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Abstract: Robotics and autonomous systems represent a dynamic and interdisciplinary field that merges mechanical, electrical,
and computer engineering to create intelligent machines capable of performing tasks with minimal human intervention. This
paper explores the key principles, advancements, and challenges in robotics and autonomous systems. It delves into the design
and development of robotic systems, ranging from industrial automation to mobile and humanoid robots, emphasizing their ability
to perceive, interpret, and adapt to complex environments. The integration of artificial intelligence and machine learning
techniques plays a pivotal role in enhancing the autonomy of these systems, enabling them to learn from experience, make
decisions, and continuously improve their performance. The paper also discusses the importance of sensor technologies, such as
computer vision and inertial sensors, in providing robots with the ability to sense and navigate their surroundings. Autonomous
systems are increasingly applied in various domains, including healthcare, agriculture, manufacturing, and transportation. The
paper highlights the societal impacts of robotics and autonomy, addressing ethical considerations, safety standards, and the
potential for job displacement. Furthermore, it explores ongoing research in swarm robotics, collaborative human-robot
interaction, and the development of ethical frameworks for autonomous decision-making. As robotics and autonomous systems
continue to evolve, their role in shaping the future of technology and society becomes more pronounced. This abstract provides a
comprehensive overview of the current state of the field, outlining the challenges and opportunities that lie ahead in the quest to
create intelligent, adaptive, and ethically responsible robotic systems.

. INTRODUCTION

The domain of robotics and autonomous systems has emerged as a transformative force, seamlessly blending mechanical,
electrical, and computer engineering to create intelligent machines capable of autonomously navigating and interacting with their
environment. At its core, robotics seeks to transcend the boundaries of manual human intervention, employing a sophisticated
integration of hardware and software components. From industrial arms and drones to advanced humanoid robots, these systems
encapsulate the convergence of mechanical structures, actuators, and sensors with cutting-edge algorithms and artificial
intelligence techniques. Recent technological advancements, particularly in sensor technologies like computer vision, and inertial
sensors, have bolstered the perceptual capabilities of robots, enabling them to comprehend and adapt to complex surroundings.
The integration of machine learning algorithms further empowers these systems to learn from experience, adapt to novel
scenarios, and continuously optimize their performance. As robotics technology advances, it extends beyond traditional industrial
applications to encompass diverse fields such as healthcare, agriculture, and exploration. However, this evolution is not without
its challenges. The societal impacts of robotics and autonomy raise ethical considerations, including questions about job
displacement, accountability, and the ethical use of autonomous decision-making systems. This introduction sets the stage for a
comprehensive exploration of the fundamental principles, technological innovations, and societal implications within the dynamic
realm of robotics and autonomous systems.

11. Motivation

True autonomous robots are intelligent machines that can perform tasks and operate in an environment independently, without
human control or intervention .This will help the humans to work less and get the maximum benefit out of everything. As we can
see humans are also using animals for different tasks, as example we can say in agriculture field, bulls are using by the farmers. In
this case mobile robotics can also perform a great task for both humans and animals. This things motivate me to make the
overview on mobile robotics.[Ref-1]
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111. Contribution

Path planning is a very long process, here my contribution would be to make everything simple and easy to understand the term
for everyone. To make everyone understand that mobile robotics can really make humans life a lot easier.

1. Literature Review

1.1 Human-Robot Interaction It is becoming more common for humans and robots to share a workspace. This has led to the need

for improved human-robot communication and for awareness by the robot of what can be expected of the people around it and,
similarly, by the people of what can be expected of the robots. An aspect of interaction with robots that is not unique to mobile
robots is teaching them the tasks they are expected to accomplish.[Ref-2,4]

1.2 Localization and mapping In order for the robot to navigate successfully, it must determine its position in the workplace. So
localization together with perception and motion control are key issues in robot navigation. Localization is closely related to
representation. If an accurate GPS system could be installed on a robot, the localization problem would be solved. The robot
would always know where it was. But at the moment, this system is not available or is not accurate enough to work with. In any
case, localization implies not only knowing the robot’s absolute position on Earth but also its relative position with respect to a
target. The control system also plays a role. If the robot intends to reach a specific location, it needs an environment model or map
so that it can plan a path to reach the target. This means that localization is a broad issue that includes not only determining the
absolute position of the robot in space but also building a map and determining the robot’s position relative to the map. Therefore,
sensors (perception system) are fundamental in the task of localization. Any inaccuracy and incompleteness of the sensor will
affect the robot’s localization. Also, sensor noise and aliasing reduces the useful information picked. Uncertainty and error must
be minimized. They must help in mapping the robot and its environment.

1.3 Path, trajectory, and motion planning Path planning is concerned with finding the best path in order for the mobile robot to
reach the target without collision, thus allowing a mobile robot to navigate through obstacles from an initial configuration to
another configuration. The temporal evolution of motion is neglected. No velocities and accelerations are considered. A more
complete study, with broader objectives, is trajectory planning.[ref-5]

1.4 classical Approaches: Classical approaches to path planning have laid the foundation for subsequent research. This section
discusses the following techniques:

e Potential Field Methods: These methods use attractive and repulsive forces to guide the robot towards the goal while avoiding
obstacles. The limitations of potential field methods, such as local minima and sensitivity to parameter tuning, are highlighted.

e Cell Decomposition: Grid-based and graph-based cell decomposition methods divide the environment into cells to generate
paths. The advantages and disadvantages of these techniques are explored.

e \/oronoi Diagrams: Voronoi diagrams are employed to determine paths based on distance information. The utility of VVoronoi
diagrams in path planning is discussed.

1.5 Machine Learning Techniques: Machine learning techniques have shown promise in learning path planning policies and
handling complex environments. This section covers the following techniques:

e Reinforcement Learning (RL): RL approaches, such as Q-learning and deep RL algorithms, are employed to learn path
planning policies. The challenges and opportunities of RL in path planning are discussed.

e Deep Learning: Deep neural networks are used for end-to-end path planning, where raw sensor data serves as input. The
advantages and limitations of deep learning in path planning are explored.[ref-6,7]

1.6 Optimization-Based Approaches: Optimization-based approaches leverage mathematical optimization techniques to find
optimal paths. This section covers the following techniques:

e A* Algorithm: The A* algorithm and its variants, such as D* and D*-L.ite, combine graph search and heuristics to find optimal
paths. The strengths and limitations of A* algorithms are discussed.

e Dijkstra's Algorithm: Dijkstra's algorithm, a classic graph search algorithm, is relevant to path planning, particularly in static
environments. The application of Dijkstra's algorithm and its variations is explored.

e Ant Colony Optimization (ACO): ACO algorithms are inspired by the foraging behavior of ants and have been applied to path
planning. The use of ACO for finding optimal paths is discussed. [ref-8]

2. Problem Statement and Objective

2.1 Problem statement

The problem statement of mobile robotics path planning involves finding an optimal or near optimal path for mobile robot to
navigate from a given starting point to a desired goal location in a dynamic environment. This problem is particularly
challenging because the robot must take into account various factors such as obstacle, robot’s physical capabilities, and
potential constraints or limitations. In the case of a human's regular life, there are lots of things which can be risky as well as
time consuming for the human being. Robot can make that so much easier and will also take less time to finish it. One robot
is enough to do lots of work.[ref-9,10,11]

JETIR2405327 |Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘c252


http://www.jetir.org/

© 2024 JETIR May 2024, Volume 11, Issue 5 www.jetir.org (ISSN-2349-5162)

2.2 Objective

The objective of a path planning problem is to find an optimum or near-optimum path (safest, shortest, and smoothest)
without colliding with a problem. For mobile robots, the aim of path planning is to find a feasible path in a specific
environment. This path begins at the starting point (S) and ends at the target point (T). The objectives of mobile robotics path
planning can vary depending on the specific application and requirements.

1. Collision Avoidance: One of the primary objectives of mobile robotics path planning is to ensure collision-free
navigation. The path planning algorithm aims to generate a trajectory that avoids obstacles, static or dynamic, in the
environment. By considering the robot's current position, desired destination, and the surrounding obstacles, the algorithm
plans a safe and feasible path.

2. Optimized Trajectories: Another objective is to generate optimized trajectories that minimize travel time, energy
consumption, or any other defined cost function. The path planning algorithm considers factors such as robot dynamics,
environment characteristics, and task requirements to determine the most efficient path to the goal. Optimization criteria can
vary depending on the specific application, ranging from minimizing distance traveled to maximizing energy efficiency.

3. Smooth and Stable Motion: Mobile robots should exhibit smooth and stable motion while navigating their paths. Jittery
or jerky movements can impact robot stability, cause 13 wear and tear on mechanical components, and potentially disrupt any
payload or sensor mounted on the robot. Path planning algorithms aim to generate trajectories that result in smooth and stable
motion for the robot, ensuring better overall performance and safety.

4. Adaptability to Dynamic Environments: Mobile robots often operate in dynamic environments where the presence of
obstacles or other agents can change over time. The path planning algorithm should be capable of adapting to such changes in
real-time and generating updated paths accordingly. This objective involves incorporating sensor feedback, obstacle
detection, and dynamic obstacle avoidance strategies to ensure the robot can successfully navigate through changing
environments.[Ref-12,13]

3. Design and Methodology

The design and methodology of mobile robotics path planning involve several stages and approaches. Here is an overview of the
design process and methodologies which are commonly used.

1. Problem Formulation: The first step is to define the problem and its requirements. This includes specifying the robot's initial
position, the desired destination, and any constraints or objectives. It is important to consider factors such as obstacle avoidance,
optimality, real-time performance, and any task-specific requirements.

2. Environment Modeling: Create a model of the robot's environment, including obstacles, boundaries, and any relevant
features. The environment model can be created using sensor data or predefined maps. Different representations, such as
occupancy grids, point clouds, or polygonal models, can be used depending on the available sensor information and the
complexity of the environment.

3. Sensing and Perception: Determine the sensors required for environment perception. This can include cameras, lidar, radar, or other
range-finding sensors. Sensor data processing techniques, such as point cloud segmentation or object detection algorithms, may be
employed to extract meaningful information about obstacles and their characteristics. 4. Path Representation: Choose a suitable
representation to define the robot's path. This can include grid-based representations, graphs, splines, or potential fields. The path
representation should capture the spatial information necessary for navigation and collision avoidance.[ref-15,16,1,18]

5. Motion Planning: Once a path is generated, the motion planning component determines how the robot should move along the
path. This involves considering the robot's kinematics, dynamics, and any constraints on its motion. Motion planning algorithms,
such as trajectory generation or control-based approaches, determine the control inputs required to achieve smooth and stable
motion along the path.

6. Collision Avoidance: Implement collision avoidance techniques to ensure safe navigation. This can involve reactive
approaches, such as potential fields or velocity obstacles, or predictive methods like model predictive control (MPC). Collision
avoidance strategies should take into account the robot's current position, velocity, and the perceived obstacles to generate
appropriate control actions.

7. Real-Time Adaptability: Account for real-time adaptability to handle dynamic environments or changing conditions. This
may involve integrating feedback loops, sensor fusion techniques, or online preplanning strategies. The path planning algorithm
should be able to quickly update the planned path and adjust the robot's trajectory based on sensor feedback or environmental
changes. 8. Validation and Evaluation: Thoroughly test and evaluate the path planning algorithm using appropriate metrics. This
can include metrics such as path length, computation time, and smoothness of motion, energy consumption, or task-specific
objectives. Validation can be done through simulations, virtual environments, or physical testing in representative scenarios. 9.
Optimization and Iteration: Based on the evaluation results, optimize and refine the path planning algorithm. This may involve
tuning parameters, improving computational efficiency, or incorporating advanced techniques from related research areas. The
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design process should be iterative, allowing for improvements and adjustments based on practical implementation and
performance feedback.[ref-19]

8. Validation and Evaluation: Thoroughly test and evaluate the path planning algorithm using appropriate metrics. This can
include metrics such as path length, computation time, and smoothness of motion, energy consumption, or task-specific
objectives. Validation can be done through simulations, virtual environments, or physical testing in representative scenarios.

9. Optimization and Iteration: Based on the evaluation results, optimize and refine the path planning algorithm. This may
involve tuning parameters, improving computational efficiency, or incorporating advanced techniques from related research areas.
The design process should be iterative, allowing for improvements and adjustments based on practical implementation and
performance feedback.[ref-19]

10. Algorithm: Dijkstra's Shortest Path Algorithm

1. Initialization:

e Set the distance to the source node as 0, and the distances to all other nodes as infinity.
e Mark all nodes as unvisited.

e set the source node as the current node.

2. Iteration:

e for the current node, consider all of its neighbors (nodes directly connected by an edge).

e Calculate the tentative distance from the source to each neighbor through the current node.
o If the calculated distance is less than the previously known distance, update the distance.

3. Formula: tentative_distance=current_distance+edge_weight

e Mark the current node as visited to avoid revisiting it.

e Set the selected node as the new current node and go back to step 2.

e The algorithm terminates when the destination node is marked as visited, or when all reachable nodes have been visited.[ref-
19]

Example: Consider the below graph:

Example Graph

Dijkstra’s Algorithm
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For this graph, we will assume that the weight of the edges represents the distance
between Two nodes.

As, we can see we have the shortest path from,
Node 0 to Node 1, from

Node 0 to Node 2, from

Node 0 to Node 3, from

Node 0 to Node 4, from

Node 0 to Node 6.

Initially we have a set of resources given below:

e The Distance from the source node to itself is 0. In this example the source node is 0.

e The distance from the source node to all other nodes is unknown so we mark all of
them as infinity.

Example: 0 -> 0, 1-> 00,2-> 00,3-> 00,4-> 00,5-> 00,6-> o0,

e We’ll also have an array of unvisited elements that will keep track of unvisited

or Unmarked Nodes.

e Algorithm will complete when all the nodes marked as visited and the distance
between them are added to the path. Unvisited Nodes:- 0 1 2 3 4 5 6.Step 1: Start from
Node 0 and mark Node as visited.

Step 2: Check for adjacent Nodes. Now we have two choices (Either choose Nodel with distance 2 or either choose Node 2
with distance 6 ) and choose Node with minimum distance. In this step Node 1 is the Minimum distance adjacent Node, so mark
it as visited and add up the distance.

Distance: Node 0 -> Node 1 =2
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STEP 2 Mark Node 1 as Visited and add the Distance

Unvhl(ed Nodes
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Dijkstra's Algorithm

Step 3: Then Move Forward and check for adjacent Node which is Node 3, so marked it as visited and add up the distance, now
the distance will be:

Distance: Node 0 -> Node 1 ->Node3=2+5=7

STEP 2 Mark Node 3 as Visited after considering the Optimal path and add the Distance

Unvisiteg Nodes
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Dijkstra‘’s Algorithm

Step 4: Again we have two choices for adjacent Nodes (Either we can choose Node 4 with distance 10 or either we can choose
Node 5 with distance 15 so choose Node with minimum distance. In this step Node 4 is the Minimum distance adjacent to Node,

so mark it as visited and add up the distance.

Distance: Node 0 -> Node 1 -> Node 3->Node4=2+5+10=17
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STEP A Mark Node 4 as Visited aftar considering the Optimal path and add the Distance
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Step 5: Again, Move Forward and check for adjacent Node which is Node 6, so marked it as visited and add up the distance,

now the distance will be:

Distance: Node 0 -> Node 1 -> Node 3 -> Node 4 ->Node6=2+5+10+2=19

STEPS Mark Node 6 as Visnted and add the Distance

Dijkstra’s Algorithm
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So, the Shortest Distance from the Source Vertex is 19 which is the optimal one.

11. Optimization Criteria

There are many factors that must be considered in the optimization criteria for planning a mobile path. Three commonly

used optimization criteria are listed in the following.
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11.1 Path Length

The path length D [15,16] is defined as D = > n—1 q(xj+1 — xj)2 + (yj+1 — yj)2

Where, xj and yj are the values of the X coordinate axis and Y coordinate axis of the nodes j.
11.2 Smoothness

The smoothness S [15] is defined as

S=o-1-DAI!+f-1—Smin!

Nf—1Nf

where, a and  are weighted coefficients, DAI is the number of angles of deflection larger than the desired variable, Nf is the
total number of path segments, Smin is the number of segments with the smallest number of path segments in the path.[ref-19]

(a) 10*10 path smoothing (b)20*20 path smoothing (¢M0*40 path smoothing

Simulation of path smoothing in different raster environments.

11.3 Safety Degree

The safety degree SD [15] is defined as
SD=>n-1Cj=(n0,djd>X)
Where, di is the minimal distance between the i-th segment and its nearest obstacle, and X is the threshold of the safety degree.

4. Results and interpretations

The results and interpretations of mobile robotics path planning can provide valuable insights into the performance and
effectiveness of the algorithm in achieving its objectives. Here are some possible outcomes and interpretations:

1. Planned Paths: The most immediate result of mobile robotics path planning is the generation of planned paths from the robot's
initial position to the desired destination. The paths can be visualized and analyzed to assess their quality, such as their
smoothness, length, and adherence to the specified objectives. A well-designed path planning algorithm should generate paths that
efficiently navigate the robot through the environment while avoiding obstacles.

2. Efficiency and Optimality: Path planning algorithms often aim to optimize certain criteria, such as minimizing distance
traveled, reducing energy consumption, or maximizing task efficiency. The planned paths can be analyzed to evaluate the
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algorithm'’s success in achieving these objectives. If the paths are shorter, more energy-efficient, or result in faster task completion
compared to alternative routes, it suggests that the path planning algorithm is effective in optimizing the desired criteria.

3. Real-Time Adaptability: Mobile robotics path planning may need to adapt to dynamic environments or changing conditions.
The ability of the algorithm to handle such scenarios can be assessed by introducing modifications to the environment or obstacles
during the robot's navigation. If the path planning algorithm successfully updates the planned path in real -time to avoid newly
introduced obstacles or accommodate changing conditions, it demonstrates its adaptability and responsiveness.

4. Performance Metrics: Various performance metrics can be used to evaluate the path planning algorithm. These metrics may
include computation time, computational complexity, memory usage, or convergence properties. By analyzing these metrics, one
can gain insights into the algorithm's efficiency, scalability, and computational requirements. It helps determine if the algorithm
can operate in real-time and handle complex environments without exceeding computational resources.

5. Task-Specific Evaluation: Depending on the application, specific task-specific metrics can be used to assess the performance
of mobile robotics path planning. For example, in surveillance scenarios, metrics like coverage rate, observation quality, or
response time can be used. In industrial settings, metrics related to productivity, collision rate, or throughput can be evaluated.
Task-specific evaluations provide a more targeted assessment of how well the path planning algorithm fulfills the requirements of
the specific application.[Ref-6,7]

5. Conclusion and Future Scope

Mobile robotics path planning plays a crucial role in enabling safe and efficient navigation for robots in various applications. The
design and implementation of path planning algorithms involve considerations such as environment modelling, sensor integration,
path representation, path search, motion planning, collision avoidance, real-time adaptability, and performance evaluation. By
generating optimized paths and ensuring collision avoidance, path planning algorithms contribute to successful robot navigation.
The future of mobile robotics path planning lies in the development of advanced algorithms, incorporating learning-based
approaches, considering multi-robot collaboration, integrating human-robot interaction, enhancing robustness and adaptability,
improving scalability and efficiency, and focusing on real-world deployment. Continued research and innovation in these areas
will contribute to the advancement and widespread adoption of mobile robotics path planning techniques in various domains.
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