6TH International Conference and Workshop on Engineering and Technology Research

il |

1
-4

(ICWETR) LAUFET 2025: 64-71

Density-Based Traffic Control System with Real-Time

€N Emergency Vehicle Prioritization for Urban Intersections
\Q’&ﬁt%y
- TAdebayo O. F., 2Adesina J. A., 3Ajayi R. A. and “Olawole E. T.

1234 Department of Computer Engineering, University of llorin Kwara State, Nigeria.

ladebayo.of@unilorin.edu.ng, 2adesina.ja@unilorin.edu.ng, 3ajayi.ra@unilorin.edu.ng,

Yolawole.et@unilorin.edu.ng

https://www.laujet.com/

ABSTRACT

A

LAUFET 2025

Keywords:

Traffic control,
Density-based system,
Emergency vehicle
prioritization,

RFID technology,
Ultrasonic sensors.

Corresponding Author:
adebayo.ofl@unilorin.ed

u.ng
+2348030618517

Traffic congestion at intersections remains a major problem due to the limitations
of traditional traffic lights, which give equal "GO"" times regardless of how busy
the roads are. This study introduces a smart traffic control system designed to
address this issue and improve traffic flow in cities. The system uses an
STM32F401CC microcontroller and ultrasonic sensors to adjust signal timings
based on real-time traffic density. To make it even more effective, Radio
Frequency Identification (RFID) technology was added to give priority to
emergency vehicles, ensuring they can pass through without delays during critical
situations. The system was tested on a model simulating a busy intersection and
showed significant improvement in traffic flow and emergency response. Prototype
and testing confirmed the system’s ability to reduce congestion and improve traffic
management. This innovative solution combines real-time monitoring with
emergency vehicle prioritization to create a practical way to solve modern urban
traffic problems, enhancing road safety and efficiency.

INTRODUCTION

Traffic lights regulate vehicle movement through fixed time intervals, ensuring orderly flow. However, uneven

traffic distribution on four-way roads can cause congestion, especially during peak hours. Fixed timing often leads

to delays and inefficiencies (Chandrasekara et al., 2020). The inefficiency of existing traffic control systems in

managing congestion and prioritizing emergency vehicles, particularly in densely populated and developing

countries like Nigeria, has highlighted the need for improvement in this area (Usikalu et al., 2019).

Several works have laid the groundwork for this system. Usikalu et al. (2019) highlighted the limitations of fixed-

time traffic signals in congested urban areas like Lagos, Nigeria. Their Arduino-based system managed density

but failed to prioritize emergency vehicles. Chitragar et al. (2017) proposed a density-based system using PLCs

but lacked integration with advanced sensors. Similarly, Internet of Things (IoT)-based Intelligent Traffic

Monitoring Systems (Putra et al., 2018) and Raspberry Pi-controlled traffic systems (Riyazhussain et al., 2016)

improved traffic flow but required high costs and complex maintenance. Javaid et al. (2018) developed an IoT

and Artificial Intelligence (AI)-based smart traffic system using sensors, cameras, and RFIDs to regulate urban

traffic. It managed congestion and emergency vehicles but faced challenges like complexity, high costs, and

frequent maintenance. Somefun ez al. (2023) implemented a traffic system using infrared sensors and an Arduino

Mega to measure traffic density and detect speed. Tested in Uyo, Nigeria, it reduced traffic clearance time by

64


mailto:1adebayo.of@unilorin.edu.ng
mailto:adesina.ja@unilorin.edu.ng
mailto:ajayi.ra@unilorin.edu.ng
mailto:olawole.et@unilorin.edu.ng
mailto:adebayo.of@unilorin.edu.ng
mailto:adebayo.of@unilorin.edu.ng

Adebayo et al. / 6" International Conference and Workshop on Engineering and Technology Research
(ICWETR) LAUFET 2025: 64-71

60%, The system prioritized congested lanes and enforced speed limits for better traffic control although reliance
on Bluetooth posed communication challenges. Udoakah ef al. (2018) designed a traffic system using IR sensors
and a microcontroller to regulate signals and ease congestion. It improved traffic efficiency and law enforcement
but faced limitations due to Infra-red (IR) sensors' environmental sensitivity and the microcontroller's inability to

handle complex intersections.

This study proposes a density-based traffic control system integrating emergency vehicle prioritization using
RFID technology and ultrasonic sensors. Real-time processing of data and dynamic adjustment of traffic signal
timings were achieved using the STM32F401CC microcontroller and signal optimization algorithms. The
simulation results showed a significant improvement in traffic flow efficiency and emergency response time. The
software was implemented in C programming Language. This approach addresses critical gaps in existing traffic

control systems.

METHODOLOGY

System Block Diagram

The block diagram of the developed traffic management system is shown in Figure 1. The system is made up of
a power supply unit, traffic density sensing unit, signal processing unit, and traffic signal control unit. The power
supply provides the necessary power for all components. The sensing unit, comprising ultrasonic sensors and

RFID readers, is strategically deployed at intersections to monitor vehicle density and detect emergency vehicles.

POWER SUPPLY

RFID READER STREET LIGHT PCB
(RCS22) MCROCONTROLLER - MODULE(RED YELLOWGREEN)

ULTRASONIC
RFID SENSORS
TAGLTAG2TAGS,TAG4 ((HCSR204)

Figure 1: Block diagram of the developed density-based traffic control system

The signal processing unit processes real-time data from the sensing unit. Ultrasonic sensors detect vehicle density
in all four directions, enabling dynamic adjustments to traffic signal timings. This ensures the smooth traffic flow

by allocating green signals to lanes with higher vehicle density, thereby reducing congestion and travel times.

The RFID readers identify emergency vehicles equipped with unique RFID tags. When detected, the system
prioritizes these vehicles by granting immediate green signals, minimizing delays, and ensuring timely passage

for critical response situations.
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The STM32F401CC microcontroller serves as the central decision-making hub, coordinating data from the
sensing unit and executing signal changes. By synchronizing traffic signals based on real-time inputs, the system
enhances overall traffic efficiency and safety. The system design is divided into two main parts: hardware and
software, with hardware focusing on component integration and software managing dynamic traffic control

algorithms.

Choice of Microcontroller

The STM32F401CC microcontroller is ideal for a density-based vehicular traffic control system due to its high
processing power (84 MHz ARM Cortex-M4), extensive peripheral support (GPIOs, UARTs, 12C, SPI, ADCs),
and large memory capacity (256 KB Flash, 64 KB SRAM). Also, very fast because of its RISC architecture and

low power consumption (STMicroelectronics, 2019).

Choice of the RFID reader

The RC522 RFID reader is well-suited for applications such as vehicle detection, offering a practical read range
of up to 5 cm for effective tag scanning as vehicles pass by. Additionally, its operation at 13.56 MHz, a globally
standardized frequency for RFID systems, ensures reduced susceptibility to interference (Last Minute Engineers,

2025).

Choice of Ultrasonic Sensors

Ultrasonic distance sensors are highly effective for applications requiring accurate and reliable distance
measurements over a wide range, typically from 2 (cm) to 4(cm) They maintain consistent performance regardless
of ambient light conditions, as they operate using sound waves rather than light, ensuring insensitivity to varying
lighting environments. Additionally, these sensors can detect a variety of surfaces and materials, including non-
reflective and transparent objects, due to their reliance on ultrasonic waves that reflect off different materials

uniformly (Baumer, 2025)

Design Calculations

i STM32F401CC Microcontroller:
Average current consumption: 80 uA/MHz
Maximum usage current: 10 mA

il. Ultrasonic Sensors (HC-SR04):
Operating current per sensor: 15 mA

Number of sensors: 4

Total for ultrasonic sensors: 4 x 15 mA = 60 mA
iil. RFID Reader (MFRC522):

Operating current: 13 mA (idle), 26 mA (active)
Assume active mode for the calculation: 26 mA

1v. LED Indicators:

Forward current per LED: 20 mA
Number of LEDs per lane: 3
Number of lanes: 4

Total LEDS Current : 3 x 20 mA x 4 =240 mA
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V. Miscellaneous (Additional circuitry, resistors):

Estimated current: 10 mA

TC = MC + US + RR + CI + MT (1)
TC = 10mA + 60mA + 26mA + 240mA + 10mA )

Total Current=336mA

The system requires approximately 336 mA for proper operation. It is advisable to choose a power supply with a
capacity 20—30% higher than the calculated total (Tiger Power, 2025), ensuring stability and accommodating
potential future expansions. Recommended supply current: ~400—450 mA.

SYSTEM IMPLEMENTATION

System Rigging and Sensor Integration

As shown in Figure 2 the road length was sectioned into 23 (cm) on two opposite sides and 12 (cm) on the other
two opposite sides. The lane width was measured at approximately 6 (cm), with an additional 1 (cm) allocated
for road demarcation. Other elements incorporated into the modelling board include grassland areas and additional

demarcations.

Figure 2: Model of the Layout

The ultrasonic sensors and RFID reader were systematically installed and tested as shown in Figure 3 to ensure
their functionality in managing and optimizing traffic flow. Ultrasonic sensors were strategically positioned at the
end of a four-lane intersection to detect vehicle presence and density. These sensors transmitted real-time data to
a microcontroller, which processed the signals and adjusted traffic signals accordingly. Additionally, an RFID
reader was integrated into the system to detect RFID-tagged emergency vehicles. This reader was placed at a

place for vehicle intersection to allow sufficient time for signal transmission.

Distance Measurement:
The ultrasonic sensors in each lane measure the distance to the nearest vehicle. This was done using the measured
distance function, which calculates the distance based on the time taken for the ultrasonic sensor to travel to the

object and return.

67



Adebayo et al. / 6" International Conference and Workshop on Engineering and Technology Research
(ICWETR) LAUFET 2025: 64-71

Figure 3: Arrangement of the Ultrasonic Sensors and RFID reader on layout

The measurements for each lane are stored in the array distancesInCm [i] for subsequent analysis.
This was achieved by using equation 3

Techo,i *U

DistanceInCm[i] = >

3)
Where

Techo 18 the measured time delay of the echo signal.

V is the speed of sound in air

Traffic Density Calculation:

The traffic density for each lane is determined by comparing the distance to a threshold value (density), which
represents the maximum allowable distance indicating that the lane is fully occupied (i.e., high traffic). If the
measured distance for a lane is less than or equal to the threshold (density), the traffic is considered dense for that

lane.

Traffic Signal Control Based on Density:

The system then uses the density information to control the traffic signals. For each lane, if the distance is below
the threshold, the corresponding traffic light is set to green, indicating the vehicles in that lane should proceed.
The semaphores (osSemaphoreWait ()) and functions like down_green(), right green (), and left green() were
used to manage the traffic light changes. This was achieved using the algorithm for traffic light changes. The
osSemaphoreWait() function ensures that the semaphore is obtained before executing the signal control functions.
This mechanism helps synchronize the traffic light changes in a multi-threaded environment and
osDelay(time_usonic) introduces a delay to allow for the ultrasonic sensor to complete the measurement cycle
before processing the next step. In cases where the distance in a lane exceeds the defined density threshold, the

traffic light remains in its previous state (red or other colours) to manage the flow of vehicles accordingly.

Vehicle Emergency

The RFID reader checks if a card matches an emergency vehicle’s ID. If a match is found, the traffic lights are
immediately set to green for the respective direction. This is achieved by reading RFID card data and comparing
it with pre-stored emergency vehicle IDs. This was achieved using an Algorithm for RFID emergency vehicle

detection
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Algorithm for Decision-Based Traffic Light Control

Step 1: Read the distance values from sensors (distancesInCm[]).
Step 2: Check if distancesInCm[1] < density:

Step 2.1: Wait for semaphore (sema4ucHandle).

Step 2.2: Activate the downward green light (down_green()).
Step 2.3: Delay for time usonic.

Step 3: Else, check if distancesInCm[2] < density:

Step 3.1: Wait for semaphore (sema4ucHandle).

Step 3.2: Activate the right green light (right green()).

Step 3.3: Delay for time_usonic.

Step 4: Else, check if distancesInCm[3] < density:

Step 4.1: Wait for semaphore (sema4ucHandle).

Step 4.2: Activate the left green light (left_green()).

Step 4.3: Delay for time_usonic.

Step 5: End the process

Algorithm for RFID Emergency Vehicle Detection

Step 1: Initiate RFID card detection using MFRC522 Request ().

Step 2: Perform anti-collision detection using MFRC522 Aanticoll ().

Step 3: Copy the detected RFID data (str[]) into sNum[].

Step 4: Check if the RFID tag matches the predefined emergency vehicle identifier (ID: 19, 60, 14, 42, 11):
Step 4.1: Set emergency = 1 (Emergency vehicle detected).

Step 5: Else, check if the RFID tag matches another emergency identifier (ID: 195, 162, 2, 41, 74):

Step 5.1: Set emergency = 2 (Another type of emergency vehicle detected).

Step 6: End the function execution.

RESULTS AND DISCUSSION

Figure 4 illustrates the operation of the traffic management system, where vehicle detection by ultrasonic sensors
determines the right of way. When the ultrasonic sensor in Lane 2 detects a vehicle, the microcontroller processes
the signal and activates the green traffic light for that lane, allowing traffic to proceed while the other lanes remain
red. Similarly, when the sensor in Lane 3 detects a vehicle, the system grants right-of-way to that lane by switching
its traffic light to green, while all other lanes remain stopped. This dynamic control mechanism ensures efficient

traffic flow by prioritizing detected vehicles while maintaining orderly lane management.

Emergency Vehicle Detection and Signal Prioritization Mechanism
The microcontroller interprets signals received from the RFID reader to prioritize emergency vehicles as shown
in Figure 5. When an emergency vehicle equipped with an RFID tag approaches the designated detection point,

the RFID reader transmits the signal to the microcontroller. The system then assesses vehicle density, prioritizes
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the emergency vehicle, and promptly switches the traffic signal to green for the corresponding lane, ensuring an

uninterrupted passage.

Figure 4: Density based traffic control system Figure 5: Emergency vehicle access

CONCLUSION

This locally crafted density-based traffic control system that has incorporated the STM32F401CC
microcontroller, ultrasonic sensors and RFID technology showed critical enhancement in traffic control and
emergency vehicles priority. The existing systems failed to give necessary guidance to the normal and emergency

vehicles during congestion, but this traffic control system solves it efficiently.

REFERENCES

Baumer (2025). Precise ultrasonic distance sensors. Retrieved from https://www.baumer.com/us/en/product-
overview/distance-measurement/ultrasonic-distance-sensors/c/290

Chandrasekara, W. A. C. J. K., Rathnayaka, R. M. K. T. and Chathuranga, L. L. G. (2020, December). A Real-
Time Density-Based Traffic Signal Control System. In 2020 5th International Conference on Information
Technology Research (ICITR) (pp. 1-6). IEEE.

Chitragar, N. R. and Ramesh, G. B. (2017). Smart Traffic Control System Based on Vehicle Density Using PLC.
International Journal Innovative Research Electrical Electronics Instrumentation Control Eng. ISSN,
2321.

Javaid, S., Sufian, A., Pervaiz, S. and Tanveer, M. (2018). Smart Traffic Management System Using Internet of
Things. In 2018 20th International Conference on Advanced Communication Technology (ICACT) (pp.
393-398). IEEE.

Last Minute Engineers (2025). How RFID Works And How to Interface RC522 RFID Reader with Arduino.
Retrieved https://lastminuteengineers.com/how-rfid-works-rc522-arduino-tutorial/?

Riyazhussain, S., Lokesh, C. R. S., Vamsi Krishna, P. and Rohan, G. (2016). Raspberry Pi-Controlled Traffic
Density Monitoring System. In 2016 International Conference on Wireless Communications, Signal
Processing and Networking (WiSPNET) . 1178-1181.

Somefun, T. E., Awosope, C. O. A., Abdulkareem, A., Okpon, E., Alayande, A. S. and Somefun, C. T. (2023).
Design and Implementation Of Density-Based Traffic Management System. International Journal of

Engineering Research and Technology, 13(9), 2157-2164.

70



Adebayo et al. / 6" International Conference and Workshop on Engineering and Technology Research
(ICWETR) LAUFET 2025: 64-71

STMicroelectronics (2019). STM32F401xB STM32F401xC Datasheet. Retrieved from

https://www.st.com/resource/en/datasheet/stm32f401cb.pdf

Tiger Power (2025). High Temperature Challenges and Solutions For Power Supplies. Retrieved from
https://www.tigerpower.com/solutions/Baumer.(202Precise ultrasonic distance sensors.

Udoakah, Y. N. and Okure, I. G. (2017). Design and Implementation of a Density-Based Traffic Light Control
with Surveillance System. Nigerian Journal of Technology, 36(4), 1239-1248.

Usikalu, M. R., Okere, A., Ayanbisi, O., Adagunodo, T. A. and Babarimisa, 1. O. (2019, September). Design and
Construction of Density-Based Traffic Control System. In IOP Conference Series: Earth and
Environmental Science 331(1), 012047). IOP Publishing.

Riyazhussain, S., Lokesh, C. R. S., Vamsi Krishna, P. and Rohan, G. (2016, March). Raspberry Pi-Controlled
Traffic Density Monitoring System. International Conference on Wireless Communications, Signal

Processing and Networking (WiSPNET) 1178-1181).

71


https://www.st.com/resource/en/datasheet/stm32f401cb.pdf

