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Arrival Time Estimation for Bus Information System
Using Hidden Markov Model
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ABSTRACT

BIS(Bus Information System) provides the different information related to buses including predictions of arriving times at stations. BIS
have been deployed almost all cities in our country and played active roles to improve the convenience of public transportation Systems.
Moving average filters, Kalman filter and regression models have been representative in forecasting the arriving times of buses in current
BIS. The accuracy in prediction of arriving times depends largely on the forecasting algorithms and traffic conditions considered when
forecasting in BIS. In present BIS, the simple prediction algorithms are used only considering the passage times and distances between
stations. The forecasting of arrivals, however, have been influenced by the traffic conditions such as traffic signals, traffic accidents and
pedestrians ets., and missing data. To improve the accuracy of bus arriving estimates, there are big troubles in building models including the
above problems. Hidden Markov Models have been effective algorithms considering various restrictions above. So, we have built the HMM
forecasting models for bus arriving times in the current BIS. When building models, the data collected from Sunchean City at 2015 have been
utilized. There are about 2298 stations and 217 routes in Suncheon city. The models are developed differently week days and weekend. And
then the models are conformed with the data from different districts and times. We find that our HMM models can provide more accurate
forecasting than other existing methods like moving average filters, Kalmam filters, or regression models. In this paper, we propose Hidden
Markov Model to obtain more precise and accurate model better than Moving Average Filter, Kalman Filter and regression model. With the
help of Hidden Markov Model, two different sections were used to find the pattern and verified using Bootstrap process.
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Table 1. RAW Data Event Schema for Bus Information System

Table 2. Regenerated Event Schema Based on Table 1

Field Type Comment
COLLECT_DT DATETIME Data generation time
+
BUS_ID VARCHAR (9) bus t;:@r: al(lc)(’i(iiqf)e)nce (5)
ROUTE_ID VARCHAR (9) Route ID
EVENT_CD CHAR (2) Accident/Breakdown
LOCATION_SEQ | SMALLINT (6) Sequence

SERVICE_TM INT (11) Service time
TRAVEL_TM BIGINT (12) Travel time
SECTION_NM | VARCHAR (60) Section name
SECTION_LEN | DECIMAL (6,1) Section length
SPD_KMH DECIMAL (5,9) Bus speed (km/h)

Field Type Comment
COLLECT_DT DATETIME Data generation time
. . Area code (3)+
BUS_ID VARCHAR (5) bus type (1) + sequence (5)
OBE_ID VARCHAR (9) OBE ID
ROUTE_ID VARCHAR (9) Route ID
LOCATION_TY CHAR (1) NODE/STATION
EVENT_CD CHAR (2) Accident/Breakdown
LOCATION_ID | VARCHAR (10) Location 1D
LOCATION_SEQ | SMALLINT (6) Sequence
SYSTEM_DT DATETIME System time
GPS_X DECIMAL (11,5) GPS X
GPS_Y DECIMAL (11,5) GPS Y
MAP_X DECIMAL (11,5) MAP X
MAP_Y DECIMAL (11,5) MAP Y
SERVICE_TM INT (11) Service time
SATELLITE CNT| BIGINT (20) Satellite count
ERROR_CD CHAR (2) Error code
EVENT_TY CHAR (1) Event type
EVENT_SEQ TINYINT (4) Event sequence
COMM_SEQ INT (11) Communication sequence
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Fig. 1. (a) Observed Data, (b) Histogram, (¢) Q-Q Plot and
(d) ACF Fitted for the Bus Speed Series of “A” Section
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Table 3. General Information on Analyzed Section

Section A section B section
Section distance (M) 593.2 263.0
Period 2015/06/16 06:00~21:00 (3}
Number of lane 2 2
Limit speed 60km/h 60km/h
anber.of 1 1
Intersection
Nur.nbe.r of 1 1
traffic signal
Number of route 69 62
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Fig. 2. Observed Speed Data on “A” Section : Histogram of
Counts, Compared to Mixtures of One, Two, Three and
Four Gaussian Distributions
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Table 4. Gaussian Mixture Models Fitted for the Speed Data

Model AIC BIC —logL

M=1 1286.921 1293.404 641.4603
M=2 1247.39% 1270.087 616.6975
M=3 1242.667 1288.051 307.3334
M-=14 1255.955 1330.515 304.9775
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Fig. 3. State Diagram for 2-state and 3-state Model
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Fig. 4. State sequence of (a) two-state model and (b)
three-state model for “A” section
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Fig. 5. Estimation of speed passing the section using
two-state model for “A” section
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Fig. 6. Estimation of Speed Passing the Section Using
Three-State Model for “A” Section
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Fig. 7. Pseudo Residuals Between Observed Data and
Two-State Model for “A” Section
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Table 5. Maximum likelihood, AIC and BIC for model
“A” section “B” section
2 state 3 state 2 state 3 state
—loglL 549.858 536.206 650.188 631.435
AIC 1326.307 1351.131 1462.409 1440.289
BIC 1348.999 1396.516 1484.990 1485.449
Table 6. Root Mean Square Error
3-state HMM Kalman Filter Moving Aaverage
7523 13.49 14.28
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