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Abstract — This paper explores the design and control of an omnidirectional robot for polishing tasks, addressing challenges in
traditional machines' operation. A prototype system with advanced control mechanisms, including a 1.5 hp motor and four actuators, is
designed and evaluated. The system demonstrates good results at controlling velocity wheels and robot orientation, rejecting torsional
forces provided by the cleaning disc when it is rotating; this robot could contribute to efficiency and safety in cleaning tasks.
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1. Introduction

In recent years, advancements in mobile robotics have led to the development of omnidirectional robots, particularly in
cleaning tasks such as floor polishing prevalent in Mexico. Traditional polishing machines pose challenges due to their
operational dynamics, requiring skilled operators to mitigate movements and control forces.

This research aims to address these challenges by designing and evaluating a prototype floor polishing system with
advanced control mechanisms. The prototype integrates a 1.5 hp motor and four actuators to counteract dynamic effects,
alongside kinematic modeling and visual evidence of remote control, obstacle detection, and autonomous system action.

This paper presents the results of the design process and evaluation of the prototype, offering insights into its
functionality and potential applications in enhancing floor polishing processes.

2. Problem statement

The project addresses the complexity of polishing machines in the cleaning sector, where high turnover rates lead to
inexperienced operators potentially damaging surfaces.

At Universidad Iberoamericana, the Vicon Motion system was used to quantitatively assess operator Experience. Two
tests compared the movements of experienced and inexperienced operators, highlighting differences in trajectories (see Figure
1).

Figure 1 Difference between polishing patterns of an experienced operator and an inexperienced one.
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3. Traction Control and Trajectory Tracking

The kinematic model of the equipment, depicted with wheels as shown in Figure 2, is derived as follows. An inertial
frame G = [XG, YG, ZG] is considered, where [X, y] denote the position of the robot's center of mass relative to frame
G, and ¢ represents its orientation with respect to XG [1] [2]. Additionally, a coordinate frame B = [XB, YB, ZB] is
attached to the robot's center of mass, where o represents its angular velocity, and VX and VY denote its linear velocities
with respect to the XB and YB axes, respectively [3]-[5].

Finure 2 Renresentation of an omnidirectional robhot in the G framewaork.

Then, the coordinates of the robot's center of mass are defined as [x,, ], and ¢ as its angular orientation concerning
to the XG axis. The objective of formulating the model is to relate the robot's velocities with the velocities of the tires
defined as V, 1}, and w. Therefore, we establish x and y as:

x =X, = VyCos(¢p) — V,Sin(¢) (D)
Y =Yc = VSin(¢) + VyCos(p) (2)
b=w 3)

The next step is to find a relationship between the robot velocities V;, V3, and w and the velocities of each wheel,
denoted as w4, w4, w3 Y w,. For this purpose, we analyze the distribution of the wheels shown in figure 3 [6] [7].

Fiaure 3 Distribution of Mecanum wheels in an omnidirectional rohot

Next, View represents the tangential velocity at each wheel, given by V;,, = wiw, where wiw is the wheel's angular
velocity, and Ry, is its radius. V;,- denotes the tangential velocity of the roller in contact with the floor at each wheel.

Subsequently, an analysis of velocities concerning the X and Y axes is performed. Vj, is the sum of the tangential
velocity and the velocity contributed by the rollers, while Vi, comprises only the component contributed by the tangential
velocity of the rollers.

After implicating the equations, we obtain the expression that represents the inverse kinematic problem, that is,
obtaining the angular velocities as a function of the linear and angular velocities of the robot.
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Vw =1Vo (8)

Where 1V, = [vx vy WZ] is the vector of the linear and angular velocities of the robot, I is the identity matrix, while

while V,, = [w; w, w3 w,]7 is the vector of wheel velocities, i.e., the angular velocity of the wheels [8] [9]. Therefore, ]
must be a transformation matrix defined as

1 1 —(L+D
I ()

/= 1 -1 —-L+D )
1 1 (L+)D

On the other hand, the linear velocities of the equipment can be obtained from the angular velocities of each wheel, but
to do so, the pseudo-inverse matrix J+J+ is required, such that:

Vo=]"Vw+U—-]Do" (10)

Where J* = (JT])™YJT, w* can be taken arbitrarily, and since R,,, is the radius of the wheels, the forward kinematics
equations for w* = 0 are:

y 1 1 1 1 l[Rwe'l]l
x -1 1 1 -1 |{R,0
["Y] = -1 1 1 -1 (|7 (D
w, wV3
C+) @+d @+D @+l g,
w

Finally, the expressions for the linear velocities in X, y and ® of the robot are given by:

R, , . . . .
Ux = TW (91 + 92 + 93 + 94) (20)
R . . . .
vy = (=61 46, +6; - 6,) (21)
R . . . .
w, = Ll.(Li‘:—]l)(_el + 92 - 93 + 94) (22)

4. Experimental Implementation

The developed prototype features remote manipulation functions, obstacle detection, and inhibition of internal and
external disturbances with the purpose of providing greater safety and autonomy to the polishing process. To achieve this,
components that are not part of commercial equipment were added, which are listed below:

Table 1 Bill of materials to increase the level of automation of the system.

Sub-system Traction System Quantity
12V 50A Power Supply 1

Power Supply | SSR-40 DA Solid-State Relay 1
H-Bridge HBTN7960 4
Yellow Jacket Planetary Gear Motor (50.9:1) Series 5202 4
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Traction Set of 4 Mecanum Wheels with 45 Kg Capacity (Each with a load capacity of 50Kg)

16mm Bushings

STM32E4 DISCOVERY

Control ESP32 38-pin ESP WROOM 32

Nylamid Board Type -M- 12.7 x 610 X 610 mm

1 kg of PLA Filament for 3D Printer

NN NN G

Structural 1202 Series Angle Pattern Mount (1-3)

For the implementation of the control system to perform torque rejection generated by the cleaning disk, Waijung 15
was used to load the control blocks created in Simulink onto a board (Figure 4).

The board used to control the motor according to the design of the control systems was an STM32. The mapping of the
connections made is shown in the Figure 5.

Figure 4 Control scheme developed in Simulink.

5V power supply for the
electronic components

. e

Figure 5 Diagram of connections between the STM32 and the motor H-bridges.

The result of integrating all the components is the implementation of the equipment shown in figure 6.

Figure 6 Result of the system implementation.
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5. Experimental results

Since each wheel changes the required speed to ensure that the system always achieves its three main objectives:
Inhibiting the resulting torque that acts as a disturbance in the system, which, as mentioned earlier, in commercial
machines is compensated for by the operator. As seen in the following video:

https://www.youtube.com/watch?v=gqGz25ILNhA

On the other hand, in the following link, you can observe the behavior of the equipment when the polisher disk motor is
activated, but with the control turned off. Basically, the system is unable to maintain its orientation.

https://www.youtube.com/shorts/W5dQichgogM

Moreover, the system can handle the application of an external force on the body of the equipment.

https://youtube.com/shorts/wewyKtCRL O

Follow a uniform trajectory for surface polishing. In the following link, it shows the trajectory control in a teleoperated
manner, meaning it does not require physical contact between the operator and the chassis of the equipment. In commercial
equipment, the operator simultaneously compensates for system torques.

https://www.youtube.com/shorts/XacU198UFVY

Finally, emergency stop functions are added in case an obstacle is encountered in the equipment's forward direction.
The video shows the activation of this safety stop without the need for the operator to stop the equipment manually.
https://www.youtube.com/shorts/jgeXpgl3iHw

6. Conclusion

Commercial polishing machines rely entirely on operator intervention to maintain their trajectory and perform the
necessary movements for the procedure. The results obtained from this work demonstrate the implementation of a control
system capable of counteracting the rotational disturbance generated by the disk against the floor, with the controller
leveraging the reactions between the wheels to generate a torque opposing the disturbance, resulting in a system capable of
maintaining its orientation and trajectory while polishing a surface.
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