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Introduction. The rapid growth of urban populations and the increasing
complexity of transportation networks have amplified the demand for intelligent traffic
management systems. Among the critical components of such systems is the accurate
and efficient classification of objects in road traffic environments, including vehicles,
pedestrians, cyclists, and various roadside entities. The ability to reliably identify and
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distinguish these objects is fundamental for applications such as autonomous driving,
traffic monitoring, infrastructure planning, and road safety enhancement.

Traditional object classification approaches, primarily based on handcrafted
features and rule-based algorithms, have proven insufficient in addressing the dynamic,
heterogeneous, and often unpredictable nature of real-world traffic. Factors such as
varying lighting conditions, occlusions, cluttered environments, and rapidly changing
object behavior present significant challenges to conventional systems. These
limitations have driven researchers and practitioners to adopt machine learning (ML)
and, more recently, deep learning (DL) techniques to improve classification accuracy
and robustness in complex traffic scenarios.

Machine learning algorithms offer significant advantages due to their ability to
learn from large datasets, generalize across variable conditions, and adapt to new
patterns with minimal human intervention. Specifically, deep learning models such as
convolutional neural networks (CNNs), recurrent neural networks (RNNs), graph
neural networks (GNN5s), and transformers have achieved remarkable results in image
classification, object detection, and scene understanding. These models excel at
extracting high-level features from traffic imagery, enabling precise identification of
objects and their contextual relationships.

Recent advancements have also explored the integration of multimodal data
sources such as camera feeds, LiDAR sensors, and radar, enhancing the spatial and
temporal understanding of traffic scenes. The fusion of such data enables classification
models to operate effectively under adverse weather or low-visibility conditions, which
are common challenges in road traffic environments. In parallel, the rise of edge
computing has emphasized the development of lightweight, energy-efficient models
suitable for deployment on in-vehicle systems and roadside units.

Despite significant progress, several challenges remain unresolved. Current
models often struggle with generalization across different environments and
geographical locations. Data imbalance, especially for rare traffic objects, continues to
affect classification performance. Moreover, achieving real-time processing while
maintaining high accuracy remains a bottleneck, particularly for large-scale
deployments in smart city ecosystems.

Given the fast-evolving nature of this domain, a comprehensive review of state-
of-the-art approaches is both timely and necessary. This paper aims to consolidate
recent research efforts focused on object classification in road traffic using machine
learning techniques. It presents a systematic overview of model architectures, data
fusion strategies, deployment considerations, and performance benchmarks.
Additionally, the study identifies current limitations and outlines potential future
research directions that can guide the development of more robust and scalable
classification systems.

By examining recent innovations and critically analyzing their strengths and
weaknesses, this review seeks to support both academic research and industry
applications in the field of intelligent transportation systems [1,2,7,12]. The findings
are expected to inform the design of next-generation traffic management solutions that
are not only intelligent but also resilient and adaptable to the complexities of modern
urban mobility.
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Literature Review. Recent advancements in intelligent transportation systems
have significantly increased the adoption of machine learning techniques for object
classification in road traffic environments. Convolutional neural networks (CNNs) are
widely applied for vehicle and pedestrian recognition, with models incorporating
spatial-temporal fusion and ensemble learning strategies to enhance accuracy and
robustness [3,11]. Modern object detectors such as YOLOvS and EfficientDet have
demonstrated high performance in real-time classification tasks [4].

Multi-sensor data fusion has also emerged as a key approach, combining visual
and LiDAR data or applying graph neural networks to improve contextual
understanding and classification reliability [5, 8]. Attention-based and transformer
architectures have been employed to capture complex scene dynamics and improve
feature extraction in dense traffic conditions [6, 9]. Hybrid models integrating CNN5s
and recurrent neural networks (RNNs) further support classification in dynamic and
sequential environments [15].

Several studies have addressed the need for lightweight, deployable models suited
for edge computing, focusing on reducing computational cost while maintaining
performance [10]. Semi-supervised and anomaly-aware learning approaches have been
introduced to handle data scarcity and enhance system adaptability in real-world traffic
scenarios [13].

Comprehensive reviews have outlined the current state of the field, highlighting
challenges such as occlusion, environmental variability, and the need for scalable
deployment solutions [2, 7, 14]. These contributions collectively provide a strong
foundation for future research on scalable, accurate, and efficient road object
classification systems.

Main part.

This study adopts a structured literature review methodology to analyze current
research trends, approaches, and challenges in road traffic object classification using
machine learning. The primary aim is to synthesize relevant peer-reviewed studies
published from 2020 to 2024, capturing state-of-the-art advancements and identifying
future research directions.

Relevant articles were identified through targeted searches in academic databases
including IEEE Xplore, ScienceDirect, SpringerLink, Scopus, and Google Scholar.
Search queries included combinations of keywords such as “object classification”, “traftic
monitoring”, “machine learning”, “deep learning”, “autonomous driving”, “CNN”,
“transformer models”, and “LiDAR fusion”. Only publications written in English and
peer-reviewed journals or high-impact conference proceedings were considered.

To better understand the composition of the initial dataset comprising 110
research articles, three visualizations were developed: distribution by year of
publication (Fig.1), distribution by academic database (Fig.2), and keyword frequency
(Fig.3). These diagrams provide insight into the research trends, sources, and thematic
focus areas relevant to object classification in road traffic using machine learning.

This diagram (Fig.1) illustrates the temporal distribution of relevant research
articles published between 2020 and 2024. The number of publications rose steadily
from 2020 (18 articles) to a peak in 2022 (29 articles), reflecting a growing academic
interest in applying machine learning to traffic-related classification problems.
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Although a slight decrease is observed in 2023 (28 articles), this still represents high
activity. The count for 2024 (9 articles) reflects a partial year at the time of review.

Number of Articles

2021 2022 2023

Figure 1. Articles by Year of Publication

2020

2024 (YD)

Distribution by Academic Database

Google Scholar

Figure 2. Articles by Academic Database

The chart (Fig.2) highlights the primary academic databases from which the
articles were sourced. IEEE Xplore contributed the highest number of articles (33),
followed closely by ScienceDirect (28). SpringerLink and Scopus provided 18 and 17
articles respectively. Google Scholar, though not a formal database, was used for
supplementary verification and yielded 14 articles. This distribution shows a strong
emphasis on engineering and technology-driven repositories, consistent with the
technical nature of the subject matter.

This chart (Fig.3) presents the frequency of major keywords used across the 110
articles. “Object Classification” (78) and “Machine Learning” (70) were the most
common terms, underlining their centrality to the research domain. “Traffic Monitoring”
(59) and “Deep Learning” (52) followed closely. Emerging concepts such as “Edge
Computing” (24), “Graph Neural Networks” (15), and “Transformers™ (10) were also
present, indicating newer directions in traffic analysis research. The diversity and
repetition of terms highlight key focus areas and emerging technologies within the field.
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Conclusion. The accurate classification of objects in road traffic environments
has become a cornerstone of intelligent transportation systems, autonomous vehicle
navigation, and real-time traffic management. This review has explored the current
state-of-the-art in machine learning-based approaches to object classification,
highlighting the diversity of algorithms, data sources, and system architectures
employed across recent research.

In conclusion, the field of road traffic object classification using machine learning
is rapidly evolving, fueled by innovations in artificial intelligence and sensing
technologies. Future research should prioritize model generalization, real-world
validation, and scalable deployment frameworks. Greater interdisciplinary
collaboration between computer science, transportation engineering, and urban
planning will also be essential to translating academic advancements into practical,
impactful solutions.
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