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Objective
• Develop and integrate advanced control

strategies, including saturated control, Con-
trol Lyapunov Functions, Model Predictive
Control and their extensions incorporating
Control Barrier Functions and Reference Gov-
ernors.

• Analyze safety, stability guarantees and com-
putational trade-offs of each method.

• Provide a practical guideline for simulations
in ROS2 and real-time experiments.

Research context
• Integrate advanced control and safety mechanisms within a feedback linearization framework for

wheeled mobile robots (WMRs), ensuring stable, safe and real-time target regulation and trajectory
tracking.

• Conduct an extensive comparison of saturated, Control Lyapunov Function (CLF)-based, and implicit
and explicit Model Predictive Control (MPC) controllers within a feedback linearization framework
for WMRs, enhanced with Control Barrier Function (CBF) and Explicit Reference Governor (ERG)
for safe real-time operation.

• Offer deployment guidance with a well-documented ROS2 and Gazebo implementation on TurtleBot3,
designed for integration into education and real-world robotics applications.

Feedback Linearization
Feedback linearization is leveraged to convert the
nonlinear unicycle dynamics into a linear system,
allowing the use of linear control strategies while
preserving the original system behavior.
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The kinematics of the wheeled mobile robot can
be described as:

ξ̇1 = v cos ξ3,

ξ̇2 = v sin ξ3,

ξ̇3 = ω,

(1)

where ξ = [ξ1 ξ2 ξ3]⊤ denote the positions and head-
ing angle of the robots, respectively. The input of
the system is the translational v (m/s) and rota-
tional ω (rad/s) velocity. These velocities are con-
strained by the actuator limit as: |v| ≤ v̄ and |ω| ≤
ω̄.
Given b > 0, consider the following output vector
[1]:
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then, by means of the transformation:[
v
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]
= TF L (ξ3) u =
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cos ξ3 sin ξ3
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b

cos ξ3
b

]
u, (3)

the system (1) yields:

ẋ = u. (4)

The control problem now becomes the stabilization
of a simple single integrator as in (4).
The WMR control scheme with feedback lineariza-
tion as:

TFL(·)
v, ω xξ
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Target

Linearized system: ẋ = u

The constraints becomes:

u ∈ V(ξ3) = {u ∈ R2 : |TF L(ξ3)u| ≤ [v̄ ω̄]⊤}. (5)

Target and trajectory tracking with safety guarantees
These following figures demonstrate experimental results of robot position in target and trajectory tracking
using different control methods.
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Obstacles avoidance
In this scenario, the robot is controlled to reach a target within a cluttered environment containing multiple
static obstacles. CLF-CBF and CLF-ERG algorithm are applied to guarantee that the robot safely avoids
obstacles while converging to the desired target in the same map.
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Experimental results
Experimental tests are conducted using the Qualisys Tracker Manager (QTM) system. The numerical results
are presented in these tables:

Table 1: Experimental results and numerical specifications of target tracking
Controller Parameters Error tracking (m) No steps Comp. time (s)

Saturated control α = 0.1; γ = 3.0; P = diag[0.1, 0.1] 0.0322 144 0.0002
CLF-based control α = 0.1; Q = diag[10, 10]; R = diag[1, 1] 0.0033 69 0.0104

Implicit MPC Q = diag[1.5, 1.5]; R = diag[30, 30]; P = diag[67.8362, 67.8362] 0.0432 178 0.0202
Explicit MPC Q = diag[1.5, 1.5]; R = diag[30, 30]; P = diag[67.8362, 67.8362] 0.0451 175 0.0059

Table 2: Experimental results and numerical specifications of trajectory tracking
Controllers Parameters RMS error (m) Comp. time (s)

Saturated control α = 1.0; γ = 3.0; P = diag [0.0925, 0.0925] 0.0456 0.0006
CLF-based control α = 1.0; Q = diag [1, 1] ; R = diag [1, 1] 0.042 0.0032

Implicit MPC Q = diag [1.5, 1.5] ; R = diag [30, 30] ; P = diag [67.8362, 67.8362] 0.0485 0.0167
Explicit MPC Q = diag [1.5, 1.5] ; R = diag [30, 30] ; P = diag [67.8362, 67.8362] 0.05 0.0039

Table 3: Comparison between CLF-CBF and CLF-ERG methods
Methods Parameters Time to reach goal (s) Trajectory length (m) Error tracking (m) Comp. time (s)

CLF-CBF µ = 1.0, γ = 0.1, δ = 0.1 18.0 3.50 0.0017 0.0246
CLF-ERG Q = diag[10, 10], R = diag[−15, −15] 36.5 4.83 0.0093 0.0099

Conclusions
• Various control methodologies for WMR are designed addressing both stability and constraint handling

while ensuring fast computation suitable for real-time implementation.
• Based on these experimental results, a comprehensive comparative analysis is provided, highlighting

the strengths and weaknesses of each controller across various performance metrics.
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