International Journal of Research Publication and Reviews, Vol 5, no 11, pp 2920-2922 November 2024

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

N

WWW.IJRPR.COM

Obstacle - Detection on Railway Track Using Deep Learning Techniques

M. S. L. N. Uday, R. Tarun Kumar, K. Hemasundara Rao, M. Ravi, P. Sandeep, R. Murali Krishna.

GMR Institute of Technology

ABSTRACT:

The very essence of the safety of railway operations lies in the real-time detection of obstacles on tracks. This paper is a comprehensive study of the work done on
obstacle detection using deep learning techniques, CNNs in particular, and their applications in real-time scenarios. Some of the methodologies looked into include
the joint integration of visual and LiDAR data for accuracy. This proposed system demonstrated a high degree of detection accuracy, hence significantly increasing
safety in railways through the implementation of an early warning system. Investigations by results revealed that deep learning models work well for complex
environments and provide viable solutions for obstacle detection in railway systems, while findings have advanced the application in intelligent transportation
systems with chances of easily reducing accident rates.
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Introduction:

Railway transport is considered one of the safest modes of transport with the wide usage of its efficiency and reliability in transporting people and loads.
However, railway operations might pose an important threat not only from what is termed as accidents but specifically from unexpected obstructions on
the tracks. There are also different types of obstructions that could be fallen trees, construction materials, animals that cross the way, or human trespassers.
Most typical causes of railway accidents result from collisions with obstacles, therefore requiring reliable and high-performance obstacle detection
systems.

Traditionally, obstacle detection on tracks is mostly based on inspection via human senses or simple sensor-based technologies, such as ultrasonic or
infrared sensors. Although such a system provides a certain degree of security, it usually fails when used under more challenging and dynamic conditions.
Rail conditions are also dynamic, and there may be obstacles at any point in time. Further, weather-related factors such as heavy fog, heavy rain, or low
light make the sensors ineffective, resulting in blind areas that jeopardize the detection process. The increasing need for more complex technologies that
can detect, and enhance the detection of, even under different conditions as to increase safety is raising demand.

Deep learning and computer vision have made new possibilities an exciting challenge. Deep learning and computer vision hold exciting promises for
developing automated systems capable of detecting obstacles on railway tracks in real time. Deep learning techniques, especially CNNs, have
revolutionized the processing of images. CNNs are good at their job in analyzing vision-based data by learning complex patterns from large datasets and
being highly effective in object detection and classification tasks. It helps train them to recognize and differentiate between various obstacles, whether
stationary or in motion, in the context of railway safety.

The purpose of the paper is to discuss and compare various techniques of deep learning for obstacle detection on railway tracks with a special interest in
CNN due to its visual data processing features. This can potentially be implemented by training big and diversified datasets into CNNs so that models
can be built to detect obstacles even under difficult conditions. Other than this, the CNNs described here did show that they could operate in real-time
conditions, making them quite essential for any railway safety system, which may require quick action to avoid catastrophe.

Other than the application of CNNs, we have also explored the possibility of multimodality sensor fusion with a view to further developing detection
accuracy and robustness. Two-dimensional information from cameras is valuable, but it does not necessarily contain depth, which is crucial for getting
the right location and size of an object. Thus, we suggest LiDAR sensor use, which offers three-dimensional data, is widely used in autonomous systems.
LiDAR sensors can differentiate between large, dangerous obstacles and small ones, which do not threaten railway operations. The combination of both
cameras and LiDAR data allows for a more panoramic view of the environment while increasing the possibility of reliable obstacle detection.

The introduced multimodal method allows sensor fusion to be utilized to improve the performance of the proposed approach in obstacle detection. In
sensor fusion, data from different sources are combined to produce a more accurate and detailed understanding of the environment. Visual and 3D data
fusion in this case compensate for weaknesses in the type of sensor being used. For example, if the camera will not be as effective due to inadequate
lighting, the LiDAR sensor will still ensure good depth measurements even as it continuously ensures obstacle detection. Similarly, when LiDAR data is
occluded, camera images may be used to provide additional information to preserve situational awareness.
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The proposed system for the LIDAR detection of railway track obstacles can be the breakthrough of improving the level of safety in rail services and
enhancing operational efficiency in railway transport. This method would probably be robust and almost in real-time with deep learning techniques for
integrated multi-modal data coming from cameras and LiDAR sensors at the detection of various obstacles in different conditions. Breakthroughs in this
area may indirectly help railway safety and contribute more broadly to the development of intelligent transportation systems. The systems are designed
to promote safety, optimize performances, and make it more attainable to transition toward more automated and resilient transportation networks.

The deep learning model, especially CNN-based, along with sensor fusion holds a lot of promise for improving railway track-based obstacle detection.
Continued research and refinement may bring such systems to the forefront in reducing the occurrences of railway accidents, hence enhancing the safety
of one of the world's most critical modes of transport. The paper aims at furthering understanding as well as application of these technologies in the
railway system and marks a step forward in the evolution of safe and intelligent transportation infrastructure.

Methodology:

Data Collection

The models are trained and tested on the dataset used to capture images of railway environments shot under different conditions, such as the following:

K3

% Visual data: High-resolution images captured by train-mounted cameras or drones, including angles and distances.
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« LiDAR Data: Point cloud data gathered by LiDAR sensors that aim to outline a three-dimensional environment representation.

The images are captured at different times of day and varied weather conditions, for example clear, rainy, and foggy. This dataset is annotated with
bounding boxes around the obstacles to help with supervised learning.

Model selection
We use a few deep architectures specifically designed for object detection:
Convolutional Neural Networks (CNNs): We are leveraging well-known architectures, such as MobileNetV2 and Faster R-CNN, as these bring out a

perfect balance between their speed and accuracy.

RS

«  MobileNetV2: This model has been designed to be lightweight in structure for better application on the mobile while keeping the
accuracy higher.

RS

«  Faster R-CNN is the two-stage object detection model that entwines region proposal networks with CNNs for enhanced accuracy.

Visual-LiDAR Fusion. It exploits the strengths of two modalities: visual cameras and LiDAR sensors by fusing them to better one's detection accuracy.
The alignment of visual data with LiDAR point clouds will merge both into a new complete representation of the environment.

Training Process

Models are learned on annotated datasets with obstacles labeled. These include, above all:

o

%  Data augmentation: Techniques for enlarging the diversity of the training dataset include data augmentation by rotation, scaling, flipping,
and varying intensity. That helps reduce overfitting and serves to improve the model's generalization ability.
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Transfer Learning: The pre-trained models on large datasets, like ImageNet, have been fine-tuned on our specific dataset. This has
significantly reduced training time and improved performance since the features learned from the broader context are applied.
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Hyperparameter Tuning: All parameters like learning rate, batch size, number of epochs, etc., are tuned by techniques such as grid search
or random search to achieve the best performance of the model.

Evaluation Metrics

The models are tested via the following metrics of performance:

< Accuracy: Number of correctly predicted instances divided by total instances.

< Precision: True positive predictions divided by the total number of positive predictions done.
< Recall: True positive predictions divided by the actual total number of positives.

< F1-Score: Harmonic mean of precision and recall; an average between both at a balanced level.

< Processing Speed: It is given in frames per second (FPS), which means how fast it can process incoming data in real time.

Results and Discussion

The experimental results demonstrate that our proposed models achieve impressive performance metrics:
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Model Performance
Model Accuracy (%) Precision (%) Recall (%) F1-Score (%) Processing  Speed
(FPS)
MobileNetV2 97 95 98 96 26
Faster R-CNN 95 93 96 94 20

Analysis
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MobileNetV2 Results: MobileNetV/2, at 97%, surpasses Faster R-CNN not only by having a speed and recall advantage but also in accuracy.
Its lightweight architecture makes it perfectly usable on mobile devices or within the framework of edge computing applications.
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Faster R-CNN Performance: Although a bit more computation-intensive, it has an equivalent accuracy to other versions and offers very
competitive precision in comparison. Where speed takes the back seat, but precision is in demand, then indeed it can be applied successfully.

X3

’0

Visual-LiDAR Fusion Results: It saw a perceptible improvement when visual data was fused with LiDAR point clouds for adverse detection
where visibility was low or cluttered in the background. Of course, the fusion approach really does enable a better spatial understanding and
context awareness.

These models are particularly suited for use in real-time railway applications due to their capability to perform tasks at extremely high speeds without
compromising their accuracy. The installation of these systems in camera-carrying trains with sensors allows the continuous monitoring of the tracks in
front and enables early warnings of potential hazards to operators.

Conclusions:

The main conclusion from this study is that deep learning methods in obstacle detection on railway tracks hold great promise. Our results showed the
potential of CNNs to process complex environments with high accuracy and in real-time; with multi-sensor modalities added, reliability in railway safety
is better than it was in its absence.

Future work will consist of an extension of the dataset to scenarios including varying types of obstacles: static or moving, and working on
algorithms in order to be more resilient in dynamic environments. Further, we will explore the use of more complex techniques, like GANS, that produce
synthetic data to further augment training datasets.

References:

1. Komalachitra, S., Bhargavi, S., Devika, R., Kumuthavalli, S., & Narayani, M.S. (2023). Automatic Obstacle Detection Method for the Train
Based on Deep Learning. Sustainability, 15(2), 1184.

2. Rahman, F.U., Tanvir, A.M., Mehedi, H.M., & Nusrat, J. (2022). Real-Time Obstacle Detection Over Railway Tracks Using Deep Neural
Networks. ScienceDirect.

3. IEEE Xplore. (2024). Real-time Obstacle Detection Over Rails Using Deep Convolutional Neural Networks.
4. ResearchGate. Railway obstacle detection algorithm using neural network.

5. SpringerLink. A New Obstacle Detection Approach for Railway Transit Using Deep Learning Techniques.



