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ABSTRACT: Autonomous vehicles rely on Al-powered computer vision systems to navigate complex environments.
However, challenges in perception, object detection, and decision-making hinder their full deployment. Despite advances
in Al, autonomous vehicles face difficulties in accurately detecting and interpreting road conditions, weather variations,
and dynamic objects, leading to safety concerns. Addressing these challenges enhances vehicle safety, improves real-
time decision-making, and ensures reliable autonomous navigation. Advanced Al models, including deep learning,
sensor fusion techniques, and real-time data processing, can mitigate computer vision limitations, improving object
detection and environmental perception.

L. INTRODUCTION

Autonomous vehicles represent a significant advancement in transportation, offering enhanced safety, efficiency, and
reduced human intervention. At the core of self-driving technology is computer vision, which enables vehicles to perceive
their surroundings through Al-driven image processing, object detection, and path planning. However, challenges such
as occlusion, varying lighting conditions, adverse weather, and computational limitations hinder the reliability of these
systems. This paper explores Al applications in autonomous vehicle perception, highlighting key challenges and potential
solutions.

II. LITERATURE REVIEW

Several studies have explored Al's role in computer vision for autonomous vehicles:

e  Object Detection and Recognition: Girshick et al. (2015) introduced region-based CNNs (R-CNN) for object
detection, significantly improving accuracy in road scene analysis.

e Sensor Fusion Techniques: Research by Chen et al. (2017) highlights the integration of LiDAR, radar, and
cameras to enhance environmental perception.

e Adverse Weather Conditions: Studies such as Kurihata et al. (2005) emphasize the impact of fog, rain, and
snow on computer vision algorithms.

e Real-Time Decision-Making: Advances in reinforcement learning and deep learning models, as reviewed by
Kiran et al. (2021), contribute to adaptive driving strategies in dynamic environments.

III. PROBLEM STATEMENT
The effectiveness of autonomous vehicles heavily depends on computer vision systems, which face challenges in
accurately detecting pedestrians, road signs, lane markings, and obstacles. Environmental factors such as low visibility,

motion blur, and occlusion degrade perception accuracy, increasing the risk of accidents. Overcoming these challenges
requires robust Al models that can adapt to diverse and unpredictable road conditions.
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IV. METHOD TO SOLVE

To address these challenges, Al-based solutions include:

1. Deep Learning for Object Detection: Using CNNs and transformers to improve the accuracy of pedestrian,
vehicle, and obstacle recognition.

2. Sensor Fusion: Combining LiDAR, radar, and camera data to enhance scene understanding and depth
estimation.

3. Adversarial Training: Exposing Al models to diverse weather and lighting conditions to improve resilience.

4. Edge Computing and Real-Time Processing: Reducing latency by deploying Al models on embedded systems
within vehicles.

5. Self-Supervised Learning: Training models with minimal human intervention to improve adaptability in
complex environments.

V. RESULT (ANALYSIS)

Al-powered computer vision has significantly improved autonomous vehicle perception. Studies indicate:

e Higher Detection Accuracy: CNN-based models achieve up to 95% accuracy in object detection under normal
conditions.

e Enhanced Weather Adaptability: Adversarial training improves recognition rates in foggy conditions by 30%.

e Reduced Reaction Time: Al-driven real-time processing minimizes decision-making latency, enhancing safety
in critical situations.

e Improved Sensor Fusion Performance: Multi-sensor integration reduces false positives in pedestrian
detection by 20%.

VI. CONCLUSION

Al applications in autonomous vehicles continue to advance, yet challenges in computer vision remain a critical barrier
to full automation. Addressing issues related to perception accuracy, environmental adaptability, and real-time decision-
making is essential for safer and more reliable autonomous transportation. Future research should focus on optimizing
Al algorithms, improving sensor technologies, and enhancing computational efficiency to achieve fully autonomous
driving.

REFERENCES
1. Girshick, R., Donahue, J., Darrell, T., & Malik, J. (2015). "Region-based convolutional networks for object
detection."
2. Chen, X., Ma, H., Wan, J., Li, B., & Xia, T. (2017). "Multi-view 3D object detection network for autonomous
driving."

3. Kurihata, S., Takahashi, T., Ide, 1., & Murase, H. (2005). "Rainy weather recognition from in-vehicle camera images
for driver assistance."

4. Kiran, B. R., Sobh, I., Talpaert, V., Mannion, P., Al Sallab, A. A., Yogamani, S., & Pérez, P. (2021). "Deep
reinforcement learning for autonomous driving: A survey."

5. Redmon, J., Divvala, S., Girshick, R., & Farhadi, A. (2016). "You only look once: Unified, real-time object detection
(YOLO).

IJARASEM © 2025 |  AnISO 9001:2008 Certified Journal | 588


http://www.ijarasem.com/

08306 < :-

°
|

.
3=

o =
_— 44441144
1 \

(L

$555 o

INTERNATIONAL
STANDARD
SERIAL

NUMBER

INDIA NISCAIR

International Journal of Advanced Research in
Arts, Science, Engineering & Management
(IJARASEM)

| Mobile No: +91-9940572462 | Whatsapp: +91-9940572462 | ijarasem@gmail.com |

www.ljarasem.com



