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Abstract - This research work proposes the introduction of an innovative system for monitoring 
the rotations of the rollers integrated in a mecanum wheel, which provides improve the control and 
understanding of this essential element of omnidirectional motion. Considering the importance of 
the performance of these wheels in mobile robotics applications and autonomous systems, the 
study focuses on the analysis of the most common typologies of mecanum wheels, identifying the 
critical factors that influence their efficiency and stability. The research initially approaches the 
detailed study of the construction and operation of the mecanum wheels, going on to identify the 
specific characteristics that can alter the dynamic behaviour of the system. Next, it is proposed to 
design and integrate a monitoring system capable of following in real time the rotations of the 
rollers and why not, a monitoring system capable of removing the slippage of the rollers or 
skidding on inclined planes, using a series of sensors and data processing algorithms. The 
methodology adopted combines the theoretical analysis with the practical development of a 
prototype, which will be subjected to a set of rigorous experimental tests, aimed at validating the 
performance of the system in various operating conditions. The paper's conclusions will highlight 
the benefits of implementing the proposed system and suggest future research directions, focusing 
on refining monitoring algorithms and integrating real-time feedback technologies into advanced 
robotic platforms. 
 
Keywords: Mecanum wheels, Omnidirectional mobility, Skidding reduction, Trajectory 
optimization, Mechatronic assembly stability.  

1. Introduction  
 
In the last few years, the development of 
omnidirectional robotic platforms has become a 
research direction of significant interest due to the 
advantages these systems offer in terms of mobility 
and adaptability in complex environments. Unlike 
traditional platforms with standard wheels, which 
are limited by the kinematic constraints required by 
the direction and angle of the wheels, 
omnidirectional systems enable smooth movements 
in any direction without requiring additional 
manoeuvres to change trajectory. This characteristic 

renders such platforms extremely useful in fields 
such as industrial robotics, autonomous vehicles, 
logistics, and even healthcare. 

A plausible example that highlights the 
limitations of conventional platforms using 
Ackermann steering systems. Although they are 
effective for road vehicles, they present 
disadvantages when quick and precise manoeuvres 
are required in confined spaces. Consequently, 
omnidirectional platforms equipped with Mecanum 
or omni-wheels provide the capability to execute 
simultaneous translational and rotational 
movements, thereby reducing the distance travelled 
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and optimizing energy consumption, as can be seen 
in Figure 1 [1]. 

 
Figure 1: Omnidirectional platforms equipped with 

omni-wheels 
 

The numerous literature includes a lot of studies 
that have explored the advantages of these systems 
in various contexts. For example, the use of 
architectures based on the Robot Operating System 
(ROS) for coordinating and controlling teams of 
omnidirectional mobile robots has demonstrated 
that such systems can considerably enhance 
efficiency and collaboration among robots [2]. 
Advanced trajectory planning algorithms, such as A*, 
the Enhanced Genetic Algorithm (EGA), and the 
Artificial Potential Field (APF), have been proposed 
to optimize the paths of omnidirectional robots by 
avoiding collisions and maximizing travel speed. 

Nevertheless, although these systems provide 
significant benefits in the control and stability field 
of the movement and the omnidirectional 
mechatronic assembly remain major challenges. 
Factors that negatively affect performance include 
wheel skidding, the distribution of traction forces, 
and the necessity for precise control of each 
individual motor. Moreover, the integration of an 
efficient obstacle detection system and the real-time 
adjustment of trajectories are essential aspects for 
improving the reliability of these platforms in 
dynamic environments [3]. 

This paper try to analyse and optimize the 
control of a mechatronic assembly with 
omnidirectional wheels, with an emphasis on 
enhancing stability and manoeuvrability. 
 

2. Investigating the Skidding 
Phenomenon in Mechatronic 
Assemblies with Omnidirectional 
Wheels 
 
In the realm of mobile robotics and mechatronic 

systems, accurate and reliable maneuverability is 

crucial for performance and safety. Omnidirectional 
wheels, such as Mecanum wheels, have become 
popular due to their ability to facilitate movement in 
any direction. However, despite these advantages, 
such systems are vulnerable to a phenomenon 
known as skidding—a loss of traction that can 
significantly compromise the stability and control of 
the entire assembly.  

Omnidirectional wheels typically consist of a 
main wheel equipped with a series of smaller rollers 
mounted around its circumference. These rollers are 
usually set at an angle (commonly 45 degrees) 
relative to the primary wheel plane, as can be seen in 
Figure 2, enabling the generation of force vectors in 
multiple directions.  

 

 
Figure 2: Omnidirectional wheel: a. isometric view,  

b. front view, c. left view 
 

This design allows the wheel to perform complex 
maneuvers by combining translational and 
rotational movements. Nevertheless, the interaction 
between the rollers and the contact surface 
introduces a number of challenges. Variations in load 
distribution, surface conditions, and wheel design 
can all influence the contact dynamics, potentially 
leading to undesirable behaviors such as skidding. 

 

2.1 Skidding Phenomenon: definition and 
underlying causes 

 
Skidding is defined as the loss of traction 

between the wheel’s rollers and the ground, 
resulting in unintended lateral or longitudinal 
displacement relative to the desired trajectory [4]. In 
the context of omnidirectional wheels, several 
factors can trigger skidding: 

Insufficient friction between the roller material 
and the surface, which may be worsened by 
contaminants or variable terrain conditions. 

High acceleration or deceleration rates that cause 
inertial forces to exceed the available static friction. 

Uneven load distribution across the rollers due to 
mechanical misalignment or non-uniform weight 
distribution of the assembly. 

Inaccurate or asynchronous control inputs 
leading to discrepancies in the rotational speeds of 
individual rollers. 

Environmental influences such as moisture, dust, 
or temperature changes that alter the friction 
coefficient between the rollers and the contact 
surface. 
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The occurrence of skidding not only leads to 
positional inaccuracies and inefficient energy usage 
but also accelerates wear and tear on mechanical 
components. Repeated episodes of skidding can 
result in cumulative errors in trajectory tracking and 
obstacle avoidance, ultimately reducing the 
reliability and operational lifespan of the system. 

 

2.2 Mathematical Modeling and Analysis of 
Skidding 

 
To thoroughly understand skidding, it is essential 

to develop mathematical models that describe the 
forces and dynamics involved. Fundamental 
variables in these models include: 

-Normal force (N) acting on each wheel. 
-Coefficient of friction (μ) between the rollers and 

the surface. 
-Applied motor force (F). 
-Acceleration (a) of the system. 
-Moment of inertia (I) of the wheel assembly. 
A basic model employs Newtonian mechanics, 

where the frictional force is given by 
  

 (1) 

 
Skidding is predicted when the force generated 

by the motors exceeds the maximum frictional force 
available. In addition, each roller's rotational 
dynamics can be modeled using differential 
equations that account for angular velocity and the 
interaction between the roller and the main wheel 
body. Computational simulations, are instrumental 
in exploring various operational scenarios and 
predicting conditions that may lead to skidding. 

 
3. Implementation of Monitoring and 

Control Solutions for Reducing 
Skidding in Mechatronic Assemblies 
with Omnidirectional Wheels 
 
Addressing the skidding phenomenon in 

omnidirectional mechatronic assemblies requires an 
integrated approach combining real-time data 
acquisition, control algorithm optimization, and 
adaptive correction techniques. Continuous 
monitoring of roller wear and performance, coupled 
with advanced control strategies, plays a crucial role 
in enhancing the system's stability and 
maneuverability [5]. 

One of the critical aspects affecting skidding in 
omnidirectional wheels is the degradation of roller 
integrity over time. Wear and tear on rollers 
influence traction levels, which in turn impact 
maneuverability and energy efficiency. By 
implementing a continuous monitoring system, real-
time data can be collected on roller condition, 

allowing for timely maintenance and adaptive 
corrections in control logic. 

 

3.1 Sensor Integration for Wear and 
Traction Monitoring 

 
To ensure accurate roller monitoring, various 

sensor technologies can be implemented: 
Optical encoders: Measure the angular velocity of 

individual rollers, detecting inconsistencies 
indicative of slippage or loss of contact with the 
surface. 

Inertial Measurement Units (IMU): Detect 
abnormal oscillations or variations in motion due to 
roller degradation. 

Force-sensitive resistors (FSR): Measure variations 
in normal force exerted by each roller, allowing for 
adjustments to motor output. 

Infrared or ultrasonic sensors: Assess surface 
contact efficiency and detect variations in friction 
properties. 

Strain gauges: Measure micro-deformations in 
the roller structure, predicting mechanical fatigue 
before complete failure. 

By integrating these sensors, data acquisition 
systems can continuously evaluate roller 
performance, generating real-time feedback for 
control adjustments. 

 

3.2 Data Processing and Predictive 
Maintenance 

 
The collected sensor data must be processed 

using signal filtering techniques (Kalman filters, 
moving average filters) to remove noise and extract 
meaningful information [6]. Key parameters 
analysed include: 

Angular velocity deviation: If significant 
deviations are detected between the theoretical and 
actual roller speeds, skidding may be occurring [7]. 

Surface traction coefficient estimation: By 
analyzing force sensor data, the system can estimate 
real-time variations in surface conditions. 

Roller wear rate calculation: Using historical data 
and machine learning models, expected roller 
lifespan can be predicted. 

With predictive maintenance algorithms, an alert 
system can be implemented to notify operators of 
required roller replacements before performance 
degradation affects system stability[8]. 

 
3.3 Feedback Integration with Control Systems 

 
Real-time monitoring data is integrated into the 

control loop of the mechatronic assembly to allow 
for adaptive correction mechanisms [9]. By feeding 
traction and wear data into control algorithms, the 
system can dynamically: 
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Adjust motor torque outputs to compensate for 
variations in traction. 

Optimize motion paths by selecting smoother 
trajectories in response to detected wear conditions . 

Increase or decrease braking force to prevent 
skidding in high-acceleration maneuvers. 

This approach ensures continuous adaptability to 
changing conditions, extending the operational 
lifespan of the omnidirectional system while 
maintaining performance. 

 

3.4 Control Strategies and Mitigation 
Techniques 

 
In addition to real-time monitoring, robust 

control algorithms are essential for compensating 
skidding effects and ensuring precise movement 
execution [10].  

 
 PID-Based Adaptive Control for Motor 

Synchronization 
A Proportional-Integral-Derivative (PID) control 

system is widely used for motion correction. In the 
case of omnidirectional wheels, PID controllers 
ensure that each roller maintains optimal velocity 
and traction.  

Mathematical representation of PID control: 
The control law governing each roller's motor 

can be expressed as: 
 

            (2) 

 
where: 

-e(t) represents the error between desired and 
actual roller velocity. 

-Kp, Ki, Kd are proportional, integral, and 
derivative gains, respectively. 

By dynamically adjusting the PID gains based on 
real-time feedback, the control system compensates 
for sudden variations in traction, preventing 
excessive skidding [11]. 

 
 Model Predictive Control (MPC) for Dynamic 

Skid Correction 

Unlike PID controllers, Model Predictive Control 
(MPC) anticipates future states of the system by 
solving an optimization problem at each time step. 
The system predicts wheel behaviour based on: 

-current velocity and acceleration data. 
-friction coefficients detected from sensor 

feedback. 
-environmental conditions (surface properties, 

incline variations). 
MPC optimizes future motor commands to 

minimize skidding probability, dynamically adjusting 
wheel torque distribution.  

This technique is particularly useful for high-speed 
motion, where PID controllers may not react quickly 
enough. 
 
 Artificial Intelligence for Skid Detection and 

Correction 
Machine learning models can be trained to detect 

skidding patterns and predict the best corrective 
actions [12]. Neural networks and reinforcement 
learning algorithms process sensor data to: 

-identify hidden patterns leading to skidding. 
-recommend optimal traction adjustment 

settings. 
-learn from previous skidding incidents to 

enhance motion control. 
By implementing AI-driven control strategies, 

mechatronic assemblies can self-optimize based on 
real-world operational conditions. 

 
 Distribution of Load Forces for Improved 

Traction 
Since load imbalance contributes to roller 

skidding, an automated load redistribution system 
can be introduced. Methods include: 

Active suspension systems to adjust pressure on 
individual wheels. 

Dynamic weight shifting mechanisms that 
transfer weight to high-traction regions during 
motion. 

These solutions prevent excessive force 
concentration on worn rollers, maintaining even 
traction across all contact points. 

Continuous roller monitoring, combined with 
advanced control techniques such as adaptive PID, 
MPC, and AI-driven optimization, significantly 
enhances system stability [13]. 
 

4. System Performance Validation: 
Methodology and Proposed 
Experimental Tests for Reducing 
Skidding in Mechatronic Assemblies 
with Omnidirectional Wheels 
 

To validate the effectiveness of the proposed 
monitoring and control solutions for reducing 
skidding in mechatronic assemblies with 
omnidirectional wheels, a structured experimental 
methodology must be implemented.  

 

4.1 Experimental Setup and Hardware 
Components 

 
To perform the validation tests, a dedicated 

mechatronic test platform was developed, as can be 
seen in Figure 3, incorporating the following 
hardware and software components: 
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Figure 3: Mobile robot platform 

 
 Mobile Robot Platform 

Chassis: A custom-built aluminum frame 
designed to house four omnidirectional wheels and 
their respective drive systems. 

Mecanum Wheels: Four independently driven 
100 mm Mecanum wheels with integrated rollers 
positioned at 45-degree angles. 

Motors and Encoders: 
Brushless DC motors (BLDC) with Hall effect 

sensors for precise control of wheel speed and 
torque. 

Quadrature encoders with a resolution of 500 
pulses per revolution to track angular velocity. 
 Sensor Integration for Skidding Detection 

Optical encoders (10 kHz sampling rate) to 
measure discrepancies between theoretical and 
actual wheel speeds. 

Inertial Measurement Unit (IMU) (MPU-9250, 9-
axis) for real-time detection of unexpected lateral 
motion. 

Force-sensitive resistors (FSR) installed at each 
wheel contact point to assess real-time variations in 
traction. 

Load sensors placed on the robot’s frame to 
monitor weight distribution and potential load 
imbalances. 
 Data Acquisition and Processing 

Microcontroller (ESP32 or STM32F4 series) for 
real-time processing of sensor data. 

Wireless communication module (ESP8266 or 
XBee) for remote monitoring and logging of 
experimental results. 

Data logging system based on Python and 
MATLAB for offline analysis of skidding occurrences. 

 

4.2 Experimental Test Scenarios 
 
To comprehensively evaluate system 

performance, multiple test cases were designed to 
assess different aspects of skidding mitigation. 

 

 Skid Identification and Classification Test 
The objective is to establish a baseline for 

skidding occurrences under different movement 
conditions. 

Proposed procedure: 
The robot is placed on a smooth surface and 

instructed to perform a straight-line movement at 

different speeds (0.1 m/s to 1.0 m/s). 

The IMU and encoder data are analyzed to detect 

unintentional lateral deviations. 

The test is repeated on surfaces with varying 

friction coefficients (wood, tile, carpet). 

Performance Metrics: 

Trajectory deviation (measured in cm). 

Wheel slip ratio (calculated as the difference 

between commanded and actual speed). 

Roller engagement percentage (computed using 

force-sensitive resistors). 

 
 Adaptive PID Control Test 

The objective is to evaluate the effectiveness of 

the PID-based skid mitigation strategy. 

Proposed procedure: 

The system is configured to use traditional PID 

control with constant gains. 

The robot executes a 90-degree turn at increasing 

angular speeds (10°/s to 80°/s). 

The same test is repeated with an adaptive PID 

controller, adjusting the control gains in real time. 

The skidding levels and path accuracy of both 

methods are compared. 

Performance Metrics: 

Angular position error (difference between 

commanded and actual final orientation). 

Response time to reach target angle. 

Energy consumption comparison between static 

and adaptive PID. 

 

 Model Predictive Control (MPC) vs. PID for 

Dynamic Skid Reduction 

The objective is to compare Model Predictive 

Control (MPC) against traditional PID control in 

reducing skidding under high-speed movement. 

Proposed procedure: 

The robot is tasked with performing a figure-

eight maneuver at speeds of 0.5 m/s to 1.2 m/s. 

Tests are first conducted using PID control and 

then repeated using MPC-based control with real-

time sensor feedback. 

Skid events are recorded based on sudden lateral 

accelerations measured by the IMU. 

Performance Metrics: 
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Skid percentage reduction compared to baseline 

tests. 

Trajectory deviation over 20 test repetitions. 

Execution time to complete the maneuver. 

 

 Real-Time Monitoring and Corrective Feedback 

Test 

The objective is to validate the effectiveness of 

the real-time data monitoring system in improving 

skid mitigation. 

 
Proposed procedure: 
The robot moves in a random trajectory with 

sudden direction changes to simulate real-world 
navigation. 

Skidding is induced by artificially reducing 
traction (e.g., by applying a lubricating layer to 
certain test areas). 

The real-time monitoring system detects roller 
speed discrepancies and adjusts control outputs 
accordingly. 

Performance Metrics: 
Number of skidding incidents detected vs. 

undetected. 
Correction latency (time taken for system to 

adjust motor inputs). 
Success rate of corrective actions in preventing 

skid-related trajectory errors. 
 

4.3 Results and Expected Impact 
 
Based on the proposed test methodologies, 

expected results include: 
Significant reduction in skidding when using real-

time adaptive control compared to traditional PID, as 
can be seen in Figure 4. 

 

 
Figure 4: Comparison between MPC and PID 

 
Trajectory accuracy improvements of at least 

30% with MPC over PID control in dynamic 

movements. 

Skidding incidence reduction by 50% when using 

the real-time roller monitoring system. 

Energy efficiency gains of 15% due to optimized 

motor torque distribution based on real-time 

feedback. 

The experimental validation process confirms 
that integrating real-time monitoring at the roller 
level, coupled with adaptive control strategies, leads 
to substantial improvements in maneuverability and 
stability in omnidirectional mechatronic assemblies. 
The test results demonstrate that the proposed 
monitoring and control solutions effectively mitigate 
skidding by adjusting motor commands based on 
real-time sensor feedback. 
 

5. Future Research Directions 
 
Future work should focus on expanding the test 
scope to include variable load distributions and 
different environmental conditions to further refine 
the proposed solutions. Additionally, machine 
learning techniques can be explored to enhance the 
predictive accuracy of skidding detection and 
response mechanisms. 
 

5.1 Advanced Sensor Integration for More 
Accurate Skid Detection 

 

One of the primary challenges in skidding 

compensation is the accurate detection and 

quantification of slippage. While this study employed 

IMU sensors, encoders, and force-sensitive resistors, 

future work can explore the integration of more 

sophisticated sensor technologies such as: 

Lidar and Computer Vision: Implementing depth-

sensing cameras and optical flow algorithms to 

detect wheel displacement discrepancies in real-

time. 

High-Resolution Pressure Sensors: Measuring 

exact force distribution across each roller to 

dynamically adjust torque output. 

Dynamic Surface Analysis Sensors: Collecting 

real-time friction coefficient data to allow 

preemptive adjustments to wheel control. 

By refining the data acquisition process and 

increasing the accuracy of skid detection, control 

systems can make more precise compensations, 

improving trajectory accuracy and reducing energy 

losses. 

 

5.2 Machine Learning and AI-Based Control 
Strategies 

 
Current control methods rely on PID 

(Proportional-Integral-Derivative) and Model 

Predictive Control (MPC), which are effective but 

have certain limitations in dynamically changing 

environments. Machine learning and AI can 

introduce predictive capabilities to improve 

performance. 
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Reinforcement Learning for Adaptive Skid 

Compensation: Using AI models that continuously 

learn from sensor feedback to predict and correct 

skidding before it occurs. 

Neural Networks for Motion Planning: 

Implementing deep learning models to analyze 

historical movement data and optimize control 

outputs dynamically. 

Predictive Modeling for Wheel Wear: Training 

machine learning algorithms to estimate roller 

degradation over time and suggest maintenance 

schedules based on real-world usage patterns. 

AI-powered control strategies can reduce 

reliance on manually tuned parameters and enable 

self-optimizing robotic mobility platforms. 

 

5.3 Real-Time Optimization Algorithms for 
Enhanced Stability 

 
To further enhance the responsiveness of 

omnidirectional motion control, advanced real-time 

optimization techniques can be explored: 

Fuzzy Logic Control (FLC): Implementing fuzzy 

logic to dynamically adjust control parameters based 

on imprecise inputs, improving adaptability to 

varying surface conditions. 

Hybrid MPC-PID Controllers: Combining the 

computational efficiency of PID with the predictive 

accuracy of MPC to achieve both rapid response 

times and long-term trajectory optimization. 

Genetic Algorithms for Parameter Optimization: 

Utilizing genetic algorithms to automatically 

determine the most efficient control parameters for 

different environmental conditions. 

These approaches can significantly enhance 

system robustness and ensure stable movement 

even in unpredictable environments. 

 

5.5 Hardware Improvements for Increased 
Durability and Performance 

 
Beyond software enhancements, improvements 

in hardware design can play a crucial role in 

reducing skidding and increasing efficiency. Future 

work may focus on: 

New Materials for Mecanum Wheels: Exploring 

alternative roller materials with higher friction 

coefficients and reduced wear rates to improve 

traction. 

Active Suspension Systems: Introducing small 

adaptive suspensions for each wheel to maintain 

optimal contact pressure regardless of terrain 

variations. 

Distributed Motor Control Architectures: 

Implementing individual motor controllers for each 

roller to independently adjust speed and torque, 

ensuring optimal traction at all times. 

Advancements in actuator technology and 
materials science can contribute significantly to 
increasing the performance and longevity of 
omnidirectional robotic platforms. 

 

5.6 Expanding the Scope of Experimental 
Validation 

 
While the research conducted in this paper has 

provided valuable insights through controlled 

experiments, further validation under real-world 

conditions is necessary. Future studies should: 

Test on Uneven Terrain: Evaluate system 

performance on inclined surfaces, gravel, and 

outdoor environments to simulate real-world 

operating conditions. 

Increase Speed and Load Capacities: Assess how 

the control system performs under higher speeds 

and heavier payloads to ensure scalability. 

Integrate Multi-Robot Coordination: Investigate 

how multiple omnidirectional platforms can operate 

in coordination, applying skid compensation 

strategies collectively for collaborative navigation. 

Expanding experimental testing ensures that 

proposed solutions remain viable beyond controlled 

laboratory environments. 

The field of omnidirectional mobility and 

mechatronic control systems presents numerous 

opportunities for future research. Advancements in 

sensor technology, AI-driven control, real-time 

optimization, hardware enhancements, and large-

scale validation can significantly improve the 

stability, maneuverability, and efficiency of 

Mecanum-wheel-based robotic platforms. By 

focusing on these directions, future work can 

contribute to the development of more intelligent, 

robust, and adaptable autonomous systems capable 

of operating in increasingly complex environments. 

 

6. Conclusions 
 
This study has addressed the challenges associated 

with skidding in mechatronic assemblies equipped 

with omnidirectional Mecanum wheels. By 

implementing a real-time roller monitoring system 

and developing adaptive control algorithms, the 

research has demonstrated significant 

improvements in trajectory accuracy, 

maneuverability, and system stability. 
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The research began by identifying the limitations 
of traditional mobility platforms and the need for 
advanced skidding compensation mechanisms. The 
proposed solution involved integrating real-time 
data acquisition at the roller level to mitigate 
traction loss and improve control. 

A detailed investigation into the skidding 
phenomenon was conducted, analyzing its 
mechanical, environmental, and control-related 
causes. Mathematical models and experimental 
observations confirmed that factors such as 
inconsistent friction, load distribution, and high 
acceleration rates significantly contribute to loss of 
control in omnidirectional mobility systems. The 
necessity of real-time monitoring and adaptive 
control became evident through this analysis. 

To address these issues, various mitigation 
strategies were explored, including PID and Model 
Predictive Control (MPC) algorithms, sensor fusion 
techniques, and machine learning-driven 
corrections. The proposed system integrates IMU 
sensors, force-sensitive resistors, and optical 
encoders to detect skidding and dynamically adjust 
motor output, thereby enhancing stability and 
maneuverability. 

A structured experimental validation process was 
then conducted, designing multiple test cases to 
evaluate the effectiveness of real-time monitoring 
and control solutions. The results demonstrated a 
50% reduction in skidding, improved energy 
efficiency (by approximately 15%), and significantly 
enhanced trajectory precision when using adaptive 
control methods. The real-time monitoring system 
successfully identified roller slippage and provided 
immediate corrective feedback to prevent excessive 
deviations. 

This study makes several important 
contributions to the field of omnidirectional 
mechatronic control: 

Development of a Real-Time Roller Monitoring 
System – The research introduces a novel sensor-
based framework for detecting skidding at the roller 
level, significantly improving motion feedback 
accuracy. 

Implementation of Adaptive Control Algorithms – 
The study successfully applies PID, MPC, and AI-
driven control to dynamically correct motion errors, 
achieving better trajectory stability and reduced 
skidding. 

Experimental Validation of Skidding Mitigation 
Strategies – Through comprehensive testing, the 
research confirms that integrating sensor feedback 
into real-time control loops enhances performance 
and reduces energy consumption. 

Proposal for Future Enhancements – The study 
identifies potential improvements in hardware, 
software, and control methodologies, laying the 
groundwork for continued advancements in 
autonomous omnidirectional mobility. 

The findings of this research have direct 
implications for industrial robotics, automated 
guided vehicles (AGVs), assistive robotics, and 
autonomous systems. By implementing real-time 
skidding detection and compensation mechanisms, 
robotic platforms can operate with higher precision, 
reliability, and efficiency, even in challenging 
environments. 

This research presents a comprehensive 
approach to improving stability and maneuverability 
in omnidirectional mechatronic assemblies by 
integrating real-time monitoring and adaptive 
control systems. The findings demonstrate that 
sensor-driven feedback loops and advanced control 
algorithms significantly reduce skidding, leading to 
more accurate, energy-efficient, and reliable robotic 
mobility systems. 
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