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Predicting the Time-Series BSST of Grouped Route DB
using the Weighted Moving Average Method

In Seok, Heo

LDeparimernt o Clull and Brurrorvrnental Ehgireering,
Gradate School, Aorea Maritime Chiversity, Busarn Aorea

Abstract

Generally, the bus stop service time (BSST) means the time which the
bus spends at the bus stop from the time when the bus arrives at the bus
stop to the time when the bus departs the bus stop. However, the BSST
shows different depending on the bus stop, the time period, or the bus
route, because the number of the bus users i1s changing. So it is very
important to predict accurately the BSST for consideration or the bus
information system(BIS), 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.

Since 2000’s the bus information system(BIS) has been continuously
introduced into the bus transportation systems the year of since 2000 in the
cities, and also its extension taken into consideration in some of the cities
which already imported the bus information system. However, correct bus
information data, such as the present bus location, the user waiting time,
the bus arrival time, etc., have not been provided for the bus users because
the proper BSST are not predicted yet in most of the cities operating the

bus information system, including the metropolitan City of Ulsan.

_Vi_



Thus, the purposes in this study are to analyze the real-time BSST data
for identifying the bus travel characteristics at the bus stop under the study
in the metropolitan City of Ulsan, to compare the BSST of time-series DB
by the weighted moving average method(WMAMI1) with that of grouped
route DB by the weighted moving average method(WMAM2), and finally to
suggest the weighted moving average method for more accurately predicting
the time-series BSST at the bus stop of the arterial under the study.

As a result, the weighted moving average method(WMAM2) which had
been uses to predict the BSST of the grouped route DB depending on the
grouped route service time was found to be  Dbetter than the
method(WMAM1) for predicted the BSST of existing DB depending on the

time-series sequence.
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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 accepted within the study segment of road A

No. Name of bus stop | Land use characteristics Accept
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Fig. 3.1 Spatial scope within the study segment of road A
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Fig. 3.2 Spatial scope within the study segment of road B
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A1 H1D A3 Exd) AYAIZE AEAZE AYAIZE AH]|2=A 7
1348 Heek 20070116 7:00:07 7:00:31 25 24
1348 Heek 20070116 7:00:12 7:00:36 26 25
1348 Heek 20070116 7:00:19 7:00:44 26 25
1348 Heek 20070116 7:00:28 7:00:53 25 25
1348 Heek 20070116 7:00:32 7:00:58 25 26
1348 Heek 20070116 7:00:41 7:01:00 20 19
1348 A 20070116 7:02:57 7:03:06 2 9
1348 Heek 20070116 7:05:53 7:06:27 34 34
1348 Heek 20070116 7:06:17 7:06:37 20 20
1348 Heek 20070116 7:11:28 7:11:52 25 24
1348 A 20070116 7:11:33 7:11:43 11 10
1348 Heek 20070116 7:11:41 7:12:13 33 32
1348 Ha 20070116 7:11:50 7:12:29 38 39
1348 Heek 20070116 7:17:11 7:17:23 13 12
1348 Ha 20070116 7:17:14 7:17:38 25 24
1348 Heek 20070116 T17:27 7:17:53 27 26
1348 Hed ok 20070116 77 Gl 7:17:44 14 13
1348 HAS 20070116 7:17:34 7:17:59 26 25
1348 Hak 20070116 7:17:38 7:18:02 25 24
1348 HASk 20070116 7:19:49 7:20:09 21 20
1348 HAdk 20070116 7:22:42 7:23:04 23 22
1348 HeAgk 20070116 7:23:05 7:23:27 23 22
1348 Heek 20070116 7:23:20 7:23:39 20 19
1348 Heek 20070116 7:25:34 7:25:56 23 22
1348 A 20070116 7:25:45 7:26:24 40 39
1348 Heek 20070116 7:28:29 7:28:38 9 9
1348 Heaek 20070116 7:31:07 7:31:30 23 22
1348 Heek 20070116 7:31:18 7:31:48 31 30
1348 Ha 20070116 7:33:57 7:34:20 24 23
1348 Heek 20070116 7:34:21 7:34:47 25 26
1348 Heek 20070116 7:34:26 7:35:05 39 39
1348 Heek 20070116 7:37:04 7:37:26 22 22
1348 Heek 20070116 7:37:10 7:37:38 29 28

Fig. 3.4 Real-time data example observed on the road
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Table 3.5 Number of buses passed within the study segments(veh)

Road Bus stop Period Day 1 | Day 2 | Day 3 |Average

M.P.(07A] ~09A4]) 38 90 92 90.0
o N.P.(12A] ~14A]) 89 88 90 89.0
AP.(17A] ~194]) 89 78 90 85.7

Road A
M.P.(07A] ~094]) 36 76 84 82.0
SFTAHY N.P.(12A] ~144]) 82 79 82 81.0
AP.(17A ~194]) 78 71 85 78.0
M.P.(07A] ~09A]) 92 91 95 90.7
Ao &l g N.P.(12A] ~144]) 85 89 89 87.0
AP.(17A ~194]) 38 90 88 7.7

Road B
M.P.(07A] ~09A]) 90 89 93 92.7

g5 5oty

o N.P.(12A] ~144]) 36 87 38 7.7
AP.(17A ~194]) 85 90 88 88.7
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Table 3.6 Routes and time intervals within the study segment of road A
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Table 3.7 Routes and time intervals within the study segment of road B

< |}
Ml Bl | R | & e | s H% | ® i
B BT I AR I = el NG A o O I R R o || | w | N
ZL HO o OT.c yATd MWO k) OT.c X 4 X J O r MuATd N N MWO ! O.f
SR LT E L e w2 F
70 T
G R I N I R il I B - R S ol
{ e An ML | = o ML Mo | o ! e < B | R = J.“ry !
U I I ol e R I Il T e I B | o
v ~ | ! < o { SN BV IO B | B Ho {
N ! { <R B R ! Tro| An
! Hr T | o | ! xe | o ol B G -
ol = N ol G TS i o I N ol (R (0 e 1 RO T B el I
m = | L5 ! N =) < || RO R < ) )| =y o~ To
S B | | L@ | T [< | W] L] || sn| | T
» U= ﬁﬂ | X M [ R R I mo U | = M |
5 o | B | o | RO AR | o | RO RN G| P | o | A | R KB R o | P W
'S Lol U R I D B B Ol 0 I O T A -l A O B RO
= T | e | R el e || [ R R P
G - s Moo [ o oo [ | 2n | | || !
jo = = A o X
% PLOAT ] owa NETNE AR owe o | o
0
2| | 24 | b g il w | T T || 5| 2] 2
REIES At P AR A e R S A T e
o B IS 8 [ B R R S A I R I R
o | =) " e ™| T | Wo | oo | o An ) ) oy <
el B R R I B e ar a o o
ol = of To X i % ol
3
g R I I T I R e B Bl e Bl B e e R e R B el B
Lw 92 — 0 92 <t 92l N ™ 0 0 j) o} Lo (o] (o] AN o~ j=}
o (o] 92l (o] ~ — 92l o~ Lo Lo o0 Ne) 92l — — N (o] [}
5
Q
t =t ~t — N Lo
Rlo ||| IlgllY|lx|e|T =333 3|8
| 7|~ |=|=|8|8|F|F|8|8|F S8 |2 2|T|T|S
S m N N o S N N N e o B e R B e




o9 MBS HdeE AR, ol Table 3.8¥ #Zo] W~

AFHE HIAR|2AIE BER FolA 263sec~409sec, AtatE G7bol A
189sec ~28 2sec® L}EFRTE

g8 $EE W AREA Au~A 7 2= ofl#l Table 3.99] 4 ¢ 2

o] 6709 MM 2AZF 1F(10sec ©¢)o® EFsgon, B4y w2l Xzt

a2 tha Aol UAA|IWE FFE = 30sec ~40sec, AAFEE 20sec~30sec WY U

of Au|AAZ U7 AlY =& AoR e

Table 3.8 Service time spent within the study segments(sec)

Road Bus stop Period Day 1| Day 2| Day 3 |Average

MP.(07A] ~0941) | 26.7 27.0 25.2 26.3

i
o
S

N.P.(122] ~14*]) 27.6 279 29.7 28.4

AP.(17~ =194]) . 354 36.7 35.3

Road A
M.P.(07A] ~094]) 26.8 29.0 28.1 27.9

o
N
=
HS

N.P.(12A] ~144]) 32.1 30.2 32.7 31.7

AP.(174] ~194]) 38.4 37.9 45.5 40.9

M.P.(07A] ~094]) | 28.6 26.9 29.2 28.2

Adisl gl | N.P.(12A4] ~144]) 22.2 19.9 18.5 20.2

AP.(17A] ~19A]) 23.4 26.5 23.8 24.6
Road B

M.P.(07A] ~09A]) | 23.6 235 24.7 239

i

o o

N.P.(12A] ~144]) 19.0 20.1 17.6 18.9

m
ol

HS

AP.(174] ~194]) 21.9 23.1 20.4 21.8




Table 3.9 Service times distributed at bus stop(sec)

Division <10sec|<20sec|<30sec|<40sec|<50sec| >50sec| Sum
MP 24 42 117 66 15 6 270
T (89%) | (15.6%) | (43.3%) | (24.4%) | (5.6%) | (2.2%) |(100.0%)
wole | NP 20 61 77 67 28 14 267
T T (75%) |(22.8%) | (28.9%) | (25.1%) | (105%) | (5.2%) |(100.0%)
AP 14 18 72 76 43 34 257
Road T (54%) | (7.0%) | (28.0%) | (29.7%) | (16.7%) | (13.2%) | (100.0%6)
4 MP 20 35 115 53 12 11 246
T (81%) | (14.2%) | (46.8%) | (21.5%) | (4.9%) | (45%) |(100.09%)
EFTA NP 12 40 86 52 32 21 243
& ] (49%) | (165%) [ (35.4%) | (21.4%) | (13.2%) | (86%) |(100.0%)
AP 9 23 58 57 33 54 234
] (3.8%) | (9.8%) [(24.:8%) | (24.4%) | (14.1%) | (23.1%) | (100.0%6)
MP 17 81 131 32 12 5 278
T 6.1%) |(20.1%) | (47.2%) | (11.5%) | (4.3%) | (1.8%) |(100.09%)
& o 3 A NP 39 116 97 9 1 1 263
o 1 (14.8%) | (44.1%) | (36.9%) | (34%) | (0.4%) | (0.4%) |(100.0%)
20 91 122 26 7 . 266
AP (75%) | (34.29) | (45.9%) | (9.8%) | (2.6%) 0.0%) (100.0%)
Road
B MP 17 66 94 54 22 19 272
1 (6.3%) | (24.3%) | (34.4%) | (19.9%) | (8.1%) | (7.0%) |(100.09%)
gx=3 NP 37 102 97 18 5 2 261
o3 E "N 1(14.29%) | (39.0%) | (37.2%) | (6.9%) | (1.9%) | (0.8%) |(100.0%)
Ap 10 75 128 40 6 4 263
] (3.8%) | (285%) | (48.7%) | (15.2%) | (2.3%) | (1.5%) |(100.0%)
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(smoothing method,
SM) olgta 3le=d, gaxAdd HIsr|Hoezs o5 H ¥ (moving average
method, MAM)¥ %] 4= & (exponential smoothing method, ESM)% o] 3l t}.

e AR SHARE Az Wi weh A4 @ AFoR Mt 4
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o] obyl MAAA 54 el whep AZA ) o =\ Alo]e] 147
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%9 3+ ¥ (weighted moving average method, WMAM)S # &3lo] 28 %



ZFeoleddH(WMAM)el o o523 4 4-13} 2

Fo=Y+ oY+ .+ oy ¥y (4-1)
N—1
:(Zwiyifi)
i=0

o] 7] el A,
Fo ot ot+1 ARAY =gk
w; O 7FEA

wyt o+ .+ ow, =1

Y, ot ARAe AAY B

A\
2

B ASF Alole] QxE HlA - FAE Y] st HE A o F oAt
(mean absolute forecasting error, MAFE)®} ¥ Al 22 (root mean
squared error, RMSE)7} AF-&38}9]t}.

MO B 20 @ dSaAnn au, A oA 1z FEg

HAd o5 aAH(MAFE)et 729, th5 3 2

Yz =z

MAFE = N (4-2)
o] 7] of) A1,

2, Dot AR A Y] B3

2, Dot AR OlA Y] e E 3t

RMSE = 4=~ (4-3)
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7Feol s HH(WMAM)2 Ao g =Es6tr] ste] dd 293 #
55 " ow R (simulation)s T3 A3} Table 4134 22 Z34E =

w,=0.4, w,=0.3, w,=0.3 7}5 )%

Lol WE AFolERTY AZRFAL A
(4-4)= 2ok
F,’78=0.4Y;+0.3Y;_1+0.3Y;_2 (4-4)
o] 7] o] A,
Fp o t+1 AR MR A 2AzE o Z g
Y, t ARAAY ARG A=A BER
Table 4.1 Weighted factors of WMAM
Weighted factors ol Weighted factors Error
No. No.
Wy w, Wy (RMSE) W, w, W, (RMSE)

1 0.1 0.1 0.8 11.85 19 0.3 0.4 0.3 11.01
2 0.1 0.2 0.7 11.48 20 0.3 0.5 0.2 11.24
3 0.1 0.3 0.6 11.26 21 0.3 0.6 0.1 11.61
4 0.1 0.4 0.5 11.18 22 0.4 0.1 0.5 11.13
5 0.1 0.5 0.4 11.25 23 0.4 0.2 0.4 10.99
6 0.1 0.6 0.3 11.46 24 0.4 0.3 0.3 11.00
7 0.1 0.7 0.2 11.81 25 0.4 0.4 0.2 11.16
8 0.1 0.8 0.1 12.29 26 0.4 0.5 0.1 11.47
9 0.2 0.1 0.7 11.45 27 0.5 0.1 0.4 11.20
10 0.2 0.2 0.6 11.16 28 0.5 0.2 0.3 11.15
11 0.2 0.3 0.5 11.01 29 0.5 0.3 0.2 11.24
12 0.2 0.4 0.4 11.01 30 0.5 0.4 0.1 11.48
13 0.2 0.5 0.3 11.16 31 0.6 0.1 0.3 11.44
14 0.2 0.6 0.2 11.46 32 0.6 0.2 0.2 11.46
15 0.2 0.7 0.1 11.89 33 0.6 0.3 0.1 11.63
16 0.3 0.1 0.6 11.21 34 0.7 0.1 0.2 11.82
17 0.3 0.2 0.5 10.99 35 0.7 0.2 0.1 11.92
18 0.3 0.3 0.4 10.92 36 0.8 0.1 0.1 12.34
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Table 4.2 Service time statistics expected(WMAM1)(sec)

o Observed WMAMI Analysis of error
Division
Mean SD Mean SD MAFE RMSFE
1 Day 24.5 10.3 24.4 6.5 8.7 114
M.P. 24.8 9.3 24.7 6.4 7.7 9.8
N.P. 22.7 10.5 22.6 6.4 9.1 12.0
AP 26.1 10.8 26.0 6.4 9.5 12.3
(t9l: %) =x|o o 10 HF H|T (Ee1:2) BER| Qo S EEHA 6|
12
26 a 10 +fPp}------ - - - ---
24 S P
6 [E— [
22 8
4 I - =
20 2
1 23 £ 2F 1 2 = 2F
‘ OzEx| o =1 ‘ ‘ Oa=x| WO =1 ‘

Fig. 4.3 Mean and standard deviation of Observed and WMAM1
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Table 4.3 Criteria grouped by the average service time
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Table 4.5 Service time characteristics by periods

Avg. service time(sec)

Service time group

Route No. /o N.P. AP. M.P. N.P. AP.
117 22.9 19.6 211 B B B
126 22.0 20.0 2123 B B B
127 25.2 21.6 251 B B B
307 37.0 375 105 C C C
327 24 4 19.3 211 B B B
337 258 93.2 18.6 B B B
101 30.4 29.2 30.9 C B C
103 36.7 278 109 C B C
405 36.0 30.0 345 C B C
106 32.8 32.6 32.1 C C C
111 29.7 337 33.9 B C C
112 32.1 40.9 476 C C D
415 29.9 30.9 387 B C C
116 293 295 348 B B C
417 29.4 26.6 30.6 B B C
132 32.8 35.3 37.6 C C C
452 325 33.8 922.0 C C B
162 29.7 97.0 243 B B B
472 31.3 33.1 11.6 g C C
503 24.1 20.3 29.0 B B B
704 16.5 223 24.3 B B B
707 251 206 238 B B B
708 16.2 24 4 24.6 B B B
714 205 33.4 37.0 B C C
724 26.0 255 365 B B C
744 22.6 18.7 18.1 B B B
807 241 19.0 225 B B B
827 27.0 16.6 25.6 B B B
1104 205 16.6 235 B B B
1114 21.6 17.1 21.3 B B B
1124 223 13.7 275 B A B
1401 24.0 19.2 283 B B B
1402 19.9 18.1 23.1 B B B
1705 225 18.7 19.4 B B B
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Table 4.6 Service time statistics expected(WMAM?2)(sec)

Observed WMAM?2 Analysis of error
Division
Mean SD Mean SD MAFE RMSE
1 Day 24.5 10.3 24.3 75 7.8 10.2
M.P. 24.8 9.3 24.7 6.7 7.4 9.5
N.P. 22.7 10.5 22.6 7.3 8.1 10.9
A.P 26.1 10.8 25.9 8.1 7.9 10.0

Fig. 4.7 Mean and standard deviation of Observed and WMAM2



Table 4.7 Service time statistics time expected by groups(sec)
Group A Group B
Division
Observed WMAM?2 Observed WMAM?2
Period | Mean SD Mean SD Mean SD Mean SD
1 Day 16.6 6.5 16.0 4.2 22.0 .7 21.9 54
M.P. - - - - 23.0 .7 23.0 58
N.P. 16.6 6.5 16.0 4.2 21.1 95 21.0 5.6
A.P. - - - - 21.8 7.3 21.6 4.3
Group C Group D
Division
Observed WMAM?2 Observed WMAM?2
Period | Mean SD Mean SD Mean SD Mean SD
1 Day 31.4 9.9 31.3 6.5 48.9 13.3 45.8 54
M.P. 30.6 8.8 30.3 6.3 - - - -
N.P. 31.8 104 31.8 6.5 3 - - -
AP 31.8 10.3 31.9 6.7 48.9 13.3 45.8 54
(=Hel:x)
60

—— observed
"""" WMAM2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 4.8 Service time distribution expected(WMAM2-M.P.)
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Fig. 4.10 Service time distribution expected(WMAM2-A.P.)
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Table 4.8 Measure of effectiveness(MOE) of models

WMAMI WMAM2 Variation MOE(%)
Division
MAFERMSEMAFE|RMSE| MAFE | RMSE | MAFE | RMSE
1 Day 8.7 114 7.8 10.2 0.9 1.2 10.3% 10.5%
M.P. 7.7 9.8 7.4 9.5 0.3 0.3 3.9% 3.1%
N.P. 9.1 12.0 8.1 10.9 1.0 1.1 11.0% 9.2%
A.P 9.5 12.3 79 10.0 1.6 2.3 16.8% 18.7%
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Fig. 4.11 Service time distribution observed and expected(Ulsan District Court, M.P.)
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Fig. 4.12 Service time distribution observed and expected(Ulsan District Court, N.P)
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Fig. 4.13 Service time distribution observed and expected(Ulsan District Court, A.P.)
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Fig. 4.14 Service time distribution observed and expected(Ulju County Office, M.P.)
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Fig. 4.15 Service time distribution observed and expected(Ulju County Office, N.P.)
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Fig. 4.16 Service time distribution observed and expected(Ulju County Office, A.P.)
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Fig. 4.17 Service time distribution observed and expected(Hyundai Marine B/D, M.P.)
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Fig. 4.18 Service time distribution observed and expected(Hyundai Marine B/D, N.P.)
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Fig. 4.19 Service time distribution observed and expected(Hyundai Marine BD, A.P.)
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Fig. 4.20 Service time distribution observed and expected(Dal-dong Jugong Apt., M.P.)
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Fig. 4.21 Service time distribution observed and expected(Dal-dong Jugong Apt., N.P.)
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Fig. 4.22 Service time distribution observed and expected(Dal-dong Jugong Apt., A.P.)



2o

Fel A77F A= A=,

°©

a4 &

A 5 7%

W 227 BA]

-

L

A - ol A

REY

@)

°]

4o ARF 4N2E ATdRARoR 14

il

Ho 72%
goll whet

ol 4]

3]

o:
[S]

=

dH R, HA 6

Ak
o, AR FHo 20l

1 Ags
W 2 9] Au]2=Aj7ko] g2 A YEfYE S

<A

A v

1

0]
pal

HA = Ao
o

°

AEdd ==
2pol whel B &

]

b2
L

)

o
T
=
s

=2]

)

ﬂ..\,_wo

sto] WA FA A8 A2A7HS 9

G

-1 0

Z Q

=

=

DB

)

g

o

MAFE~7} 11.0%, RMSE

N

= 10.5%, Al

10.3%, RMSE

-
R

= MAFE

710

Q]
=

1

.

MAFE7} 16.8%, RMSE7} 18.7%

-

2 A A7) MAFE7} 3.9%, RMSE 31%, v A7)

7} 9.2%, 2 FAIH



i

T

H
<]

el
i

!

do

oy
G
5

ﬂ..\,_wo

o

—_—

gepa o AgelA AN AFo

o)

)

—_
o

A

I

17FE o

bol WA RA A 2

g%

N

H
4r

o
a

)

B

hSS

o

@77t

2=
R

i

ol

e]

~a

oy
o

|

o

WO EX ol g, u

o F A

B

J)



1)

2)

3)

4)

5)

6)

7)

8)

9)

CoodE, AARE o) §F WEEE JYNL F4 R AT

et =, A1y, e, 2004.

A248 A4z, dFELEEI] 2004.

2

B, AN BISARE ol§8 (HER NAERN dERY THe B
T, @R s ohehel, ubab ek

AA - AASDS, 2FHA AT BATAAATS) =AY A A

2

2
o

=
XA 2002,

Jeong, R.H., The Prediction of Bus Arrival Time Using Automatic
Vehicle Location Systems Data, Texas A&M University, 2004.

Kikuchi, S. and Chakroborty, P. Estimating Travel Times on urban
corridors using bus travel time data, TRB, 2004.

Lin, W.H. and Jian Zeng, An experimental study on real time bus
arrival time prediction with GPS data, Virginia Polytechnic Institute &
State University, 1999.

Shalaby, A. and Farhan, A. Prediction Model of Bus Arrival and Departure
Times Using AVL and APC Data, Journal of Public Transportation, Vol. 7,
No. 1, 2004.

_40_



el 2

yol e e

I AA wr}

= =
L=y

3 A

3 stge W

ﬁ
B

=0
O

—

NI

Ajm

A @A

i
iz

—

G
N
=
N

el

Aol

A A8

3 AREA Ao gAEHUL. E A3 A

3}
v

e

]

AT T

=
BA -

o] wEo] U A o

ARG
Al A

I
T

i

e

ar
L

]

%

Z
-

5] o]

A oy 7 2

o] JAE A}

En
=

i old, fu 718, &9

P el o

S

o}

ol
e

]

il

b
il

—

0

i

o|)

—_—

ol
X

n

)

N

oK

]

o

ol

N

Ho
=

A

)

el

i
o

iol-

o]

o
2

si7]
H)

oy
)
B

o

3ol

% 9

15 A

<l

)
R
Hw

]

W
N

o]

vhA 2}

2l

=
|

—_
o

~

)

~
o

8

)

2008



	제 1 장  서 론
	1.1 연구배경
	1.2 연구목적 및 필요성
	1.3 연구내용 및 방법

	제 2 장  문헌 연구
	2.1 AVL 및 GPS에 의한 운행자료 관측
	2.2 자료의 이상치 제거
	2.3 모형에 의한 도착시간 예측

	제 3 장  자료수집 및 분석
	3.1 도로 및 정류장 선정
	3.2 자료수집
	3.3 운행자료 분석

	제 4 장  모형구축
	4.1 모형의 개요
	4.2 자료의 이상치 제거
	4.3 모형의 상수 도출 및 구축
	4.4 모형의 적용
	4.5 모형의 비교 평가

	제 5 장  결 론
	참고문헌

