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ABSTRACT: 

  This research presents a secure wireless 

controller for hand-held remote operation of traffic 

signals in peak hours. The proposed system uses 

Arduino Uno, Node MCU, IR sensors, and a Blynk app 

to control the traffic signals based on the density of 

vehicles on the road. The IR sensors installed on four 

sides of the road count the density of vehicles and the 

traffic signals turn off when there are no vehicles on 

the road. The Blynk app allows authorized personnel 

such as police, ambulance, and other authorized 

personnel to override the traffic lights during peak 

hours in emergency situations. The system also gives 

priority to road 1 when equal density is captured. The 

proposed system provides a secure and efficient 

solution to traffic congestion during peak hours. The 

experimental results show that the proposed system is 

reliable and effective in controlling traffic signals, 

reducing traffic congestion, and increasing road 

safety. The system can be implemented in various 

traffic signal systems, making it an important 

contribution to the field of transportation engineering.  

  Keyword- Traffic signals; wireless controller; 

density of vehicles; Arduino Uno; NodeMCU; IR sensors; 

Blynk app; road safety. 

 

I. INTRODUCTION 

 In recent years, traffic congestion has become a 

major problem in urban areas, causing long delays 

and increasing the risk of accidents. One of the main 

factors contributing to traffic congestion is inefficient 

traffic signal management. Traditional traffic signal 

systems rely on pre-determined timing schedules that 

do not take into account actual traffic conditions, 

resulting in unnecessary delays and congestion. 

 To address this problem, various traffic signal 

control systems have been developed in recent years. 

These systems use advanced technologies such as 

sensors, cameras, and machine learning algorithms to 

detect and respond to changing traffic conditions in 

real-time. One such system is the wireless controller 

for hand-held remote operation of traffic signals in 

peak hours that we propose in this paper. 

 Our proposed system is designed to be wireless 

and remotely controlled using a hand-held device, 

providing greater flexibility and convenience in 

managing traffic signals. It uses IR sensors to detect 

the density of vehicles on all four sides of the 

intersection and controls the traffic signals based on 

the actual traffic conditions. This enables more 
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accurate and efficient control of the traffic signals, 

reducing delays and congestion. 

 Additionally, our system has a feature to turn off 

the traffic lights when there are no vehicles on the 

road, which helps to reduce energy consumption and 

save costs. It also has a priority mechanism that gives 

priority to road 1 in case of equal vehicle densities on 

multiple sides of the intersection, ensuring smooth 

flow of traffic and minimizing congestion. 

 Furthermore, our system has a secure wireless 

controller that can be over-ridden by authorized 

personnel in case of emergency situations, allowing 

for greater safety and control in managing the traffic 

flow during critical situations. 

 In this paper, we will describe in detail the 

design and implementation of our proposed system, 

including the hardware and software components 

used. We will also present the results of our 

experiments and evaluations, demonstrating the 

effectiveness and efficiency of our system in 

managing traffic at intersections. Finally, we will 

discuss the potential applications and future 

directions of our system in traffic management 

II. RELATED WORKS  

 Several traffic management systems have been 

proposed in the literature. The system proposed by 

Chen et al. (2021) utilizes deep reinforcement 

learning to optimize traffic flow. However, their 

system requires a large amount of data and complex 

algorithms, making it difficult to implement in real-

world scenarios. On the other hand, the system 

proposed by Wang et al. (2019) uses camera sensors 

to detect the density of vehicles, but their system is 

vulnerable to cyber-attacks and privacy violations.  

 A. M. Othman, M. H. Marhaban, and M. F. 

Zabidi [1] introduced an intelligent traffic signal 

control system that uses neural networks to optimize 

the signal timings. M. H. Zohdy, N. A. El-Sherif, and 

M. H. Eissa [2] They published a paper on an 

intelligent traffic light control system that uses fuzzy 

logic to optimize the signal timings. R. Banerjee and 

S. Mukhopadhyay [3] did analysis on a real-time 

traffic signal control system that uses wireless sensor 

networks and genetic algorithms to optimize the 

signal timings. Liu, J. Zhou, and H. Wang [4] 

published a paper on an intelligent traffic signal 

control system that uses multi-agent reinforcement 

learning to optimize the signal timings. B. Luo and 

L. Huang [5] analysed on an intelligent traffic light 

control system that allows emergency vehicles to 

preempt the traffic signals. The system includes a 

traffic signal controller, a GPS-based emergency 

vehicle detection system, and an algorithm for signal 

pre-emption. Y. Zhao and L. Cheng [6] introduced 

optimization techniques for a dynamic traffic signal 

control system that uses hybrid optimization 

techniques to adjust the signal timings in real-time.  

 In this work, the Li, Z. and Li, K. [7] proposed 

a traffic light control system based on multi-sensor 

data fusion using an improved Bayesian network. 

They used vehicle detectors, pedestrian detectors, 

and Bluetooth detectors to collect data and fuse them 

to determine the traffic flow status. Then, the traffic 

light control strategy was determined based on the 

traffic flow status. They compared their proposed 

system with traditional fixed-time and actuated 

control systems and showed that their system was 

more efficient and effective. 

 The Gao, Y., Wu, J., Hu, J., Wang, H. and 

Zhang [8]  proposed a traffic light control system 

based on an improved particle swarm optimization 

algorithm. They used real-time traffic flow data to 
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determine the optimal control strategy for the traffic 

lights. The particle swarm optimization algorithm 

was used to optimize the control parameters. They 

showed that their proposed system was able to reduce 

the average delay and waiting time for vehicles. 

 The Kiong [9] summarized various intelligent 

traffic control systems that have been proposed in 

recent years. The paper discussed the advantages and 

limitations of each system and compared their 

performance. The author concluded that intelligent 

traffic control systems have the potential to improve 

traffic efficiency and reduce congestion. Chen [10] 

proposed a traffic light control system based on deep 

reinforcement learning. They used a deep neural 

network to learn the optimal traffic light control 

policy based on the traffic flow data. They showed 

that their proposed system was able to achieve better 

performance than traditional traffic light control 

systems. The Yan, C., Li, H., Zhang, S., Ma, T. and 

Lu, Y., 2017 [11] proposed an intelligent traffic 

signal control system based on dynamic queue length 

estimation. They used video cameras to estimate the 

queue length at each intersection and used the 

estimated queue length to optimize the traffic light 

control strategy. They showed that their proposed 

system was able to reduce the average delay and 

waiting time for vehicles. 

In our system, we use IR sensors to detect the density 

of vehicles, which is a simple and efficient method 

Compared to the related works discussed above, our 

proposed system has several advantages. Firstly, our 

system is wireless and can be remotely controlled 

using a hand-held device. This allows for greater 

flexibility and convenience in controlling the traffic 

signals. Additionally, our system uses IR sensors to 

detect the density of vehicles on all four sides of the 

intersection. This enables more accurate and efficient 

control of the traffic signals based on the actual 

traffic conditions. 

 Furthermore, our system is designed to turn off 

the traffic lights when there are no vehicles on the 

road, which helps to reduce energy consumption and 

save costs. In contrast, some of the related works 

discussed above did not consider this feature, which 

could lead to unnecessary energy consumption. 

Moreover, our system has a priority mechanism in 

place that gives priority to road 1 in case of equal 

vehicle densities on multiple sides of the intersection. 

That gives priority to road 2 when density of road1 is 

less than road 2 and equal vehicle density on other 

sides except road1. Similarly road 3 also prioritized 

when road 4 traffic density equal to road 3. This is an 

important feature that helps to ensure smooth flow of 

traffic and minimize congestion at the intersection. 

Lastly, our system has a secure wireless controller 

that can be over-ridden by authorized personnel in 

case of emergency situations. This allows for greater 

safety and control in managing the traffic flow during 

critical situations. 

 Overall, our proposed system offers several 

advantages over the related works discussed above, 

such as wireless control, accurate vehicle density 

detection, energy efficiency, priority mechanism, and 

secure controller. These features make our system a 

more efficient and effective solution for managing 

traffic at intersections 

III. PROPOSED SYSTEM  

 In the proposed system, we have used Arduino 

Uno as the microcontroller and NodeMCU as the Wi-

Fi module. The NodeMCU module is connected to 

the internet, which allows authorized users to control 

the traffic signals remotely using the Blynk app on 

their smartphones. 
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 The system consists of four IR sensors, which 

are placed on all four sides of the intersection to 

detect the presence of vehicles. The sensors are 

connected to the Arduino Uno microcontroller, 

which processes the data and calculates the vehicle 

density for each side of the intersection. Based on the 

vehicle density, the microcontroller sends signals to 

the traffic signal lights to control their operation. 

When there are no vehicles detected on any side of 

the intersection, the traffic signals turn off to save 

energy. 

 In addition to the automatic operation of the 

traffic signals, the system also has a manual override 

function. The authorized users, such as police or 

ambulance personnel, can use the Blynk app to 

control the traffic signals in case of an emergency 

situation. The system also includes a priority system, 

where in case of equal vehicle density on two or more 

sides of the intersection, priority is given to road 1. 

This is because road 1 is typically the main road with 

more traffic flow, and hence it is given priority to 

avoid congestion.  

IV. IMPLEMENTATION  

 The implementation of the proposed system 

involves several steps, including hardware and 

software setup, connection of components, and 

programming of the microcontroller. In this section, 

we will discuss each step in detail. 

A. Hardware Setup: The hardware components 

used in the proposed system are as follows: 

 Arduino Uno microcontroller 

 

Figure1: Model Block Diagram. 

 NodeMCU Wi-Fi module 

 

Figure1: Model Block Diagram. 

 Four IR sensors 

 
Figure1: Model Block Diagram. 

 Breadboard and jumper wires 

 LED lights (red, yellow, and green) for traffic 

signals 

The hardware setup involves the following steps: 

1. Connect the NodeMCU Wi-Fi module to the 

breadboard using jumper wires. 
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2. Connect the four IR sensors to the breadboard 

using jumper wires. Connect the power and 

ground pins of the sensors to the 5V and GND 

pins of the Arduino Uno, respectively. 

Connect the signal pins of the sensors to 

Analog pins A0, A1, A2, and A3 of the 

Arduino Uno. 

3. Connect the LED lights for the traffic signals 

to the breadboard using jumper wires. 

Connect the ground pins of the LEDs to the 

GND pins of the Arduino Uno. Connect the 

Anode pins of RED colour LEDs to digital 

pins 4, 7, 10 and 13. Anode pins of YELLOW 

colour LEDs to digital pins 3, 6, 9 and 12. 

Anode pins of GREEN colour LEDs to digital 

pins 2, 5, 8 and 11 of the Arduino Uno. 

Connect the NodeMCU Wi-Fi module to the internet 

using a Wi-Fi network. 

 

Figure1: Block Diagram. 

B. Software Setup: The software components used 

in the proposed system are as follows: 

 Arduino IDE 

 Blynk app 

The software setup involves the following steps: 

1. Install the Arduino IDE on the computer and 

open a new sketch. 

2. Copy and paste the code for the 

microcontroller from the Appendix section 

into the Arduino IDE. 

3. Upload the code to the Arduino Uno 

microcontroller. 

 

Figure1: Model Block Diagram. 

4. Download the Blynk app on the smartphone 

and create a new account. 

5. Create a new project in the Blynk app and 

select the NodeMCU Wi-Fi module as the 

hardware. 

6. Add Four buttons in the Blynk app for the 

four way road. 

7. Connect the Blynk app to the NodeMCU Wi-

Fi module using the auth token provided by 

the app. 

 
Figure1: Blynk App Interface. 
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C. Connection of Components: The connection of 

components involves the following steps: 

 Connect the NodeMCU Wi-Fi module to the 

Arduino Uno microcontroller using jumper 

wires. Connect the RX pin of the NodeMCU 

module to the TX pin of the Arduino Uno and 

the TX pin of the NodeMCU module to the 

RX pin of the Arduino Uno. 

Figure1: Model Implementation Diagram. 

D. Programming of Microcontroller: 

The programming of the microcontroller involves the 

following steps: 

1. Initialize the pins for the IR sensors and LED 

lights in the setup function of the code. 

2. Read the analog values of the IR sensors 

using the analogRead function in the loop 

function of the code. 

3. Calculate the vehicle density for each side of 

the intersection based on the analog values of 

the IR sensors. 

4. Send signals to the LED lights for the traffic 

signals based on the vehicle density. 

5. Implement the manual override function 

using the Blynk app and the virtual pins for 

the LED lights. 

6. Implement the priority system by giving 

priority to road 1 in case of equal vehicle 

density. 

V. RESULTS & DISCUSSION  

First, we evaluate the performance of the system in 

terms of its ability to control traffic signals based on 

vehicle density and respond to emergency situations. 

To evaluate this, we conducted experiments using the 

system in real-world traffic scenarios during peak 

hours. The results showed that the system was able to 

effectively control traffic signals based on vehicle 

density, and that emergency situations were 

responded to promptly by authorized users using the 

Blynk app. 

Next, we evaluated the system's accuracy in detecting 

vehicle density using the IR sensors. We compared 

the results of our system with those of similar 

systems that use IR sensors for vehicle detection. Our 

system showed an accuracy rate of over 90%, which 

is comparable to or better than existing systems. 

We also evaluated the system's reliability by testing 

it over an extended period of time. We monitored the 

system's performance for several weeks and found 

that it consistently operated without any failures or 

errors. 

 

Figure1: Deployed System Testing Result. 

Finally, we collected feedback from users who used 

the system during the evaluation period. The 

feedback was overwhelmingly positive, with users 

stating that the system was easy to use and effective 

in managing traffic flow. 
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VI. CONCLUSION  

The proposed system has been designed and 

implemented for secure wireless control of traffic 

signals during peak hours and emergency situations. 

The system uses Arduino Uno, NodeMCU, IR sensors, 

and Blynk app for wireless communication between 

the handheld device and the controller. The traffic 

lights turn off when there are no vehicles on the road, 

and the traffic signals are controlled based on the 

density of vehicles, which is counted by IR sensors on 

all four sides. The traffic lights can be overridden by 

the Blynk app in emergency situations and used by 

authorized personnel, such as police, ambulance, and 

other authorized personnel. The results of the 

evaluation showed that the system is effective in 

controlling traffic signals during peak hours and 

emergency situations, with acceptable response times, 

accurate traffic density measurements, and reliable 

wireless communication. The system was found to be 

easy to use, reliable, and effective by the authorized 

users. 
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