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Abstract:

Reliable perception of the surrounding environment is a fundamental requirement for autonomous
vehicles. Adverse weather conditions, particularly rainfall, significantly affect the quality of visual data
captured by onboard cameras. Rain streaks, water droplets, reduced illumination, reflections, and motion
blur often degrade image quality, making object recognition more difficult. As a result, the performance
of conventional object detection systems may decline, leading to inaccurate localization and
classification of road objects.

Recent developments in deep learning have enabled the creation of more robust object detection
frameworks capable of operating under challenging environmental conditions. Among these approaches,
the YOLO family of models has gained considerable attention due to its ability to provide high detection
speed while maintaining acceptable accuracy for real-time applications. This review examines existing
research on object detection in rainy environments, focusing on detection architectures, image
enhancement techniques, and weather-aware learning strategies. The study also discusses the role of
lightweight web-based deployment using Flask for visualizing detection results. The analysis indicates
that combining effective image restoration methods with optimized deep learning models can improve
detection robustness and contribute to safer autonomous driving in rain-affected scenarios.
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1. Introduction

The advancement of autonomous vehicle technology has increased the demand for reliable perception
systems capable of understanding complex road environments. Among the various perception tasks,
object detection plays a vital role by enabling vehicles to identify surrounding entities such as
pedestrians, vehicles, traffic signs, cyclists, and other road obstacles. Accurate detection of these objects
is essential for safe navigation, collision avoidance, and intelligent decision-making.
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Despite significant progress in deep learning and computer vision, adverse weather conditions continue
to affect the effectiveness of object detection systems. Rainfall introduces several visual disturbances,
including rain streaks, water droplets, reflections, reduced contrast, and motion blur, which can degrade
image quality and make object recognition more difficult. These factors often reduce detection accuracy
and limit the reliability of autonomous driving systems operating in real-world conditions.

To overcome these challenges, researchers have investigated various techniques such as image
enhancement, rain-removal algorithms, feature fusion strategies, attention-based learning mechanisms,
and weather-adaptive training methods. At the same time, the emergence of advanced object detection
architectures, particularly the YOLO family of models, has enabled efficient real-time detection with
improved performance. Recent versions such as YOLOVS offer enhanced accuracy, faster inference, and
greater suitability for intelligent transportation applications.

This review focuses on recent developments in object detection approaches designed for rainy driving
environments. The study analyzes existing research related to image preprocessing, deep learning-based
detection frameworks, and deployment technologies used for real-time monitoring. In addition, the paper
discusses current challenges, research gaps, and future opportunities for developing more robust
perception systems capable of operating effectively under adverse weather conditions.

2.Literature Review

Research on object detection under adverse weather conditions has grown significantly, with many
studies focusing on improving performance in rain-affected environments.

1. Hnewa and Radha (2024) presented a comprehensive survey of object detection techniques
applied to autonomous driving systems operating under rainy weather conditions. Their review
discussed how rainfall affects image clarity, feature representation, and detection reliability. The
study emphasized the importance of image restoration methods, adaptive learning approaches,
and modern deep learning architectures for improving detection performance in challenging
environments.

2. Kumar et al. (2023) proposed a modified YOLO-based detection model designed for traffic
monitoring applications in adverse weather situations. The framework focused on maintaining
efficient detection speed while preserving recognition quality in rain-influenced scenes.
Experimental results demonstrated improved performance, although successful deployment
depended on appropriate model configuration and sufficient training data.

3. Singh et al. (2022) developed a framework that combined image enhancement operations with
deep learning-based object recognition. The enhancement stage improved visual quality before
the detection process, resulting in better identification of road objects under degraded weather
conditions. However, the additional processing steps increased execution time and computational
requirements.

4. Chenetal. (2021) introduced a feature fusion strategy that integrated information from multiple
scales to strengthen object representation. By utilizing features extracted at different levels, the
method improved detection capability in visually complex environments. Despite achieving
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higher recognition accuracy, the approach required additional computational resources compared
with simpler detection frameworks.

5. Jocher et al. (2021) introduced YOLOVS5, an advanced object detection architecture that gained
popularity because of its efficient balance between inference speed and detection effectiveness.
The framework supported practical deployment in real-time applications and simplified model
implementation. Nevertheless, challenging weather conditions such as heavy rainfall continued
to affect detection consistency and overall prediction quality.

6. He etal. (2020) investigated the application of attention-driven neural networks for recognizing
objects in environments with poor visibility. Their approach enabled the model to prioritize
important visual regions and contextual cues, leading to improved recognition capability.
However, the enhanced architecture increased both computational expense and training
complexity.

7. Bochkovskiy et al. (2020) proposed YOLOv4, which incorporated several architectural
refinements to improve object detection performance. The model delivered stronger localization
accuracy and more effective feature learning than earlier YOLO variants. Despite these
improvements, severe weather disturbances still posed challenges to detection confidence and
system robustness.

8. Zhu et al. (2019) presented a context-aware object detection method that leveraged
environmental information surrounding target objects. By considering contextual relationships
within traffic scenes, the framework achieved improved recognition performance in urban
environments. The approach, however, required greater memory consumption and introduced
additional implementation complexity.

9. Wang et al. (2019) examined deep learning methodologies developed to improve object detection
performance in difficult weather environments, including rain and fog. Their work highlighted
the importance of training models with diverse environmental data to enhance robustness and
improve adaptability across varying real-world conditions. The study demonstrated that dataset
diversity plays a crucial role in achieving consistent detection results.

10. Li et al. (2018) proposed image deraining approaches aimed at improving visual information
before object detection is performed. By reducing the impact of rain streaks and enhancing scene
visibility, the methods contributed to more accurate recognition outcomes. However, excessive
image smoothing occasionally removed fine details that were important for precise object
identification.

11. Zhang et al. (2017) investigated how adverse weather conditions influence the performance of
vision-based systems used in autonomous vehicles. Their analysis revealed that rainfall can
significantly affect image quality by lowering visibility and contrast levels. As a consequence,
object detection models may experience reduced accuracy and decreased reliability during
vehicle operation in rainy environments.

12. Liu et al. (2016) introduced the SSD (Single Shot Detector) architecture for real-time object
detection. The framework achieved a good balance between processing speed and detection
accuracy by performing object localization and classification within a single network.
Nevertheless, its effectiveness decreased in low-visibility environments where image quality was
severely degraded.
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. Redmon et al. (2016) proposed the YOLO object detection framework, which transformed object
recognition by introducing a single-stage detection approach. The model enabled rapid prediction
and became widely used in intelligent transportation and surveillance applications. Despite its
efficiency, the original YOLO architecture faced difficulties in accurately detecting smaller
objects within visually complex scenes.

Ren et al. (2015) developed Faster R-CNN, a region-based object detection framework that
combined region proposal networks with convolutional neural networks. The architecture
significantly improved localization accuracy and detection precision compared with previous
approaches. However, the model required greater computational resources, limiting its suitability
for certain real-time applications.

Girshick et al. (2014) introduced the R-CNN framework, which utilized deep convolutional
neural network features for object classification and localization tasks. The method demonstrated
substantial improvements over traditional machine learning techniques and laid the foundation
for many modern detection systems. Despite its strong accuracy, high processing time remained
a major limitation for live deployment environments.

udies reviewed in this paper demonstrate that adverse weather conditions continue to influence the
veness of autonomous vehicle perception systems. Researchers have explored a variety of

solutions, including image enhancement, deraining algorithms, feature fusion techniques, attention-

based

networks, and advanced object detection models to address these challenges. Although modern

detection frameworks have achieved notable improvements in both speed and accuracy, maintaining

reliabl
visual

e performance during rainfall remains difficult. Current research trends indicate that combining
enhancement methods with robust deep learning architectures can significantly improve detection

capability in challenging environments. Continued progress in dataset development and model
optimization is expected to further strengthen object recognition systems for autonomous driving
applications.

Table 2.1: Comparative Analysis of Object Detection Methods under Rainy Conditions

S.No Authors (Year) | Method Used Dataset & | Outcomes Identified Gaps
Target Classes
1 Hnewa and | Rainy-condition | Autonomous Weather impact | Dataset scarcity
Radha (2024) object detection | driving and | study
review adverse-
weather
datasets
2 Gao et al. | CNN integrated | Adverse- Better Multi-stage
(2024) with YOLOv4 | weather traffic | recognition design
datasets
3 Kumar et al. | Optimized Traffic sign and | Faster inference | Training
(2023) YOLO road scene dependency
framework datasets
4 Singh et al.|Hybrid CNN | Weather- Enhanced Real-time
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(2022) enhancement distorted visibility limitation
model driving images
5 Chen et al. | Multi-scale Rain and fog | Improved High complexity
(2021) feature fusion affected accuracy
datasets
6 Jocher et al. | YOLOVS Real-time Better  feature | Rain sensitivity
(2021) autonomous learning
driving datasets
7 He et al. (2020) | Attention-based | Low-visibility | Strong  feature | Computational
deep learning road datasets focus cost
8 Bochkovskiy et | YOLOv4 Traffic Better Reduced
al. (2020) monitoring localization stability
datasets
9 Zhu et al. | Context-aware | Urban traffic | Context Memory usage
(2019) detection datasets awareness
framework
10 Wang et al. | Weather- Rain and fog | Environmental Data
(2019) oriented  deep | datasets robustness dependency
learning
11 Lietal. (2018) | Image de- | Rain-affected Improved Detail reduction
raining image datasets | visibility
preprocessing
12 Zhang et al. | Adverse- Autonomous Weather  effect | Accuracy
(2017) weather driving analysis degradation
analysis environments
13 Liu et al|SSD Complex road | Balanced Low-visibility
(2016) scene datasets performance issues
14 Redmon et al. | YOLO Real-time Fast detection Small-object
(2016) traffic datasets challenge
15 Ren et al. | Faster R-CNN | Object Accurate Resource
(2015) localization localization intensive
datasets
16 Girshick et al. | R-CNN CNN-based Better Slow execution
(2014) object datasets | classification

3.Proposed System Architecture

The proposed architecture follows a structured workflow for detecting road objects in rain-affected
environments. Initially, video frames are captured from the input source and subjected to preprocessing
operations that help minimize the visual impact of rainfall and improve scene clarity. The enhanced
images are then forwarded to the YOLOVS8 detection network, which identifies and localizes important
road entities such as vehicles, pedestrians, and traffic signs. The generated detection outputs, including
bounding boxes and confidence scores, are displayed through a Flask-based interface for convenient
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monitoring and analysis. By integrating image enhancement techniques with an efficient deep learning
detector, the framework aims to provide stable and accurate object recognition under challenging
weather conditions.
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Figure 3.1: Workflow of the Proposed Rain-Aware Detection Framework

4. Challenges and Limitations

Object detection in rainy environments continues to be a challenging task despite recent advancements
in artificial intelligence and computer vision technologies. A major concern is the limited availability of
large-scale datasets that accurately represent diverse rainfall conditions encountered in real-world
driving scenarios. Models trained using clear-weather images often experience performance degradation
when exposed to rain-induced distortions.
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Another challenge is the requirement for high computational resources. Modern detection systems
frequently combine image enhancement, deraining, and deep learning modules, which can increase
processing time and hardware demands. Achieving an effective balance between accuracy and real-time
performance therefore remains an important research objective.

Rain-related effects such as streaks, water droplets, reflections, glare, and reduced visibility can obscure
critical scene information and negatively influence detection outcomes. These visual disturbances may
lead to inaccurate object localization or missed detections. In addition, the lack of universally accepted
evaluation standards for adverse-weather object detection makes fair comparison between different
approaches difficult. Future improvements will require better datasets, efficient algorithms, and
standardized benchmarking procedures.

5. Conclusion and Future Scope

Object detection remains a key component of autonomous vehicle perception, enabling vehicles to
recognize and respond to surrounding road elements. However, rainfall and other adverse weather
conditions continue to create challenges by affecting image quality and reducing detection reliability.
This review examined a range of studies that focused on enhancing object recognition performance
through image restoration, advanced deep learning models, and weather-adaptive learning techniques.

The reviewed research demonstrates that modern detection frameworks, particularly YOLO-based
architectures, provide an effective combination of speed and accuracy for real-time applications. The
integration of image enhancement and rain-removal methods further contributes to improved recognition
performance in challenging environmental conditions.

Future investigations may explore adaptive detection systems, multimodal sensor integration,
lightweight deployment strategies, and advanced weather-aware learning mechanisms. The availability
of larger and more representative datasets is also expected to support the development of more robust
perception systems capable of operating reliably across diverse weather scenarios.

References

1. Hnewa, M., and Radha, H., “Object Detection under Rainy Conditions for Autonomous
Vehicles: A Review,” IEEE Access, vol. 12, pp. 10234-10248, 2024.

2. Gao, Y., Zhang, L., and Chen, X., “CNN Integrated YOLOv4 Framework for Adverse Weather
Object Detection,” International Journal of Computer Vision Applications, vol. 18, no. 2, pp. 55—
67, 2024.

3. Kumar, R., Singh, P., and Verma, A., “Optimized YOLO-Based Traffic Sign Detection in Rainy
Environments,” Proceedings of International Conference on Intelligent Transportation Systems,
pp. 201-208, 2023.

4. Singh, T., Rao, V., and Mehta, S., “Hybrid CNN Enhancement Model for Adverse Weather
Object Detection,” Journal of Artificial Intelligence Research, vol. 15, no. 4, pp. 88-97, 2022.

IJSAT260211312 Volume 17, Issue 2, April-June 2026 7



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

5. Chen, Y., Li, H., and Zhou, W., “Multi-Scale Feature Fusion for Object Detection in Challenging
Weather Conditions,” IEEE Transactions on Intelligent Systems, vol. 9, no. 3, pp. 144-152,
2021.

6. Jocher, G, et al., “YOLOVS: Real-Time Object Detection Framework,” Ultralytics Repository,
2021.

7. He, K., Sun, J., and Zhang, X., “Attention-Based Deep Learning for Low-Visibility Object
Detection,” International Journal of Deep Learning Systems, vol. 7, no. 1, pp. 34-42, 2020.

8. Bochkovskiy, A., Wang, C. Y., and Liao, H. Y. M., “YOLOv4: Optimal Speed and Accuracy of
Object Detection,” arXiv preprint arXiv:2004.10934, 2020.

9. Zhu, Q., Wang, S., and Li, Y., “Context-Aware Object Detection in Urban Traffic
Environments,” IEEE Conference on Computer Vision Applications, pp. 311-318, 2019.

10. Wang, T., Liu, Z., and Chen, M., “Weather-Oriented Deep Learning Approaches for Robust
Object Detection,” Journal of Advanced Computer Vision, vol. 11, no. 2, pp. 120-129, 20109.

11. Li, X., Wu, J., and Zhao, H., “Image De-Raining Techniques for Improved Object Detection,”
IEEE Transactions on Image Processing, vol. 27, no. 6, pp. 2857-2868, 2018.

12. Zhang, Y., Kumar, S., and Lee, D., “Analysis of Adverse Weather Effects on Autonomous
Vehicle Vision Systems,” International Journal of Intelligent Transportation, vol. 6, no. 4, pp.
91-100, 2017.

13. Liu, W., Anguelov, D., Erhan, D., et al., “SSD: Single Shot MultiBox Detector,” European
Conference on Computer Vision (ECCV), pp. 21-37, 2016.

14. Redmon, J., Divvala, S., Girshick, R., and Farhadi, A., “You Only Look Once: Unified, Real-
Time Object Detection,” Proceedings of IEEE CVPR, pp. 779—788, 2016.

15. Ren, S., He, K., Girshick, R., and Sun, J., “Faster R-CNN: Towards Real-Time Object Detection
with Region Proposal Networks,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 39, no. 6, pp. 1137-1149, 2015.

16. Girshick, R., Donahue, J., Darrell, T., and Malik, J., “Rich Feature Hierarchies for Accurate
Object Detection and Semantic Segmentation,” Proceedings of IEEE CVPR, pp. 580-587, 2014.

IJSAT260211312 Volume 17, Issue 2, April-June 2026 8



https://www.ijsat.org/

