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Abstract — Due to the rising number of road accidents 

caused by unsafe driving practices, the analysis of 

driver behavior has emerged as a critical research area 

within Intelligent Transportation Systems. Recent 

advancements in Internet of Things (IoT) and machine 

learning technologies have enabled the development of 

intelligent driver monitoring systems capable of 

analyzing real-time behavioral data. This research 

paper presents a comprehensive review of existing 

methods for analyzing driver behavior based on IoT 

sensor data and machine learning techniques. Various 

methodologies such as sensor-based monitoring 

systems, machine learning classification models, deep 

learning methods, and IoT-based architectures are 

analyzed and compared. This study highlights the 

strengths and limitations of existing systems and 

identifies key research gaps, such as the lack of 

standardized evaluation frameworks and real-time 

decision-support mechanisms. Finally, future research 

directions focusing on scalable, real-time, and semantic 

driver monitoring systems are discussed. 
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I. INTRODUCTION 

 

The rising number of road accidents resulting from 

unsafe driving habits has become a major global 

concern, causing significant loss of life and property. 

Human factors such as speeding, sudden braking, 

distraction, and fatigue are among the primary causes 

of traffic accidents. Traditional methods of driver 

assessment rely on manual evaluations and historical 

records, which are often limited in scope and fail to 

capture real time driving behaviour in dynamic 

situations [1], [2]. 

 

Recent advancements in Internet of Things (IoT) 

technology have enabled the continuous monitoring 

of driver behaviour through sensor-based data 

collection systems. Devices such as Global 

Positioning System (GPS) modules, accelerometers, 

and gyroscopes are widely utilized to capture vehicle 

dynamics and behavioural patterns in real time. 

These sensor-based monitoring systems provide 

valuable insights into driving behaviour and have 

been effectively implemented in telematics-based 

safety applications [3], [4]. 

 

Concurrently, machine learning technology has 

significantly enhanced the capabilities of driver 

behaviour analysis systems by enabling the 

automated classification and prediction of driving 

patterns. Supervised learning models, trained on 

structured behavioural data, have demonstrated 

excellent performance in identifying hazardous 

driving behaviours and supporting intelligent 

decision-making processes within transportation 

systems [5], [6] 

 

Furthermore, the integration of IoT and machine 

learning has spurred the development of intelligent 

driver monitoring systems capable of providing real 

time analysis and feedback. These systems have 

found application in areas such as driver safety 

assessment, usage-based insurance, and automated 

driver evaluation frameworks. However, despite 

these advancements, several challenges persist, 

including a lack of standardized assessment 

methodologies, scalability issues, and the limited 

interpretability of machine learning models in safety 

critical applications [7], [8]. 

This research paper presents a comprehensive review 

of existing research on driver behavior analysis 

utilizing IoT and machine learning techniques. This 

study examines various approaches, compares their 

methodologies, and identifies key research gaps to 

guide future developments in intelligent 

transportation systems. 
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II. BACKGROUND 

 

The development of intelligent driver monitoring 

systems has been primarily driven by advancements 

in 'Internet of Things' (IoT) technology and 'Machine 

Learning' techniques. These technologies enable the 

collection, processing, and analysis of vast amounts 

of driving related data for the purpose of behavioural 

assessment and decision making. 

 

A. Internet of Things in Transportation 

The Internet of Things (IoT) plays a significant role 

in modern transportation systems by enabling real 

time data collection through interconnected sensing 

devices. In the analysis of driver behaviour, IoT 

systems utilize sensors such as Global Positioning 

System (GPS) modules, accelerometers, and 

gyroscopes to monitor vehicle dynamics and driver 

actions. These sensors generate a continuous stream 

of data, which can be used to identify patterns such 

as sudden acceleration, hard braking, lane changes, 

and speeding. IoT based monitoring systems provide 

a scalable framework for collecting and transmitting 

behavioural data for further analysis [3], [7]. 

 

B. Machine Learning for Behavior Analysis 

Machine learning techniques are extensively used to 

analyse driver behaviour by identifying patterns 

within structured and unstructured data. Supervised 

learning models such as decision trees, Support 

Vector Machines, and ensemble methods are 

commonly employed to classify driving behaviours 

into categories such as safe or unsafe. These models 

learn from labelled datasets and can generalize to 

new driving scenarios, thereby enabling automated 

and objective behavioural assessment. Machine 

learning based methods have demonstrated high 

accuracy in identifying unsafe driving practices and 

predicting driver performance [5], [6]. 

 

C. Driver Behavior Analysis Framework 

Driver behaviour analysis involves the evaluation of 

driving patterns based on measurable parameters 

such as speed, acceleration, braking, and driver 

attention. These parameters are typically derived 

from sensor data and processed using computational 

models to evaluate driving performance. The analysis 

process generally encompasses data collection, pre-

processing, feature extraction, classification, and 

decision making. This structured methodology 

enables the development of intelligent systems 

capable of supporting applications such as driver 

safety assessment, insurance risk evaluation, and 

transportation system optimization [8]. 

This model generates predictions indicating the 

following categories of driver behaviour: Safe or 

Risky 

 
Fig. 1. Driver behaviour analysis system workflow 

using IoT and machine learning. 

 

III. LITERATURE REVIEW 

 

Extensive research has been conducted in the field of 

driver behaviour analysis using sensor technology, 

machine learning techniques, and Internet of Things 

(IoT) based systems. Early approaches relied 

primarily on sensor-based monitoring systems, which 

enabled the capture of vehicle dynamics and the 

identification of unsafe driving patterns such as 

sudden braking, rapid acceleration, and speeding. 

Smartphone based sensing systems, utilizing 

accelerometer and Global Positioning System (GPS) 

data, have demonstrated the feasibility of detecting 

anomalous driving behaviour through telematics data 

analysis [2]. Similarly, IoT enabled "black box" 

systems have been developed to continuously 

monitor and record driving data for safety assessment 

and post analysis applications [3]. 

 

With the advancement of data driven approaches, 

machine learning techniques have been widely 

adopted to enhance driver behaviour analysis. 
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Supervised learning models, trained on structured 

behavioural datasets, have demonstrated a strong 

capability to classify driving patterns into safe and 

hazardous categories. These models enable the 

automated and objective assessment of driver 

performance, thereby reducing reliance on manual 

evaluation methods [4]. Furthermore, ensemble 

learning techniques have been employed to improve 

classification accuracy and robustness by combining 

multiple predictive models, resulting in superior 

performance in real world driving scenarios [5]. 

 

Recent studies have also explored the application of 

deep learning techniques for driver behaviour 

analysis. Hybrid deep learning models capable of 

capturing complex temporal and spatial patterns 

within driving data have demonstrated improved 

predictive accuracy in dynamic driving environments 

[6]. However, these models typically require large 

datasets and substantial computational resources, 

which can limit their practical deployment in real 

time systems. 

 

The integration of IoT with communication 

technologies has further enhanced the capabilities of 

driver monitoring systems by enabling real time data 

transmission and analysis. Vehicle tracking systems 

utilizing GPS and wireless communication networks 

provide location-based monitoring and support 

emergency response mechanisms within 

transportation systems [7]. Nevertheless, many 

existing systems rely heavily on cloud-based 

architectures, which introduces latency and creates a 

dependency on network connectivity. 

 

To address these challenges, recent research has 

focused on edge computing approaches, which 

enable localized data processing within the vehicle 

environment. Edge based driver monitoring systems 

reduce latency in real time applications, improve 

system responsiveness, and enhance reliability, 

making them well suited for intelligent transportation 

systems [10], [11]. 

 

The analysis of driver behaviour has also been 

applied in fields such as insurance and driver 

assessment. Usage based insurance models utilize 

driving behaviour data to dynamically adjust 

insurance premiums based on individual risk levels, 

thereby improving accuracy compared to traditional 

assessment methods [8]. Similarly, automated driver 

assessment systems have been proposed to provide 

objective and standardized evaluation frameworks 

for driver licensing and training applications [9]. 

 

Despite significant progress in this field, several 

limitations persist. Many existing systems focus 

primarily on behaviour recognition and classification 

without providing standardized performance 

evaluation frameworks or semantic scoring 

mechanisms. Furthermore, reliance on cloud-based 

architectures limits scalability and real time 

responsiveness. These challenges underscore the 

need for integrated driver behaviour analysis systems 

that incorporate real time monitoring, machine 

learning based classification, and standardized 

scoring frameworks to facilitate effective decision 

making in intelligent transportation applications. 

 

IV. COMPARATIVE ANALYSIS 

 

To evaluate the effectiveness of currently existing 

driver behavior analysis systems, a comparative 

analysis of selected studies based on their 

methodologies, key features, and limitations is 

presented here. This comparison sheds light on the 

strengths and shortcomings of the various approaches 

employed in the relevant literature. 

 

Table I: Comparative Analysis of Driver Behavior 

Monitoring Systems 

Ref Method Limitation 

[2] Sensor-based Limited accuracy 

[3] IoT system 
No real-time 

decision 

[4] ML model Data dependent 

[5] Ensemble High complexity 

[6] Deep learning Needs large data 

[7] GPS tracking Limited analysis 

[8] Insurance model Privacy issues 

[9] 
Evaluation 

system 

No real-time 

feedback 

[10] Cloud system High latency 

[11] Edge system Limited resources 

 

Comparative analysis reveals that sensor based and 

IoT driven systems provide effective data collection 

mechanisms, while Machine Learning and Deep 

Learning models enhance behavioural classification 

capabilities. However, most existing methods either 

lack real-time decision-making capabilities or rely 

heavily on cloud-based architectures, thereby 

introducing challenges related to latency and 

scalability. Edge computing approaches address 
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these limitations, yet they are constrained in terms of 

computational resources. These observations 

underscore the need for integrated systems that 

combine efficient data collection, intelligent analysis, 

and real time decision support. 

 

V. RESEARCH GAP 

 

Despite significant advancements in driver behaviour 

analysis utilizing IoT and Machine Learning 

technologies, several research gaps persist, thereby 

limiting the effectiveness and practical 

implementation of current systems. 

One of the primary limitations is the absence of 

standardized evaluation frameworks for assessing 

driver performance. Most current studies focus 

primarily on identifying and classifying driving 

behaviours but fail to provide a cohesive and 

meaningful scoring mechanism that can be utilized 

for real-world decision-making applications, such as 

driver licensing and insurance assessments. 

Another significant challenge is the limited real-time 

processing capability inherent in many current 

systems. A large number of driver monitoring 

systems rely on cloud-based architectures for data 

processing, which introduces latency and diminishes 

system responsiveness. This limitation renders such 

systems less suitable for real-time, safety-critical 

applications. 

Furthermore, many Machine Learning and Deep 

Learning models require extensive datasets and 

substantial computational resources, thereby 

imposing constraints on their implementation in 

resource-constrained environments, such as in-

vehicle systems. This creates a disparity between 

research models and practical implementation. 

Additionally, issues regarding data privacy and 

security remain a matter of concern in IoT-based 

driver monitoring systems, as continuous data 

collection and transmission may expose sensitive 

user information. 

Another significant limitation is the lack of 

interpretability in advanced Machine Learning 

models. Many existing systems provide classification 

outcomes without elucidating the underlying 

rationale behind their decisions, thereby diminishing 

their trustworthiness and utility in safety-critical 

applications. 

Finally, there is a dearth of integrated systems that 

consolidate real-time monitoring, intelligent 

behaviour classification, and standardized 

performance assessment into a single, unified 

framework. To develop a scalable, reliable, and 

practical driver behaviour analysis system, it is 

necessary to address these shortcomings. 

 

VI. FUTURE DIRECTIONS 

 

Future research in driver behaviour analysis should 

focus on developing more efficient, scalable, and 

interpretable systems that can be deployed within 

actual traffic environments. A key direction in this 

regard involves integrating edge computing with IoT-

based driver monitoring systems to enable real-time 

data processing directly within the vehicle, thereby 

reducing latency and enhancing system 

responsiveness. 

Another crucial direction is the development of 

lightweight machine learning and deep learning 

models capable of operating efficiently on resource-

constrained devices. This would facilitate their 

deployment within embedded automotive systems 

without requiring high computational power or 

continuous cloud connectivity. 

Improving model interpretability also constitutes a 

significant area of research. Future systems should 

prioritize Explainable Artificial Intelligence (XAI) 

techniques to provide transparent decision-making 

processes, thereby enabling users and regulatory 

authorities to understand the rationale behind driver 

behaviour classifications. 

Furthermore, integrating multimodal data sources 

such as video, audio, and physiological signals 

alongside traditional sensor data can significantly 

enhance the accuracy and robustness of driver 

behaviour analysis systems. 

To address growing concerns regarding user data 

security within IoT-based systems, privacy-

preserving techniques such as federated learning and 

secure data transmission protocols should also be 

explored. 

Finally, to support applications such as driver safety 

assessment, insurance risk evaluation, and automated 

licensing systems, future systems should aim to 

integrate real-time monitoring, intelligent 

classification, and standardized scoring mechanisms 

into a unified framework. 

 

VII. CONCLUSION 

 

This research paper presents a comprehensive review 

of driver behaviour analysis systems based on IoT 

and machine learning techniques. Various 

approaches such as sensor-based systems, machine 
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learning models, deep learning architectures, and 

IoT-based frameworks have been analysed to 

understand their capabilities and limitations. This 

study highlights that, despite significant progress, 

existing systems still face challenges such as a lack 

of real-time decision-making capabilities, limited 

interpretability, and the absence of standardized 

evaluation frameworks. Furthermore, issues related 

to scalability, computational complexity, and privacy 

remain matters of serious concern. This review also 

identifies key research gaps and emphasizes the need 

for integrated systems that combine real-time 

monitoring, intelligent classification, and 

standardized scoring mechanisms. Future research 

should focus on developing lightweight, scalable, and 

interpretable systems for practical deployment in 

intelligent transportation applications. 
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