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Abstract

Today, the use of the GPS global positioning system for intra- and extra-urban
transportation is a necessary and undeniable matter. Assessing the reliability and
stability of intra-city bus routes has been raised as an important issue that has a
great impact on the quality of bus services. In this research, the GPS global
positioning system data, which is related to the Yazd City bus system, was used
to evaluate the reliability and stability of city buses for intra-city transfers. One
of the goals investigated in this research is to examine the parameters affecting
bus bunching and analyze the stability of the system as well as the reliability of
the public transportation system. In this research, section travel time, dwell time,
headway, and bus bunching have been analyzed in terms of time and place. In
fact, it is checked how the situation of batch movement occurrence and stability
is at different times of the day. In this research, the prediction methods of Linear
Regression, Support Vector Regression, Random Forest, and Gradient Boosting
Regression were used to predict the reliability and stability assessment of bus
travel routes. The Gradient Boosting Regression Model had a lower error and
better performance for predicting the reliability of the bus travel route and
headway than the rest of the prediction models. The results of this research help
urban planners understand the stability of stations, identify key points that affect
the stability of stations, identify key stations, and provide better transportation
services in the future to reduce the waiting time of passengers.
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Extended Abstract

1. Introduction

Assessing the reliability and stability of bus
routes has a great impact on the quality of
bus services. Improving the sustainability of
the public transport system is significant for
operators and passengers. Identifying the
points and factors affecting bus bunching
and predicting the headway of the bus to the
next stop helps urban planners to increase
the efficiency of the public transportation
system and reduce passengers’ waiting time.
In the past years, a large number of cities
have started to monitor the location of
public transportation using the Global
Positioning System (GPS). Due to the high
frequency and periodicity of information,
GPS data includes a large amount of data and
can provide a wide range of monitoring and
analysis programs for the bus system.
Measuring the reliability and stability of bus
service is one of the popular fields of
research in recent decades. Urban planners
can check the overall reliability of all buses,
identify unreliable bus lines, and consider
necessary changes if needed. On the other
hand, according to the reliability of the bus
stations around a particular bus line,
passengers can decide whether they will use
this bus line now or later. Improving the
reliability of the bus system encourages
passengers to use public transportation and
as a result, the share of traveling by private
vehicles decreases. Urban planners are
trying to improve the quality of public
transportation services to attract more
passengers and reduce operating costs. To
achieve this goal, the order of bus headway
should be planned as much as possible.
Irregular headway of the bus may lead to bus
bunching and increase the waiting time of

passengers, which is an influencing factor on
passengers' attitudes. Therefore, evaluating
the performance of bus service and the
stability of stations and predicting the
headway of the bus is very important for bus
operators and urban planners. For this
purpose, GPS data of buses, data of stations,
and bus routes of Yazd City were used in this
research.

2. Research Methodology

In this research, the parameters affecting
bus bunching such as segment travel time,
dwell time, headway, and bus bunching in

terms of time and space, as well as system
stability and reliability of the public
transportation system were analyzed. The
situation of bus bunching occurrence and
stability and reliability were checked at
different times of the day.

Buses and public transportation in
general are among the most important
components of transportation services in
urban areas. Examining the reliability and
stability of bus service helps public
transportation organizations to provide
better services to passengers. In this section,
first, the necessary information about the
data used for analyzing the reliability of the
bus service is stated. After data
preprocessing, the line number is
recognized for each bus, and then the
reliability and planned headway are
calculated. Consequently, the performance
and stability of the bus service are evaluated.

In this research, supervised machine
learning models were used to predict the
reliability of bus travel and headway.
Supervised machine learning models for
prediction include linear regression, support
vector regression, gradient boosting
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regression (GBR), and random forest
regression. The goal was to predict the
future reliability of bus travel, which is
important for passengers and bus
performance. The dataset related to line 11 of
Yazd City was considered for prediction. The
used hyperparameters were set for
prediction and a random search method
with cross-validation was used to limit the
parameter values. Then, to optimize the
model, grid search with cross-validation was
utilized.

Moreover, inputs to predict the distance
to the next station included travel time,
distance to the previous station, dwell time,
days of the week, station number, time of the
day, and bus number. Also, a random search
method with cross-validation was used to
limit the values of the parameters to predict
the headway. Consequently, to optimize the
model, grid search with cross-validation was
utilized. The prediction performance of
regression models by three parameters of
the mean absolute value of error (MAE),
percentage of the mean absolute value of
error (MAPE), and percentage of the
symmetric mean absolute value of error
(SMAPE) were evaluated with real target
values in the test data set and predicted
target values.

3. Research Findings
The results of this research help urban

planners to understand the stability of
stations, identify key points that affect the
stability of stations, identify key stations,
and provide better transportation services in
the future to reduce the waiting time of
passengers. In this study, MAE and MAPE
were used to evaluate the performance of
the proposed models to predict reliability.
According to the MAPE and MAE values, the

gradient-boosting regression has the best
performance. Also, linear regression has
higher MAPE and MAE values and as a result,
has worse performance than other methods.

4. Conclusion
Headway prediction and performance

analysis of urban bus service and the stability
of stations have become important matters
in recent years. In this research, the GPS
data of buses and bus stations of Yazd City
were used. The reliability score for each
station and bus travel route and each line
was calculated by a weighted linear
combination method. Six bus lines of Yazd
City were used to evaluate the stability and
reliability of city buses and one bus line was
used for predicting the line headway and bus
travel reliability. The indicators necessary to
evaluate the performance of city buses, the
reliability of bus travel, and the stability of
the stations were calculated and then the
status of the parameters affecting the bus
bunching and the stability of the line and
stations were investigated. The results
revealed that the reliability score decreases
as the path length increases. Many factors,
such as passenger demand, street traffic
conditions, bus capacity, dwell time, and
segment travel time contribute to the loss of
order and bus bunching. Increasing or
decreasing the stopping time and travel time
of the department can destroy the order of
the distance. Based on the analysis, the dwell
time in most stations does not fluctuate and
is in the range of 5 to 20 seconds. Also, the
average dwell times of the lines at different
times of the day are different due to the
number of passengers. The large variation in
section travel time at the stations of some
sections indicates that these sections are the
main ones. Also, the average travel time
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values of the lines are different at different
times of the day due to the traffic conditions
of the street. The stability of the line and
stations has been investigated according to
the bus bunching conditions and the average
headway deviation at the level of the
stations. Based on the headway time-space
diagram, most of the bus bunching points
occur from noon to night when it is crowded
and many buses are dispatched. The stability
of the end stations of the route is less, while
this stability is more in the early hours of the
day. For the effective sustainability of the
headway, urban planners should pay more
attention to these times and stations and
take the necessary measures, according to
the headway, to prevent bus bunching.
Therefore, in this research, the prediction
has been applied wusing supervised
regression machine learning models, and the
gradient-boosting regression model has
performed better than other models.

Compared to the results of previous
studies, i.e. SVR and AOSVM algorithms, the
results of headway prediction of this
research had the best performance for
headway prediction according to the MAE
evaluation criteria. In this research, the

gradient boosting regression model had the
best performance with an accuracy of 15.29
seconds for the prediction of headway,
which is improved compared to these two
articles. Also, regarding the results of
predicting the reliability of the bus service
related to the previous studies that used the
random forest method and the AOSVM
method, respectively, the gradient boosting
regression model in this research had the
best performance for predicting travel
reliability with an accuracy of 6.38%.
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