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Traffic lights play such important role in traffic management to control the
traffic on the road. Situation at traffic light area is getting worse especially in
the event of emergency cases. During traffic congestion, it is difficult for
emergency vehicle to cross the road which involves many junctions. This
situation leads to unsafe conditions which may cause accident. An Automatic
Traffic Light Controller for Emergency Vehicle is designed and developed to
help emergency vehicle crossing the road at traffic light junction during
emergency situation. This project used Peripheral Interface Controller (PIC)
to program a priority-based traffic light controller for emergency vehicle.
During emergency cases, emergency vehicle like ambulance can trigger the
traffic light signal to change from red to green in order to make clearance for
its path automatically. Using Radio Frequency (RF) the traffic light operation
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will turn back to normal when the ambulance finishes crossing the road. Result
showed the design is capable to response within the range of 55 meters. This
project was successfully designed, implemented and tested.
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1. INTRODUCTION

Congestion at traffic light area gives challenge in many countries. The increasing numbers of vehicles
not only has a large environmental impact, but also result in loss of lives and time on the road. Besides, there
will be huge losses in terms of productivity where it will affect the ability of cities to compete globally. This
situation demands a better approach to handle the situation especially for emergency vehicle like ambulance.
There is a need to have a system that can control the traffic light signal at junction in case of emergency.

Recently numerous researches on traffic signal control for ambulance are being carried out such
as in [1]-[3]. The author in [1] have developed an intelligent traffic signal control using Radio Frequency
Identification (RFID) and cloud system. The system uses an android application that connects both the traffic
signal station and ambulance using cloud network. In [2], the researcher designed an Internet of Things (1oT)
system for the ambulance to send patient information to the hospital and control the traffic light using Global
System for Mobile (GSM) system. They used Arduino and Cayenne mobile application as well in the system
designed. The paper in [3] used Global Positioning System (GPS) installed in the ambulance to find the location
of the ambulance unit and RF transceiver to operate. Most of the systems proposed were outstanding and cover
bigger application ranges but far from being a low cost solution since it involved more than one technology
embedded into one system.
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By comparing to the previous works, this paper presents the development of a low-cost system for a
priority-based traffic light controller using RF modules and PIC 16F877 microcontroller. An automatic traffic
light controller for emergency vehicle using PIC is a project to program a priority based traffic light controller
for emergency vehicle during emergency cases where it is able to trigger the traffic light to change from red to
green to make a path for its way. If the traffic light already shows green, time duration will be delayed until
the emergency vehicle finishes crossing the junction. This project uses Radio Frequency (RF) for wireless
signal transmission. The traffic light operation will turn back to normal when ambulance finishes crossing the
road. The system designed is analyzed in terms of detectable range and results prove the system is able to work
perfectly within the range of 55 meters of distance between the transmitter and the receiver.

Figure 1 shows the block diagram of the proposed system. The system consists of one transmitter and
one receiver. The designed system used RF links to communicate with each other. At receiver’s side, the traffic
light circuit is connected to RF receiver which is also controlled by PIC16F877 microcontroller. With
PIC16F877, the design was simplified where the 555 timers can be excluded in the circuit. This type of IC is
used for timing of the traffic light circuit. The system used 315MHz RF transmitter and receiver module. RF
transmitter and receiver module are very small in dimensions and have a wide operating voltage range from 3
volts to 12 volts. The low-cost RF transmitter can be used to transmit signal up to 100 meters but the working
environment, antenna design, and supply voltage will impact the effective distance.

RF Transmitter RF Receiver | Traffic Light
Circuit

Figure 1. Overview of the proposed system

The rest of the paper is organized as follows. Section 2 explains the overview of the research method
used in this paper. Result and discussions are explained in Section 3 and finally, the author concludes the
findings of the paper in Section 4.

2. RESEARCH METHOD

Automatic traffic light controller for emergency vehicle consists of both software and hardware
implementation. An embedded program was created using MicroCode Studio where this software was specially
designed for PIC compiler. The flowchart of this project is shown in Figure 2. Once the push button is pressed,
an RF signal will be transmitted to the RF receiver. This will activate the PIC to control and trigger the traffic
light to turn from red to green. Some delays will be introduced if the emergency vehicle still does not manage
to pass the traffic light junction where the time duration of the green light signal appearance will be longer.
The traffic light system will be back to normal when the emergency vehicle successfully crosses the traffic
light junction.

The schematic of the traffic light circuit is shown in Figure 3. The regulated power supply consists of
LM 7805 voltage regulator and two filter capacitors. LM 7805 is a three terminals voltage regulator IC.
It works actively to maintain 5 volts output independent of the output current. The different between the output
voltage and input voltage is converted to heat. The higher the input voltage, the hotter the LM7805 will be.
LM7805 will need a heat sink if the input voltage is high. The maximum reading for the output voltage is very
small around 4.8-4.9 volts, so the heat sink is not needed. The transmitter and receiver schematic circuits are
shown in Figure 4 and Figure 5 respectively.
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Figure 2. Flowchart of the system
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Figure 3. Schematic of traffic light circuit
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Figure 4. Transmitter schematic circuit

RECEIVER SCHEMATIC

Figure 5. Receiver schematic circuit

3. RESULTS AND ANALYSIS

In this section, the prototype of automatic traffic light controller for emergency vehicle is presented
and the performance analysis of the designed system for different distances is shown. Figure 6 shows the traffic
light circuit on Printed Circuit Board (PCB). There are four push buttons at the transmitter circuit board. Each
button can control the set of LEDs on each junction as depicted. The microcontroller is the brain for this project
and is used to initiate the traffic signals at the intersections on road. Three Light Emitting Diodes (LEDs) were
placed at each junction to represent red, green and yellow light. The transmitter and receiver circuit boards are
shown in Figure 7 and Figure 8 respectively. RF modules are used to send and receive radio signals between
the two circuits.
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Figure 7. Transmitter schematic circuit Figure 8. Receiver schematic circuit

3.1. Experiment setup

An experiment was conducted at outdoor area to test the performance of the system. Figure 9 shows

the experiment setup for data analysis. The location of the RF transmitter was varied incrementally until the
RF receiver was not able to detect the RF transmitter.

Transmitter

Receiver

Figure 9. Experiment setup

Figure 10 shows the time taken for the traffic light to change from red to green once triggered versus
different distances. Stop watch was used to measure the time differences and measuring tape was used to record
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the distances. Based on the graph, the delays increase with increasing distance. The same pattern of results was
observed in Wireless Fidelity (WiFi) based system [4]. The RF receiver is able to detect the signals up to 55
meters. The connection is lost after 55 meters if the distance between the RF transmitter and the RF receiver is
more than 55 meters due to RF limitation range. Three seconds delay was added into the program to represent
the time taken to switch the traffic light from red to green. The time at specific distance is measured once the
pushbutton at the RF transmitter is pushed until the red LED at the traffic light circuit board changes to green.

1} 10 20 an 40 an 60
Distance (m)

Figure 10. System performance

4. CONCLUSION

In this paper, we have successfully designed and analyzed an automatic traffic light controller for
emergency vehicle. Peripheral interface controller (PIC) is used as the micro controller and the system can be
operated wirelessly using radio frequency (RF) during emergency cases. In future, different type of wireless
technology such as LoRa and multi hop network [7], [8] could be replaced in the existing system to cater for
longer traffic jam. Furthermore, the 9 volts battery used to operate the system could be replaced with solar
powered battery to increase the efficiency of the design. Different microcontroller [9] could also be introduced
to save programming processing time in the future.
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