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Abstract. Mass transportation plays a vital role in reducing carbon emissions and
enhancing sustainability in urban environments. This study focuses on analyzing
bus availability through simulation to optimize the efficiency and effectiveness
of public transportation systems. The simulation model represents passenger
arrivals and choices between two bus destinations, utilizing parameters such as
bus arrival times, waiting times, and terminal capacity. Results demonstrate
variations in passenger waiting times and bus utilization across destinations, with
destination A experiencing an average wait of 1.84 minutes and destination B,
3.92 minutes. The model shows balanced passenger distribution, with an average
of 13 waiting passengers for each route, indicating current bus capacity
sufficiency. This study provides insights into using simulation as an analytical
tool to improve bus station operations thereby minimizing passenger waiting
times. Future research is needed to explore the factors that influence people’s
willingness to use mass transportation
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1 Introduction

Mass transportation plays an important role in reducing carbon emissions, especially in
urban areas with dense traffic. Increasing mass transportation services can reduce the
level of private vehicle use, which is the main source of CO: emissions in big cities [1].
Transitioning from private vehicle usage to more sustainable public transport
alternatives enables cities to substantially decrease emissions. Mass transportation not
only reduces carbon emissions, but also reduces the use of fossil fuels, helping to create
greener and more sustainable cities [2]. Mass transportation analysis is essential to
support the low-carbon development agenda and improve air quality in urban areas.
Expanding the public transportation network is important to achieve sustainable
development and improve air quality.

The examination of optimal bus capacity is crucial for sustainable public transport
planning. Effective planning can alleviate congestion and enhance the efficiency of the
entire transport system [3]. Increased passenger demand, particularly during important
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events, can result in substantial congestion and prolonged waiting times due to inade-
quate transport coordination [4]. Consequently, accurate bus capacity analysis can fa-
cilitate the construction of more effective routes and schedules, consequently reducing
waiting times and enhancing passenger satisfaction [5]. Moreover, modifying bus ca-
pacity in response to fluctuating demand is crucial during unforeseen disturbances in
the transportation system [6].

Simulation in transportation analysis can be used to understand and optimize com-
plex transportation systems. By using simulation methods, researchers can model vari-
ous possible scenarios in a transportation system, such as changes in traffic volume,
variations in vehicle types, and the impact of new transportation policies [7]. In addi-
tion, simulation in mass transportation planning has many significant benefits, espe-
cially in improving the efficiency and effectiveness of the transportation system. By
using simulation, planners can evaluate various transportation scenarios and policies
without having to make physical changes in the field, which can save time and costs
[8]. Simulations also allow testing of various policies and strategies without having to
make physical changes in the field, which can save time and costs [9]. Simulation can
help decision makers to derive policies that result in fewer queues [10]. By modeling
the various variables and parameters that affect a transportation system, simulations
allow for in-depth analysis of how changes in one aspect can affect the entire system
[11]. Therefore, the application of simulation in mass transportation planning not only
improves operational efficiency, but also supports data-based and sustainable decision-
making in the development of better transportation systems in the future. Transporta-
tion simulation modeling can use Arena software using the Transporter Module. With
this transportation model, decision makers can run simulations with various scenarios
to obtain optimal strategies [12].

Research on bus capacity analysis at terminals using simulation has been conducted
by several researchers which have produced significant findings. One interesting study
is conducted by Lindberg, which uses discrete event simulation to analyze bus terminal
capacity. This study shows that by modeling various operational variables, such as bus
arrival times and passenger service times, a better understanding of how terminal ca-
pacity can be optimized to improve service efficiency can be obtained [13]. From the
background described above, this study aims to analyze the number of buses at the
terminal using simulation.

2 Materials and Methods

The following is an explanation of the steps in the simulation creation and analysis
process

e Creating a Bus Terminal Simulation Model

The initial step in creating a bus terminal simulation model is to build a digital
representation of the system to be analyzed. This includes modeling the bus arrival
process, stopping time, number of passengers, passenger flow, and bus departure
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from the terminal. Define Parameters and Variables: Set key parameters such as bus
arrival time, bus capacity, passenger waiting time, and terminal capacity.

Verification and Validation

Description: Verification and validation are carried out to ensure that the simulation
model is accurate and reliable. Verification ensures that the model runs according to
the initial design, while validation ensures that the model represents real conditions.
Verification: Test the model components to ensure that each component is
performing according to the designed logic. For example, check that buses actually
arrive at the times specified in the model. Validation: Compare the simulation results
with real-world data from the bus terminal (if available) or with field observations.
This aims to confirm that the model exhibits behavior that is consistent with the
actual system.

Creating Scenarios

Description: Scenarios are created to test various operational situations that might
occur at the bus terminal. Each scenario allows for analysis of the impact of a
particular change, such as increasing the number of buses, changing the schedule, or
adding facilities.

Running the Simulation

Description: This step involves running the simulation model according to the
scenarios that have been created. The simulation model will process the flow of
buses and passengers based on the settings that have been determined.

Analyzing Results

Description: After the simulation is complete, the results of each scenario are
analyzed to identify patterns, trends, and performance differences between the
scenarios tested. This analysis helps in making data-driven decisions for improving
terminal operations. Summarize the simulation results by highlighting the best
scenario and the steps that support optimal bus terminal performance.

Results

The model created can be seen in Fig. 1. The condition of someone wishing to take a
bus is represented by the model that was made. After arriving at the terminal, potential
passengers select a bus based on the route they have chosen. Next, potential traveler
confirm that seats and the bus are available at the chosen location. Passengers will head
straight to the bus if one is available, and the bus will travel to its destination. In the
event that there are no seats available, potential passengers will wait until there are seats
available.
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Fig. 1. Results of the passenger model at the bus station

From the designed model, simulation software was developed, as shown in Fig. 2. This
model utilizes 17 components representing two bus destinations. Incoming passengers
choose between these two buses based on their planned travel destination. The software
includes a transport feature, which links one station to another. Upon running the sim-
ulation, the outcomes, displayed in Fig. 3, show groups of passengers and buses as-
signed to different destinations. During the simulation, 60 passengers boarded buses for
Destination A, while 30 boarded for Destination B. Additionally, 4 buses were allocated
for Destination A, and 2 buses for Destination B. Passengers bound for Destination A
experienced an average waiting time of 1.84 minutes, whereas those heading to Desti-
nation B waited an average of 3.92 minutes. The average number of passengers waiting
for both destinations A and B was 13.

|
Station 1 »—L[ 1 |’*l T 1 |

Fig. 2. Bus Passenger Simulation Model
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Number Out 90
A 60
B 30
Number of Bus A 4
Number of Bus B 2
Time
Waiting Time
Batch 1.Queue 1.84
Batch 2.Queue 3.92
Number Waiting
Batch 1.Queue 13.92
Batch 2.Queue 13.38

Fig. 3. Report of Simulation

4 Discussion

The design of the model for simulation has representative data from a real system for a
bus station with two destination directions. Where passengers at the bus station are
random arrivals, and the model accommodates passengers to choose using the decide
module. Then passengers will wait if the bus is not yet available, or the bus seat capacity
is full.

In the software using batch facilities to collect passengers according to the capacity
of the bus seats. After the bus capacity is fulfilled, the bus will run to the destination
station and passengers will exit the bus as individuals with the separate module facility
then go to the dispose module and exit the system.

The simulation results show that buses with destination A have more passengers and
the number of buses than destination B. Passengers for destination B are 67% and pas-
sengers for destination A are 33% of passengers for both destinations. In addition, the
simulation also found that destination B has a longer average waiting time than buses
with destination A, which is 3.92 minutes. While for destination A it is 1.84 minutes.
This shows that passengers who want to go to destination A at Lempake bus station
wait an average of 3.92 minutes. In addition, each bus destination has a relatively sim-
ilar number of passengers waiting, which is around 13 people. This shows that the ca-
pacity of the number of buses and seats available is still sufficient, as seen from the
queue time, and the number of people queuing is not too large for both destinations.
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This sufficient number needs further research whether the sufficient passengers are due
to many other prospective passengers using private vehicles or travel and the reasons
they do not use Public Buses as mass transportation

5 Conclusions

The design of the simulation model can describe the situation of passengers arriving at
a bus station with 2 destination directions. The simulation of the model can be run to
analyze the number of buses in 1 day, the number of passengers, the number of queues
and the queue time for buses in two directions. From the simulation results, it was found
that the capacity of buses to A and B was still within sufficient limits. It can be seen
from the length of the queue and the number of people waiting for the bus to depart is
still within a reasonable amount.

For further research, it is necessary to conduct research by considering the reasons
why people do not want to use buses as public transportation.
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