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Abstract
Obstacle avoidance is a fundamental capability in autonomous
mobile robots that enables them to navigate safely through environments
without collisions. This paper explores various obstacle avoidance
techniques employed in mobile robotics, including reactive methods such
as the Bug Algorithm and Artificial Potential Fields, as well as
deliberative approaches like the Vector Field Histogram and
Dynamic ~ Window Approach. The strengths, limitations, and
applicability of each technique are examined through comparative
analysis. Modern techniques integrating sensor fusion and machine
learning are also discussed. The paper aims to provide a comprehensive
overview that aids in selecting the most suitable obstacle avoidance

strategies for different robotic applications.
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INTRODUCTION

Autonomous mobile robots are becoming increasingly prevalent in diverse applications,
including warehouse automation, planetary exploration, and personal assistance. A critical
capability of such robots is obstacle avoidance, enabling them to traverse dynamic and
cluttered environments safely. Obstacle avoidance techniques have evolved from simple
reactive algorithms to complex systems utilizing artificial intelligence, sensor fusion, and

machine learning. This paper presents a comprehensive overview of these techniques,
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focusing on their operational mechanisms, advantages, limitations, and suitability for different

scenarios.

TRADITIONAL OBSTACLE AVOIDANCE TECHNIQUES

Bug Algorithms

Bug algorithms are among the simplest path planning strategies. They involve moving toward
a goal until an obstacle is encountered, then circumnavigating it until the robot can proceed
again. Variants like Bugl and Bug?2 differ in how they determine when to leave the obstacle
boundary. These algorithms are computationally inexpensive but may result in suboptimal

paths.

Artificial Potential Field (APF)
In the APF method, the robot is attracted to the goal while being repelled by obstacles, as if
influenced by virtual forces. While easy to implement, APF suffers from local minima

problems, where the robot gets stuck at non-goal points due to balanced forces.

ADVANCED TECHNIQUES

Vector Field Histogram (VFH)

VFH is a local path planning method that uses a histogram grid to represent the environment,
allowing the robot to choose paths with low obstacle densities. It considers robot kinematics
and dynamic constraints, improving over simple reactive methods. However, it may require

significant tuning for effective performance.

Dynamic Window Approach (DWA)

The DWA evaluates possible velocity commands over a short time horizon and chooses the
one that results in safe and goal-directed movement. It effectively balances collision
avoidance with motion constraints and goal proximity. DWA is popular in ROS-based robots

for its adaptability and performance.

SENSOR FUSION TECHNIQUES
Modern obstacle avoidance leverages multiple sensors, including LIiDAR, ultrasonic sensors,
infrared, and vision systems. Sensor fusion combines inputs to create robust environmental

maps, improving detection and decision-making. For example, LIDAR provides precise
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distance data, while vision adds semantic understanding of obstacles. Fusion algorithms like

Kalman filters and Bayesian frameworks are frequently employed.

COMPARISON OF SENSOR TECHNOLOGIES

Table 1. Comparison of commonly used sensors in mobile robots for obstacle avoidance.

Sensor Type Range Cost Advantages

Ultrasonic 2cm-4m Low Simple, inexpensive

LiDAR 0.1-100m High High accuracy, 3D
mapping

Infrared Short Low Compact, low power

Camera Varies Medium Rich data, object
recognition

AlI-BASED APPROACHES

Machine learning techniques, particularly deep reinforcement learning (DRL), have enabled
robots to learn obstacle avoidance policies from experience. These models use simulated or
real-world interactions to build navigation policies that adapt to complex environments.
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) are often

employed for vision-based obstacle recognition and avoidance.

TECHNIQUES COMPARISON
Table 2: Comparison of Various Obstacle Avoidance Techniques In Terms Of Complexity

and Environment Suitability.

Technique Complexity Suitable Environment | Al Integration
Bug Algorithm Low Static No

APF Medium Semi-dynamic No

VFH High Dynamic Limited

DWA High Dynamic Limited

DRL Very High Complex/Dynamic Yes
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CONCLUSION

Obstacle avoidance remains a crucial challenge in mobile robotics. Techniques range from
simple reactive methods to advanced Al-driven systems. The choice of technique depends on
environmental complexity, required responsiveness, computational resources, and safety
requirements. Sensor fusion and machine learning are driving the next generation of
autonomous robots, offering more adaptive and robust solutions. Future research will likely
focus on multi-modal perception and real-time learning to enable robots to operate safely in

highly dynamic environments.
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