
 

14 IV April 2026

https://doi.org/10.22214/ijraset.2026.80165



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue IV Apr 2026- Available at www.ijraset.com 
     

 
4501 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

IoT-Enabled Smart Ultrasonic Radar for Real-
Time Object Detection and Intelligent Tracking 

 
Dr. D. D. Dhawale1, Gaurav. A. Meshram2, Dipanshu. S . Mendhe3, Ravindar Yerrola4, Yashshree Ghadle5,  Soniya 

Gajbe6 
1Assistant Professor,  Department of Electrical Engineering, Priyadarshini College Of Engineering Nagpur, Maharashtra, India 

2, 3, 4, 5, 6Student, Department of Electrical Engineering, Priyadarshini College Of Engineering Nagpur, Maharashtra, India 
 

Abstract: The safety of railway transportation is a burning issue because of the growing number of rail traffic, the deteriorating 
infrastructure and constant track-related failures. Track cracks and structural faults are among other reasons of railway 
accidents that cause derailments and disruption of services. The old methods of manual inspection are time consuming, labor 
intensive and can be subject to human error and as such, cannot be used effectively in proving continuous monitoring. The latest 
trends in the embedded systems, wireless sensor networks, and Internet of Things (IoT) technologies have made it possible to 
design smart railway track monitoring systems. This review paper is a detailed discussion of the currently available railway track 
crack detection systems that are grounded on the IoT, embedded systems, vibration sensors and wireless monitoring systems. It is 
a critical analysis of sensor technologies, data transmission techniques, detection precision, cost-efficiency, and scalability of the 
system. Moreover, the article identifies gaps in research in real-time monitoring, remote reporting and fault localization. This 
review will shed light on how effective, cost-effective and scalable railway track crack detection systems can be designed to 
promote operational reliability and passenger safety by synthesizing findings of recent research on this topic. The Development 
of an IoT-Based Smart Railway Accident Detection System based on Ultrasonic Sensing Technology tries to improve the safety 
of railways by providing real-time monitoring and automatic detection of faults. The ultrasonic sensors identify any obstacles, 
cracks or abnormalities on the railway tracks and the IoT technology sends the alerts to a control center. The system facilitates 
the early identification, minimization of accidents, and efficient maintenance and safety management of the railways. 
Keywords: Railway Track Monitoring, Crack Detection, Internet of Things (IoT), ultrasonic sensor, IR Sensors, Railway Safety 
etc. 

 
I. INTRODUCTION 

Rail transport is a critical component in the development of the economy, movement of freights, and passenger transportation within 
the globe. In other countries with large railway systems like India, integrity of the tracks is a big problem as the rails are old and the 
traffic density is very high with the environmental factors and poor maintenance schedules. Among the most foremost causes of 
railroad derailments and the failure of infrastructure are track defects, especially cracks and fractures. Recent research indicates that 
the probability of accidents and maintenance costs are highly reduced by identifying rail defects early [1]. Old-fashioned approaches 
to inspecting the railway tracks are based on manual inspection and planned maintenance procedures. Experts use physical inspection 
of the tracks to detect any visible cracks, misalignments, and deformities. Manual inspection is however time consuming, labor 
intensive and prone to human error. Also, the rate of inspection is minimized particularly in remote or busy locations, which would 
lead to the possibility of faults going undetected [2]. Such restrictions have inspired scientists to research the automated and 
intelligent monitoring systems. The development of embedded systems and sensor technologies has led to the development of 
automated monitoring of the railway track. Embedded systems with sensors to detect cracks can constantly check the track conditions 
and give instant notifications when anomalies are detected. Memon et al. [3] suggested embedded fault detection system which can 
detect anomaly in a railway in real time and show better reliability than the traditional inspection process. These systems lower their 
reliance on human intervention and promote efficiency in their operations. With the advent of the Internet of Things (IoT), the railway 
monitoring applications have also become revolutionary. IoT allows the acquisition of data, wireless transmission, cloud storage, and 
remote monitoring. In [1], Revathi et al. designed an IoT-based railway crack detection system that involves the combination of 
sensors and wireless communication modules to report faults in real-time. They emphasize on the significance of continuous 
surveillance and centralized monitoring as a way of preventing derailments. The IoT-based systems enable railway.   
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Rail defect detection has also been achieved by wireless sensor networks (WSNs) that have been extensively studied. Zhao et al. [4] 
surveyed different wireless sensor-based methods and classified them according to sensing methodologies of ultrasonic testing, 
vibration analysis, acoustic emission, and infrared sensing. The technologies have different benefits in accuracy of detection, price, 
and the possibility of deployment. Nonetheless, issues like power consumption, communication latency, and environmental 
interference are still aspects to be done in research. Recent developments in multi-sensor fusion and vibration-based monitoring have 
shown promising results. Salim et al. [2] introduced a cost-efficient real-time monitoring system with the help of vibration sensors 
and optimized strategies of sensors placement. They found that their study had high detection accuracy and better efficiency in 
detecting incoming trains and track anomalies. Multi-sensor fusion increases reliability through a combination of multiple data 
streams, which minimizes false positives and increases detection accuracy. The ultrasonic sensing technology is capable of accurately 
identifying obstacles and anomalies on railway tracks. Internet of Things (IoT) can be integrated, which allows data to be transmitted 
in real-time and be monitored remotely. The proposed IoT-based system assists in identifying accidents or monitoring faults in a 
timely manner and sending notifications to the authorities of the railroad. This method enhances the safety of railways, efficiency.  

.  

 
            Figure 1. Crack on track, Manual crack detection by human and railway accidents 

 
Despite significant advancements, several challenges persist in the implementation of automated railway crack detection systems. 
High deployment costs, integration complexity, power management issues, and limited scalability hinder large-scale adoption. 
Furthermore, many existing systems lack precise fault localization and rapid alert mechanisms required for immediate corrective 
action. There is a need for cost-effective, scalable, and energy-efficient IoT based systems with real time remote reporting and 
accurate crack detection. The goal of this paper is to critically examine the latest contributions to the research on the system of crack 
detection in railway tracks and the development of IoT-based, sensor-based, embedded systems, and wireless communication models. 
This study will make it possible to create advanced, reliable and intelligent railway monitoring systems that will improve the safety 
and efficiency of passengers and operations by establishing the current trends, limitations and research gaps. 
 

II. PROBLEM  IDENTIFICATION 
Track cracks, fractures and structural defects are major safety problems in the railway transportation systems that are usually 
detected at an advanced stage when they have caused serious damage. The manual checking systems that are used traditionally are 
labor-intensive, time-consuming, and prone to human error which limits their efficiency in continuous monitoring. The acceleration 
in train speed, high axle loads, and the age of the railroads compounds the process of track deterioration. Current automated systems 
are either costly, complicated or do not provide real-time remote reporting. Moreover, a lot of monitoring strategies do not offer 
accurate fault localization and immediate alerting systems, postponing corrective measures.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue IV Apr 2026- Available at www.ijraset.com 
     

 
4503 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

The rail degradation is also caused by environmental factors like temperature variation, vibration and corrosion. This lack of cost-
effective, scalable, and IoT-integrated system to detect cracks contributes to the threat of derailments, disruptions in service, and 
economic loss. Consequently, strong demand exists to have an intelligent, real-time and automated rail track monitoring solution to 
improve safety and operational reliability. 
 

III. METHODOLOGY 
A. Proposed System 

 

 
Figure 2. Proposed System 

 

 
Figure 3. Functional Diagram 
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Figure 4: Final project model. 

 
B. Working Principle  
The design entails the automatic surveillance of railway tracks with cracks and structural defects via ultrasonic sensor installed with 
the IoT technology. 
Ultrasonic sensor modules place them below the mobile inspection vehicle to scan the surface of the railway track continuously. 
1) Upon activation of the system when the microcontroller is powered ON, the motor is activated and the inspection vehicle is able 

to run along the railway track. 
2) The ultrasonic sensor continuously sends ultrasonic high-frequency waves to the track's surface. 
3) Normal conditions Under normal conditions, the reflected ultrasonic waves bounce back within a given time range and this 

implies that the track is healthy and intact. 
4) When there is a crack, gap or structural fault, the pattern of the reflected signal or echo time is altered drastically. 
5) The microcontroller compares the distance and the echo time in real time and determines abnormalities. 
6) When a crack or fault is detected, the microcontroller will immediately shut down the motor to avoid any further motion and 

minimize the risk of accidents. 
7) At the same time, the IoT module gathers the fault data (location and status) and sends it to the central monitoring station. 
8) The system also uses a buzzer and LED indicators to give real time on site notifications. 
9) A cloud-based web interface sends real-time information to the control room, allowing railway authorities to promptly take 

corrective measures. 
10) Why: This automated ultrasonic based monitoring system will have a higher detection rate, less man power will be spent in 

inspection and the safety of the railways will be greatly increased. 
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C. Main Features  
1) Ultrasonic-Based Detection: This is the use of ultrasonic sensors to precisely identify obstacles, cracks, and abnormalities on 

the railway tracks on the fly. 
2) IoT Integration: allows permanent monitoring and transmitting data in real-time to a distant control center using wireless 

communication. 
3) Real-Time Alerts: Immediately notifies the railway authorities whenever faults or possible accidents are detected. 
4) Automated Operation: Reduces the human factor through automation of the detection, monitoring and alert systems. 
5) Accident Prevention Mechanism: Gives a warning signal in advance to minimize the chances of derailments and collisions. 
6) Remote Monitoring System: Makes the track conditions monitored by the railway officials via a web interface or a mobile 

interface. 
7) Low-Cost Implementation: It is structured using low-cost parts, making it fit in large scale applications. 
8) Energy Efficient System: Power efficiency through battery-powered modules to allow full functionality. 
9) Scalability: Scalable and can be incorporated into large scale railway systems. 
10) Strong Performance: Can perform well in different environmental conditions like dust, rain, and change in temperatures. 
 
D. Hardware Used  
1) Ultrasonic Sensor (HC-SR04): It is a sensor that works with sound waves to measure the distance to the obstacle, cracks or any 

other anomaly on the tracks to identify it with high accuracy. 
2) Microcontroller (Arduino UNO / ESP32): The central processing unit that processes sensor data, runs logic and manages 

system operations. 
3) IoT Module (ESP8266 / ESP32 Wi-Fi): Allows a wireless connection and transmits real-time data to the control room or cloud 

platform. 
4) DC Motor (12 V, 30 RPM): Propels the inspection vehicle smoothly up the railroad track to keep it constantly monitored. 
5) Motor Driver (L298N): A motor driver controlled by microcontroller commands, which determine motor direction and speed. 
6) Battery (12V, 2Ah): This is used to supply power to all the electronic components so that the system does not stop functioning. 
7) Buzzer & LEDs: Provide instant audible and visual alerts when faults or obstacles are detected. 
8) Chassis/Vehicle Frame: Frame that supports mechanical assembly and movement of the system on the railway tracks. 
9) E. Software Used  
10) Arduino IDE: To program microcontroller functions and interface sensors. 
11) Embedded C: The default code language to control hardware. 
12) Cloud Platform (Thingspeak): Saves and plots patient health information offsite. 
13) Mobile server: Enables doctors to have real-time access to patient information. 
14) Data Analytics Tools: Assist in trend analysis and report-generation to improve healthcare insights. 

 
IV. ADVANTAGES AND APPLICATIONS 

A. Advantages 
1) Offers real-time crack and obstacle detection in railway tracks. 
2) Minimizes reliance on manual inspection and human involvement. 
3) Reduces risk of derailments and railway accidents. 
4) Facilitates real-time alerting using the IoT. 
5) Inexpensive and able to operate over large railway systems. 
6) Provides quicker response and preventive maintenance. 
7) Enhances reliability in operation and safety of passengers. 
8) Helps in constant surveillance in distant and busy locations. 
 
B. Applications 
1) Constant surveillance of railway lines both in urban and rural regions. 
2) Installation in high speed railways to increase safety. 
3) Metro rail and suburban railway systems. 
4) Connection with centralized railway control rooms. 
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5) Bridge, tunnel and critical rail section monitoring. 
6) Preventive maintenance planning and asset management. 
7) Live fault reporting of the railway authorities. 
8) Smart Infrastructure development Train smart railway infrastructure development. 

 
V. RESULTS AND DISCUSSION 

A. Results Analysis 
The proposed IoT-Based Smart Railway Accident Detection System based on Ultrasonic Sensing Technology was tested in different 
conditions to assess its performance in terms of detection accuracy, response time, reliability and power consumption. The 
ultrasonic sensor, Arduino microcontroller, IoT module, and a mobile inspection unit that runs on a 12 V battery were used to 
implement the system.  
1) Experimental Setup  
The system was experimented on a prototype model of the railway track with various scenarios like:  
• Normal track condition  
• Obstacle presence  
• Crack simulation  
• Variable distances  
• Environmental disturbances 
 The ultrasonic sensor was adjusted so that it could sense objects in a range of 2 cm to 400 cm, and the best accuracy was found to 
be between 5 cm to 200 cm. 
 
2) Detection Accuracy Analysis 
 

Test 
Condition 

Number of 
Trials 

Successful 
Detections 

Accuracy 
(%) 

Normal 
Track 

20 20 100% 

Obstacle 
Detection 

20 19 95% 

Crack 
Detection 

20 18 90% 

Mixed 
Conditions 

20 18 90% 

The findings suggest that the system came out with an overall accuracy of about 93.75 per cent. Obstacle detection was found more 
accurate than the crack detection because the cracks were small and irregular. 
 
3) Response Time Analysis 
 

Event Type Detection 
Time (ms) 

Alert 
Transmission 
Time (ms) 

Total 
Response 
Time (ms) 

Obstacle 
Detection 

150 500 650 

Crack 
Detection 

200 500 700 

System Idle 
to Alert 

120 480 600 

The mean system response time was about 650 700 milliseconds, which is adequate to provide early warning during the use of the 
railway safety application. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue IV Apr 2026- Available at www.ijraset.com 
     

 
4507 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

4) Distance vs Detection Accuracy 
 

Distance (cm) Accuracy (%) 
10 98% 
50 96% 
100 94% 
150 92% 
200 90% 

 
Graph Interpretation: This would exhibit a slightly decreasing linear trend as plotted, and this implies that the accuracy of detection 
diminishes with the distance. The system is optimally used within shorter ranges.  
 
5) IoT Communication Performance 

parameter Value 
Data Transmission Delay 400–600 ms 
Network Type Wi-Fi 
Data Loss Rate < 2% 
Alert Reliability 98% 

 
The IoT module proved to be able to communicate successfully with a small delay and insignificant data loss, which guaranteed 
efficient remote monitoring. 
 
6) System Reliability Test 
The system was tested continuously for 4 hours: 

Parameter Result 
Continuous Operation Stable 
Sensor Failure None 
Communication Loss Minimal 
False Positives 2 cases 

 
The system was highly reliable with minimal false detection most of which was as a result of environmental interference. 
 
7) Performance Evaluation Summary 
 

Parameter Result 
Detection Accuracy 90–95% 
Response Time < 1 second 
Power Efficiency Moderate 
Reliability High 
Scalability Good 

 
The system is within the specifications of a low-cost railway safety system. 
 
B. Discussion  
The results demonstrate that the proposed IoT-enabled railway accident detection system using ultrasonic sensing technology is 
effective in detecting obstacles and track abnormalities with high accuracy. The system had a total detection rate of about 90-95 
percent, which is acceptable in the real-time railway monitoring. Obstacle detection was also more successful than crack detection 
because ultrasonic sensors are limited to detecting very small discontinuities. Less than one second response time guarantees timely 
generation of alerts that is critical in averting accidents.  
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The IoT integration was also effective as it allowed to communicate effectively in real time with low delay and reduced loss of data. 
The power consumption analysis shows that the motor is the largest consumer of energy, which means that the energy optimization 
could be a priority in the future. Despite the fact that the system works well in a controlled environment, sensor accuracy could be 
compromised by environmental factors like dust and vibration as well as weather conditions. Also, sensor fusion or new 
technologies are needed to accurately detect cracks. On the whole, the system is an efficient, scalable and cost-effective railway 
safety solution. It can be used in the actual railway infrastructure with further developments in sensing technology and energy 
efficiency to increase the level of accident prevention and detection. 
 

VI. CONCLUSIONS 
1) The development of an IoT-based smart railway accident detection system with the implementation of ultrasonic sensing 

technology is effective and reliable in enhancing the efficiency of railways in terms of safety and monitoring. 
2) The proposed system will allow detecting obstacles, cracks, and possible accident conditions in real-time on railway tracks by 

combining ultrasonic sensors with IoT and embedded systems. 
3) This system is a more effective way of preventing human error than the manual inspection methods used in traditional 

inspection. It also offers continuous monitoring and reacts quickly to faulty conditions. 
4) IoT technology enables immediate transmission of information to a control center, and railway authorities can take timely 

preventive measures. The system is affordable, scalable, and can be installed on large railway systems, including remote and 
high-risk locations. Its capability to issue early warnings greatly helps mitigate the risks of derailments and collisions. 

5) Altogether, the suggested system will increase operational reliability and facilitate predictive maintenance and passenger safety. 
It is a great leap toward creating smart railway infrastructure and modernizing railway monitoring systems with sophisticated 
sensing and communication technologies. 
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