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A Study on Development of Bus Arrival Time Prediction Algorithm
by using Travel Time Pattern Recognition

ABSTRACT

Bus Information System (BIS) collects information related to the operation of buses and provides information to users through
predictive algorithms. Method of predicting through recent information in same section reflects the traffic situation of the section, but
cannot reflect the characteristics of the target line. The method of predicting the historical data at the same time zone is limited in
forecasting peak time with high volatility of traffic flow. Therefore, we developed a pattern recognition bus arrival time prediction
algorithm which could be overcome previous limitation. This method recognize the traffic pattern of target flow and select the most
similar past traffic pattern. The results of this study were compared with the BIS arrival forecast information history of Seoul. RMSE
of travel time between estimated and observed was approximately 35 seconds (40 seconds in BIS) at the off-peak time and 40 seconds
(60 seconds in BIS) at the peak time. This means that there is data that can represent the current traffic situation in other time zones
except for the same past time zone.
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Fig. 1. The Composition of Pattern Based Prediction Algorithm

Vol.39 No.6 December 2019 835



=1, 0o 12 ez} 3le] P&

TT =

T =

Where, 7

YA e

FEy,

if ¢, —t,,<0
ift,—¢,_,=0

if t,—t,_, <0
if t,—t,_, =0

: K" Travel time data (target)
: k"™ Travel time data (past)
: Travel time pattern (target)

": Travel time pattern (past)

[Tk7 Tiors Thmgs Thog s Ty s o

[Tk s Loy s Ty s Thmg s Ty s

]

M

. k™" Travel time pattern (trend) in target data

: k' Travel time pattern (trend) in historical data

Station 1D @ O O

3.3 HEME onaE
TLY s Rol= A olHatmse} St vlolE] i)
RMSEE A% g7 2 x{(Boundary error)E A383}3ck: 7471
2p= 23 ElS 717 o)2gjo|EjSe] RMSES] E¥2 383}
of dlojElel] e 5ol w2t 52102 wislshies A
ok ZAARE AR B 3} oJsle] ghg 7159 oAkt
5 oEdarelEe] g gho g AdgEn s 218 Eq. (294
go] Fgejeiet WA o) AR 1 SHARN] STt ARl
o} BASKA| SR TT, — TT, = 0ol W} n) o) 74
TS ol EE Mgt Aduld ojExE i iWA o)
AFA 7 BAAR FAM) @3¢, —t;) 7]uke] RMSES
Wzﬁkﬁ U <7 oleks 715 o|ErtRE 2ak2 dYgit)
Z, Fig 3@} o] 13202 dfele] fAMIS 7Nke = o]erls.
o] WP} S41L, Fig. 3(b)eh 7o) AAIQAF M-S B3l 2214
o= 3R W WiAlEe] e dlefe] S2gel wiet 7Reove olels
o] We7F HEH o= HeHrh

Target bus
I:IE|]

O(])OOk

Travel time
(sec) .
U V v Travel time pattern(trend)
T = [1,1,-1]
Station(from-to 1-2 2-3 3-4 4-5 5-6 Travel time pattern

Target data 27 55 62 59 ? TT =[1,1,-1]

29 60 79 52 40 TT' =[1,1,-1

27 61 52 47 87 T =[1,-1,-1
40 133 48 47 103 IT' =[1,-1,-1]

28 62 96 50 25 T = [1,1,-1]

Historical data 30 126 48 50 105 T =[1,-1,1]
64 70 51 41 22 T = [1,-1,—1]

26 70 91 38 48 T’ =[11,-1

25 22 34 25 83 IT' =[-1,1,-1

52 133 157 142 182 T’ =[1,1,-1]

Fig. 2. Concept of Travel Time Pattern Recognition Algorithm

Station(from-to) | 1-2 | 2-3 | 3-4 | 4-5 | 5-6 Pattern match | RMSE
Target data 27 | 55 | 62 | 59 ? =[1,1,-1] 0

29 | 60 | 79 | 52 | 40 (o] 9.6

27 | 61 | 52 | 47 | &7 X 84

40 | 133 | 48 | 47 [ 103 X 40.6

28 | 62 | 96 | 50 | 25 [o] 17.9

Tistorica lclats 30 | 126 | 48 | 50 | 105 X 36.5
64 | 70 | 51 | 41 | 92 X 226

26 | 70 | 91 | 38 | 48 (o] 194

25 | 22 | 34 | 25 | 8 X 27.5

52 | 133|157 | 142 | 182 (o] 75.2

(a) Pattern Similarity (Condition 1)

Frequency
)
o

0 10 20 30 40 50 60 70 80 950 100 110 120 130 140 150 160 170 180
1
J _ RMSE (sec)
x =60

(b) Boundary Error (Condition 2)

Fig. 3. Concept of Travel Time Pattern Selection Algorithm

836 Journal of the Korean Society of Civil Engineers



k—n
it Y, (17, — TT,) =0
i=k
Hos1) = tarn) 7 @)
if <
Z L =°

1=k

Where, 7, : k41" Travel time input data for prediction
t; 41 ¢ k417 Travel time data (past) meet the two
condition
x  : Boundary error based on RMSE frequency
distribution

n  : Number of station section (from-to)

3.4 ol ¢u2IE
Fig. 49} o] A ogrlm FYARE] 914 gl A8 el
< 53l AT A Ame T, Ve, S 7

ol

-3

Tar

3

get bus

R

5t ojZo] 7Fssick Selel, 715
o1& 1] ke B3]

o] 2a ik 2 ol sl 12
5 e el Ak a2 Aee B2 918 Eg. O)%

Station ID @ O O O O O O

Travel time 27

e WU W

Prediction input data

Travel time pattern(trend) T = [1,1,—1]
Station(from-to) 1-2 2-3 3-4 4-5 5-6 Pattern match RMSE< x
Target data 27 55 62 59 ? =[1,1,—-1] 0
29 @ 60 @ 19 ) 52 40 0 0
27 61 52 47 87 X =
40 133 | 48 47 103 - X =
28 @) 62 @ 9% ()50 | 25 - 0 0
Historical data 30 126 48 50 105 X -
64 70 51 41 92 - X =
26 @ 70 @ 91 ()38 | 48 - 0 0
25 22 34 25 83 X =
52 @) 133 @ 157 (=) 142 | 182 0 X
: : : | : : E :
Fig. 4. Concept of Prediction Algorithm
= 39
o
38
0 37
Z 3
g 35
L 34
F 38
32
31 [ & &
20 —‘-—--—e_\_______o
2 3 4 5 6 7 8 9 10

Travel time pattern count

Fig. 5. Relationship between Travel Time Pattern Count and Errors

Vol.39 No.6 December 2019

a}aﬂv} 1 s 5 A

)

SR 7] (A,

837



AP, 339, 14220161 99 26 ~ 109 9)2] A=E A&
ok o 912 9 Adele] Ha 3t St Rle) F7HE WelE
2817 913l aHY PRI @A IE A A R el
ke GYAAFE 3L Hav) Ha @HFo =z 783 Qe
T7Ee] HE A Fig. 59} o] SPARE sfele] F7Hd
HF ARGE exkE HAshe 2o E YeRgou Wept A
T darelBe) ks 7hAsh] il 2 o= 571
SARE RO AT 2 BAAREC R Ak o= stk
4.2 BIS EZl0|=XY o[2iX|=o| H|m ZE

Mg ERER e b M mARE AR
2 A AR ol BARE A BARES 7153 HlolE =
A e dEdareEt vl A5S EkIrE B arolA
TES AR 5 72 260 B2 9 HF094] A wiEp,

vl

g

olS daElE A A
HIZSH(I5A] 73 viAp, 5 34(184] 73 wixhe] wlul 5 2ve

FE3IGTE 2 e 2016 10Y 69(FH)E AAsIHom,
ojeRlze] Rfh= 949 269(E) ~ 10 5YF)S o= 495
<= B3Ik BIS =357 0] o]2ixln R9= £ ol
243 2450 77k} Folw Bl 15 71 J=e] Jg,
AR 92 A B B e oS Adse] A VR
ok A 1 BRAREY] wEAde] vl vk vIHTAIY -
Fig. 67} Zo] HHAFE 227 39.12% — 36.58%2 =7
zlo] YA ¢¥= v 5] Figs. 7 and 83} o] 242}t 56.563%
— 43.11%, 53.92% — 36.58%= 33t /MAEHE Bk
ol TYU A olgRIE 7k &S FaEhs BIS Al2E
SR =, aEdse] SRlshe dFAlole YRgE o
9] QA5 FEIA| Xk Zo= vERTH

500 —
y =0.8968x.
~R*=0.7477

450
400 - - “a
350
300

250

Predicted travel time(sec)

200

150

100

° RMSE = 36.58 sec
Accuracy in £1 min ; 69/76 = 90.8%

50

0 50 100 150 200 250 300 350 400 450 500

Observed travel time(sec)

(b) This Research

Fig. 6. Off Peak Time (15:14:01) Prediction Result

o
9 ¥'=1.049x
5 R
o 450 R* = 0,6509
.E - Py
=] .
— 400 6.
H
[
5 350
3
+ 300
2
L 20
200
150
100 "
o o %
- - RMSE = 39.12 sec
Accuracy in £1 min ; 65/76 = 85.5%
1]
0 50 100 150 200 250 300 350 400 450 500
Observed travel time(sec)
(a) BIS System
< 500
2 |
@ 450 P :
£ ° y=1.0729x .~
- R,
_E 200 R 7n.4'n§
g ;
L
L 350
3
£ 300
"QE,
= 250
a
200
150
100 -
o ! " RMSE = 56.56 sec
Accuracy in +1 min ; 67/76 = 88.2%
ok
0 50 100 150 200 250 300 350 400 450 500

Observed travel time(sec)

(a) BIS System

500

450

400

350

300

Predicted travel time(sec)

250

200

150

100

50
Accuracy in +1 min ; 69/76 = 90.8%

0 50

100

150 200 250 300 350 400 450 500

Observed travel time(sec)

(b) This Research

Fig. 7. Morning Peak Time (09:03:44) Prediction Result

838 Journal of the Korean Society of Civil Engineers



ol
)
1'011

@
£

Ho

BN

S
o)xl4=
S 600
_% ¥ = 0.8809%
o " R*=0.7521
g -
= 500 !
] - >
g 74
s ) W
5 400 R g
5 A7
o d
% ,'/,/
g . y
& 300 ; P ol
sy
) d
200 ¥ Lo
.‘o 2] R &
'Efe" (‘,"f"’&? e 9
100 < @".){0&"" £
e O RMSE = 36.58 sec
o o 0P
P Accuracy in £1 min ; 73/76 = 96.1%
(1]
0 100 200 300 400 500 600

Observed travel time(sec)

(b) This Research

Fig. 8. Afternoon Peak Time (17:50:07) Prediction Result

A ,
% Y =0.9337x
£ R*=.0.1184
E 500
E A
-‘; 400
3]
%
E 300 °
200 <
10 Y RMSE = 53.92 see
.'/ i Accuracy in £1 min ; 67/76 = 88.2%
0
0 100 200 300 400 500 600
Observed travel time(sec)
(a) BIS System
5. 2E A g2
£ dells AR darglse] ¢S des vl ASE]
Slel 4] 452 BIS Al2gle) vlwatelgn ol 4 it
sheiek Wl @% 23} o 2 B89 olREr} AERlelE
T LT o Ala o] Jh BIS A ol e
Aoz PSSk 04 Y OF HFA BF £18S JFoR

g o 5A1e] go=rt 3~10 % HWHM#U% BAAFTLA
R 13~20%0 723k 4022 AT 7R Ae= vepst
ok HIRFAY] B + 18RS Ve R § 5] s} 27
% o, FAARETLA] 7 363 Ak 35%
2 FPFAL B 7] Arrh ke A0 R vERTE 71E oIS
LAUFCELARIT o]HAE AR w5 de] wEde] 22

HIREATS] s whEge] 2 Al S se] S A
A BTARELA o 02, B AL o 0251
£ Ao Holth vk, el o duelEe WA
A B fAR A ﬁ%xﬂﬂ%% F352 T
A FTATRLA o029 258 ) ol k)
8 5] ARHIE A B ARINE A TEARE
B 5 Qe A EAREE elelshe, ofiz A it e

A7) kbt
B Qo AR S PR A B PR B
i amﬂ 2SRRI BRAFLOAPH M oF 353(7)
LA OF 4071 6022 7] oF 10-20
%4 w% Btk 53] £ Aol AH§E BIS oliAast
14922 2} ge oldARe] 718-S Bl urk ue o
Aste =5 Ao peE spHu Al B4 B0 ol
AAPE A7V B, A IEge) ek ARERe]

AL 8 ER AAe] dEe] BeHE e T
o] Basih

B3] 9

gl =

B ol SRR wEEFATAIRIe] HIRI(19TLRP-
B148966-02)°] 2J3] 3= LTk

References

Chang, H. H., Park, D. J., Lee, S. J., Lee, H. S. and Baek, S. (2010).
“Dynamic multi-interval bus travel time prediction using bus
transit data.” Transportmetrica, Vol. 6, No. 1, pp. 19-38.

Cheng, S., Liu, B. and Zhai, B. (2010). “Bus arrival time prediction
model based on APC data.” In Transportation of China (AFTC
2010) 6th Advanced Forum on IET, pp. 165-169.

Chien, S. I. J. and Kuchipudi, C. M. (2003). “Dynamic travel time
prediction with real-time and historic data.” Journal of Trans-
portation Engineering, Vol. 129, No. 6, pp. 608-616.

Kim, T. G., Ahn, H. C. and Kim, S. G. (2009a). “Predictive modeling
of the bus arrival time on the arterial using real-time BIS data.” J.
Korean Soc. Civ. Eng., KSCE, Vol. 29, No. 1D, pp. 1-9 (in Korean).

Kim, W. G., Roh, C. G., Heo, M. G. and Son, B. S. (2009b) “A
development of bus arrival time estimation model.” The Seoul
Institute Seoul Studies, Vol. 10, No. 2, pp. 21-29 (in Korean).

Shalaby, A. and Farhan, A. (2004). “Prediction model of bus arrival
and departure times using AVL and APC data.” Journal of Public
Transportation, Vol. 7, No. 1, pp. 41-61.

Yu, H., Xiao, R., Du, Y. and He, Z. (2013). “A bus-arrival time
prediction model based on historical traffic patterns.” In 2013
International Conference on Computer Sciences and Applications,
pp. 345-349.

Vol.39 No.6 December 2019 839



