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1. INTRODUCTION

Mobile robots have a variety of applications that meet many requirements, such as in medical
facilities, hospitality and customer service, agriculture, warehousing and order fulfillment, package delivery,
disaster recovery, and emergency response. Mobile robots should be able to move themselves to accomplish
the assigned tasks. One of the challenges mobile robots face in performing any task is the toughness of the
terrain to be navigated, which calls upon the robot's versatility to overcome these challenges. For that, they rely
on locomotion systems which help them move as they want in accomplishing the given tasks [1], [2]. Focusing
on rolling locomotion, different types of wheels are employed to provide mobility to robots. Omnidirectional
mecanum wheels are often used as they are advantageous and allow robots to be versatiles [3], [4]. However,
the type of control method employed for driving mecanum wheeled robots affects their performances. While
some control methods offer seamless mobility to mecanum wheel robots with less drwabacks, others provide
solutions with some limitations which disqualify them for applications in specific scenarios.

Numerous control methods have been proposed throughout time for path-tracking and motion control
of mecanum wheel based mobile robots. Fuzzy proportional integral derivative (PID) control, robust sliding
mode, non singular sliding mode, extended state observer-based sliding mode, bio-inspired motion control and
energy optimal motion control are some of the well-known strategies suggested by researchers. To enhance the
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performance of control systems for mecanum wheel robots, researchers combine the ideas of fuzzy logic with
PID control. Fuzzy PID control's fundamental idea is to employ fuzzy logic to dynamically alter the PID
controller's settings in response to the operating conditions of the system at hand. For example, paper [5] offers
a thorough control scheme for mecanum wheel robots. The proposed scheme combines a fuzzy PID mation
control algorithm with the popular and efficient A* search algorithm for path planning. Through this
integration, the robot can quickly traverse its surroundings while instantly changing the control settings,
resulting in more accurate and efficient motion control. Malayjerdi et al. [6] provides a control method which
combines PID with self-tuning fuzzy logic to regulate the motion of the mobile robot effectively and precisely.
The study provides a unique control strategy using a self-tuning fuzzy logic with PID control, resulting in
precise and effective motion control. Chen [7] proposes a backstepping technique supported by a finite-time
adaptive interval type-2 fuzzy controller. The technique consists of approximating the dynamics of a mecanum
wheel platform using an improved version of the begian-melek-mendel (BMM) algorithm. An advantage of
this technique is the availability of parameters required to approximate the dynamics, as they are easily
available upon time invariant. Cao et al. [8] uses geometric modeling to determine parameters like overturning
angle, kinematic slip factor and kinematic error in relation to the stability of the robot. The authors use fuzzy
logic to adapt the robot movement through a PID controller and test their method on an eight-mecanum-
wheeled robot for trajectory control.

A well-known method for controlling mecanum wheel robots is the robust sliding mode control,
improves the performance and stability of mecanum wheel mobile robots, especially in the presence of
ambiguities, disturbances, and modeling faults. This technique seeks to maintain the system's states on a
particular sliding surface while preserving the system's stability and resistance to disturbances. An example of
such method is found in [9], which suggests an approach to handle uncertainties and disturbances in the
dynamics of a mecanum wheel mobile robot using a robust adaptive control technique. The suggested control
approach makes real-time adjustments to the control settings using adaptive control techniques to improve the
robot's performance and stability. Alakshendra and Chiddarwar [10] describes an adaptive robust control
approach for the movement control of mecanum wheel robots which are subjected to dynamics uncertainties.
The control approach combines robust control principles with adaptive control techniques to manage
fluctuating circumstances and disturbances. Saad et al. [11] present a robust sliding mode controller (RSMC),
which was created especially for omniwheeled mobile robots. The main contribution is the creation of the
RSMC, which improves the robot's motion control robustness by maintaining precise trajectory tracking when
subjected to external disturbances. Likewise, an omni-mecanum wheeled robot tracking control technique is
suggested in [12]. The authors discuss the design of a control system that maintains accurate tracking of planned
trajectories despite uncertainties and disruptions as the key contribution.

Another method employed by researchers to control mecanum wheel-based robots is the non-singular
terminal sliding mode. This technique is a combination of sliding mode control and terminal sliding mode to
produce accurate and quick trajectory tracking while preventing chattering and singularities in the control
signals. An example of such an approach is presented in [13], which proposes a control strategy known as
nonsingular terminal sliding control with a fuzzy wavelet network. The main add on in this research is the
incorporation of fuzzy wavelet networks into the control law design, enabling efficient and adaptable control
of the mecanum wheel robot. The strategy tries to eliminate chattering problems frequently associated with
sliding mode control while achieving accurate trajectory tracking and reliable motion control. Sun et al. [14]
suggests a similar approach for accurate trajectory tracking and reliable motion control of mecanum wheeled
automated guided vehicles (AGVs). The authors apply the principle of fuzzy logic and nonsingular terminal
sliding mode control to increase the AGV's agility, effectiveness, and precision when following predetermined
paths in challenging settings. Sun et al. [15] provides a similar control scheme for mecanum wheeled
omnidirectional mobile robots in response to the trajectory tracking issue and aims to achieve smooth path-
following behavior for mecanum wheel robots. The suggested control strategy leads to an accurate path-
following even in the presence of external disturbances. Wu and Huang [16] presents a fuzzy wavelet neural
network-based adaptive fractional-order non-singular terminal sliding mode control technique for
omnidirectional mobile robot manipulators. The authors combine a fuzzy wavelet neural network with a
fractional-order control to accomplish an adaptive and accurate control of manipulators placed on
omnidirectional mobile robots.

Among the techniques used in motion control and tracking of mecanum wheel robots, state observer-
based sliding mode control is a technique which combines the ideas of sliding mode control and state observers
to produce accurate and reliable motion control. The aim of this approach is to build a sliding mode controller
to control the motion of the system by estimating the robot's states i.e., position, velocity, orientation and so
on, using a state observer estimator. Wang et al. [17] employs such an approach by integrating slipping and
skidding effects in the trajectory tracking control of mecanum wheeled mobile robots. The authors make use
of an extended state observer to estimate uncertainties like slippage and skidding, and further use an adaptive
sliding mode for motion control in their study to improves the robot's performance in trajectory tracking in the
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presence of uncertainties and disturbances. A similar approach is discussed in [18], considering the effects of
frictions instead for the design of the sliding mode control strategy. The proposed method offers friction
compensation using a state observer, which results in an increased trajectory tracking and control performance.
Yuan et al. [19] employ the same combination of techniques, using an extended state observer-based sliding
control to compensate uncertainties and disturbances thereby enhancing the robot’s trajectory tracking
capabilities. A fixed-time observer-based adaptive fuzzy tracking control that guarantees transient performance
during trajectory tracking is proposed in [20]. The authors combined a fixed-time state observer and an adaptive
fuzzy control to improve robustness and trajectory tracking precision. Such a combination ensures transient
performance for mobile robots with mecanum wheels. Many more techniques are suggested by researchers to
control mecanum wheel robots, considering multiple factors that can interfere in the trajectory tracking and
motion control. we can cite bio-inspired motion controls [21], energy optimal motion control [22] and time
varying based PID control [23], [24]. The common limitations shared by the suggested methods include model
dependencies, complex and time-consuming parameter tuning, computationally intensive algorithms and
optimization processes, lack of adaptability to dynamic and evolving environments and finally challenges in
practical implementations of the proposed techniques.

This paper proposes a lightweight algorithm that acts as an upper layer in combination with a simple
PID controller for the omnidirectionality control of mecanum wheel robots. The proposed algorithm computes
real time coordinates corresponding to the intermediate states of the robot from its origin to its destinantion
using a triangle decomposition method. This method is applicable to linear motions, as an alternative approach
to drive mecanum wheel robots in all possible directions without self-rotation, by breaking down any linear
path into two basic linear motions i.e., vertical and horizontal motions. The benefits of this approach include
less computational power, easy implementation, less execution time, and low energy consumption.

2. METHOD

The proposed algorithm for omnidirectional control of mecanum wheel robots is an implementation
of the triangle decomposition method. The method approach mobility control by converting any path into
multiple linear paths, which are further resolved into two basic linear motion i.e., horizontal and vertical
motions, avoiding complex computations and reducing the amount of manoeuver needed to drive mecaum
wheel robot to a known destination. Each resolved motion is further executed with the help of a simple PID
controller once the coordinates and control parameters are computed. The method is presented as follows: i) a
case study is carried out for path planning employing linear motions; ii) the triangle decomposition method is
explained; and iii) an algorithm is proposed.

2.1. Case study

Let us consider three cases where a system with four mecanum wheels must move from a starting
point to a destination while avoiding an obstacle. The study aims to determine the total distance to reach the
destination in each case. The result of each case will finally be compared to determine the shortest path to reach
the destination. Let us consider a scenario where a vehicle equipped with four mecanum wheels is to be moved
from a starting point A to a destination point B, with an obstacle to be avoided as shown in Figure 1.

Obstacle

Jj r\leh\cle 25CIT] /_\ BO

J \‘/25cm

Az Az
An b ! .
0 T50cm B

50cm

Figure 1. Case study scenario

Assume the clearance from the obstacle to be ‘C” and the center of the obstacle to be O with AB, =
150cm, AA, = 50cm, AO = 75cm, and C = 25cm. We first propose different paths to be followed by the
system from a combination of movements to avoid the obstacle and reach the destination. We then propose a
path beyond conventional control's capability and analyze them all. For analysis, the vehicle and obstacle are
represented with a single point. The analysis of each path is done in the upcoming sections.
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2.1.1. Case 1: combination of horizontal and vertical movements

Assuming the case where simple horizontal and vertical movements can be used to solve the problem:
reach the destination; The vehicle can follow the path shown in Figure 2. The path is made by the combination
of a horizontal movement from left to right till the obstacle, a vertical movement going down, considering the
clearance to be observed from the obstacle, and finally another horizontal movement from left to right, till the
destination. Let AO be the distance from the starting point to the obstacle.

Path 1 Path 2
Ao A A B

Figure 2. Path generation with combination of horizontal and vertical movements

Considering the clearance to be C = A, 0, let AA, be the distance from the starting point up to near the obstacle,
such that,

A0 = AA, + A0
AA, is therefore representing the first horizontal movement towards the destination. The second movement is
represented by the portion A; 4, such that A; A, = 2 x C, and the third movement denoted as A, B represents
the second horizontal movement from A till the destination B. Finally, the overall path can be broken down as,

AB = AA, + A A, + A,B Q)

An alternative to this path consists of only two movements i.e., AA, and A,B such that,

AB = AA, + AB 2)
For the theoretical calculations of paths to reach the destination through the combination of segments, practical

values for each segment depicted in the study case scenario are given in Table 1.

Table 1. Table of the path’s segments lengths
Segment AA, AB, AA, AA, A,0 A;B BB
Distance (cm) 50 150 50 50 25 75 50

Substituting the values of each segment in (1) gives,

AB = AA; + AjA, + AgB — AA; = 200 cm
Substituting the values of each segment in (2) gives,

AB = AAy + AgB =200 cm
we can see that in both cases, the length of the path remains the same. However, any one can be preferred,
considering the sensing range of sensors used to detect the obstacle. In case the sensor is not able to detect the
obstacle from so far in a practical scenario, in (1) will be used.
2.1.2. Case 1: combination of horizontal and obliques movements

Assuming the case where simple horizontal and oblique movements can be used to solve the problem:

reach the destination, the vehicle can follow the path shown in Figure 3. The combination makes the path of a
horizontal movement from left to right till the obstacle, an oblique movement going down, considering the
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clearance to be observed from the obstacle, and finally, another horizontal movement from left to right till the
destination. Considering the previous case (case 1), from in (1), we have,

AB = AA]_ + A].AZ + AzB

A Al o Bo
a5
Path 1 Path 2
Ac Az As Aq B

Figure 3. Path generation with combination of horizontal and oblique movements

The same equation is applicable in the current case, with slight changes in the segment 4, 4, which becomes
A;A, as shown in Figure 3. From the path highlighted in Figure 3, we get the following,

AB = AAl + A1A4 + A4B
®)

With A,B = A3B — A,A;and A, A, = /AlAz2 + A,A,” from Figure 3, in (3) becomes:
Considering the lengths provided for each segment in Table 1, the value of path AB in this case is found to be,

AB = AA, + /,41,422 + A,A,% — (A3B — A,A3) =170.71 cm

With reference from case 1, two cases are possible in this scenario as well, implying oblique and horizontal
movements. From Figure 3, the equation for AB considering segments AA, and A, B is as follows,

AB = AA, + A,B @)

Replacing AA, = A;A, and A,B = A,A; + A;B in (4) Considering the lengths provided for each segment
in Table 1, the value of path AB in this case is found to be,

AB = /AlAz2 + A,A% + A,A; 4+ A3B =170.71 cm

2.1.3. Case 1: combination of obliques and horizontal movements

Assuming the case where simple horizontal and oblique movements can be used to solve the problem:
reach the destination, The vehicle can follow the path shown in Figure 4. The path is made by combining an
oblique movement going down, considering the clearance to be observed from the obstacle, and a horizontal
movement from left to right till the destination. From Figure 4, the length of path 1 in reaching the destination
point B is given by,

AB = AA; + A3B (5)

Given AA; = /AAO2 + AyA5?, in (5) becomes,
AB = /AAO2 + ApA3* + A3B = 165.14 cm

With an angle B given by: B = tan~! 22> = 33,69°

043
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. Aa o Bo
Path 2
Path 1
A.u Az Az B

Figure 4. Path generation with combination of oblique and horizontal movements

Considering the direct path 2 for reaching the destination point B as shown in Figure 4, the expression and
theoretical value for AB is given by,

AB = /3302 + ABy* = 158.11 cm (6)

122 — 18.43°
Bo

Table 2 summarizes the value of the angle of movement B in each scenario for different paths. It can
be observed from the table that the shortest path is achieved in the third scenario with path 2, where a single
obligue path is used to reach the destination point B. Since conventional mecanum wheel control methods
employing simple PID controllers cannot achieve obliqgue movement at angles different than 45° , they would
not be suitable for the third case scenario where variable angles are used to achieve shortest paths [25]-[27].
Consequently, an approach providing such kind of control is suggested to provide better results in terms of

path planning for mecanum wheel robots.

With an angle B given by: B = tan

Table 2. Comparison of paths length and angle of direction in each case
Parameters cases  Angle (deg)  Path length (cm)

Case 1 0 200

Case 2 45 170.71
Case 3 (path 1) 33.69 165.14
Case 3 (path 2) 18.43 158.11

2.2. Proposed mecanum wheel movements control using triangular decomposition method

From the previous section, comparing the length of the traveling path in each case revealed that the
third scenario, implying a single oblique linear movement at low angle led to the shortest path. Achieving a
short path towards a destination reduces the efforts and time required to reach the destination. The principle
behind this fact is shown in Figure 5.

An

Ao B

Figure 5. Relationship between hypotenuse of a right angle and adjacent side

Let’s consider an obliqgue movement represented by the portion AB in the triangle AB,B as shown in the
Figure 5. The length of the portion AB with respect to the angle j is given by the expression:

_ ABg
AB = o )

In (7) implies that the length of the path AB for reaching the destinantion is inversely proportional to
the cosine of the angle of movement . In other words, the path’s length increases with an increasing angle of
movement. Hence, driving an mecanum wheel robot at lower angles, using oblique movements leads to short
distances to reach the destination. Since conventional methods can drive a mecanum wheel vehicles at 45°
only, reaching the destination using the shortest path will not be possible. Therefore, let us propose an approach
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intended to drive a robot equipped with four mecanum wheels in all directions, at any angle, provided few
parameters like angle, speed, and more.

Let us now consider a scenario where a four-mecanum wheel vehicle must move from point A to point
B, such that ABC forms a triangle, right in C, and the direction angle formed with AC and BA is denoted as .
Since conventional PID based methods cannot drive the vehicle using linear motion if B is different 45°, we
will divide the whole path into multiple segments that will be represented as small triangles as shown in
Figure 6 to emulate a motion at any angle with succession of horizontal and vertical movements using the same
method, such that,

AB = AA]_ + A1A2 + -+ An—ZAn—l + An—lB
AC = ACl + C1C2 + -+ Cn_zcn_l + Cn_lc (8)
CB = C1A1 + BIAZ + -+ Bn—ZAn—l + Bn—lB

where ‘n’ represents the total number of segments in which the portion has been decomposed. As an example,
for ‘n=4", in (8) becomes,

Y. 8 cm .
X C @] Cn1 C
A

| _B1

A2

Lx ,\n‘l—{

A B

Figure 6. illustration of the triangle decomposition method for any angle linear movement

AB = AA; + AjA, + AA; + A3B
{ AC = AC, + C,C,+ C,C5 + C5C
CB =(CA, + BjA, + B,A; + B,B
Let ‘a’, °b’, and ‘c’, be the lengths of the decomposition segments with respect the portions ‘AB’, ‘BC’, and
‘AC’. Assuming each portion is divided equally into several segments, in (8) for a total number of segments
‘n=4" is given by,

AC=c+c+c+c=4Xc

{AB=a+ atat+a=4X%Xa
CB=b+b+b+b=4%Xb

Since the total number of segments ‘n=4’, a standard equation for each portion with respect to the total number
of segments is given by,

AB=nxXa
{AC=an
CB=nxb

The suggested approach aims to achieve any angle linear omnidirectionality by breaking down complex paths
into linear paths, with each linear path resolved into two components i.e., horizontal, and vertical path
considering an angle of movement for oblique paths. Coming on to single portions of a path, the method
achieves the resolution into two components by considering a right-angle triangle, keeping the portion as the
hypothenuse of that triangle. The next step is to divide that path into ‘n’ segments of equal distances and draw
a vertical line from each segment’s end to the adjacent side of the triangle with respect to the direction angle
to resolve each segment into two components, one with respect to the opposite side and another to the adjacent
side. Finally, using two linear movements, a staircase-like pattern can be achieved from the starting point to
the destination, thereby simulating an obliqgue movement ensuring the desired angle of direction is met. By
increasing the number of segments for the triangle decomposition, the path looks more like a straight line rather
than a staircase, thereby achieving the desired linear movement.

Let us now analyze a single triangle obtained after segmentation in order to find the expressions for
coordinates calculation in reaching the destination point. Let us consider the decomposed right triangle AC, A,
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from Figure 6, Assuming a 2D plan with two axes, X and Y, with point ‘A’ as the origin for a reference frame
(A, X, J). Moving a robot across the segment AA; is executed by moving first from ‘4’ to *C,’, then from “C;’
‘A;’. The expression required to compute the coordinates to achieve the movement considering the two
resolved components is given by,

AA
AC, = 1/cosﬁ
4A 9)
C,A;, = 1/sinﬁ
c=9%
Since AA; = a,AC; = cand C;A; = b, in (9) becomes: b= a/cosﬁ
— /sinp

Finally, if ‘d’ is considered to be the length of the path such that AB = d , the calculation of the path length
considering the coordinates required to reach the destination with respect to the angle of direction is,

d =nva?+ b? (10)

In conclusion, with ‘n’ iterations using in (10), we can achieve omnidirectional control at any angle of direction,
provided the angle of direction ‘B’, speed of movement ‘s’, total number of segments or steps ‘n’, and distance
to be moved ‘d’. Let ‘A’ represent the Akansie’s parameters that encompasses the four parameters used to
achieve an omnidirectional control of mecanum wheel robot using the triangle decomposition method.

2.3. Omnidirectional linear mobility control algorithms using triangle decomposition

Figure 7 depicts the flowchart proposed for any angle omnidirectional control from the proposed
framework. First, Akansie's parameters should be provided. Based on the input given, the algorithm
understands whether it must compute the remaining parameters from the given coordinates.

< Y

COMPUTE AKANSIE'S
COORDINATES
a=din;
b=a.sin(F)
GET INPUT FOR = a.cos(f)
fsad =a.s

|
ONLY s &n ARE

GET COORDINATES OF
A&B:
*z, Yar ¥ ¥
COMPUTE
COORDINATES OF C INCREMENT X
K= Yo Vo= Va2 FPOSITION
COMPUTE DISTANCES
AC, CB, AB & §
AC=x ¥y ) CB=g,
AB=d=(AC? + CBYM1/2)
f= 1w (CBAC)
/l\ INCREMENT X
POSITION
WE HAVE ALL
PARAMETERS
DESTINATION

REACHED

Figure 7. Flowchart for any angle linear control of mecanum wheels based systems
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Once that step is achieved, the coordinate for the third point, 'C,’ followed by the distances of portions
AC, CB, and AB, segment length ‘a’, and the angle ‘B’ are calculated sequentially. Finally, Akansie's
coordinates are computed from the computed parameters, and the iteration process is started. The Akansie's
coordinates are calculated for each iteration, and the vehicle moves as per the calculated coordinate, ensuring
they match the displacement made by the vehicle. Once the final destination coordinates match the current
coordinates, the process stops. The corresponding algorithm is depicted in Figure 8.

Algorithm 1
Require: 3,s,n,d
Ensure: n# 0
if =0 and n=0 and s#0 and d#0then
e, b, ya, yb i > iis get
ze=zb

ye = ya
AC = zc — za
AB = AC? + CB?
d=+AB
8= tan Y (CB/AC)
if 340 and n#0 and s#0 and d#0 then
print  (Data recorded successfully)
else
goto: first statement
end if
a=d/n
b= ax*sin(S)
c=axcos(3)
V=axs
i=1
loop i€n
while t < (¢/V) do
Xposilion + Xposition + 1
end while
while t < (b/V) do
Yposition « Y position + 1
end while
té—i+1
end loop
if xb=c and yb=b then
print(Path Executed)
end if
end if

Figure 8. Algorithm for any angle linear control of mecanum wheels based systems

3. RESULTS AND DISCUSSIONS
3.1. Simulation scenario

Webots simulation software along with Kuka youbot model are used to simulate a scenario where a
four mecanum wheel vehicle is made to follow a linear oblique path at four different angles as shown in
Figure 9. Assuming the starting and destination points are given in terms of coordinates as shown in Table 3,
the vehicle is made to reach the destination point each time, based on the destination coordinate, by applying
the proposed algorithm. The software provides libraries for the implementation of a PID controller required to
drive each wheel independently in either direction at desired speed. Once the input is given, the triangle
decomposition algorithm drive the wheels through the PID controller till the destination is reached. The vehicle
model used is Kuka youbot, readily available in the simulation software. The simulation is done assuming five
segments for the segment decomposition, keeping the speed of the wheels to be 25 m/s.

'B3

Figure 9. Simulation scenario for testing the proposed method
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Table 3. Destination coordinates and theoretical angle value for each scenario

Destination coordinates B, B, Bs B,
X (cm) 20 50 20 60
y (cm) 40 20 30 20

Angle B {tan-1 (y/x)} (deg) 63.43 21.80 56.30 28.43

3.2. Results and discussions

Figure 10 shows the images resulting from the actual simulation for the second case where the vehicle
had to reach destination point B2. Figure 11 shows the theoretical and practical direction angles achieved with
the proposed triangular decomposition approach across the linear oblique path depicted by the destination
coordinates, compared with angles achieved with a basic PID control method such as traditional robust sliding
mode control methods.

?

-
)

iriiis
3\‘., ‘?: "’

s .

105° o 75° Traditional PID

Practical angle value

Theoretical angle value

Figure 11. Representation of theoretical and achieved angle values for traditional and triangular
decomposition method in a polar coordinate system
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The results show the accuracy of the proposed method as there is a minimal error between the
theoretical and practical values compared with values obtained with a basic PID control method. Figure 11
shows the theoretical value in each case (red plot), the practical values obtained (blue plot) as per the proposed
method, and the values obtained with a traditional PID control method (green plot) in a polar grid. The
traditional PID control method at constant speed for each wheel can still follow a linear path with minimal
error, but the vehicle must rotate and align with the traveling path. Instead, our method uses the same basic
PID at constant speed without a need of rotation and alignment with the linear path to be followed, as the
vehicle can still be moved across the linear oblique path, keeping the desired angle for the whole duration of
the movement till it reaches the destination. This ability helps the vehicle to move in confined spaces with less
maneuver, which is an advantage, considering specific scenarios. It’s important to note that the same method
can be used along with a path planning algorithm to move mecanum wheel robots however we want,
irrespective of the shape of the path, since the proposed approach is not restricted to linear paths only. A
qualitative comparison with different approaches is presented in Table 4.

Table 4. A qualitative comparison between triangle decomposition and different approaches
Triangle decomposition contol Fuzzy PID control Robust sliding mode
less dependent on accurate Inaccurate or incomplete models may Deviations from the model
system models lead to suboptimal performance might affect the performance
and robustness of the control
larger number of tuning
parameters to ensure
robustness
Tuning additional parameters
in robust sliding mode control
can be challenging
introduce additional
computational overhead due
to the complex control laws
can be computationally
intensive

Model
dependency

Total number of
parameters

Uses only four parameters Fuzzy PID controllers typically have

more parameters to tune

well-established and
straightforward tuning procedure

Parameter tuning Tuning fuzzy PID parameters can be

challenging
Execution time computationally simple with have
low execution time

introduce additional computational
overhead

Computational
complexity

low computational complexity,
suitable for embedded
applications

computationally intensive with
complex fuzzy rule bases

Environment
adaptability

Energy
consumption

can adapt reasonably well to
different environments without
significant parameter adjustments
low energy consumption due to
their simplicity and lower

lack adaptability to changing
environments

The additional computational
complexity result in higher energy

designed to handle
uncertainties, disturbances,
and external perturbations
The additional processing
requirements result in higher

computational demands consumption energy consumption

4. CONCLUSION

The paper presented a method to achieve linear omnidirectionality motion of mecanum wheel robots
at any angle. Conventional PID based control methods fail to provide a linear omnidirectionality, maintaining
a constant speed for each wheel. The mechanical design of mecanm wheels allows a basic control of robots by
driving wheels independently either forward or backward. Such control allows a 45 degrees oblique linear
motion, which is not optimum to accomplich shortest path in some scenarios. A case study has been carried
out to investigate the direction's angle effects on the length of linear paths. As a result, it was found that low
direction angles, yet not achievable with basic PID control, lead to shortest paths. To allow basic PID
controllers to achieve variable angles motion, an algorithm that uses the inherent capabilities of mecanum
wheels to move forward and sideways was proposed to accomplish any linear motion at any angle through the
triangle decomposition method algorithm. This method is driven by a framework using Akansie’s parameters
i.e., the angle of direction ‘B’, speed of movement ‘s’, total number of segments or steps ‘n’, and distance to
be moved ‘d’. The method was tested on Webots simulation software with simple scenarios, where the ‘Kuka
youbot’ mecanum wheel robot model had to follow a linear path at different angles without self rotation. The
results obtained from the simulation were a validation of our expectation, with less angle deviation from the
theoretical calculations. In comparison to a basic PID motion controller which can provide an oblique motion
of 45 degrees only at constant speed for each wheel, our method provides an omnidirectional motion that is not
restricted to 45 degrees. Moreover, the proposed algorithm is light weight thereby uses less computational
power and resources to control the robot. The triangle decomposition algorithm can be employed in any path
planning method to accomplish motions over complex paths' shapes by approximating them as a succession of
linear motions, leading to short distance and time to reach any destination.
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