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ABSTRACT  
Control barrier functions (CBFs) have been extensively studied recently and are related to the safety of control 
systems. Safety is represented by constraints on the states and outputs of the system. The final control 
framework integrates the stabilization/tracking objectives, described by a control Lyapunov function (CLF) or a 
nominal control input, and the safety constraints, described by CBFs, through a quadratic programming (QP). The 
objective and the main contribution of this work is the application of this control framework to the Robotino 
mobile robot (Festo), which is used in several educational institutions in Brazil and worldwide, and unlike many 
didactic mobile robots, it features a more robust structure, higher actuation power, and is omnidirectional, 
making it more compatible with real-world applications. Several studies in the literature propose controlling the 
Robotino to satisfy stabilization/tracking objectives; however, none of these studies apply CBFs to ensure that 
safety constraints are respected. The results, obtained through computational simulations, demonstrate that 
both the stabilization/tracking objectives, represented by reference trajectories, and the safety constraints, 
represented by position and coordinate constraints of the robotic system, were satisfied. 
Keywords:  Control Barrier Function; Safety; Robotic Systems; Omnidirectional Mobile Robot; Control Lyapunov 
Function. 

 
RESUMO 
Funções de barreira de controle (FBCs) têm sido bastante estudadas recentemente e estão relacionada com 
segurança de sistemas de controle. A segurança é representada por restrições nos estados e nas saídas do 
sistema. A estrutura de controle final integra os objetivos de estabilização/rastreamento, descritos por uma 
função de Lyapunov de controle (FLC) ou por uma entrada de controle nominal, e as restrições de segurança, 
descritas por FBCs, por meio de uma programação quadrática (PQ). O objetivo e a principal contribuição deste 
trabalho é a aplicação desta estrutura de controle no robô móvel Robotino (Festo), que é usado em diversas 
instituições de ensino no Brasil e o no mundo, e diferentemente de muitos robôs móveis didáticos, apresenta 
uma estrutura mais robusta, maior potência de acionamento e é omnidirecional, sendo mais compatível com 
aplicações práticas reais. Diversos trabalhos apresentados na literatura propõem o controle do Robotino para 
satisfazer objetivos de estabilização/rastreamento, no entanto, nenhum destes trabalhos aplicam FBCs para que 
restrições de segurança sejam respeitadas. Os resultados, obtidos através de simulações computacionais, 
demonstram que os objetivos de estabilização/rastreamento, representados por trajetórias de referência, e as 
restrições de segurança, representadas por restrições de posições e de coordenadas do sistema robótico, foram 
satisfeitos. 
Palavras-chave: Função de Barreira de Controle; Segurança; Sistemas Robóticos; Robô Móvel Omnidirecional; 
Função de Lyapunov de Controle. 
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Introduction 
Safety is a fundamental concept in several control engineering problems, such as robotic 
systems and automotive applications, for example. Systems considered safe are those that 
must satisfy traditional control objectives, such as stabilization/tracking, and safety 
constraints, where the safety constraints must be prioritized. Recently, the study of safe 
control systems has received considerable attention in the field of control theory. Safety is 
represented by constraints on the states and outputs of the system. These constraints are 
specified by an invariant set, defined by a control barrier function (CBF). 
Considering a dynamical system 

𝑥̇ = 𝑓(𝑥) + 𝑔(𝑥)𝑢,     (1) 
where 𝑥 ∈ ℝ𝑛 are the states and 𝑢 ∈ ℝ𝑚are the inputs, and a safe set C related to the system 
safety, we have that h(x)→0 as x→𝜕C, where h(x) is denominated CBF. If h(x) satisfies specific 
conditions, then the invariance of C is guaranteed and the system is safe (Ames et al., 2019). 
A controller must be designed for the system considered in Equation (1) with the objective of 
keeping the system states within the safe set C, defined as (Ames et al., 2017): 

𝐶 = {𝑥 ∈ ℝ𝑛: ℎ(𝑥) ≥ 0}, 
𝜕𝐶 = {𝑥 ∈ ℝ𝑛: ℎ(𝑥) = 0}, 

         𝑖𝑛𝑡(𝐶) = {𝑥 ∈ ℝ𝑛: ℎ(𝑥) > 0}.     (2) 
Considering the safe set C, the CBF h(x), and the set 

𝐾𝑐𝑏𝑓(𝑥) =  {𝑢 ∈ 𝑈: 𝐿𝑓ℎ(𝑥) + 𝐿𝑔ℎ(𝑥)𝑢 + 𝛼(ℎ(𝑥)) ≥ 0},     (3) 

we have that any controller u(x) ∈ Kcbf(x) will render the set C invariant and the system safe 
(Ames et al., 2017). The terms Lfh(x) = ∇h(x).f(x) and Lgh(x) = ∇h(x).g(x) are related to the Lie 
derivatives. 
The final control framework integrates the stabilization/tracking objectives, described by a 
control Lyapunov function (CLF) or a nominal control input uno, and the safety constraints, 
described by CBFs, through a quadratic programming (QP), which is an optimization problem 
that aims to minimize a quadratic cost or objective function subject to equality or inequality 
constraints, and can be expressed in the form 

𝑎𝑟𝑔𝑚𝑖𝑛𝑧  
1

2
𝑧𝑇𝐸𝑧 + 𝑞𝑇𝑧  

𝑠. 𝑡 𝐺𝑧 ≤ 𝑊 
                                                                                  𝐺𝑒𝑞𝑧 = 𝑊𝑒𝑞 ,     (4) 

where E, G and Geq are matrices, q, W and Weq are vectors, and z is the variable to be minimized 
(Borrelli et al., 2017). The control framework ensures that the safety constraints take priority 
over the stabilization/tracking objectives. Figure 1 presents a synthesized description of the 
control framework. 
 

Figure 1. Synthesized description of the control framework.  

 
Source: Authors. 
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When the stabilization/tracking objectives are described by a CLF V(x), the expression for the 
final controller is given by (Ames et al., 2017): 

                               𝒖∗(𝑥) =  𝑎𝑟𝑔𝑚𝑖𝑛𝒖=(𝑢,𝛿)∈ℝ𝑚×ℝ [
1

2
𝒖𝑇𝐻(𝑥)𝒖 + 𝐹(𝑥)𝑇𝒖]   

                              𝑠. 𝑡.    𝐿𝑓𝑉(𝑥) + 𝐿𝑔𝑉(𝑥)𝑢 + 𝑐𝑉(𝑥) − 𝛿 ≤ 0 

                                         𝐿𝑓ℎ(𝑥) + 𝐿𝑔ℎ(𝑥)𝑢 + 𝛼(ℎ(𝑥)) ≥ 0,     (5) 

where H(x) and F(x) are matrices related to the system, and δ is the relaxation parameter used 
to prioritize the safety constraints. Typically α(h(x)) = γh(x), where γ is a positive constant and 
a project parameter related to the CBF, and c is a project parameter related to the CLF. 
When the stabilization/tracking objectives are described by a nominal control input uno, the 
expression for the final controller is given by (Rauscher et al., 2016), (Gurriet et al., 2018), 
(Ames et al., 2019): 
                                             𝒖∗(𝑥) =  𝑎𝑟𝑔𝑚𝑖𝑛𝒖∈ℝ𝑚[𝑢𝑇𝑢 − 2𝑢𝑛𝑜

𝑇𝑢]   
                   𝑠. 𝑡.     𝐿𝑓ℎ(𝑥) + 𝐿𝑔ℎ(𝑥)𝑢 + 𝛼(ℎ(𝑥)) ≥ 0.     (6) 

This control framework is also known as a safety filter, as it filters the nominal control input 
uno to satisfy the safety constraints imposed by the CBF. It is important to highlight that uno is 
typically represented by a linear or nonlinear control law. In some cases, as shown in Igarashi 
and Nakamura (2018), this input can be provided by an human operator, for example. 
Here it is important to highlight that all the formulation of the control framework described 
so far has been based on the zeroing CBF h(x). However, we can also consider the reciprocal 
CBF B(x). Some studies adopt h(x) while others adopt B(x), nonetheless, the results are very 
similar. The difference between the two approaches lies in the fact that, considering the set C 
defined in Equation (2), which guarantees system safety, we have that B(x)→∞ as x→𝜕C and 
h(x)→0 as x→𝜕C. Typically, B(x) = 1/h(x) is adopted, and the CBF constraints in Equations (5) e 
(6) are now given by (Ames; Grizzle; Tabuada, 2017): 

 𝐿𝑓𝐵(𝑥) + 𝐿𝑔𝐵(𝑥)𝑢 − 𝛼(𝐵(𝑥)) ≤ 0.     (7) 

The safe control framework with CBF, shown in Figure 1 and in Equations (5) and (6), was 
initially presented by Ames et al. (2014), and several applications using this methodology are 
reported in the literature. In Mehra et al. (2015), this control framework is applied to the 
adaptive cruise control problem, where an autonomously controlled vehicle must reduce or 
adapt its speed to maintain a safe distance from other vehicles on the road, while also 
ensuring vehicle's passengers comfort. Still in the context of autonomous vehicles, Xu et al. 
(2017) employ the control framework to keep the vehicle within its lane. Gurriet et al. (2018) 
demonstrate the application of the control framework to a Segway, a two-wheeled 
transporter, where the controller’s CBFs act to prevent the user from falling. More recent 
studies have also applied this control framework to robotic systems, such as robotic 
manipulators (Ducaju et al., 2022; Ferraguti et al., 2020), quadcopters (Singletary et al., 2022; 
Yang et al., 2022), and bipedal robots (Peng et al., 2023; Ahmadi et al., 2022). 
The objective and the main contribution of this work is the application of this control 
framework to the Robotino mobile robot, manufactured by Festo (Robotino, 2025). Robotino 
is a wheeled mobile robot used in several educational institutions in Brazil and worldwide, and 
unlike many didactic wheeled mobile robots, such as TurtleBot3 (Turtlebot3, 2025) and Pololu 
3pi+ 2040 (Pololu, 2025), it features a more robust structure, higher actuation power, and is 
omnidirectional (Siegwart et al., 2011), making it more compatible with real-world 
applications. Furthermore, Festo provides a dedicated Robotino simulator and libraries that 
allow the robot to be programmed in several ways, such as Matlab, C/C++, Java, etc (Robotino, 
2025). Therefore, simulations that approximate a real-world scenario can be developed more 
easily, and the robot can be programmed in multiple ways. 
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Several studies in the literature propose controlling Robotino to satisfy stabilization/tracking 
objectives, such as El-Sayyah et al. (2025) and Hedman and Mercorelli (2021); however, none 
of these studies apply CBFs to ensure that safety constraints, such as obstacle avoidance for 
example, are respected. Some studies apply CBFs to mobile robots with smaller wheels and 
differential traction (non-omnidirectional), for instance, Sa et al. (2024), Manjunath and 
Nguyen (2021), and Toulkani et al. (2022). 
The results, obtained through computational simulations, demonstrate that both the 
stabilization/tracking objectives, represented by reference trajectories, and the safety 
constraints, represented by position and coordinate constraints of the robotic system, were 
satisfied. The following sections present the activities realized for the development of this 
work, the results, the conclusions, and the future works. 
 

Methodology 
In order to apply the control framework with CBF, described in Figure 1 and Equations (5) and 
(6), the robotic system must be represented in the form of Equation (1). Therefore, the first 
step of the methodology was to establish the mathematical modeling of the Robotino mobile 
robot. The subsequent step involved the study and determination of the CLF and the nominal 
control input, to ensure that the stabilization/tracking objectives are satisfied, as well as the 
CBF, to guarantee that the safety constraints are satisfied. 
Posteriorly, computational simulations were carried out to evaluate the performance of the 
control framework applied to the mobile robot. The initial simulation results were obtained 
by implementing the control framework in Matlab, considering only the Robotino 
mathematical model, also simulated in Matlab. The objective of these initial simulations was 
to understand the operation of the control framework and adjust the controller parameters, 
since, under this more idealized condition, simulations can be performed more quickly and 
directly. Subsequently, results were obtained using the RobotinoSim simulator integrated with 
Matlab. RobotinoSim is the dedicated Robotino simulator and provides a complete simulation 
environment including the robot, sensor readings, obstacles, etc. The control framework was 
again implemented in Matlab, however, the Robotino was simulated within the RobotinoSim 
environment. For this, the Robotino library for Matlab was used, which includes blocks for 
inputs of wheel angular velocities, odometry, infrared distance sensors, camera, among 
others. The objective of these final simulations was to verify the performance of the control 
framework in a scenario closer to reality using the robotic system simulator. In both cases, the 
simulation scenario considered the robot following a reference trajectory from an initial 
position to a final position (stabilization/tracking objective). An obstacle was placed between 
the initial and final positions, and the robot was required to avoid the obstacle through the 
application of the CBF (safety constraint). 
 
Robotino Mobile Robot – Description and Mathematical Modeling 
The Robotino mobile robot, manufactured by Festo and shown in Figure 2 (Robotino, 2025), 
features three independent omnidirectional wheels, nine infrared distance sensors, 
incremental encoders with Proportional-Integral-Derivative (PID) control in the drive units, a 
collision detection sensor (bumper) mounted around its circumference, and an USB interface 
camera. It is important to highlight that, although the results were obtained through 
computational simulations, understanding and studying the structure, operation, and sensors 
of the robotic system is essential, since the Robotino simulator replicates a scenario very close 
to reality. 
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Figure 2. Robotino omnidirectional mobile robot. 

 
Source: Robotino, (2025). 

 

As previously discussed, in order to apply the control framework analyzed in this work, the 
robotic system must be represented in the form of Equation (1). Therefore, the mathematical 
modeling of the Robotino mobile robot will be shown below. 
Figure 3 presents the geometric and kinematic relations of Robotino (Tang & Eberhard, 2013). 
The three omnidirectional wheels are separated by 120°, and the robot coordinate system (xl, 
yl) and the global coordinate system (xg, yg) are shown, along with the rotation angle ϕg, the 
translational velocities v1, v2 and v3, the lateral velocities vl,1, vl,2 and vl,3, and the actuation 
forces f1, f2 and f3. To describe the position of the three wheels with respect to the robot 
coordinate system, the angles α1 = 0°, α2 = 120° and α3 = 240° are used.  
The relation between the global velocities of the robot and the translational velocities of the 
three wheels is given by (Tang & Eberhard, 2013):  

[

𝑣1

𝑣2

𝑣3

] = [

−sin(𝜙𝑔 + 𝛼1) cos(𝜙𝑔 + 𝛼1) 𝑅

−sin(𝜙𝑔 + 𝛼2) cos(𝜙𝑔 + 𝛼2) 𝑅

−sin(𝜙𝑔 + 𝛼3) cos(𝜙𝑔 + 𝛼3) 𝑅

] [

𝑥̇𝑔

𝑦̇𝑔

𝜙̇𝑔

],     (8) 

where R is the distance from the center of the robot to the center of the wheel. 
 

Figure 3. Geometric and kinematic relations of Robotino. 

 
Source: Tang & Eberhard, (2013). 

 

Considering the relation vi = rωi , where ωi (i = 1, 2, 3) are the angular velocities of the wheels 
with radius r, and rearranging (8) into a constant part, which depends on the parameters α1, 
α2 and α3, and a variable part, we obtain (Tang & Eberhard, 2013): 
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[

𝜔1

𝜔2

𝜔3

] = 𝑆𝑔 [

𝑥̇𝑔

𝑦̇𝑔

𝜙̇𝑔

],     (9) 

such that 

𝑆𝑔 =
1

𝑟

[
 
 
 

0 1 𝑅

−
√3

2
−

1

2
𝑅

√3

2
−

1

2
𝑅]
 
 
 

 [

cos(𝜙𝑔) sin(𝜙𝑔) 0

− sin(𝜙𝑔) cos(𝜙𝑔) 0

0 0 1

].     (10) 

For the application of the control framework analyzed in this work, the system must be 
represented in the form of Equation (1). We consider the control inputs 𝑢 = [𝜔1 𝜔2 𝜔3]

𝑇, 

states 𝑥 = [𝑥𝑔 𝑦𝑔 𝜙𝑔]
𝑇

, f(x) = 0, and g(x) = Sg
-1. Therefore, the final model of the system is 

given by: 

[

𝑥̇𝑔

𝑦̇𝑔

𝜙̇𝑔

] = 𝑆𝑔
−1 [

𝜔1

𝜔2

𝜔3

].     (11) 

 

Application of the Control Framework with CBF 
The control framework with CBF, shown in Figure 1 and Equations (5) and (6), was applied so 
that the robotic system satisfies stabilization/tracking objectives, represented by reference 
trajectories, and safety constraints, represented by position and coordinate constraints, 
ensuring that the robotic system avoids obstacles. 
In order to satisfy the stabilization/tracking objectives, the following CLF was used (Elsayed et 
al., 2017): 

                                                     𝑉 =
(𝑥𝑑−𝑥)2+(𝑦𝑑−𝑦)2+(𝜙𝑑−𝜙)2

2
,     (12)     

where (x, y, ϕ) are the current robot coordinates values and (xd, yd, ϕd) are the desired robot 
coordinates values given by the reference trajectory. 
In order to satisfy the safety constraints, the following CBF was used (Igarashi; Nakamura, 
2018): 

                                    𝐵 = ∑
1

(𝑥−𝑥𝑜)2+(𝑦−𝑦𝑜)2−(𝑟𝑜+𝑅+𝑟𝑐)2
+ 𝑥2 + 𝑦2𝑛

𝑜=1 ,     (13) 

where (xo, yo) are the coordinates of each obstacle, ro is the radius of each detected obstacle, 
as shown in Figure 4, and rc is the distance from the center of the wheel to robot’s edge. Here 
it is important to highlight that the reciprocal CBF B(x) is applied. 
 

Figure 4. Schematic representation of the robot and the obstacle. 

 
Source: Authors. 

 
For the analyzed problem, the control framework in Equation (5) is given by: 

                                        𝒖∗(𝑥) =  𝑎𝑟𝑔𝑚𝑖𝑛𝒖=(𝜔1,𝜔2,𝜔3,𝛿)𝑇∈ℝ3×ℝ [
1

2
𝒖𝑇𝐻(𝑥)𝒖]   



7                                                                                                                                                                                           Souza & Chinelato 

 

   REGRASP | ISSN: 2526-1045 v. 10 | n. 3 | 2025 | p. 32-44 

                                                       𝑠. 𝑡.    𝐴𝑐𝑙𝑓𝒖 ≤ 𝑏𝑐𝑙𝑓                                          

                                                                𝐴𝑐𝑏𝑓𝒖 ≤ 𝑏𝑐𝑏𝑓,     (14)    

Where 𝐻(𝑥) = 𝑑𝑖𝑎𝑔(𝑝1, … , 𝑝4), 𝐴𝑐𝑙𝑓 = [𝐿𝑔𝑉(𝑥),−1], 𝑏𝑐𝑙𝑓 = −𝐿𝑓𝑉(𝑥) − 𝑐𝑉(𝑥), 𝐴𝑐𝑏𝑓 =

[𝐿𝑔𝐵(𝑥), 0], and  𝑏𝑐𝑏𝑓 = −𝐿𝑓𝐵(𝑥) +
𝛾

𝐵(𝑥)
. The matrix H(x) is a matrix whose weights pi > 0 are 

related to each control input, δ is the relaxation parameter used to prioritize the safety 
constraints, c is the CLF design parameter related to the convergence rate for stabilization 
when the CLF is acting to satisfy the stabilization/tracking objectives, and γ is the CBF design 
parameter that specifies how far from the barrier limit the CBF acts to satisfy the safety 
constraints. 
 
Results and Discussions 
Finally, to verify whether the control framework in Equation (14) satisfies the 
stabilization/tracking objectives and the safety constraints, computational simulations were 
conducted. As presented in the Methodology section, the initial simulation results were 
obtained by implementing the control framework in Matlab, considering only the Robotino 
mathematical model, also simulated in Matlab, aiming to understand and adjust the controller 
parameters in a more idealized condition. Subsequently, results were obtained using the 
RobotinoSim simulator integrated with Matlab, which is the dedicated Robotino simulator and 
provides a complete simulation environment including the robot, sensor readings, obstacles, 
etc. The control framework was again implemented in Matlab, however, the Robotino was 
simulated within the RobotinoSim environment using the Robotino library for Matlab, which 
includes blocks for inputs of wheel angular velocities, odometry, infrared distance sensors, 
camera, among others. With these final simulations, the performance of the control 
framework can be evaluated in a scenario closer to reality using the considered robotic system 
simulator. 
A simulation scenario was considered in Matlab where the robot must follow a reference 
trajectory starting from the initial position (xi, yi, ϕi) = (0 m, 0 m, 0 rad) and arriving at the final 
position (xf, yf, ϕf) = (1 m, 0 m, 0 rad). An obstacle is placed between the initial and final 
positions, and the robot must avoid it. The obstacle has coordinates (xo, yo) = (0.4 m, 0 m) and 
radius ro = 0.1 m. The parameters considered were r = 0.04 m, R = 0.125 m, c = 1000, γ = 1000, 
p1 = 1, p2 = 1, p3 = 1 and p4 = 1000. The QP in Equation (14) was solved numerically using 
Matlab’s quadprog function. In Figure 5 (scenario 1), the trajectory executed by the robot is 
shown in red and the obstacle in blue. In Figure 6 (scenario 1), the robot coordinates (xg, yg, 
ϕg) are shown in function of time. The results demonstrate that the robot reached the final 
position with good dynamic performance while avoiding the considered obstacle. Therefore, 
both the stabilization/tracking objectives and the safety constraints were satisfied. Figures 7 
and 8 (scenario 2) show the results for the scenario in which the obstacle is far from the robot’s 
trajectory. It can be observed that the robot follows the trajectory without any influence from 
the obstacle. 
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Figure 5. Scenario 1 – Trajectory executed by the robot in red and obstacle in blue. 

 
Source: Authors. 

 
Figure 6. Scenario 1 – Robot coordinates (xg, yg, ϕg) in function of time. 

 
Source: Authors. 

 
Figure 7. Scenario 2 – Trajectory executed by the robot in red and obstacle in blue. 

 
Source: Authors. 
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Figure 8. Scenario 2 – Robot coordinates (xg, yg, ϕg) in function of time. 

 
Source: Authors. 

 

Posteriorly, results were obtained using the RobotinoSim simulator. As in the previous case, a 
simulation scenario was considered in which the robot must follow a reference trajectory 
starting from the initial position (xi, yi, ϕi) = (0 m, 0 m, 0 rad) and arriving at the final position 
(xf, yf, ϕf) = (1 m, 0 m, 0 rad). An obstacle is placed between the initial and final positions, and 
the robot must avoid it. Unlike the previous case, the obstacle position (xo, yo) is not known a 
priori; therefore, the robot’s distance sensors were used to estimate the obstacle’s position 
relative to the robot. The robot’s position is estimated using the odometry block. 
The results are shown in Figure 9. The simulation scenario presented corresponds to the 
standard environment generated by RobotinoSim. The figure shows two cylindrical obstacles, 
some black marks on the floor, and the mobile robot. It can be observed that the robot starts 
from an initial position with the odometer reset and avoids the purple obstacle. The yellow 
lines around the robot indicate the range of the distance sensors. When the sensor detects 
the obstacle, the sensor line turns red. As in the computational simulations with Matlab, the 
stabilization/tracking objectives and the safety constraints were satisfied. 
 

Figure 9. Simulation with RobotinoSim showing obstacle avoidance. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Source: Authors. 



11                                                                                                                                                                                           Souza & 
Chinelato 

 

   REGRASP | ISSN: 2526-1045 v. 10 | n. 3 | 2025 | p. 32-44 

 
Some results were also obtained using the control framework in the form of Equation (6), i.e., 
when the stabilization/tracking objectives are described by a nominal control input uno rather 
than a CLF V(x). A constant uno was considered, i.e., the mobile robot navigates at a constant 
velocity. The results for the same simulation scenario shown previously are presented in 
Figures 10 and 11. In Figure 10 (scenario 1), the trajectory executed by the robot is shown in 
red and the obstacle in blue. The results demonstrate that the robot reached the final position 
with good dynamic performance while avoiding the considered obstacle. Therefore, both the 
stabilization/tracking objectives and the safety constraints were satisfied. Figure 11 (scenario 
2) shows the results for the scenario in which the obstacle is far from the robot’s trajectory. It 
can be observed that the robot follows the trajectory without any influence from the obstacle. 
The idea is that, in the future, a linear or nonlinear nominal control law (such as PID or 
feedback linearization, for example) could be considered to further improve the dynamic 
performance of the stabilization/tracking objectives. 
 

Figure 10. Scenario 1 (considering a nominal control input uno) – Trajectory executed by the robot in red and 
obstacle in blue. 

 
Source: Authors. 

 
Figure 11. Scenario 2 (considering a nominal control input uno) – Trajectory executed by the robot in red and 

obstacle in blue. 

 
Source: Authors. 
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Conclusion 
This work presents the control of the Robotino mobile robot, manufactured by Festo, which 
is used in several educational institutions in Brazil and worldwide, and unlike many didactic 
mobile robots, it features a more robust structure, higher actuation power, omnidirectional 
motion, a dedicated simulator, and can be programmed in multiple ways, making it more 
compatible with real-world applications. Several studies in the literature propose controlling 
Robotino to satisfy stabilization/tracking objectives; however, none of these studies apply 
CBFs to ensure that safety constraints are respected. Therefore, the main objective and 
contribution of this work is the application of a control framework that integrates 
stabilization/tracking objectives, described by a CLF or a nominal control law, and the safety 
constraints, described by CBFs, through a QP. The control framework ensures that the safety 
constraints take priority over the stabilization/tracking objectives. 
The results were obtained through computational simulations using Matlab and RobotinoSim. 
The stabilization/tracking objectives, represented by reference trajectories, were described 
using a CLF as well as a nominal control law. The safety constraint, represented by position 
and coordinate constraints of the robotic system aimed at obstacle avoidance, was described 
by a CBF. The results demonstrated that both the stabilization/tracking objectives and the 
safety constraints were satisfied. 
Suggestions for future work include the application of linear or nonlinear nominal control 
inputs (such as PID or feedback linearization, for example) to further improve the dynamic 
performance of the stabilization/tracking objectives, as well as the application of robust CBFs, 
i.e., CBFs capable of handling dynamic systems with model uncertainties, which is a topic that 
has been widely studied recently. More complex simulation scenarios with multiple obstacles 
can also be considered, for example. Furthermore, the proposed control framework can be 
extended to other robotic systems, such as robotic manipulators and quadcopters. Finally, it 
is important to highlight that, as mentioned earlier, several educational institutions in Brazil 
and worldwide have Robotino units; therefore, collaborations with these educational 
institutions could be established to obtain experimental results. 
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