1 Day

M.P.

N.P.

AP.

0.1

0.1

0.8

354985

47554

2670299

453741

590555

408801

907189

127716

105159

168577

0.1

0.2

0.7

333110

43765

2524206

446043

568162

375895

845025

120371

98011

155149

0.1

0.3

0.6

319763

41155

2441835

448861

559819

352964

804370

116036

93392

145777

0.1

0.4

0.5

314946

39721

2423188

462193

565529

340007

785225

114711

91302

140461

0.1

0.5

0.4

318659

39466

2468264

486039

585289

337024

787589

116394

91741

139202

0.1

0.6

0.3

330900

40388

2577063

520400

619101

344016

811461

121087

94710

141999

0.1

0.7

0.2

351671

42488

2749586

565275

666965

360982

856843

128790

100207

148852

0.1

0.8

0.1

380971

45765

2985831

620665

728880

387923

923735

139502

108234

159761

0.2

0.1

0.7

327818

43197

2472129

422245

541384

375852

855498

120293

97449

157568

0.2

0.2

0.6

310544

39970

2361994

421973

527813

347661

804304

114606

91605

146053

RIS |®|[N|o oA ||~

0.2

0.3

0.5

301799

37920

2315583

432216

528294

329445

774619

111929

88291

138595

~
N

0.2

0.4

0.4

301584

37048

2332895

452972

542827

321203

766443

112261

87505

135193

~
L

0.2

0.5

0.3

309898

37353

2413931

484244

571411

322936

7797176

115602

89249

135847

~
N

0.2

0.6

0.2

326742

71711

38836

2558689

526030

614046

334643

814618

121953

93522

140558

~
O,

0.2

0.7

0.1

352114

77818

41497

2767171

578330

670733

356324

870969

131312

100325

149325

~
[S)Y

0.3

0.1

0.6

309854

63452

39966

2345877

405600

509791

352279

116186

92348

150386

~
)

0.3

0.2

0.5

297182

62531

37299

2271702

412753

505043

328803

112157

87809

140786

~
)

0.3

0.3

0.4

293039

63211

35811

2261250

430420

514348

315302

111137

85799

135241

~
©

0.3

0.4

0.3

297426

65492

35500

2314522

458602

537703

311776

113126

86318

133753

\\)
S

0.3

0.5

0.2

310341

69373

36366

2431517

497299

575110

318223

793902

118125

89367

136320

N
~

0.3

0.6

0.1

331786

74854

38410

2612235

546510

626569

334645

839714

126134

94944

142944

N
N

0.4

0.1

0.5

301094

63670

37860,

2291544

403805

495776

338082

817936

115395

89856

147032

AV
Y

0.4

0.2

0.4

293023

63724

35755

2253328

418383

499852

319322

788680

113023

86622

139345

S
N

0.4

0.3

0.3

293482

65379

34827

2278836

443475

517979

310536

780934

113661

85916

135714

)
O

0.4

0.4

0.2

302471

68635

35077

2368067

479082

550158

311724

794697

117308

87740

136139

\N)
()

0.4

0.5

0.1

319988

73491

36504

2521021

525204

596388

322887

829969

123965

92093

140620

N
S

0.5

0.1

0.4

301537

65837

36880

2309130

416860

499339

333262

832064

117920

89973

147505

NS
X

0.5

0.2

0.3

298068

66867

35335

2306874

438863

512239

319217

813778

117206

88043

141731

NS
©

0.5

0.3

0.2

303129

69497

34968

2368341

471381

539189

315146

817001

119502

88643

140014

°Y)
S

0.5

0.4

0.1

316719

73728

35779

2493531

514413

580191

321049

841733

124806

91771

142353

L
~

0.6

0.1

0.3

311184

69955

37024

2398635

444765

520481

337818

868132

123761

92700

Y
NS

0.6

0.2

0.2

312317

71960

36041

2432338

474193

542204

328487

860815

124705

92074

147945

W
@

0.6

0.3

0.1

321979

75565

36235

2529765

514136

577978

329132

875007

128658

93978

148141

Y
[N

0.7

0.1

0.2

330034

76022

38295

2560058

487520

559202

351749

926139

132918

98035

159932

V)
O

0.7

0.2

0.1

335769

79002

37873

2629721

524374

589747

347134

929792

135520

98714

157986

°Y
(S

0.8

0.1

0.1

358088

84040

40691

2793401

545126

615500

375058

1006086

145391

105980

171887




Table 4.3 Travel times expected by each exponential factor of ESM

Bus Stop Node Section
ESM
No. ESMI ESMZ2 ESMI ESM?2 ESMI ESM?2
gz |1 Day| MP.| NP | AP. |1 Day| M.P. | N.P. | AP. | 1 Day | M.P. | N.P. | AP.
1 | 0.1 |1165005| 200122 | 149791 | 181699 | 3541950 | 668586 | 674440 | 503426 | 1437737 | 211386 | 163886 | 262342
2 0.2 701123 | 125456 | 89524 | 112163 | 2719622 | 513208 | 555483 | 385501 | 1033679 | 151307 | 117775 | 187211
3 0.3 461463 86977 58544 76586 | 2347117 | 441047 | 507094 | 333127 839174 122197 | 95756 | 151188
4 | 0.4 | 353585 | 69634 | 44840 | 61022 | 2236278 | 416405 | 499331 | 319506 | 766842 | 111000 | 87861 | 138125
5 | 0.5 | 317724 | 63746 | 40632 | 56477 | 2260362 | 416978 | 513740 | 327812 | 761544 | 100794 | 87774 | 137798
6 0.6 317997 63549 1241 57578 | 2379009 | 429985 | 539953 | 348393 791456 113567 | 91819 | 144278
7 0.7 | 335038 | 65977 | 44130 | 61458 | 2531886 | 448996 | 572931 | 376496 | 840730 | 120022 | 98124 | 154585
8 | 0.8 | 360069 | 69685 | 48146 | 66869 | 2715996 | 471449 | 610873 | 410513 | 903700 | 128265 | 105967 | 167636
9 | 0.9 | 390399 | 74304 | 52938 | 73511 | 2031660 | 496860 | 653762 | 450752 | 980725 | 138268 | 115301 | 183478
Table 4.4 Weighted factors of WSM and ESM during each period
WSM ESM
+oo®
Z Z iz a
1 Day 0.4 0.2 0.4 0.5
M.P. 0.3 0.2 0.5 0.6
Bus Stop
N.P. 0.4 0.3 0.3 0.5
AP. 0.3 04 0.3 0.5
1 Day 0.4 0.2 0.4 0.4
M.P. 0.4 0.1 0.5 0.4
Node
N.P. 0.4 0.1 0.5 0.4
AP. 0.4 0.3 0.3 0.4
1 Day 0.2 0.4 0.4 0.5
) M.P. 0.3 0.3 0.4 0.5
Section
N.P. 0.3 0.3 0.4 0.5
A.P. 0.3 04 0.3 0.5
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WSMI1(I1Day) - Fr=0AYA02¥,,+04¥,, (4-7)
WSM2(M.P.) : Fi=03Y+0.2¥,,+0.5¥,, (4-8)
WSM2(N.P.) - Fu=04YA03¥, 4037, (4-9)
WSM2(A.P) - Fr=03¥A0.4%,+0.3¥, (4-10)
ESM1(1Day) : Fu=05Y+05F, (4-11)
ESM2(M.P.) : Fr=0.6 VAH0.AF, (4-12)
ESM2(N.P.) : Fx=05¥ 0.5, (4-13)
ESM2(AP.) : Fr=05Y+05F, (4-14)
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Table 4.5 Statistics of travel time observed and expected at bus stop

Observed | WSM1 ESM1 WSM2 ESM?2 KFM

Mo | SD | Me | SD | Me | SD | Me | SD | Me | SD | Me | SD
1 Day | 247 | 11.7 | 24.7 | 95 | 21.6| 86 | 247 | 9.6 [ 222 ] 89 | 239 11.1
M.P. 262|126 ]26.7|10.6|233| 94 |26.7 (109249102262 |125
N.P. |212| 95 [21.0| 71 |184 | 65 |21.0| 7.0 | 184 | 65 | 203 | 9.3
A.P. 1270(13.0]267 106|235 | 95 |26.7|106|235| 95 | 254 |11.2

Period

(sec)

[ @ 0BSD
B WSMH1
O ESM1
O wsm2
W ESM2
B KFM

1 Day M.P. N.P. AP.

Fig. 4.14 SD characteristics of travel time at bus stop
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Table 4.6 Correlation coefficients of the models at bus stop

Period WSMI1 ESMI WSM2 ESM?2 KFM

1 Day 0.57365 0.56182 0.56750 0.55638 0.47357
M.P. 0.60709 0.57898 0.60220 0.56710 0.47654
N.P. 0.47898 0.46729 0.48038 0.46670 0.40715
A.P. 0.52732 0.53182 0.51444 0.53182 0.44468

(correlation)
1.0
0.8 o WSM1
B ESM1
06 0O WSM2
0.4 O ESM2
0.2 B KFM
0.0
1 Day M.P. N.P. A.P.

Fig. 4.15 Correlation characteristics between the models at bus stop
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Fig. 4.16 Travel times expected at bus stop @ in road A(M.P.)
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Fig. 4.17 Travel times expected at bus stop @ in road A(N.P.)
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Fig. 4.18 Travel times expected at bus stop @ in road A(A.P.)
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WSMI1(I1Day) - Fu=0AYA02¥,+04¥, (4-15)
WSM2(M.P.) - Fo=0AYA40.1Y, 1 +0.5F, (4-16)
WSM2(N.P.) - Fo=0AYA40.1Y, 1 +0.3¥, (4-17)
WSM2(A.P) - Fo=0A¥ 037, 1 +0.3¥, (4-18)
ESMI1(1Day) : Fu=0.AVA06F, (4-19)
ESM2(M.P.) : Fo=0.AFA0.67, (4-20)
ESM2(N.P.) : Fou=0.A¥ 0.6, (4-21)
ESM2(AP.) : Fo=0.4Y 4067, (4-22)
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Table 4.7 Statistics of travel times observed and expected at node

Observed | WSMI ESM1 WSM2 ESM?2 KFM

Mo | SD | Me | SD | Me | SD | Me | SD | Me | SD | Me | SD
1 Day | 20.1 | 284 |20.2 | 24.0 159 | 19.0 | 20.2 | 24.2 | 159 | 19.0 | 20.1 | 28.6
M.P. | 244 |319|24.4|285|19.2 226|244 |287 (192|226 |249 | 332
N.P. | 180|272 184 223|144 |176 | 185229 | 144|176 | 174 | 26.0
AP. | 180 |256|176(20.2|138|16.1 |176]20.1 | 13.8|16.1 | 17.8|26.0

Period

(sec)
35

- = [] @ OBSD
25 | — B WSM1
20 — O ESM1
15 — 0 WSM2
10 — ‘ B ESM2
5 ] | B KFM
0
1 Day M.P. N.P. AP.

Fig. 4.19 SD characteristics of travel time at node
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Table 4.8 Correlation coefficients of the models at node

Period WSM1 ESM1 WSM2 ESM2 KFM

1 Day 0.63963 0.64256 0.63309 0.64256 0.56582
M.P. 0.77358 0.76696 0.76951 0.76696 0.70705
N.P. 0.52027 0.53054 0.49778 0.53054 0.42901
A.P. 0.52319 0.53540 0.53444 0.53540 0.46267

(correlation)
1.0
0.8 o WSM1
B ESM1
06 O WsSM2
0.4 O ESM2
0.2 u KFM
0.0
1 Day M.P. N.P. A.P.

Fig. 4.20 Correlation characteristics of the models at node
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Fig. 4.21 Travel times expected at node @ in road C(M.P.)



(sec)

35 £
/A 0BSD
30 | \
o5 A .A\ —=—— WSMH1
20 : y —&—ESMT
. *
IR AN A\ A, ESm2
T Ve \ . : —-e-—WSM2
10 / =
“-e- KFM
5
0
13:00:00 14:00:00
(time)
Fig. 4.22 Travel times expected at node @ in road C(N.P.)
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Fig. 4.23 Travel times expected at node @ in road C(A.P.)

434 P73 Y

1) 2¥8n

of ATz W AAT HAA = ggbel da] A LA (08A] ~174]),
S AN A (08A] ~09A]), Bt AIZFO](13A] ~144]), &FAIZHOI(18A] ~19A) =
S 2 A o SRy

wate] AEHE 9 AFPB A R Yro] /2d =

Ao et 2ol Yepgth

N,
oy



WSM1(1Day) - Fo=02VA+04Y,,+04Y,, (4-23)
WSM2(M.P.) : Fo=03¥40.3¥,1H04F,, (4-24)
WSM2(N.P.) : Fo=03¥40.3¥,1H04F,, (4-25)
WSM2(AP) : Fo=03¥A40.4Y 1 H0.3F (4-26)
ESM1(1Day) : F=05VH0.57, (4-27)
ESM2(M P : Fo=05YH0.5F, (4-28)
ESM2(N.P.) : Fo=05YH0.5F, (4-29)
ESM2(A.P.) : F.=05VA05F, (4-30)
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Table 4.9 Statistics of travel times observed and expected at section

) Observed | WSMI ESM1 WSM2 ESM?2 KFM
Pertod Mo | SD | Me | SD | Me | SD | Me | SD | Me | SD | Me | SD
1 Day | 169 | 234 | 16.8 | 20.6 | 14.7 | 19.5 | 16.8 | 20.2 | 14.7 | 195 | 15.0 | 22.5

M.P. | 147|183 | 146 |16.1 | 128|151 | 146 | 1568 | 128 | 151 | 124 | 16.9
N.P. | 157195156 | 136 |13.6 | 14.0 | 1565 |13.7 | 13.6 | 14.0 | 142 | 16.8
A.P. |206|31.1]203]294|178|27.3|20.3|287|178 273|185 |31.3
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Fig. 4.24 SD characteristics of travel time at section
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Table 4.10 Correlation coefficients between the models at section

Period WSM1 ESM1 WSM2 ESM2 KFM

1 Day 0.55443 0.58994 0.56970 0.58994 0.52916
M.P. 0.54853 0.59259 0.56349 0.59259 0.52478
N.P. 0.72706 0.70528 0.72246 0.70528 0.59385
AP. 0.46568 0.52590 0.49017 0.52590 0.49752




(correlation)

1.0

0 T WSM1
H ESM1

0.6 O WSM2

0.4 OESM2

0.2 B KFM

0.0

1 Day M.P. N.P. AP.

Fig. 4.25 Correlation characteristics of travel time at section
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Fig. 4.26 Travel times expected at section 10 in road C(M.P.)
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Fig. 4.27 Travel times expected at section 10 in road C(N.P.)
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Fig. 4.28 Travel times expected at section 10 in road C(A.P.)
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Table 4.11 Integrated models for predicting the bus arrival times

Integrated models
Bus Stop Node Section & | prob > F
Models selected WSM1 ESM1-2 | ESM1-2
1 Day| Regression Coefficient 1.018 1.224 1.136  ]0.956 0.000
/— sio. 0.000 0.000 0.000
Models selected WSM1 WSM1 ESM1-2
M.P. Coefficient 0.965 1.254 1.190 |0.945 0.000
/— si2. 0.000 0.000 0.000
Models selected WSM1 ESM1-2 WSM1
N.P. | Regression Coefficient 0.962 1.219 1.089 ]0.965 0.000
/— sio. 0.000 0.000 0.000
Models selected WSM1 ESM1-2 | ESM1-2
A.P. | Regression Coefficient 1.119 1.155 1.021  ]10.959 0.000
/— sio. 0.000 0.000 0.000
¥ Note : (p>|T| = p-value)
442 233 %
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Table 4.12 Test results of models for predicting the bus arrival times

Mean SD SE I— value| p— value Result
Road A 0.0765 12.7360 1.1981 0.064 0.949 7
1 Day Road B 1.4573 15.4308 1.6544 0.881 0.381 7
Road C 0.7217 7.0166 1.1535 0.626 0.535 7
Road A -1.9759 15.0735 25122 -0.787 0.437 7
M.P. Road B 0.2046 15.6457 2.9568 0.069 0.945 A
Road C 1.8502 5.8066 1.7507 1.057 0.315 7
Road A 0.0505 12.0443 1.7758 0.028 0.977 7
N.P. Road B 1.4663 15.5325 2.8843 0.508 0.615 7
Road C 1.9579 7.6554 2.2099 0.886 0.395 7
Road A 0.1435 10.1848 1.8293 0.078 0.938 7
A.P. Road B 2.7640 14.9323 2.71262 1.014 0.319 A
Road C 0.4259 3.1547 2.1794 0.195 0.848 7

¥ Note : 1) t—AF T A F(t—value) T FFE Fh(p—value)> 9 FF(/2) 0.0250 4 t—test

2 oop &

ol
- -

Jo
o
[o J

o

i o o

N

o5}

=

e
e} =

5 (p—value) <

"3 )

7

(p—walue) > 245 (2/2=0.025)°] ¥
% s ASA LAl A

5744

Aol 7 1

ol (a/2=0.025)0141, AF7+4
3} A Z A 7k ALol o] Al 7katol 7b i




travel time

(sec)
80

60

40

20

—A—observed —@— expected time

Fig. 4.29 Observed and expected bus arrival times at road A(M.P.)
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Fig. 4.30 Observed and expected bus arrival times at road A(N.P.)
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Fig. 4.31 Observed and expected bus arrival times at road A(A.P.)



travel time

(sec)
120

o AN A, )
ol N A N
Wiy

40 i
20
0
8:00 9:00
—a—observed —— expected time

Fig. 4.32 Observed and expected bus arrival times at road B(M.P.)
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Fig. 4.33 Observed and expected bus arrival times at road B(N.P)
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Fig. 4.34 Observed and expected bus arrival times at road B(A.P.)
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Fig. 4.35 Observed and expected bus arrival times at road C(M.P.)
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Fig. 4.36 Observed and expected bus arrival times at road C(N.P.)
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Fig. 4.37 Observed and expected bus arrival times at road C(A.P.)
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Table 4.13 Error comparison between observed, WSM and ESM arrival

times
WSM ESM
Mo Me RMSE | MAFE Me RMSE | MAFE
Road A| 2346 | 2342 51.9 39.2 155.7 91.7 80.9
Diy Road B| 147.1 232.8 97.4 87.7 153.0 37.8 31.6

Road C| 265.1 297.2 80.5 66.7 195.3 94.6 75.3

Road A| 221.4 224.8 379 20.4 155.2 60.2 36.0

M.P. |Road B| 160.5 | 265.2 1114 104.8 174.0 31.8 29.6

Road C| 281.3 3127 89.3 1242 205.5 102.3 34.8

Road A| 2335 | 2313 40.2 215 151.9 67.6 41.9

N.P. |Road B| 146.1 220.7 86.7 74.7 146.7 37.0 31.8

Road C| 245.7 277.6 79.0 64.5 182.1 90.1 64.3

Road A| 249.7 248.3 29.0 15.8 162.8 65.7 43.4

A.P. |Road B| 1375 | 2175 94.2 85.5 141.9 42.6 33.2

Road C| 268.8 301.7 774 63.7 198.6 914 7.2

Avg. 215.9 255.3 72.6 59.7 168.6 67.7 52.5




Table 4.14 Error comparison between observed, KFM and IM arrival
times

WSM ESM

Mo
Me RMSE | MAFE Me RMSE | MAFE

Road A| 234.6 222.2 61.3 47.3 228.9 48.6 38.2
Road B| 1471 154.1 44.8 36.7 150.5 34.4 274
Road C| 2651 262.0 80.5 63.3 219.7 81.7 64.3

Day

Road A| 2214 217.1 424 23.3 217.8 35.0 20.5
M.P.|Road B| 160.5 163.6 39.7 35.1 158.6 27.8 22.8
Road C| 281.3 279.7 84.2 71.3 288.5 69.8 54.9

Road A| 2335 205.6 48.4 26.0 236.0 37.2 20.1
N.P. |Road B| 146.1 153.6 45.8 39.0 153.4 33.8 28.7
Road C| 2457 240.0 Ll 58.4 261.5 68.3 55.6

Road A| 249.7 252.7 36.0 20.4 240.8 28.0 16.0
A.P.|Road B| 1375 147.0 475 36.1 139.6 38.9 29.3
Road C| 268.8 266.7 79.8 60.6 194.8 92.5 5.7

Avg. 2159 213.7 Ny 3 43.1 207.5 49.7 37.8
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