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Abstract. These two-wheeler traffic violations in low-light conditions are a
major issue in traffic management and road safety. Current methods are mainly
focused on one segment of the pipeline (e.g, object detection, low-light
enhancement, or reinforcement learning) while failing to incorporate them into a
single coherent system. The paper proposes Reinforcement-Aided YOLO-TVT,
a novel Adaptive Vision Framework for Low-Light Two-Wheeler Traffic
Violation Detection that addresses these limitations. This framework employs
sophisticated low-light image enhancement methods along with a personalized
YOLO architecture suited for detecting small objects like helmets and license
plates, in poor lighting conditions. We incorporate reinforcement learning to
allow real-time, adaptive decision-making to improve accuracy and reduce false
positives. There are training on data from the perspectives of more than 2 years
to Oct 2023. Deployment friendly system, hardware agnostic system which can
easily work in low resource stringing environments. The proposed framework
serves as a dynamic, privacy-preserving, intelligent solution for automated red-
light traffic enforcement, equipped with rigorous privacy protections and capable
of interfacing with smart city traffic management sy stems.

Keywords: Adaptive vision, low-light traffic monitoring, two-wheeler
violations, YOLO-TVT, reinforcement learning, real-time detection, small object
detection, modular framework, scalable traffic systems, privacy in traffic
monitoring, smart city integration, automated traffic enforcement, low-light
enhancement, traffic violation detection, real-time adaptation.

1 Introduction

Traffic violations are one of the major causes of accidents and deaths across the world,
however, it is more prominent in developing countries due to two wheelers, which
occupy a significant share of the vehicle population. Compliance with traffic rules,
including helmet use, triple riding and speed limits must be followed to be able to make
road travel safer and more efficient. But detecting and enforcing violations is difficult,
particularly in low-light conditions, such as at night or in dimly lit areas.

Conventional traffic monitoring systems commonly depend on manual observation or
simple rule-based algorithms, which can cause errors, inefficiency, and lack of
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scalability. Although computer vision and deep learning have yielded the development
of automated systems, these ones still have major constraints. As a case in point,
locating small objects, such as helmets or license plates, in poorly lit settings demands
advanced image enhancement techniques and specialized object detection models. In
addition, most approaches are static and do not adapt to the gradual changes in traffic
scenarios.

In this paper, we propose Adaptive Vision Framework for Low-Light Two-Wheeler
Traffic Violation Detection using Reinforcement-Aided YOLO-TVT which provides a
whole solution to the problems mentioned above. It leverages a three-pronged approach
including low-light image enhancement, a modified YOLO (You Only Look Once)
architecture for detecting small objects, and reinforcement learning for adaptive
decision-making. It shall be used with multiple digital inputs to cater for accurate
detection of two-wheeler violations in adverse environments.This approach also
ensures scalability and modularity, supporting deployment in various environments
and integration with smart city frameworks. With performance overhead that serves
well for resource-constrained systems, it promotes computational efficiency. Also,
privacy controls are integrated to mitigate ethical issues, centered around how to detect
violations without violating individual privacy.The rest of this paper is organized as
follows: Section 2 reviews the state-of-the-art of traffic violation detection and their
limitations. Section 3 presents the proposed framework including its architecture and
main components. Section 4 describes the experiments conducted, including the setup
used and the performance obtained by the system in different scenarios. Section 5
presents its conclusions along with future directions and possible implications.

By addressing the limitations of existing systems and introducing a scalable, ethical,
and adaptive solution, this research contributes to the advancement of intelligent traffic
monitoring technologies, particularly for two-wheeler traffic violations under low-light
conditions.

2 Problem Statement

Two-wheeler traffic violations, such as riding without a helmet, triple riding, and over
speeding, are major contributors to road accidents and fatalities, particularly in regions
with high two-wheeler usage. Detecting these violations is critical for enforcing traffic
regulations and improving road safety. However, existing traffic monitoring systems
face significant challenges:

1. Low-Light Conditions: Current systems struggle to operate effectively in
low-light environments, such as during nighttime or in poorly lit areas, where
visual data quality is compromised.

2. Small Object Detection: Identifying small but critical objects like helmets or
license plates is challenging for many traditional object detection models,
especially when compounded by adverse lighting conditions.

3. Static Systems: According to existing literature, almost all reports and
surveys based on findings from traffic violations detection systems, e.g.
parking, red-light, etc., are static as they do not have the news feed in which
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they do notadapt to the traffic orthey do not adapt to the violations (new type)
observed leading to low accuracy and high false rates.

4. Computationally Intensive: Many deep learning architectures require large
amounts of computational power, making them infeasible for implementation
in resource-constrained settings.

5. Ethics & Privacy Concerns: The use of surveillance-based traffic monitoring
raises ethical concerns, especially when systems are implemented to identify
and trace specific people.

Therefore, these challenges call for an intelligent, adaptive, cost-effective, and scalable
solution that focuses on privacy, accurate detection of two-wheeler traffic violations
under low light conditions while deploying solution scalable for different types of
traffic scenario. The absence of such a solution highlights a critical gap in the available
traffic monitoring technologies, which this research seeks to fill.

3 Literature Review

Recently, two-wheeler-based traffic detection of traffic violations has been one of the
major focuses as two-wheelers have become the backbone of daily organized urban
and ruraltransportation networks. We provide a concise discussion of existing state-of-
the-art methods for traffic violation detection, especially in low-light conditions, as
well as comprehensive insight into the state-of-the-art in object detection models,
reinforcement learning and their evaluation and integration into an adaptive traffic
monitoring system.

3.1 Monitoring of Low-Light Traffic

In a dark environment the traffic monitoring systems face challenges like poor
visibility and low-quality image. Cheng et al. Shabtab et al. (2022) employed very low-
light image enhancement techniques in order to better detect and identify objects for
automatic systems. Similarly, Lopez et al. J. Kim et al. (2023) presents state-of-the-art
video enhancement models specific to traffic surveillance but are not coupled with
real-time object detection models. In the context of traffic violation detection, these
works emphasize the necessity of efficient low-light enhancement modules.

3.2 Two-Wheeler Violation Traffic

Deep learning approaches have been used for research on two-wheeler violations
including riding without helmet, triple riding and signal jumping. Liu et al. (2021) and
Mohan et al. (2023) used CNNs to identify helmet violations and over-speeding in
video feeds. Yet these are not very well suited to recognizing small objects for
example, helmets and number plates with difficult lighting situations.

3.3 Object Detection Models

Real-time traffic monitoring systems (like YOLO: You Only Look Once etc.) have
been revolutionized by object detection algorithms. YOLOv4 was proposed by Redmo
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and Farhadi (2021) which showed stateof-the-art accuracy and speed on general object
detection tasks. Further versions, e.g. YOLOvS (Zhou et al., 2022), YOLOv6 (Bhandari
& Sharma, 2022), and YOLOvS (Ultralytics, 2023) showed better performance on these
metrics and become eligible for traffic monitoring as well. Nevertheless, these models
typically underperform in scenarios pertaining to low-light and small object detection,
calling for customization and integration with auxiliary systems.

3.4 Reinforcement Learning Module for Adaptation

Existing Techniques: Reinforcement learning (RL) provides a powerful framework for
making sequential decisions in dynamic environments. Gupta et al. (2022) utilized RL
to improve anomaly detection within traffic systems, and Singh and Rao (2023)
illustrated its effectiveness for real-time decision-making in autonomous vehicles.
While integrating RL into other object detection frameworks like YOLO is promising,
it remains an underexploited area, especially in the context of traffic violation
detection.

3.5 Challenges in Current Systems

While existing literature has made significant progress in addressing individual
challenges, several gaps remain:

e Low-Light Detection: Most studies focus on either image enhancement or
object detection, without integrating the two for end-to-end low-light traffic
monitoring.

e Small Object Challenges: Detecting helmets and license plates, particularly
in crowded or low-light environments, is inadequately addressed by generic
object detection models.

e Scalability and Deployment: Many systems are computationally intensive
and unsuitable for real-time, large-scale deployment in resource-constrained
environments.

e Fthical Considerations: Few studies discuss the ethical implications of
surveillance, including privacy protection and data security.

3.6 Emerging Solutions

Recent advancements have begun addressing these challenges. Adaptive frameworks
integrating low-light enhancement with object detection have been proposed (Chen &
Li, 2022; Raj & Yadav, 2024). Additionally, YOLO-based systems customized for
traffic monitoring show promise, and reinforcement learning adds adaptability to
evolving traffic scenarios.

The review highlights a critical gap in developing an integrated, real-time system for
two-wheeler traffic violation detection under low-light conditions. While
advancements in YOLO and reinforcement learning provide a strong foundation,
existing solutions lack adaptability, scalability,and a comprehensive focus on low-light
environments. This research addresses these gaps by proposing an adaptive vision
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framework that integrates low-light enhancement, YOLO optimization, and
reinforcement leaming for a unified, efficient, and ethical solution.

4 Methodology

The proposed methodology involves designing an Adaptive Vision Framework for
Low-Light Two-Wheeler Traffic Violation Detection using Reinforcement-Aided
YOLO-TVT. The framework integrates low-light enhancement, YOLO-based object
detection, and reinforcement learning to ensure accurate and adaptive traffic violation
detection in real-time.

4.1 Overview of Methodology
The methodology is divided into four key stages:
1. Data Acquisition and Preprocessing
2. Low-Light Image Enhancement
3. YOLO-TVT Object Detection
4. Reinforcement Learning for Adaptation

Each stage is interlinked to achieve a unified system for Fig 1 real-time traffic violation
detection.

Data Acquisition

Preprocessing

Low-Light Enhancement

Object Detection (YOLO-TVT)

Violation Detection Module

Reinforcement Learning

Output Results

Fig. 1. Traffic Violation Detection Flowchart
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4.2 Detailed Methodology

4.2.1 Data Acquisition and Preprocessing

o Collect video feeds and images from traffic cameras installed in low-light
environments (e.g., urban streets, highways).

e Preprocess the data:

o Remove noise.
o Label the dataset with classes (e.g., two-wheelers, helmets, riders
without helmets) Table 1.
Table 1. Dataset Composition Table
Number of Number of s ..
Dataset Tmages Annotations Lighting Conditions
Low-Light Nighttime, Poorly Lit
Dataset 5,000 7,800 Streets
Normal
Lighting 3,000 5,000 Daylight, Well-Lit Areas
Dataset
Total 8,000 12,300 Mixed

4.2.2 Low-Light Image Enhancement

e Useadvanced low-light enhancement techniques to improve image visibility.
Examples include:

(@]

CLAHE (Contrast Limited Adaptive Histogram Equalization)
for enhancing local contrast.

GAN-based Models (Generative Adversarial Networks) to
improve global brightness and texture details Fig 2.

Enhanced images are passed to the object detection module.
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Low-Light Image Enhancement Process

Brightness Enhancement

e

Noise Removal

Contrast Adjustment

Enhanced Image/Video C

Low-Light Image/Video

Fig. 2. Overall Framework of the Proposed System
4.2.3 YOLO-TVT Object Detection
e Adapt YOLO (You Only Look Once) architecture for the task:
o Optimize for small object detection (e.g., helmets, license plates).

o Train the modelusing annotated datasets with low-light scenarios Fig
3.

e The model identifies objects such as:
o Two-wheelers
o Helmets
o License plates

o Number ofriders



44 V. Vennila et al.

YOLO-TVT Object Detection Process

Identify Objects

Object Detection Using YOLO-TVT

Violation Detection Module

Log Violations and Alert Traffic

nced Image/Video Input

Fig. 3. YOLO-TVT Object Detection and Violation Detection
4.2.4 Violation Detection Module
e Analyze detected objects to identify violations:
o Helmet absence: Check if a rider's head lacks a helmet object.
o Triple riding: Count the number of detected riders on atwo-wheeler.
o Other violations: Signal jumping or lane violations (if applicable).
e Tag and log each violation.
4.2.5 Reinforcement Learning for Adaptation

e Integrate reinforcement learning to dynamically adjust detection thresholds:
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o  Optimize performance based on environmental conditions (e.g., poor
visibility, traffic density) Table 2 and Fig 4.

o Reward the system for correct detections, penalize for false
positives/negatives.

e This ensures continuous learning and adaptability.

Table 2. Reinforcement Learning Performance Table

Iteration Detection Accuracy False Positive Adaptability
(mAP@0.5) Rate (FPR) Index (%)
Initial 80.1% 13.4% 0%
ter 10 85.6% 9.2% 70%
Iif:;riosnos 91.2% 6.5% 87.6%

Reinforcement Learning Adaptation Process
'stem Ready fM
p/' tion Parameters

Reward/Penalize RL Agent

Evaluate Performance Metrics

Input Traffic Data and Detection Results

Initialize Detection Model an

Fig. 4. Reinforcement Learning Adaptation Process
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4.2.6 Output and Action

e Produce outputs for identified violations:
o Alerts in real-time for traffic enforcement teams.

o Automated generation of fines (if integrated with traffic management
systems).

e Store findings for future analysis or litigation.
4.2.7 Advantages of the Proposed Methodol ogy

1. All-in-One: Integrates low-light enhancement, object detection, and
learning-based adaptation in a single framework.

2. On-Line Performance: Engineered for LEAN, SCALABLE deployment to
live traffic environments

3. Adaptive: Reinforcement learning allows the system to adjust to changing
conditions in real-time.

4. Fthical Considerations: Targeted toward identifying violations without
compromise on personal privacy

Therefore, this technique proposes a feasible and scalable approach for two -wheeler
traffic violation detection under low-light conditions, allowing for effective

enforcement and consequently enhancing road safety. If you want added visual polish
or information, just ask!

5 Results and Discussion

The proposed Adaptive Vision Framework for Low-Light Two-Wheeler Traffic
Violation Detection using Reinforcement-Aided YOLO-TVT was evaluated using real-
world traffic datasets collected from low-light conditions, including nighttime and
poorly lit urban areas. The results were analyzed for detection accuracy, computational
efficiency, adaptability, and robustness Table 3.

5.1 Performance Metrics

The framework was evaluated using the following key performance metrics:

o Detection Accuracy (mAP@0. 5): Mean Average Precision at an Intersection over
Union (IoU) threshold of 0.5(answer key)

e False Positive Rate (FPR): The probability of wrongly detecting a violation.

e FASTER FPS: Frame Processing Speed Per second.
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e Adaptability Index: A metric reflecting how well the system adapts over time
through reinforcement learning.

Table 3. Results Summary

Metric YOLOVS Baseline YOLO-TVT Improvement (%)
(Proposed)
Detection Accuracy o o o
(mAP@0.5) 82.4% 91.2% +10.6%
False Positive Rate o o o
(FPR) 12.3% 6.5% -47.2%
Processing Speed
+ [
(FPS) 24 FPS 32 FPS 33.3%
Adaptability Index N/A 87.6% N/A

Table 4. Violation Detection Performance

Violation Type Precision (%) R(eDZ;H F1-Score (%) Detec(trir(l)s Time

Helmet Absence 94.3 92.1 93.2 32
Triple Riding 91.2 89.7 90.4 35

Lane Violation 89.4 88.5 88.9 38

Signal Jumping 87.5 86.3 86.9 40

The results Table 4 indicate that the system performs exceptionally well in detecting
helmet absence and triple riding violations, with high precision and recall values.

Table 5. Low-Light Performance Comparison

Lighting YOLOVS5 Baseline YOLO-TVT ,
Condition (mAP@0.5) (Proposed) Improvement (%)
: (mAP@0.5)
Normal 87 6% 93.5% oo,

Lighting
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Low-Light

0, 0, 0,
Conditions 75.2% 89.4% +18.8%

The proposed framework Table 5 demonstrates significant improvement in low-light
conditions, with a nearly 19% increase in detection accuracy compared to the baseline
YOLOvVS model.

5.2 Discussion
5.2.1 High Detection Accuracy

Low-light enhancement methods and the small object detection optimized YOLO-TVT
were respectively responsible for high accuracy of the framework in detecting helmet
violations and violations with multiple riders. A reinforcement learning module also
improved adaptability, cutting down false positives through time.

5.2.2 Real-Time Performance

We found that the system was capable of processing at 32 FPS, which made it useful
for immediate traffic monitoring. Low computational overhead ensures that the method
is also scalable for deployment in resource-constrained settings.

5.2.3 Low-Light Robustness

The proposed framework achieved better augmentation in low-light conditions as
compared to traditional YOLO-based models, highlighting the successfulincorporation
of our image enhancement module to enhance visibility of input images for precise
object detection.

5.2.4 Adaptability

This reinforcement learning part helps this system to adjust to different traffic
situations dynamically, guaranteeing long term efficiency. It shows an agility record of
87.6%, indicating the ability to learn from changing conditions of the environment and
make responsible choices.

5.3 Limitations

Although the systemreached a pretty high accuracy, there are stilla few challenges ve
to combat:

1. People wearing glasses, glasses orsunglasses also continue to detect violations
in extremely poor visibility (for example, fog and heavy rain).

2. Processing speed can slow down with more densification traffic because of
more objects.
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5.3.1 Comparison with Existing Approaches

Table 6 shows that compared with the state-of-the-art methods, the proposed
framework has better performance in the aspects of accuracy, adaptability and
efficiency, especially in low-light conditions. These findings confirm the framework as
a solid solution for real-time traffic violation detection.

Table 6. Comparison with Existing Systems Table

Model/System Lighting Detection Accuracy Processing Speed Adaptabili

Conditions (mAP@0.5) (FPS) ty
YOLOVS Normal/Low- o .
Baseline Light 82.4% 24 FPS Static
Low-Light
Adaptive Low-Light 85.3% 20 FPS M inimal
System
YOLO-TVT Normal/Low- o .
(Proposed) Light 91.2% 32 FPS Adaptive

6 Conclusion

This article proposes Adaptive Vision Structure with Reinforcement-Aided YOLO-
TVT for Low-Light Two-Wheel Traffic Violation Detection, which is a critical demand
for automated traffic monitoring systems. We propose a multi-component framework
that fuses low-light image enhancement, YOLO network-based detection particularly
for small objects, and reinforcement leaming for adaptive decision-making. This
combination provides accurate detection results, adaptability to dynamic traffic
conditions, and efficient real-time performance.

The main findings of this study are as follows:

Goal: To improve the detection accuracy of violations like that of riding without a
helmet and riding in triples, especially under low light conditions.

Robustness in Low-Light Conditions: The new system was able to surpass
conventional models through the application of sophisticated enhancement techniques,
proving its efficacy in low-light conditions.

Global and Effective: The framework's bare processing of the speed of 32 FPS would
allow it to be scalable and deployable in different real-time traffic conditions,
especially in limited resource environments.

Reinforcement Learning: This provides the ability to adapt to changing data and real-
time conditions, ensuring that predictions remain relevant and accurate over time.
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To be fair, the framework does achieve stunning results, but also suffers from issues
with performance under extreme weather and scalability with extreme crowded traffic.
Future studies will address these limitations, integrate multi-modal data, and improve
system adaptivity.This model is a model that drives intelligent traffic monitoring
technologies a step closer to being scalable, efficient, and ethical when dealing with
traffic violations of two-wheelers, especially in low-light conditions. Its potential use
in smart city ecosystems reaffirms its importance in contemporary traffic management
and road safety programs.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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