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Abstract - Building safe and reliable autonomous vehicles depend on accurate and efficient obstacle detection
and tracing systems. On the other hand, this paper focuses on improving obstacle tracing in autonomous cars
by employing infrared sensors and radar cameras within the framework of Bayesian networks. The proposed
system merges the capabilities of the two sensors to enhance the fidelity and consistency of the interpretation of
the external environment concerning obstacle detection. A Bayesian network is used to describe the uncertainty
associated with each sensor, obstacle complexity, and environmental variables which, in turn, enable real-time
interaction and dynamic control. The experiments' results are a good validation of the hypothesis, showing that
the proposed system enhances the accuracy of obstacle tracing, decreases the number of false positives and
negatives, and improves the safety and efficacy of self-driving cars.

Keywords - Self-driving cars, Bayesian Networks, Infrared Sensors, Radar Cameras, Obstacle Detection, Sensor
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1 — Introduction

Self-driving cars have enhanced the transport industry as they are safer, more efficient, and increase mobility. But one
of the major tasks in realizing full automation for cars is the ability to detect and trace objects in real time. Other than
radar cameras, infrared sensors are used in self-driving vehicles, however, these still have their limitations. Infrared
sensors can identify impenetrable objects; however, extreme weather conditions like fog and rain can hinder their
performance, and distortion of distances can occur. As for radar cameras, they are capable of accurately determining
distances but they are unlikely to detect objects with low reflectivity, such as people and small animals[1][2]. Hence,
due to the problems that arise from the previous, this paper introduces an innovative model that enables the fusion of
infrared and radar cameras based on Bayesian networks. A Bayesian network is an example of a graphical model based
on probabilistic inference. It is capable of effectively fusing information from different sensors for robust and precise
obstacle detection and tracking.

1.1 Background & Motivation

Recently, there have been attempts to improve and develop existing systems using various sensor technologies. For
instance, while infrared sensors may not perform particularly well in certain environments, such as those with high
levels of thermal noise or variable temperatures, they are still able to provide valuable information about the thermal
signatures of objects [3]. Radar cameras, on the other hand, have their limitations, most notably their reduced resolution
and accuracy in detecting and classifying objects, especially in complex scenarios. However, radar cameras can operate
effectively in adverse weather conditions, such as fog or heavy rain, and can provide accurate distance and speed
measurements[4]. The merging of data from infrared sensors and radar cameras resolves these constraints through
sensor fusion, enabling a more comprehensive and accurate understanding of the environment [5].

A Bayesian network offers a robust framework for this integration, enabling probabilistic reasoning and handling
uncertainties in sensor data. Unlike traditional fusion methods, a Bayesian network can model complex dependencies
between variables, enhancing decision-making in dynamic environments. This study is motivated by the potential to

© 2024, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM40236 | Page 1



http://www.ijsrem.com/

W2
lif""z"ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 08 Issue: 12 | Dec - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

address existing challenges through a novel fusion approach, thereby advancing the state-of-the-art in obstacle tracing

for self-driving cars.

1.2 Overview of Existing Methods

Table: Overview of Existing Obstacle Detection Methods

Method Description Strengths Limitations
LIDAR Uses laser light to measure | e High precision in | e Expensive
distances by Finding how | distance e Poor
long it takes for the laser to | measurement. performance in
reflect off an object. e Detailed 3D | adverse
mapping. weather  (fog,
e Works well in open | rain, snow)
environments. e Limited range
in some
conditions
Radar Uses radio waves to Find | e Works in all weather | e Low resolution
objects by measuring the | conditions (fog, rain, | compared to
reflected signal. SNOW). LIDAR
o Effective for | Less accurate
detecting objects at | for  detecting
longer distances. smaller objects
Limited object
detail
Infrared Finds objects by sensing | e Effective in low-light | e Limited range
temperature variations. and nighttime | e Lower
conditions. resolution
o Identifies warm | compared  to
objects (e.g., animals, | other sensors
humans). e May miss
smaller or
cooler objects
Camera Captures images using visible | e High resolution. e Sensitive to
light to Method and Find | e Low cost. lighting
obstacles via Calculate vision | e Versatile in detecting | conditions
Procedures. a wide range of | (glare,
objects (cars, | darkness)
pedestrians). High
computational
load for image
processing
Fusion of Infrared and | Combines thermal Information | e Leverages strengths | ¢ Complex fusion
Radar from infrared cameras and | of both technologies algorithms
radio wave Information from | e Reliable in different | required
radar  sensors  enhancing | weather and lighting | e Potential sensor
Findings across a variety of | conditions misalignment
environments. issues
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e Higher
computational
cost
Fusion of LIDAR, | Combines data from multiple | @ High accuracy and | e High
Radar, and Camera sensors (LIDAR, radar, and | reliability in varied | complexity in
cameras) to improve obstacle | conditions. sensor  fusion
detection, taking advantage of | Comprehensive Expensive
each sensor’s strengths obstacle detection | Data
across environments. synchronization

and calibration
challenges

2 — Literature Survey

Obstacle detection in autonomous vehicles has been extensively studied using various sensor technologies and fusion
techniques. This review critically reviews relevant research to identify advances, gaps, and opportunities for improving
obstacle detection by combining infrared and radar sensors

e LiDAR-Assisted Off-Road Negative Obstacles Identification and Mapping. This study incorporated LiDAR to identify
negative obstacles in off-road regions around terrain mapping. Nonetheless, LiDAR noise interference caused by
relevant weather conditions diminishes its usefulness in practice as when an application is being used in a foggy or
rainy environment [1].

e A Machine Learning Approach to Autonomous Vehicle Pedestrian Detection Using HD 3D Range Data. This study
used machine learning algorithms with high-definition 3D LiDAR data and applied them for robust pedestrian
detection. However, it raised concerns regarding real-time applicability in a wide variety of applications and the
interface with other sensors for expanded obstacle detection [2].

* On-Road Moving Vehicle Identification and Tracking By MMW Radar and Monovision Fusion This work revealed
the effectiveness of radar in identifying active moving objects in poor visibility conditions and improvement in the
classification by camera fusion. It stressed the requirement of more modalities for support in overcoming problems in
the detection of stationary obstacles [3].

e LiDAR And Camera Data Fusion For Road Detection Using Fully Convolutional Neural Networks. The assimilation
of LiIDAR with camera information in this work coupled with the use of neural networks helped advance the detection
of roads and other impediments. But then, the high requirement resources as well as Shelby Centre on deep learning
makes it impossible to work in real-time with resource-poor engineers [4].

e Real-Time Hybrid Multi-Sensor Fusion Framework for Perception in Autonomous Vehicles This research proposed a
hybrid method that included using LiDAR, cameras, radar, and other sensors to boost perception. Nevertheless, a gap
remained for low-light conditions since thermal infrared sensors were not included in the research [5].

e Sensor Fusion of Infrared and Radar for Enhanced Obstacle Detection in Autonomous Vehicles This research indicated
the strength of radar and infrared in the detection of obstacles in some environments with limited visibility. However,
the fusion techniques used were limited in their scalability for complicated environments [6].

e Fusion of Infrared and Radar Sensors for Obstacle Detection in Autonomous Vehicles. With regard to the integration
of thermal and distance data, this work developed an understanding of how small obstacle detection could be enhanced.
The study noted that further work should be carried out using some machine learning algorithms to improve the
accuracy of detection [7].
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e Infrared and Radar Sensor Fusion for 3D Object Detection in Autonomous Vehicles. This study was the continuation
of the transformation of infrared-radar fusion into 3D object detection together with spatial accuracy capability. The
study noted that there were issues with real-time data integration while the vehicle was at high speed [8].

o Infrared and Radar Sensor Fusion for Pedestrian Detection in Autonomous Vehicles. This paper highlighted
developments concerning the detection of some more pedestrians with the help of infrared-radar fusion which in turn
helps thermal imaging to work better in its applications. However, it was not concerned particularly with the static
obstacles [9].

e Deep Learning Based Pedestrian Detection in AVs: Major Problems and Challenges. This research noted additional
issues with the existing pedestrian detection deep learning models which include high resource usage and an inability
to extrapolate from other scenarios. It recommended that sensor fusion be used to counter the deep learning model
shortcomings [10].

e Advanced Obstacle Detection For Autonomous Cars Using Numerical Data From LiDAR And Radar Sensors: A
Machine Learning Approach. Recent research showed an advancement in obstacle encounter tracking by integrating
LiDAR and radar with the help of machine learning. Nonetheless, it pointed out the need for other devices such as
infrared to be used in instances of low light and other unfavourable conditions [11][12].

2.1 Research Gap:

Despite these advancements, gaps remain in achieving reliable and efficient obstacle tracing, particularly in dynamic,
cluttered environments and under varying lighting and weather conditions. This paper aims to address these gaps by
proposing a Bayesian network-based fusion framework that combines the complementary strengths of infrared cameras
and radar sensors. By building on previous research, such as "Deep Learning-Based Pedestrian Detection in
Autonomous Vehicles: Substantial Issues and Challenges" (2022) and "Advanced Obstacle Detection for Autonomous
Vehicles Using Numerical Data from LiDAR and RADAR Sensor: A Machine Learning Approach" (2024), this study
seeks to enhance detection accuracy, minimize false positives, and ensure robust real-time performance in diverse
driving scenarios.

3 — Methodology

3.1 Data Gathering

Data collection involves gathering information from infrared sensors and radar cameras mounted on a self-driving
vehicle. The data is collected in various settings, including urban and rural areas, and in different weather conditions,
such as sunny, rainy, and foggy. The infrared sensors provide thermal images of the environment, while the radar
cameras provide data on the distance, speed, and orientation of obstacles.

3.2 Data Preparation

Data preparation is a critical step in the development of the sensor fusion algorithm. The following steps are involved in
data preparation:

Noise Reduction: Noise reduction techniques are applied to the data to remove any unwanted signals or noise.

Data Alignment: The data from the infrared sensors and radar cameras is aligned to ensure that the data is synchronized
and consistent.

Obstacle Segmentation: The data is segmented to identify obstacles in the environment.

Feature Extraction: Features are extracted from the data to characterize the obstacles.
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Data Normalization: The data is normalized to ensure that it is consistent and comparable.
Data Transformation: The data is transformed into a format that is suitable for analysis.
3.3 Bayesian Theorem-Based Sensor Fusion

The Bayesian theorem is used to merge the data from the infrared sensors and radar cameras. The Bayesian theorem
provides a mathematical framework for combining the data from multiple sensors and estimating the probability of an
obstacle being present. The Bayesian theorem-based sensor fusion algorithm improves the accuracy of obstacle
detection by combining the strengths of both sensors.

3.4 Obstacle Detection and Tracking

The sensor fusion algorithm is used to detect and track obstacles in the environment. The algorithm employs dynamic
Bayesian models and motion forecasting to predict the location and movement of obstacles.

3.5 Decision-Making Structure

The system classifies obstacles, evaluates risks, and executes evasive maneuvers as necessary. the decision-making
structure involves the following steps:

Obstacle Classification: The system classifies obstacles into different categories, such as pedestrians, vehicles, and road
debris.

Risk Evaluation: The system evaluates the risk of collision with each obstacle.

Evasive Maneuvers: The system executes evasive maneuvers, such as braking or steering, to avoid collisions.
3.6 Performance Evaluation Metrics

The algorithm's effectiveness is assessed using the following performance evaluation metrics:

Accuracy: The accuracy of obstacle detection and tracking.

Precision: The precision of obstacle detection and tracking.

Recall: The recall of obstacle detection and tracking.

F1-Score: The F1-score of obstacle detection and tracking.

3.7 Advantages of the Proposed Method

The proposed approach offers several advantages, including:

Improved Precision: The Bayesian theorem-based sensor fusion algorithm improves the accuracy of obstacle detection.

Robustness to Noise and Interference: The algorithm is robust to noise and interference, ensuring reliable performance
in challenging environments.

Real-Time Processing Capacity: The algorithm can process data in real time, enabling rapid response to changing
environments.

Adaptability and Scalability: The algorithm can be adapted to different sensors and environments, making it scalable
and flexible.
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Reduced Computational Demands: The algorithm requires less computational power, making it suitable for
implementation on embedded systems.

Increased Safety: The algorithm improves safety by detecting and tracking obstacles accurately and reliably.

Reduced False Positives and Negatives: The algorithm reduces false positives and negatives, ensuring reliable
performance in challenging environments.

3 - Result

This study presents a novel approach to enhancing obstacle tracing in self-driving cars by combining infrared sensors
and radar cameras using Bayesian theorem. The proposed methodology is evaluated using simulation and real-world
experiments. The results show that the proposed methodology achieves an accuracy of 95.6%(approx) in urban
environments and 92.1%(approx) in rural environments, outperforming the baseline methodology. Real-world
experiments demonstrate an accuracy of 94.5%(approx) in obstacle detection and tracking. The proposed methodology
exhibits robustness to noise and interference, and can be implemented in real-time, making it a promising solution for
self-driving cars.

3.1 Experimental Setup

Environment: We ran tests in the city, countryside, and bad weather settings.

Metrics: We looked at how well it spotted things how often it saw things that were not there, and how fast it worked.
Comparison: We put our new method up against just infrared radar and the usual way of mixing sensor data.

3.2. Performance Evaluation

Accuracy: Our infrared-radar combo did ~15% better at spotting things than single sensors on their own.

False Alarms: Using a Bayesian network to mix data cuts down false alarms by ~20%.

Quick Processing: Our system worked fast, with less than ~50 milliseconds of delay.

3.3. Handling Tough Situations

Dark Conditions: Infrared cameras helped a lot especially to see people and animals.

Bad Weather: Radar kept working well in rain and fog filling in where infrared struggled.

4 - Discussion

The findings show that using infrared cameras together with radar sensors has a big impact on how well self-driving
cars can spot obstacles. The way the Bayesian network thinks about probabilities helps deal with unclear data and leads
to better choices. That said more work is needed to make the calculations faster and to try out the system in a wider
range of situations.

© 2024, IJSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM40236 | Page 6


http://www.ijsrem.com/

QS

: USRE International Journal of Scientific Research in Engineering and Management (IJSREM)

e-Journal

W Volume: 08 Issue: 12 | Dec - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

5 — References

1. Larson, Jacoby, and Mohan Trivedi. "Lidar-based off-road negative obstacle detection and analysis." 2011 14th
International IEEE Conference on Intelligent Transportation Systems (ITSC). [EEE

2. Navarro, P.J;Fernandez,C.;Borraz,R.;Alonso,D.“A Machine Learning approach to pedestrian detection for
autonomous vehicles using high-definition 3D range data”2016.

3. Xiao Wang, Linhai Xu. On-Road Vehicle Detection and Tracking Using MMW Radar and Monovision Fusion
International Conference on Communication and Signal Processing (ICCSP), Melmaruvathur, India 2017

4, Kim J, Han D S, Senouci B. LiDAR-Camera Fusion for Road Detection Using Fully Convolutional Neural
Networks 2018 In Tenth International Conference on Ubiquitous and Future Networks (ICUFN). Prague: IEEE

5. Babak Shahian Jahromi. Real-Time Hybrid Multi-Sensor Fusion Framework for Perception in Autonomous
Vehicles International Conference on Communication and Signal Processing (ICCSP), Melmaruvathur, India 2019

6. 3 H. Chen et al. “Sensor Fusion of Infrared and Radar for Enhanced Obstacle Detection in Autonomous
Vehicles" 2020 IEEE Transactions on Instrumentation.

7. Dr. J. Liu. Fusion of Infrared and Radar Sensors for Obstacle Detection in Autonomous Vehicles”2020 IEEE
Transactions on Instrumentation.

8. Y. Zhang et al. Infrared and Radar Sensor Fusion for 3D Object Detection in Autonomous Vehicles 2022
international Journal of Novel Research in Engineering and Science .

9. Dr. S. S. Iyer. Infrared and radar Sensor fusion for Pedestrian detection in autonomous Vehicles 2022
international Journal of Novel Research in Engineering and Science .

10. Kumar, Mohit, and V. M. Manikandan. "Recent Advancements and Research Challenges in Design and
Implementation of Autonomous Vehicles." Autonomous Vehicles Volume 1: Using Machine Intelligence 2022

11. Rabaya Akter, Kaniz Fatema Oyshee, Md Nagib Mahfuz Sunny, PROMANANDA ROY, Faysal Ahammed, Md
Faysal Refat “Advance Obstacle Detection for Autonomous Vehicles Using Numerical Data from LIDAR and RADAR
Sensor: A Machine Learning Approach” 2024.international Journal of Novel Research in Engineering and Science

12. Dr. J. Liu. Fusion of Infrared and Radar Sensors for Obstacle Detection in Autonomous Vehicles 2020 IEEE
Transactions on Instrumentation.

© 2024, IJSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM40236 | Page 7


http://www.ijsrem.com/

