
2025, Vol 2 Issue 1 | 19 

International Journal of 

                     Advanced Computer Science Engineering and Artificial Intelligence 
Peer Reviewed, Referred & Indexed Journal 

                                         ISSN: 3143-438X                                             www.ijacseai.com                                                 Original Research Paper 

Received:24-01-2025 | Accepted: 28-02-2025 | Published: 04-03-2025 

Predictive Thermal Runaway Risk Assessment Using Battery Sensor 

Analytics and Machine Learning 
Prof. Gustav Nyström 

Research Author 

Abstract  

Thermal runaway remains one of the most critical 

safety challenges in lithium-ion battery systems 

used in electric vehicles. Rapid temperature 

escalation caused by overcharging, internal short 

circuits, mechanical damage, or excessive current 

can lead to catastrophic battery failures if not 

detected at an early stage. Traditional battery 

protection mechanisms primarily respond after 

abnormal conditions occur, limiting their 

effectiveness in preventing thermal incidents. 

This paper proposes a Predictive Thermal 

Runaway Risk Assessment framework that 

integrates battery sensor analytics, machine 

learning, real-time monitoring, and cloud-based 

predictive intelligence for early thermal hazard 

detection. The proposed framework continuously 

analyzes battery temperature, voltage, current, 

state of charge, and environmental conditions to 

estimate thermal runaway probability before 

dangerous operating conditions develop. 

Experimental evaluation demonstrates 

improvements in prediction accuracy, fault 

detection capability, battery safety, operational 

reliability, maintenance efficiency, and battery 

lifespan. The proposed intelligent risk assessment 

framework provides a scalable, proactive, and 

reliable solution for enhancing thermal safety in 

next-generation electric vehicle battery systems. 

Keywords— Thermal Runaway, Lithium-Ion 

Battery, Machine Learning, Battery Sensor 

Analytics, Electric Vehicles, Predictive 

Maintenance, Battery Safety, Intelligent 

Monitoring. 

I. Introduction 

The thermal management of lithium-ion batteries 

has become a critical research area due to the 

rapid adoption of electric vehicles (EVs) and 

hybrid electric vehicles (HEVs). Lithium-ion 

batteries generate significant heat during 

charging and discharging cycles, and improper 

heat dissipation can lead to performance 

degradation, reduced battery life, and serious 

safety risks. Efficient Battery Thermal 

Management Systems (BTMS) are therefore 

essential for maintaining battery temperature 

within an optimal operating range, ensuring 

reliable performance and enhancing operational 

safety. [1], [2] 

Modern Battery Management Systems (BMS) 

integrate advanced monitoring techniques to 

estimate critical battery parameters such as State 

of Charge (SOC), State of Health (SOH), and 

remaining useful life. Accurate estimation of 

these parameters enables optimized charging 

strategies, improved energy utilization, and 

proactive fault detection. Continuous 

advancements in battery diagnostics and 

management algorithms have significantly 

enhanced the reliability and efficiency of electric 

vehicle battery systems. [3], [4] 

Battery Management Systems employ 

sophisticated battery modeling techniques, 

including equivalent circuit models and 

electrochemical models, to accurately predict 

battery behavior under different operating 

conditions. These models facilitate intelligent 

control, battery diagnostics, and energy 

optimization while supporting real-time 

monitoring and predictive maintenance. The 

integration of advanced battery modeling 

techniques has greatly improved battery 

reliability and operational efficiency in modern 

electric vehicles. [5], [6] 
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Equivalent circuit modeling has become one of 

the most widely adopted approaches for 

representing battery dynamics due to its 

computational efficiency and practical 

implementation. Simultaneously, the rapid 

growth of the Internet of Things (IoT) has 

enabled continuous monitoring of battery 

parameters through interconnected sensors and 

cloud-based communication infrastructures, 

supporting real-time battery diagnostics and 

remote management. [7], [8] 

IoT-enabled Battery Management Systems 

facilitate intelligent data acquisition, wireless 

communication, predictive analytics, and remote 

monitoring, enabling organizations to optimize 

battery utilization while reducing maintenance 

costs. Furthermore, Digital Twin technology 

provides virtual representations of battery 

systems that continuously synchronize with 

operational data, allowing predictive 

maintenance, anomaly detection, lifecycle 

assessment, and intelligent decision support. [9] 

The convergence of Battery Management 

Systems, IoT technologies, machine learning, and 

Digital Twin platforms is transforming electric 

vehicle battery monitoring by enabling real-time 

analytics, predictive maintenance, enhanced 

thermal management, and intelligent lifecycle 

optimization. These integrated technologies 

contribute significantly to improving battery 

safety, operational reliability, energy efficiency, 

and the sustainable development of next-

generation electric transportation systems. [10]. 

II. Literature Survey 

Narapareddy and Yerramilli (2023) proposed an 

artificial intelligence-based incident forecasting 

framework that utilizes predictive analytics to 

identify potential operational failures before they 

occur. Their research demonstrated that 

intelligent forecasting models improve proactive 

decision-making, operational reliability, and 

system resilience by enabling early detection of 

abnormal events across enterprise environments. 

[11] 

Hu et al. (2012) conducted a comparative study 

of equivalent circuit models for lithium-ion 

batteries by evaluating their accuracy and 

computational efficiency for battery state 

estimation. The authors concluded that 

appropriate equivalent circuit models 

significantly improve battery parameter 

estimation while supporting reliable Battery 

Management System implementation. [12] 

Zhao et al. (2016) investigated the thermal 

characteristics of lithium-ion batteries under 

short-circuit conditions through simulation and 

experimental analysis. Their study demonstrated 

that thermal behavior varies significantly with 

operating conditions and emphasized the 

importance of effective thermal monitoring and 

protection mechanisms for preventing battery 

failure and thermal runaway. [13] 

Pokala (2022) proposed a practical MLOps 

framework for integrating production machine 

learning into healthcare claims processing and 

revenue cycle optimization. The study 

demonstrated that machine learning lifecycle 

management, automated deployment, and 

scalable model governance significantly improve 

operational efficiency, predictive accuracy, and 

enterprise decision-making in healthcare 

systems. [14] 

Zhang et al. (2020) reviewed machine learning 

techniques for battery health monitoring and 

Remaining Useful Life (RUL) prediction. The 

authors analyzed various supervised and data-

driven learning algorithms and concluded that 

machine learning significantly enhances battery 

degradation prediction, fault diagnosis, and 

predictive maintenance for electric vehicle 

battery systems. [15] 

Adabala (2023) investigated blockchain 

integration within enterprise resource planning 

systems to enhance supply chain transparency. 
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The research demonstrated that blockchain-

enabled ERP solutions improve traceability, 

secure information sharing, operational visibility, 

and collaboration among supply chain 

stakeholders while strengthening organizational 

decision-making capabilities. [16] 

Gummadi (2023) proposed a high-volume 

streaming architecture for MuleSoft batch 

processing to improve enterprise data integration 

performance. The study demonstrated that 

optimized streaming mechanisms enhance data 

processing efficiency, scalability, workflow 

automation, and real-time integration across 

complex enterprise information systems. [17] 

Manoharan (2025) introduced a multi-layer 

verification framework for healthcare Electronic 

Data Interchange (EDI) transaction lifecycles to 

ensure referential integrity and transaction 

accuracy. The proposed framework improved 

data consistency, validation mechanisms, 

interoperability, and reliability across healthcare 

information exchange systems. [18] 

Maturi (2023) investigated autonomous 

adversarial cyber capabilities using 

crowdsourced artificial intelligence 

competitions. The research demonstrated that 

intelligent simulation environments and 

collaborative security evaluation improve cyber 

threat analysis, attack prediction, and strategic 

cybersecurity preparedness through advanced AI-

driven methodologies. [19] 

Wang et al. (2016) presented a comprehensive 

review of thermal management models and 

cooling solutions for lithium-ion batteries in 

electric vehicles. Their study evaluated air 

cooling, liquid cooling, phase change materials, 

and hybrid thermal management techniques, 

concluding that efficient thermal regulation 

significantly improves battery safety, operational 

efficiency, and service life while minimizing the 

risk of thermal runaway. [20]. 

 

III. Proposed Methodology 

The proposed Predictive Thermal Runaway Risk 

Assessment framework integrates battery sensor 

analytics, machine learning, cloud computing, 

IoT connectivity, predictive maintenance, and 

intelligent battery management into a unified 

safety monitoring architecture. The framework 

consists of distributed battery sensors, edge 

processing modules, cloud-based analytics 

engines, machine learning prediction models, 

battery management units, and centralized 

monitoring dashboards that continuously 

evaluate battery thermal safety. 

Initially, embedded sensors continuously collect 

battery operating parameters including cell 

temperature, voltage, charging current, discharge 

current, internal resistance, state of charge, state 

of health, ambient temperature, humidity, and 

charging status. The collected data undergo 

preprocessing through noise removal, feature 

extraction, normalization, and missing value 

handling before being supplied to predictive 

analytical models. 

The machine learning engine analyzes historical 

battery operating conditions together with real-

time sensor measurements to identify complex 

thermal patterns associated with early-stage 

battery failures. Multiple predictive models 

estimate the probability of thermal runaway while 

continuously updating prediction parameters 

using newly acquired operational data. 

Continuous model retraining ensures adaptive 

learning under varying environmental conditions 

and battery aging characteristics. 

An intelligent battery safety controller 

continuously evaluates predicted thermal risk 

levels generated by the machine learning module. 

When elevated thermal runaway probability is 

detected, the controller automatically initiates 

preventive safety actions including charging 

current limitation, battery load balancing, cooling 

system activation, electrical isolation, and 
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emergency shutdown procedures. Automated 

warning notifications are simultaneously 

transmitted to vehicle operators, fleet managers, 

and maintenance personnel for rapid intervention. 

A cloud-enabled monitoring platform 

continuously stores battery operational history, 

prediction results, thermal performance 

indicators, and battery health information. 

Predictive maintenance algorithms analyze long-

term battery degradation trends, estimate 

remaining useful life, identify abnormal 

operating conditions, and optimize maintenance 

schedules for individual vehicles as well as 

commercial EV fleets. 

Finally, continuous performance evaluation 

measures thermal runaway prediction accuracy, 

fault detection efficiency, communication 

latency, battery safety performance, maintenance 

effectiveness, and battery lifespan. Periodic 

retraining of machine learning models maintains 

prediction reliability despite battery aging, 

seasonal environmental changes, and evolving 

driving conditions, thereby ensuring long-term 

operational safety. 

IV. Results and Discussion 

Experimental evaluation demonstrated that the 

proposed predictive thermal runaway framework 

significantly improved early detection of battery 

thermal abnormalities compared with 

conventional threshold-based protection systems. 

Continuous analysis of battery sensor data 

enabled machine learning models to accurately 

estimate thermal runaway probability several 

operational cycles before dangerous thermal 

conditions developed, allowing preventive safety 

actions to be initiated in advance. 

The predictive analytical framework achieved 

high fault detection accuracy while substantially 

reducing false alarm rates through continuous 

learning from historical battery operating 

conditions. Intelligent safety controllers 

effectively activated adaptive protection 

mechanisms, including charging regulation, 

cooling system optimization, and battery 

isolation, thereby minimizing thermal stress and 

improving battery operational reliability. 

Cloud-enabled monitoring successfully 

supported predictive maintenance by 

continuously evaluating battery degradation, 

operational performance, and thermal safety 

indicators across multiple vehicles. Fleet 

operators benefited from centralized battery 

supervision capable of identifying high-risk 

batteries, optimizing maintenance schedules, and 

reducing unexpected battery failures while 

improving overall fleet safety. 

Overall, the proposed framework demonstrated 

significant improvements in prediction accuracy, 

thermal safety, operational reliability, 

maintenance optimization, battery lifespan, and 

fault detection efficiency. The experimental 

findings confirm that machine learning-assisted 

battery sensor analytics provide an effective 

solution for proactive thermal runaway 

prevention in next-generation electric vehicle 

battery systems. 

V. Conclusion 

This paper presented a Predictive Thermal 

Runaway Risk Assessment framework 

integrating battery sensor analytics, machine 

learning, IoT connectivity, cloud computing, 

predictive maintenance, and intelligent battery 

management for enhancing thermal safety in 

lithium-ion battery systems. The proposed 

methodology enables continuous monitoring, 

early thermal risk prediction, adaptive battery 

protection, and proactive maintenance while 

significantly improving battery reliability and 

operational safety. 

Experimental analysis demonstrated 

improvements in thermal runaway prediction 

accuracy, fault detection capability, battery 

safety, maintenance efficiency, operational 

reliability, and battery lifespan. Future research 
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may investigate Digital Twin-assisted thermal 

simulation, federated learning for distributed 

battery intelligence, explainable artificial 

intelligence for battery diagnostics, edge AI-

enabled battery monitoring, and autonomous 

battery protection systems to further improve 

intelligent battery safety technologies. 
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