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Long-Term Arrival Time Estimation Model Based on Service Time

Park Chul Young' - Kim Hong Geun™ - Shin Chang Sun™ -
Cho Yong Yun™ - Park Jang Woo™""

ABSTRACT

Citizens want more accurate forecast information using Bus Information System. However, most bus information systems that use
an average based short-term prediction algorithm include many errors because they do not consider the effects of the traffic flow,
signal period, and halting time. In this paper, we try to improve the precision of forecast information by analyzing the influencing
factors of the error, thereby making the convenience of the citizens. We analyzed the influence factors of the error using BIS data. It
is shown in the analyzed data that the effects of the time characteristics and geographical conditions are mixed, and that effects on
halting time and passes speed is different. Therefore, the halt time is constructed using Generalized Additive Model with explanatory
variable such as hour, GPS coordinate and number of routes, and we used Hidden Markov Model to construct a pattern considering
the influence of traffic flow on the unit section. As a result of the pattern construction, accurate real-time forecasting and long-term
prediction of route travel time were possible. Finally, it is shown that this model is suitable for travel time prediction through
statistical test between observed data and predicted data. As a result of this paper, we can provide more precise forecast information
to the citizens, and we think that long-term forecasting can play an important role in decision making such as route scheduling.

Keywords : Bus Information System, Arrival Time Estimation, Service Time Estimation, Hidden Markov Model, Generalized
Additive Model
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Fig. 1. Observed Data for Service Time of the Bus
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Table 1. ANOVA for Non-parametric Effects

. Degrees of Chi-square .
Rcblc freedom statistics SIS
NoR 3 193.19 < 2.2e-16
HOUR 3 1129.82 < 2.2e-16
LON 3 547.68 < 2.2e-16
LAT 3 107.82 < 2.2e-16
(a) Histogram (b) Q-Q Plot
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Fig. 13. Residual diagrams : (a) Histogram and (b) Q-Q Plot
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Table 2. GAM fitted Coefficients for Weekdays

Coefficients Weekday Weekend
Intercept -23.1719981 =71.497272
GROUP 0.0756428 0.113214
NoR -0.0008444 -0.001229
HOUR -0.0111555 -0.010774
LAT 0.2316771 0.059453
LON 0.1377532 0.559848
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Table 3. General Information on Analyzed Section

Section Distance Lane Traffic Inter-
(Meter) signal section
A 5187 3 1 3
B 4785 3 1 1
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Table 4. Model Selection Criterion by Parameter

Parameter AIC BIC —logL
1 4697 4706 2347
2 4535 4566 2260
3 4492 4555 2232
4 4507 4611 2231
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Fig. 16. State Sequence of Three-state Model for
(a) Section ‘A’, (b) Section ‘B’

Table 5. HMM fitted Coefficients by Section (unit: km/h)

Section State 1 State 2 State 3
A 34.37 [25.55] 45.89
B 38.93 50.95 [23.84]
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Fig. 17. Fitted Results of Speed Estimation with Transition
Matrix and State Sequence
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Fig. 18. A Spatial Plot of the Route for Estimation
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Table 6. Results of F-test

Route DF F-value P-value
June 16 41 14 0.3
July 23 41 1.3 0.4

Table 6 F-7 42| Aylo|t} 6¢ 1642 Ao A 23
FEEL 042 FFF 5%l A
A (null hyphothesis)

Table 7. Standard Deviation and Mean by Route

Observed data Estimation data
Route Standard Standard
. Mean .. Mean
deviation deviation
June 16 35.02 64.24 35.07 63.17
July 23 39.37 70.84 33.07 68.07

Table 8. Results of T-test

95% Confidence T P
Route .
interval value value
June 16 -14.15 / 16.28 0.14 04
July 23 -1521 / 16.72 0.094 09
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