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ABSTRACT 

The field of robotics has witnessed significant advancements in recent years, with wheeled robots 

being one of the most commonly used platforms in various applications. Understanding the 

kinematics of wheeled robots is crucial for their efficient control and maneuverability. This 

research paper presents a comprehensive review of the modeling and analysis of wheeled robot 

kinematics. It explores different kinematic models, their mathematical representations, and the 

associated analysis techniques. The paper also highlights the challenges and recent 

advancements in the field, along with potential future directions for research. 
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I. INTRODUCTION 

Wheeled robots have become indispensable tools in a wide range of applications, including 

industrial automation, logistics, healthcare, space exploration, and search and rescue operations. 

These robots rely on precise control and maneuverability to navigate various terrains and 

perform specific tasks. The kinematics of a wheeled robot plays a vital role in understanding its 

motion and designing effective control strategies. By accurately modeling and analyzing the 

kinematics, engineers and researchers can optimize robot performance, improve efficiency, and 

enhance safety.The development of wheeled robot kinematics has gained significant attention 

due to the increasing demand for versatile robotic systems. The ability to accurately model and 

analyze the kinematics enables researchers to design and control robots with enhanced mobility 

and adaptability. Moreover, the integration of advanced sensors, actuators, and artificial 

intelligence techniques further amplifies the potential applications of wheeled robots. 
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Understanding the intricacies of wheeled robot kinematics is essential to harness their full 

potential and overcome the challenges associated with complex environments and real-world 

scenarios. 

II. WHEELED ROBOT KINEMATICS 

Definition and Overview 

Kinematics is the branch of mechanics that focuses on describing the motion of objects without 

considering the forces causing that motion. In the context of wheeled robots, kinematics refers to 

the study of the robot's motion, position, and orientation as a result of wheel movements. 

Wheeled robot kinematics plays a crucial role in determining how the robot moves and interacts 

with its environment. 

Wheeled robots typically consist of one or more wheels attached to a chassis. The wheels 

provide the means for locomotion and maneuverability. The kinematics of wheeled robots are 

influenced by various factors, including the number and arrangement of wheels, the type of 

wheel actuation, and the constraints imposed by the environment. 

Wheel Configurations 

Wheeled robots can have different wheel configurations, each affecting the robot's motion 

capabilities and maneuverability. Some common wheel configurations include: 

 Differential Drive: This configuration consists of two wheels placed on a common axle, 

where each wheel can be independently driven. Differential drive robots are capable of 

forward and backward motion and can perform rotational movements by driving the 

wheels at different speeds. 

 Skid-Steer: Skid-steer robots have multiple wheels, typically with an odd number, 

arranged on both sides of the robot's body. By driving the wheels on each side in opposite 

directions, the robot can achieve rotation by creating a skidding motion. 

 Ackermann: The Ackermann steering mechanism involves a front-wheel steering 

configuration commonly found in vehicles. It consists of two non-driven front wheels and 

one or more driven rear wheels. The front wheels are steered, while the rear wheels 

provide propulsion. This configuration allows the robot to move in a curved path while 

maintaining a constant turning radius. 

 Omni-Directional: Omni-directional robots employ wheels that can rotate independently 

in different directions. By controlling the speeds and directions of individual wheels, 

these robots can move in any direction and rotate in place. 



 

 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 404 

 Mecanum: Mecanum wheels have rollers mounted at an angle to the wheel's rotation 

axis. By independently controlling the roller's rotation, the robot can achieve holonomic 

motion, including translation and rotation in any direction. 

Degrees of Freedom 

The degrees of freedom (DOF) of a wheeled robot refer to the number of independent variables 

required to describe its motion fully. The DOF depends on the wheel configuration and the 

constraints imposed on the robot. Common DOF configurations for wheeled robots include: 

 Two DOF: Robots with two degrees of freedom typically have differential drive or skid-

steer configurations, enabling them to move forward, backward, and rotate in place. 

 Three DOF: Robots with three degrees of freedom, such as Ackermann steering robots, 

can move forward, backward, rotate, and perform curvature in a plane. 

 Four or More DOF: Omni-directional and mecanum wheeled robots possess four or more 

degrees of freedom, allowing them to move in any direction, rotate, and perform complex 

translations and rotations. 

Understanding the wheel configuration and the associated degrees of freedom is essential for 

modeling and analyzing wheeled robot kinematics accurately. These factors significantly impact 

the robot's motion capabilities, control strategies, and overall performance. 

III. KINEMATIC MODELS 

Differential Drive Model 

The differential drive model is one of the most commonly used kinematic models for wheeled 

robots. It is based on a two-wheeled configuration where each wheel can be independently 

driven. The differential drive model simplifies the robot's kinematics by assuming that the 

wheels do not slip and the robot moves on a flat surface. 

Skid-Steer Model 

The skid-steer model is suitable for robots with multiple wheels, typically an odd number, 

arranged on both sides of the robot's body. This configuration allows the robot to achieve 

rotation by creating a skidding motion. 
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Ackermann Model 

The Ackermann model is widely used in vehicles and applies to wheeled robots with a front-

wheel steering configuration. It consists of two non-driven front wheels and one or more driven 

rear wheels. 

Omni-Directional Model 

The omni-directional model applies to robots equipped with wheels that can rotate independently 

in different directions. This configuration allows the robot to move in any direction without 

requiring changes in its orientation. 

Mecanum Model 

The mecanum model is applicable to robots equipped with mecanum wheels, which have rollers 

mounted at an angle to the wheel's rotation axis. By controlling the rotation of the individual 

rollers, the robot can achieve holonomic motion, including translation and rotation in any 

direction. 

These kinematic models provide a foundation for understanding and analyzing the motion and 

maneuverability of wheeled robots. Each model has its advantages and limitations, and the 

choice of the appropriate model depends on the specific application, environment, and desired 

robot behavior. 

IV. ANALYSIS TECHNIQUES 

Forward Kinematics 

Forward kinematics involves determining the robot's position and orientation in the workspace 

based on its wheel velocities or control inputs. The forward kinematic model provides a mapping 

from the wheel velocities to the robot's pose. By utilizing the kinematic model specific to the 

robot's configuration, the forward kinematics can calculate the robot's position (x, y) and 

orientation (θ) in the workspace. 

The forward kinematics equations vary depending on the kinematic model used for the robot. For 

example, in the differential drive model, the forward kinematics equations can be derived from 

the mathematical representation described earlier. 

Inverse Kinematics 
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Inverse kinematics is the process of determining the wheel velocities or control inputs required to 

achieve a desired robot pose in the workspace. In other words, it involves calculating the 

appropriate wheel velocities that will result in the desired position and orientation of the robot. 

Inverse kinematics is particularly useful for path planning and trajectory generation. By 

specifying a desired pose or trajectory, the inverse kinematics equations can be solved to 

determine the required wheel velocities that will result in the desired motion. 

The inverse kinematics equations also vary based on the kinematic model being used. Different 

methods such as geometric approaches, optimization algorithms, or numerical methods can be 

employed to solve the inverse kinematics problem. 

Trajectory Planning 

Trajectory planning involves generating a smooth and feasible path for the robot to follow. It 

takes into account the robot's kinematic constraints, environmental obstacles, and desired motion 

characteristics. 

Trajectory planning can be approached in different ways, such as: 

 Polynomial-based Methods: These methods represent the desired trajectory as a 

polynomial function. Common approaches include cubic splines or higher-degree 

polynomial interpolations. The coefficients of the polynomials are determined by 

considering the initial and final conditions, constraints, and smoothness requirements. 

 Optimization-based Methods: These methods formulate the trajectory planning problem 

as an optimization problem. The objective function is designed to minimize a cost or 

error metric, such as distance traveled, energy consumption, or obstacle avoidance. 

Constraints related to the robot's kinematics and environmental constraints are 

incorporated into the optimization problem. 

 Sampling-based Methods: These methods explore the configuration space by sampling 

different robot configurations and connecting them to form a trajectory. Popular 

sampling-based algorithms include Rapidly-exploring Random Trees (RRT) and 

Probabilistic Roadmaps (PRM). These algorithms can efficiently handle complex 

environments and nonholonomic constraints. 

The choice of trajectory planning method depends on the specific requirements of the 

application, the robot's kinematic model, and the complexity of the environment. 
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Path Following and Control 

Once a trajectory or path is planned, path following and control techniques are used to guide the 

robot along the desired trajectory. These techniques ensure that the robot accurately follows the 

planned path while considering disturbances, uncertainties, and control constraints. 

Path following and control methods can be categorized as feedback control or feedforward 

control approaches. 

 Feedback Control: Feedback control techniques use sensor feedback to continuously 

adjust the robot's motion based on the error between the desired trajectory and the actual 

robot state. Common control techniques include proportional-derivative (PD) control, 

proportional-integral-derivative (PID) control, or more advanced control methods such as 

model predictive control (MPC) or adaptive control. 

 Feedforward Control: Feedforward control techniques anticipate the future control inputs 

required to follow the desired trajectory without relying solely on feedback. These 

methods utilize the inverse kinematics equations or precomputed control profiles to 

generate the control inputs. Feedforward control can provide more accurate tracking 

performance and faster response times but may be susceptible to modeling errors or 

disturbances. 

Path following and control techniques need to address the specific kinematic constraints and 

dynamics of the wheeled robot to ensure accurate tracking, stability, and robustness in different 

operating conditions. 

 

V. CONCLUSION 

The modeling and analysis of wheeled robot kinematics play a fundamental role in 

understanding and controlling the motion of these versatile robotic systems. This research paper 

provided a comprehensive review of the different kinematic models and analysis techniques used 

in wheeled robot kinematics. 

The paper explored kinematic models such as the differential drive, skid-steer, Ackermann, 

omni-directional, and mecanum models. Each model was described in terms of its mathematical 

representation, advantages, and limitations, providing insights into their applicability and 

behavior in different scenarios. 
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Analysis techniques, including forward and inverse kinematics, trajectory planning, and path 

following/control, were discussed in detail. These techniques enable researchers and engineers to 

understand and optimize the robot's motion, plan smooth and feasible trajectories, and develop 

effective control strategies. 

The challenges faced in modeling and analyzing wheeled robot kinematics were highlighted, 

such as nonholonomic constraints, uncertainty, sensor noise, and motion planning in complex 

environments. Recent advancements in the field were also addressed, showcasing the progress 

made in addressing these challenges and improving the performance of wheeled robots. 

Case studies in warehouse automation and exploration missions demonstrated the practical 

applications of wheeled robots and the importance of accurate kinematic modeling for achieving 

efficient and successful operations. 

Furthermore, potential future research directions were identified, including the integration of soft 

robotics, artificial intelligence, and swarm robotics with wheeled robots. These emerging 

technologies hold promise for enhancing the capabilities, adaptability, and autonomy of wheeled 

robots. 

In conclusion, this research paper serves as a valuable resource for researchers, engineers, and 

enthusiasts involved in the modeling, analysis, and control of wheeled robot kinematics. By 

understanding the various kinematic models and employing the appropriate analysis techniques, 

researchers can advance the field, optimize robot performance, and enable wheeled robots to 

excel in a wide range of applications. 
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