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ABSTRACT

The Portable Traffic Signal Controller (APILL) system was developed as a wireless traffic management
tool, leveraging Bluetooth technology and controlled by an Arduino Uno R3 microcontroller. It features
an application-based platform for calculating intersection cycle times, designed to enhance educational
competencies in road equipment management. The research followed a structured methodology,
including a theoretical review, conceptual development, field data collection, analysis, validation, and
conclusions. The results demonstrated that cycle time calculations performed using both Excel and the
Python-based application, in accordance with the Indonesian Highway Capacity Manual (PKJI) 2023
guidelines, were consistently synchronized and accurately visualized through the APILL signal lamp
operations. However, minor discrepancies were identified during real-world testing, with the green light
duration for the northern approach observed at 7.1 seconds compared to 6 seconds in Excel and 7
seconds in the application. These discrepancies were primarily attributed to rounding errors in
calculations and manual inaccuracies during stopwatch-based observations. This research underscores
the reliability and practicality of the Portable APILL system as both a traffic management tool and an
effective educational medium. Furthermore, it highlights the importance of precision in calculation and
observation to optimize its performance. The system holds significant potential for advancing
competencies in traffic signal management and the operation of road equipment.

Keywords: APILL; cycle time calculation; PKJI 2023; portable traffic signal controller; traffic
management education; wireless control

INTRODUCTION

Traffic signal controllers play a critical role in enhancing road safety and mobility by managing
traffic flow at intersections. However, current manual operations often require on-site
interventions, leading to delays and inefficiencies in traffic management (Adeleke et al., 2023).
This reliance on manual control poses significant challenges, especially in urban areas where
high traffic volumes demand timely responses to prevent congestion and accidents (Baz et al.,
2020; Saeed, 2024). Addressing these issues requires innovative solutions that optimize traffic
signal operations. To overcome these limitations, there is an increasing need for portable traffic
signal systems that incorporate wireless and automated technologies. Such systems allow
remote monitoring and control, enabling real-time adjustments based on traffic conditions
without the necessity for physical presence at the site (Jin & Ma, 2019; Huang et al., 2018).
Moreover, advancements in data analytics and connected vehicle technologies provide
opportunities for more dynamic and responsive traffic management, improving overall traffic
flow and reducing delays (Saldivar-Carranza et al., 2023; Islam et al., 2021). Automated
systems not only enhance operational efficiency but also promote safer road environments by
minimizing human error in traffic control (Dinh & Tang, 2017;(Neetu Gupta et al., 2023).

Beyond addressing traffic management inefficiencies, portable and automated systems hold
significant potential as educational tools in traffic engineering. By integrating modern
technologies such as wireless communication and Python-based automation, these systems can
provide hands-on learning experiences for students and practitioners. This dual-purpose
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approach ensures that future traffic engineers are equipped with the skills to implement
intelligent transportation systems effectively while addressing real-world traffic challenges.
This study explores the development of a Python-based Portable Adaptive Traffic Signal
Controller (APILL) system, designed not only to optimize traffic flow but also to serve as a
practical educational medium for enhancing competencies in traffic signal management.

The development of a Python-based Adaptive Portable Intelligent Traffic Signal Controller
(APILL) system, controllable via Android, addresses a significant gap in traffic management
education. Current educational tools often lack real-time adaptability and integration with
mobile technologies, which are essential for effective training in modern traffic management
practices. The integration of wireless communication and automated systems is crucial for
enhancing the functionality and accessibility of traffic signal control systems (Kamasetty et al.,
2022;Gade, 2019). Existing research highlights the potential of adaptive traffic signal control
systems that utilize real-time data to optimize traffic flow. For instance, studies have shown that
adaptive systems can significantly reduce congestion and improve traffic efficiency by
dynamically adjusting signal timings based on current traffic conditions (Jamil & Nower, 2021;
Gu et al., 2020; Kim et al., 2023). Furthermore, the application of reinforcement learning
techniques in traffic signal control has demonstrated promising results in optimizing signal
operations across multiple intersections (Yan, 2024; Chen, 2020). By leveraging these advanced
methodologies, a Python-based APILL system could provide a hands-on learning experience
for students, allowing them to understand the complexities of traffic signal management in a
controlled environment. This approach not only enhances educational outcomes but also
prepares future traffic engineers to implement intelligent transportation systems effectively
(Neetu et al., 2023; Ge et al., 2019).

METHOD

System Design and Development

The proposed APILL system will utilize various hardware components, including sensors,
microcontrollers, and wireless modules. Sensors such as infrared or ultrasonic detectors will be
employed to monitor vehicle presence and traffic flow at intersections. Microcontrollers, such
as the Arduino or Raspberry Pi, will serve as the central processing units, managing sensor data
and controlling signal outputs. Wireless modules, such as Wi-Fi or Bluetooth, will facilitate
communication between the microcontroller and the Android application, enabling real-time
data transmission and remote control capabilities.

.......

Figure 1. Electronic System Design

The software architecture will be primarily Python-based, leveraging libraries such as Flask for
backend development. The Android application will be developed using Android Studio,
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incorporating Java or Kotlin for the user interface. The app will allow users to monitor traffic
conditions, adjust signal timings, and visualize real-time data from the traffic management
system. The integration of Python scripts with the Android app will enable seamless
communication and control of the traffic signal controller. The integration between Python
automation scripts and the Android interface will follow a structured workflow. Sensor data will
be collected and processed by the microcontroller, which will execute Python scripts to
determine optimal signal timings based on real-time traffic conditions. This information will be
transmitted to the Android application, where users can view traffic data and make adjustments
as necessary. The Android app will also send commands back to the microcontroller to modify
signal operations, creating a bidirectional communication loop that enhances system
responsiveness and adaptability.

Figure 2. Portable APILL Design Planning

Validation Process

The validation process will begin with the calculation of traffic signal cycle times using the
PKJI 2023 guidelines. This will be accomplished through both Excel and a Python application.
In Excel, users will input traffic volume data and apply the PKJI formulas to derive optimal
cycle times. Simultaneously, a Python script will be developed to automate this calculation,
ensuring consistency and reducing human error. The Python application will utilize libraries
such as Pandas for data manipulation and NumPy for numerical calculations, allowing for
efficient processing of traffic data. To ensure accuracy and reliability, synchronization of cycle
times between the Excel calculations, the Python application, and the APILL system will be
implemented. This will involve exporting the calculated cycle times from Excel and importing
them into the Python application. The Python application will then communicate with the
APILL system to update the traffic signal timings in real-time. A logging mechanism will be
established to track any discrepancies between the three systems, facilitating troubleshooting
and ensuring that all components operate with the same cycle time data.

Data Collection

Following the observation phase, the collected data will be analyzed to compare the calculated
cycle times (derived from the PKJI 2023 guidelines and processed through both Excel and
Python applications) with the actual cycle times recorded during the observations. This
comparison will help assess the accuracy of the cycle time calculations and the effectiveness of
the APILL system in implementing optimal traffic signal control.

RESULT AND DISCUSSION

System Design Outcomes

The Python-based portable Adaptive Portable Intelligent Traffic Signal Controller (APILL)
system was designed to enhance traffic management through several key features. It
incorporates real-time traffic monitoring using various sensors, which provide data on vehicle
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presence and flow. The system is capable of dynamically adjusting traffic signal timings based
on this data, optimizing traffic flow and reducing congestion. Additionally, the system includes
a user-friendly Android application that allows operators to monitor traffic conditions, adjust
signal timings, and receive alerts regarding system performance. The integration of cloud
computing enables remote access and data storage, facilitating efficient management of traffic
signals across multiple locations.

The APILL system leverages Python scripts to automate various functions, including data
collection, cycle time calculations, and signal timing adjustments. The integration with the
Android application allows for seamless control capabilities, enabling users to modify signal
operations remotely. This bidirectional communication between the Python backend and the
Android interface enhances the responsiveness of the traffic management system, allowing for
timely adjustments based on current traffic conditions. The schematic wiring diagram of the
system includes a master controller comprising an Arduino, Bluetooth module, breakout board,
and an OLED display. This master controller functions as the primary interface for operating
the Portable APILL system, enabling it to send commands to each slave unit at the intersection
approaches. Each slave unit consists of an electronic system designed to receive data from the
master controller via Bluetooth. The received data is processed by an Arduino within the slave
unit, which then activates the respective traffic light aspects of the APILL using power supplied
by a battery or accumulator. The activation of each traffic light aspect is visualized through the
APILL lamps, controlled by relays assigned to each light. The installed devices at each
intersection leg are depicted in Figure 3, showcasing the complete setup and integration of the
system components.

Figure 3. Electronic Installation Results

Validation Result

This study focuses on validating the Adaptive Portable Intelligent Traffic Signal Controller
(APILL) system implemented at the Batu Bolong — Babakan Canggu intersection, a four-
legged intersection with protected approaches and a median, predominantly surrounded by
commercial land use. The traffic analysis was conducted during the morning peak hours
(07:00-08:00), with the observed traffic volumes as follows: 197 vehicles per hour (vph) for
the northern approach, 329 vph for the southern approach, 443 vph for the eastern approach,
and 465 vph for the western approach.
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Cycle Time Calculation
The cycle time for the intersection was determined based on the performance metrics calculated
using the PKJI 2023 guidelines, which included:
a) Saturation Flow Rates (J)
e Northern approach: 2,952 vph (basic saturation flow, J, = 3,000 vph, and flow ratio,
FR =0.07).
o Southern approach: 3,014 vph (J, = 3,180 vph, FR =0.11).
» Eastern approach: 3,648 vph (J, = 4,404 vph, FR = 0.12).
o Western approach: 2,825 vph (J, = 3,480 vph, FR =0.16).
These saturation flow rates consider both basic saturation flow and correction factors to
account for deviations from ideal conditions.
b) Green Time (G)
The green times for each phase were calculated based on the saturation flow rates and
protected approach type:
» Northern approach: 6 seconds
» Southern approach: 11 seconds
» Eastern approach: 12 seconds
e Western approach: 16 seconds
The western approach exhibited the highest flow ratio (FR), initial flow ratio (IFR), and
peak ratio (PR), necessitating its longer green time allocation of 16 seconds.
c) Amber Time and All-Red Phase
The yellow (amber) signal duration was uniformly set at 3 seconds across all approaches,
while the all-red phase lasted 2 seconds
d) Total Cycle Time
The total cycle time for the intersection was calculated to be 65 seconds, incorporating
all phases

System Performance

The integration workflow between Python and Android in the Portable APILL system is
designed to ensure seamless communication and control. The workflow begins with data
collection from sensors installed at the intersection, which detect vehicle presence and traffic
flow. This data is processed in real time by the Arduino microcontroller running Python scripts,
which calculate optimal signal timings based on the Indonesian Highway Capacity Manual
(PKJI) 2023 guidelines. The Python backend utilizes libraries such as Pandas and NumPy to
handle data manipulation and computation efficiently. Once the cycle time calculations are
completed, the results are transmitted via a Bluetooth module to the Android application. The
Android app, developed using Android Studio with Java or Kotlin, serves as a user-friendly
interface for monitoring and controlling the traffic signals. Through the app, users can visualize
real-time traffic data, adjust signal timings if necessary, and send commands back to the
microcontroller. This bidirectional communication loop ensures that any changes made on the
app are immediately reflected in the signal operations.

Additionally, the integration allows for logging and visualization of cycle times within the app,
providing users with insights into the system’s performance. This streamlined workflow
enhances the responsiveness and adaptability of the APILL system, enabling real-time
adjustments and efficient traffic management while maintaining simplicity and accessibility
for educational purposes.
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Figure 4. Python-Android Integration Workflow

After inputting data for each approach, the Python-based application automatically calculated
and displayed the cycle time for each APILL phase. These results were then transmitted to the
portable APILL system for real-time operation. The key findings revealed a green time
distribution of 6 seconds for the northern approach, 16 seconds for the western approach, 11
seconds for the southern approach, and 12 seconds for the eastern approach. The yellow
(amber) signal duration was uniformly set at 3 seconds across all approaches, while the longest
red signal time was observed for the southern approach, lasting 55 seconds. These results
demonstrate the system’s capability to allocate signal timings dynamically based on approach-
specific traffic conditions.
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Figure 5. Aplication Process

The validation results indicate a comprehensive comparison of cycle time calculations derived
from three distinct methods: Excel, the Python application, and real-world testing. The cycle
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times calculated using Excel and the Python application were found to be consistent, with both
methods yielding a cycle time of 65 seconds for the Batu Bolong — Babakan Canggu
intersection. However, during real-world testing, the observed cycle time was slightly different,
reflecting the complexities of live traffic conditions. This discrepancy highlights the
importance of real-time data and adaptability in traffic signal management systems. The
validation testing of the Portable APILL system was conducted to compare cycle time
calculations between the application, Microsoft Excel, and the visualized lamp operations on
the Portable APILL system. This testing was repeated five times under the same cycle time
conditions to evaluate the stability of the APILL lamp operations. The results showed that the
cycle time calculations from the application and Excel were consistent and synchronized with
the lamp operations on the Portable APILL system. However, slight discrepancies were
observed in the timing of the lamp operations. These differences were attributed to rounding
errors in the calculation factors within Excel and inaccuracies by the surveyor in timing the
lamp operations using a stopwatch during direct observation.
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Figure 6. Cycle Time Calculation Curve with Counting Media

Figure 5 illustrates the comparative cycle time calculations derived from three distinct
methods: Microsoft Excel, the Python-based application, and real-world observations of the
Portable APILL system. The curve highlights discrepancies between these methods,
particularly in the green light duration for the northern approach. As shown in the figure, the
green time calculated using Excel is 6 seconds, while the Python application calculates 7
seconds, and the observed duration of the APILL lamp operation is 7.1 seconds.

This visualization underscores the minor variations caused by rounding processes in Excel and
slight inaccuracies during manual stopwatch-based observations in real-world testing. The
graphical representation in Figure 5 emphasizes the importance of synchronization across
methods and highlights the need for precision in data rounding and observational techniques
to ensure consistency. Furthermore, it demonstrates the overall stability of the Portable APILL
system, as the total cycle time remained consistent across all methods at 65 seconds. By
providing this detailed context, Figure 5 serves as a valuable tool for understanding the
system’s performance and the factors contributing to discrepancies in signal timing. This
deeper insight supports the narrative in the results and discussion sections, emphasizing the
reliability and potential areas for improvement of the Portable APILL system.
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The Python-based Adaptive Portable Intelligent Traffic Signal Controller (APILL) system has
demonstrated a high level of accuracy and reliability in calculating traffic signal timings. The
integration of real-time data processing and automated calculations allows for precise
adjustments to signal timings based on current traffic conditions. However, the system's
performance is contingent upon the accuracy of the input data and the calibration of sensors
used for traffic monitoring. Studies have shown that the reliability of traffic signal control
systems can significantly impact overall traffic flow and congestion management (Ma et al.,
2020; Win et al., 2018). Despite the system's capabilities, discrepancies in timing can arise
from several factors. Rounding errors in calculations can lead to minor differences in green
light durations, as seen in the observed 7.1 seconds compared to the 7 seconds calculated by
the Python application. Additionally, manual observation inaccuracies during real-world
testing can contribute to these discrepancies, as human error is an inherent risk in observational
studies. The communication between the Android application and the APILL system via
Bluetooth may introduce delays that affect the synchronization of signal timings. Latency in
data transmission can lead to discrepancies between the intended signal changes and their
actual implementation at the intersection. Hardware constraints, such as sensor limitations and
communication delays between the Android application and the APILL system, may also affect
the timing accuracy (Win et al., 2018). The performance of the traffic signal controller is
heavily reliant on the accuracy of the sensors used to detect vehicle presence and flow. If
sensors are miscalibrated or experience delays in response time, this can lead to incorrect data
being fed into the system, resulting in suboptimal signal timings. For example, if a sensor fails
to detect a vehicle promptly, the system may not adjust the green light duration appropriately,
leading to increased delays and congestion. Understanding these factors is crucial for refining
the system and enhancing its performance in practical applications.

Potential solutions that can be implemented include: establishing a routine calibration schedule
for sensors is essential to maintain accuracy in detecting vehicle presence and flow. Regular
checks can help identify and rectify any deviations in sensor performance, ensuring that the
data collected reflects actual traffic conditions. This practice can significantly reduce
discrepancies in signal timing caused by sensor inaccuracies. Upgrading to higher-resolution
sensors can minimize detection delays and improve the responsiveness of the traffic signal
system. Advanced sensors, such as those utilizing LIDAR or high-definition cameras, can
provide more precise data on vehicle counts and movements, thereby enhancing the overall
effectiveness of the APILL system. Transitioning from manual timing methods to automated
timing tools can greatly enhance the accuracy of data collection. Integrating time-logging
features directly into the APILL system allows for real-time recording of signal timings without
human error. This automation ensures that the timing data is consistent and reliable.

Creating software that automatically logs and compares cycle times during testing can
streamline the validation process. This software can analyze data in real-time, providing
immediate feedback on performance and facilitating quicker adjustments to signal timings as
needed. Implementing advanced rounding techniques in both Excel and Python scripts can help
minimize discrepancies in timing calculations. Techniques such as rounding to the nearest
significant figure or using statistical methods to determine optimal rounding thresholds can
enhance precision in time-sensitive calculations. Integrating error margins into calculation
algorithms can account for real-world variations in traffic conditions. By allowing for a buffer
in timing calculations, the system can better adapt to fluctuations in traffic flow and improve
overall performance.
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The development and implementation of the APILL system have significant educational
implications for training future traffic management professionals. By providing a hands-on
learning experience, students can engage with real-time traffic data and understand the
complexities of traffic signal control. The system serves as a practical tool for demonstrating
theoretical concepts in traffic engineering, such as cycle time calculations and signal timing
optimization. Moreover, the integration of modern technologies, such as Bluetooth
communication and mobile applications, prepares students for the evolving landscape of
intelligent transportation systems (Guo, 2023; Silas et al., 2021). This experiential learning
approach is essential for equipping the next generation of traffic engineers with the skills
needed to address contemporary traffic challenges effectively.

CONCLUSION

The Portable APILL system operates using a wireless control system connected via Bluetooth,
utilizing an Arduino Uno R3 as the core controller. The intersection cycle time calculations,
performed through an application-based system, were successfully implemented,
demonstrating its potential as an effective learning tool for competencies related to road
equipment management. The research process was conducted systematically, involving several
stages: theoretical review, concept development, data collection at the studied intersection,
analysis, data validation testing, and drawing conclusions. The findings of this study indicate
that the cycle time calculations performed using Excel and the application, based on PKJI 2023
guidelines, were synchronized and accurately visualized through the lamp operations of the
Portable APILL system. However, during the testing of the lamp operation timings,
discrepancies were observed, particularly in the green light duration for the northern approach,
where the lamp was observed to operate for 7.1 seconds compared to 6 seconds calculated
using Excel and 7 seconds by the application. These differences were primarily caused by
rounding processes in the calculations and inaccuracies during the manual observation of the
lamp operation using a stopwatch. This highlights the need for precision in both computational
processes and observation techniques to ensure the reliability of such systems in educational
and practical applications.
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