
 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 03 Issue: 06 June 2025 

Page No: 2717 - 2722 

https://irjaeh.com 

https://doi.org/10.47392/IRJAEH.2025.0403 

 

    

International Research Journal on Advanced Engineering Hub (IRJAEH) 
                         

2717 

 

IoT – Enabled Smart Bridge Control with Node MCU ESP8266 
Mrs. Sushmita Deb1, Kesar Malan C2, Ankitha S3, Venkatesh D4 

1Faculty, Electrical & Electronics Engg, SJMIT, Chitradurga, Karnataka India. 
2,3,4Student, Electrical & Electronics Engg, SJMIT, Chitradurga, Karnataka, India. 

Emails: sd.eee@sjmit.ac.in1, kesarmalanckesarmalanc@gmail.com2, ankitha8671@gmail.com3, 

venkatesh220303@gmail.com4 

Orcid ID: 0009-0008-4876-79791 

 

Abstract 

The increasing demand for intelligent infrastructure has led to the development of automated systems capable 

of enhancing safety, efficiency, and reliability in bridge operations. This research presents the design and 

implementation of an Advanced Bridge Control System using embedded technology, specifically centered on 

the Arduino Uno microcontroller. The system integrates a range of sensors, actuators, and wireless 

communication modules to monitor environmental and traffic conditions and automatically control the 

opening and closing of a movable bridge. The project aims to reduce human intervention, improve response 

time during high traffic or emergency scenarios, and ensure structural integrity through real-time data 

collection. Key features include obstacle detection, automated barriers, warning systems, and remote control 

capability. This low-cost, scalable solution demonstrates how embedded systems and IoT components can be 

effectively used to modernize critical infrastructure. Simulation results and prototype testing confirm the 

system's functionality and potential for real-world deployment in smart city environments.  
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1. Introduction  

The escalating complexity and critical importance of 

modern bridge infrastructure necessitate increasingly 

sophisticated control and monitoring systems. 

Traditional bridge management approaches, often 

relying on periodic manual inspections and reactive 

maintenance, are proving insufficient to address 

challenges such as aging infrastructure, increasing 

traffic loads, and the need for enhanced safety and 

operational efficiency. This paradigm shift demands 

a proactive, intelligent, and real-time control 

framework capable of continuous health assessment, 

early anomaly detection, and adaptive response. 

This research paper introduces an advanced bridge 

control system leveraging cutting-edge embedded 

technology to address these pressing needs. By 

integrating a network of smart sensors, high-

performance microcontrollers, and robust 

communication protocols, our proposed system aims 

to provide comprehensive, real-time insights into a 

bridge's structural integrity, environmental 

conditions, and operational parameters. The 

embedded nature of this system ensures low power 

consumption, high reliability, and the ability to 

perform complex data processing and decision-

making at the edge, thereby minimizing latency and 

optimizing resource utilization. This approach not 

only enhances the safety and longevity of bridge 

structures but also paves the way for predictive 

maintenance strategies and autonomous bridge 

management, ultimately contributing to more 

resilient and efficient transportation networks. 

2. Literature Survey 

Zhao et al. (2020) explored IoT-based solutions for 

bridge management, emphasizing cloud connectivity, 

data analysis, and remote monitoring. Their work 

contributed significantly to understanding how 

embedded systems can be scaled and integrated into 

smart city frameworks. Singh and Mehta (2021) 

implemented a prototype smart drawbridge system 

using Raspberry Pi, including features such as 
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automatic vehicle barriers and traffic signal 

integration. The system showed the importance of 

using embedded platforms to synchronize multiple 

subsystems for reliable operation. Despite these 

advancements, many existing systems face 

limitations in terms of cost, scalability, or complexity 

of implementation. This research builds upon 

previous work by proposing a cost-effective, Arduino 

Uno–based embedded system for automated bridge 

control. The proposed model emphasizes simplicity, 

modularity, and the use of readily available 

components to ensure wide applicability and easy of 

Development. 

3. Feasibility Study 

A feasibility study is essential to evaluate the 

practicality, economic viability, and operational 

effectiveness of implementing the proposed 

Advanced Bridge Control System using embedded 

technology. The following aspects were analyzed: 

3.1.Technical Feasibility 

The project utilizes the Arduino Uno microcontroller, 

a widely available and cost-effective platform, along 

with basic sensors (ultrasonic, IR), servo/motor 

drivers, and communication modules (e.g., Bluetooth 

or Wi-Fi). These components are compatible, easy to 

integrate, and supported by a large developer 

community. The system is technically feasible due to 

its low complexity, modular structure, and ability to 

be prototyped and tested in real time. The project 

does not require specialized or high-performance 

hardware, making it suitable for scalable deployment. 

3.2.Economic Feasibility 

The components used are affordable and readily 

available in the local and global market. The 

estimated cost for developing a functional prototype 

is minimal compared to traditional bridge automation 

systems that rely on industrial- grade PLCs or 

SCADA systems. The low-cost nature of this 

embedded solution makes it economically viable for 

implementation in small towns or developing regions 

where budget constraints limit infrastructure 

upgrades. 

3.3.Operational Feasibility 

The system is designed for minimal manual 

intervention and simple operation. Automated 

sensors trigger the bridge mechanism based on real-

time conditions, while safety protocols are enforced 

through barrier control and warning signals. The 

Arduino-based system is user-friendly and can be 

maintained with basic technical knowledge. 

Moreover, the possibility of remote monitoring and 

control further increases operational efficiency and 

responsiveness. 

3.4.Environmental Feasibility 

The project does not produce harmful emissions or 

waste, and it consumes very little power due to the 

low-energy requirements of microcontrollers and 

sensors. It promotes efficient bridge use, potentially 

reducing traffic congestion and vehicle idling, thus 

indirectly contributing to lower carbon emissions. 

4. Facilities Required for Proposed Work 

4.1.Servo Motors 

Here we are using a 25inch motor output shaft and a 

2mm rear encoder shaft, Motor1 is a 12V DC geared 

motor. The best motor controllers for this motor are 

those rated for 12V@2A. DC motors deliver precise 

and efficient results due to their easy controllability 

and extensive use in industry for load characteristics 

and speed control (Figure 1). 
 

 
Figure 1 Motors 

 

4.2.Ultrasonic Sensor 

The 2cm–400cm ultrasonic ranging module HC-

SR04 provides a non-contact measuring function and 

has an accuracy of up to 3mm. (Figure 2) In this 

module we have included ultrasonic transmitters, 

receivers, and control circuits. The fundamental 

working principle: 

 The Module automatically transmits eight 

pulses at a frequency of 40 kHz using an IO 

trigger for at least a 10us high level signal, 

and it then checks to see if a pulse signal has 

been received back. If the signal is returned at 

a high level, the period between sending and 
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receiving an ultrasonic signal is the time of 

high output IO duration. 
 

 
Figure 2 Ultrasonic Sensor 

 

4.3.Relay Module 

Low Level 5V two-channel relay interface board with 

a need of 15-20mA driver current per channel. They 

are employed to manage various electrical devices 

and equipment that draw a lot of electricity (Figure 

3). It is designed with high-current relays that work 

under AC 250V. 

 

 
Figure 3 Relay Module 

 

4.4.Power Regulator 

The most recent model of computer microprocessors 

will function at far lower voltages and greater 

currents than the current generation in order to reduce 

power consumption and boost performance. These 

microprocessors will also require highly exact supply 

voltage control; a centralized power system is unable 

to offer (Figure 4). A voltage regulator module 

(VRM), which is situated on the motherboard close 

to the load, delivers high-quality power to the CPU in 

a distributed power system to achieve the required 

regulatory precision. 

 
Figure 4 Power Regulator 

 

4.5.Motor Driver 

 
Figure 5 Motor Driver 

 

Motor driver or motor driver integrated circuit (IC), 

the L293D allow DC motors to drive in either 

direction. It is possible to control two DC motors 

simultaneously in any direction using the 16-pin IC 

L293D. It means that a single L293D IC may operate 

two DC motors. Motor driver integrated circuit (IC) 

with dual H-bridges (Figure 5). 

4.6.Node MCU Esp8266 

The NodeMCU (Node mmicro Controller Unit) is an 

open- source software and hardware development 

environment built around an inexpensive System-on-

a-Chip (SoC) called the ESP8266 (Figure 6). The 

ESP8266, designed and manufactured by Espressif 

Systems, contains the crucial elements of a computer: 

CPU, RAM, networking (WiFi), and even a modern 

operating system and SDK. That makes it an 

excellent choice for Internet of Things (IoT) projects 

of all kinds. 
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Figure 6 Node MCU Esp8266 

 

5. Methodology 

 

 
Figure 7 Block Diagram 

 

Working: This project based on a micro-controller 

and IOT concepts. Where we are using Arduino, 

Servo motors, car chassis, sensors and mechanical 

arm to build this surveillance robot setup (Figure 7). 

The camera which we used to tram the video over Wi-

Fi use The wonderful thing about this is that we can 

operate the entire system from an Android app and 

the internet will give us a live stream. So for this we 

build an android application using android studio, the 

app has controls like forward, backward, turn left, 

turn right. And same for the Arm. The Arduino uses 

C language for coding. The data capture through 

camera module, send to the desired device using 

internet. By using this data, the user gives further 

commands to the robot. Now we are selecting domain 

like machine learning with artificial intelligence so 

we consider on working of this domain which will 

achieve the aim of this project. Any computer-

enabled algorithm that can be used on a data set to 

detect a pattern in the data is referred to as machine 

learning. The wider notion of robots performing 

activities in a way that we would consider intelligent 

is known as artificial intelligence (AI) (Figure 8 & 9). 

6. Result and Discussion 

 

 
Figure 8 Experimental Model 

 

 
Figure 9 Flow Chart of the Entire Design 

 

6.1.Software Analysis  

6.1.1. Arduino IDE 

 The Arduino IDE provides a simplified 

programming language based on C++ that is 

easy to learn and use, even for beginners. 

 A C++ program is a software program written 
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in the C++ programming language. C++ is a 

high-level programming language that is 

widely used for developing software 

applications such as operating systems, video 

games, and scientific simulations. It was 

developed as an extension of the C 

programming language and provides 

additional features such as object- oriented 

programming, templates, and exception 

handling. 

6.1.2. Blynk Sever 

Blynk is a comprehensive software suite that enables 

the prototyping, deployment, and remote 

management of connected electronic devices at any 

scale. Whether it's personal IoT projects or 

commercial connected products in the millions, 

Blynk empowers users to connect their hardware to 

the cloud and create iOS, Android, and web 

applications, analyze real-time and historical data 

from devices, remotely control them from anywhere, 

receive important notifications, and much more 

6.2.Advantages 

 Several performances 

 Its reliable. 

 24/7 working mode. 

 Improved version. 

 It can relocate from one place to another. 

 Robotic employees never grow weary. 

 May be persuaded to carry out even the 

riskiest duties without fear. 

6.3.Disadvantages   

 The adversary may hack army robots and use 

them against us. 

 Robots might rule the planet and replace us in 

our occupations. 

 Robotic skills are restricted. Although 

autonomous robots are capable of object 

detection and navigation they are unable to 

respond to unexpected situations. 

6.4.Applications 

 It may be used to keep an eye on any 

suspicious object where a person's presence 

could be hazardous. 

 Due to the existence of a gas detector and a 

fire detector, it may be utilized in mining. 

 It is employed in the gas industry to find 

potentially dangerous leaks. 

 It can be employed in the military; the robot 

can do risky duties without having to worry 

about human lives being lost 

Conclusion and Future Scope 

 The communication technique has enhanced 

the use of live camera due to which we can 

operate the vehicle from any part. 

 Use of renewable source of energy (solar) 

makes it cost effective. 

 Its multi functionality can be updated and can 

be used as surveillance where the human 

cannot footpace and will be alert before any 

destruction. 

 The majority of the upcoming generation of 

robots that will be used everywhere will be 

"recent one and improved" variations of 

current platforms. For instance, Robot's initial 

Pack bot was simply a mobile pair of 

binoculars because it only present a digital 

camera that relayed back images which the 

robot was viewing. Now, with the addition of 

very basic effect or arms and grippers, the 

majority of Pack bots execute EOD missions. 

 Reaper, an Air Force drone that sounds even 

more terrifying and is around four times 

larger and nine times more powerful than the 

Predator, is the Predator's successor. One of 

its upgrades is a software package for 

Microsoft Windows that has "automatic man-

made object detection" and "coherent change 

detection." The plane can almost fly itself, 

and its sensors can identify and classify 

people and artificial things produced by 

humans. It is even capable of understanding 

the changes it observes, such as being able to 

decipher and follow footsteps or even 

lawnmower tracks. 
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