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Abstract: This research focuses on the development of a digital twin system for predicting car engine 

performance and remaining life using real-time data collected from an OBD2 adapter. The digital twin is a 

virtual model that mirrors the car engine’s operational parameters such as RPM, temperature, fuel 

consumption, and throttle position. By analyzing this data, the digital twin provides real-time monitoring 

and predictive insights into engine health, allowing for predictive maintenance and life cycle estimation. 

The system combines Java, JavaScript, and web-based technologies for real-time visualization, along with 

algorithms that analyze engine performance trends to predict wear and tear. This paper discusses the 

implementation of the digital twin, its data flow from the OBD2 to the virtual engine model, and its 

potential for improving engine maintenance strategies. The system aims to reduce maintenance costs, avoid 

engine failures, and enhance the overall life of car engines. 
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I. INTRODUCTION 

As vehicles become increasingly complex, there is a growing need for advanced monitoring systems that can predict 

engine performance and pre-emptively address potential issues before they lead to costly failures. Traditional car 

maintenance relies on periodic checks and reactive maintenance, often after an issue has already occurred. However, 

with the advent of digital twin technology, it is now possible to create a virtual replica of a car engine that mirrors its 

real-time performance using data collected from sensors and diagnostic tools like the OBD2 adapter. 

A digital twin offers real-time insights into engine health, enabling continuous monitoring, data-driven maintenance 

schedules, and predicting component wear over time. This research project explores the implementation of a digital 

twin system for car engine performance and life prediction, leveraging data from the OBD2 adapter. By analyzing 

critical engine parameters such as RPM, temperature, and fuel efficiency, the system predicts engine wear and suggests 

maintenance actions before catastrophic failures occur. This paper aims to present the methodologies and results of 

implementing such a system, highlighting its benefits in extending engine life and improving vehicle reliability. 

 

II. PROBLEM STATEMENT 

The automotive industry faces challenges in accurately monitoring engine performance and predicting engine lifespan, 

often relying on outdated and manual inspection methods. These traditional approaches limit the ability to anticipate 

engine failures and optimize maintenance schedules, leading to increased costs and potential safety risks. This project 

aims to develop a Digital Twin of a car engine that utilizes real-time sensor data—such as RPM, temperature, and 

pressure—to simulate engine behaviour dynamically. By leveraging this model, we can enhance predictive maintenance 

capabilities and provide accurate estimations of the engine's Remaining Useful Life (RUL), ultimately improving 

reliability, efficiency, and safety in the automotive sector. 

 

III. OBJECTIVE AND SCOPE 

Designing a Digital Twin model to accurately represent engine behavior under varying operational conditions.:- 

Create a virtual replica of the engine that simulates its behavior under various operational conditions, using a 

combination of physics-based or data-driven models. 

Collecting and analyzing real-time data from the engine using sensors and an OBD2 adapter:- Use sensors and an 

OBD2 adapter to capture real-time engine metrics (e.g., RPM, temperature) for performance analysis and diagnostics. 
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Implementing predictive algorithms to forecast engine performance and estimate its remaining useful life: - 

Develop machine learning or statistical models to forecast engine performance, predict failures, and estimate the 

Remaining Useful Life (RUL) based on historical and real-time data.  

Developing a visualization interface that displays real-time performance metrics and predictive analytics:- Build 

an interactive dashboard to display real-time engine data, performance trends, and predictive analytics, allowing users 

to monitor and react to key metrics. 

 

IV. PROPOSED METHODOLOGY 

System Design and Requirement Analysis 

 Objective: Define the essential parameters affecting engine performance and health, such as temperature, 

RPM, fuel consumption, and vibrations. 

 Process: Identify the OBD-II parameters crucial for engine performance assessment and predictive 

maintenance. Study the car engine specifications, OBD-II protocol requirements, and relevant literature on 

digital twins to ensure that the project goals align with industry practices. 

 

Data Acquisition using OBD-II Adapter 

 Objective: Collect real-time data from the engine via the OBD-II adapter to provide inputs for the digital twin. 

 Process: Set up an OBD-II adapter to gather data points such as engine load, coolant temperature, fuel levels, 

and RPM. Design the data acquisition system to filter, preprocess, and store the data securely, ensuring that 

it’s structured for further analysis. Establish connectivity protocols to streamline the real-time transfer of data 

from the OBD-II adapter to the twin model. 

 

Digital Twin Model Development 

 Objective: Develop a virtual model of the car engine that mirrors real-time engine conditions. 

 Process: Use modeling software to build the digital twin, incorporating the OBD-II data to create a realistic 

engine simulation. The model should reflect live engine performance metrics and display changes as they 

happen. This stage may involve using simulation platforms or custom-built interfaces to enable real-time 

updates and accurate representation of engine operations. 

 

Predictive Analytics and Machine Learning Integration 

 Objective: Use predictive analytics to anticipate engine wear and maintenance needs. 

 Process: Implement algorithms that can analyze historical and real-time engine data, identifying patterns that 

indicate potential engine issues. 

 

User Interface (UI) Development 

 Objective: Build an intuitive interface for displaying engine metrics and maintenance predictions. 

 Process: Design a dashboard that allows users to monitor real-time engine data and view predictive insights 

easily. The interface should visually represent the digital twin model and provide key metrics, alerts, and 

maintenance recommendations in an accessible format. Implement interactive features like drill-downs or data 

filtering to enhance user experience. 

 

Testing and Validation 

 Objective: Ensure that the digital twin accurately represents engine performance and provides reliable 

predictions. 

 Process: Conduct extensive testing under various simulated driving conditions to validate the twin’s accuracy 

in reflecting real-time engine data and predicting potential issues. Compare predictive insights from the model 
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with actual engine conditions to evaluate accuracy. 

performance. 

 

Documentation and Analysis 

 Objective: Document the project process, outcomes, and potential improvements.

 Process: Record all aspects of the digital twin's performance, predictive accurac

limitations, such as data accuracy or response times, and suggest future developments to expand the twin’s 

functionality. Compile findings into a final project report that outlines key insights, challenges faced, and 

suggestions for further work 

 

Real-Time Monitoring: The study emphasizes that a critical enabler for predictive maintenance, it provides timely 

data on engine health parameters such as vibration, temperature, and pressure, allowing for more accurate life 

prediction models. 

Digital Twin Technology for Engine Life Prediction:

monitoring but also simulations for predicting future engine performance under different scenarios. These models are 

invaluable for understanding wear patterns and forecasti

IoT and Engine Health Monitoring Systems:

collected real-time data on fuel consumption, exhaust levels, and engine temperature. The study showed that integrating 

IoT with predictive analytics reduced unexpected breakdowns by 30% and increased engine life by 15%, highlighting 

the effectiveness of IoT in predictive maintenance. 

Sr no. Name of document 

1 [1] M. Ferrari, G. Bernardini, and A. Scalabrin

Maintenance for Internal Combustion Engines Using 

Machine Learning," in IEEE International Conference on 

Prognostics and Health Management

2 [2] V. Kumar, S. Rajasekaran, and A. Prabhakar, "Real
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with actual engine conditions to evaluate accuracy. Adjust algorithms and recalibrate as needed to optimize 

Document the project process, outcomes, and potential improvements. 

: Record all aspects of the digital twin's performance, predictive accuracy, and user feedback. Identify 

limitations, such as data accuracy or response times, and suggest future developments to expand the twin’s 

functionality. Compile findings into a final project report that outlines key insights, challenges faced, and 

V. LITERATURE REVIEW 

The study emphasizes that a critical enabler for predictive maintenance, it provides timely 

data on engine health parameters such as vibration, temperature, and pressure, allowing for more accurate life 

Engine Life Prediction: Combining IoT with Digital Twin enables not only real

monitoring but also simulations for predicting future engine performance under different scenarios. These models are 

invaluable for understanding wear patterns and forecasting the RUL more accurately. 

IoT and Engine Health Monitoring Systems: Using multiple sensors placed on engine components, the system 

time data on fuel consumption, exhaust levels, and engine temperature. The study showed that integrating 

T with predictive analytics reduced unexpected breakdowns by 30% and increased engine life by 15%, highlighting 

the effectiveness of IoT in predictive maintenance.  

Inference 

[1] M. Ferrari, G. Bernardini, and A. Scalabrin, "Predictive 

Maintenance for Internal Combustion Engines Using 

IEEE International Conference on 

Prognostics and Health Management, 2021, pp. 1-7. 

This paper explores the use of sensor data 

and machine learning models for 

predicting engine failure and remaining 

useful life (RUL). 

[2] V. Kumar, S. Rajasekaran, and A. Prabhakar, "Real-Time This study shows how IoT
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Adjust algorithms and recalibrate as needed to optimize 

y, and user feedback. Identify 

limitations, such as data accuracy or response times, and suggest future developments to expand the twin’s 

functionality. Compile findings into a final project report that outlines key insights, challenges faced, and 

 

The study emphasizes that a critical enabler for predictive maintenance, it provides timely 

data on engine health parameters such as vibration, temperature, and pressure, allowing for more accurate life 

Combining IoT with Digital Twin enables not only real-time 

monitoring but also simulations for predicting future engine performance under different scenarios. These models are 

Using multiple sensors placed on engine components, the system 

time data on fuel consumption, exhaust levels, and engine temperature. The study showed that integrating 

T with predictive analytics reduced unexpected breakdowns by 30% and increased engine life by 15%, highlighting 

This paper explores the use of sensor data 

and machine learning models for 

ngine failure and remaining 

This study shows how IoT-based 
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Monitoring of Car Engine Performance Using IoT," in 

Proceedings of the 2019 International Conference on IoT in 

Urban Space (IoT-UrbanSpace), New York, NY: ACM, 

2019, pp. 45-50. 

monitoring systems can collect real-time 

data to evaluate engine performance and 

detect faults. 

 

VI. CONCLUSION 

The development of a digital twin system for car engine performance and life prediction using OBD2 data presents a 

significant advancement in automotive maintenance technology. By continuously monitoring key engine parameters 

and predicting wear patterns, the system enables proactive maintenance, reducing unexpected failures and extending the 

lifespan of car engines. The successful implementation of this project could lead to widespread adoption of digital twin 

technology in the automotive industry, with potential applications in fleet management, car manufacturing, and smart 

vehicle maintenance. Future work will focus on refining the predictive algorithm and expanding the system’s 

capabilities to include more complex engine components. 
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