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Abstract -
Mobile robots deployed in cluttered environments like in

construction must navigate safely in cluttered spaces while
satisfying state, input, and collision-avoidance constraints.
Global path planners can generate optimal paths but do
not guarantee safe execution, whereas constrained control
methods ensure safety but often suffer from local minima.
This paper proposes a hierarchical navigation framework
that combines a fast Visibility-based Euclidean Shortest
Path (VESHP) planner with an Explicit Reference Governor
(ERG) for real-time constrained control. The VESHP
planner computes a globally shortest collision-free path,
while the ERG enforces constraints during execution without
online optimization. Simulation and experimental results on
a differential-drive mobile robot demonstrate safe, efficient
navigation in highly cluttered construction environments.
Keywords -

Constrained control; Navigation; Obstacle avoidance.

1 Introduction
The construction industry is one of the most economi-

cally important sectors worldwide, yet it continues to lag
behind manufacturing and logistics in productivity and
automation [1]. Increasing productivity requires the au-
tomation of repetitive and labor-intensive on-site opera-
tions through the integration of robotic systems [1, 2].

Recently, several robotic solutions for various construc-
tion tasks have been proposed to improve both efficiency
and safety challenges in construction environments [3].
For instance, for robotic construction of walls a bricklay-
ing robotic system is proposed [1, 4], [5]. This system
is composed of a mobile manipulator and a crane that
in coordination lay heavy blocks on a wall. In [6] a plat-
form for safety inspections in hazardous areas is developed.
Navigation and transportation in construction environment
using hallway exploration inspired guidance approach is
proposed in [7]. A robot for construction cleaning is pro-
posed in [8], where a path-planning coverage algorithm
has been proposed.

Many of these tasks require robots that can perform
global motions throughout the environment, either to reach
distant points, follow a path, or position precisely in the

Figure 1. Mobile robot avoiding obstacles. The ini-
tial position is denoted by 𝑃1. While 𝑃2, and 𝑃3 are
intermediate locations toward reaching the goal.

construction environment. As a result, mobile robots
are increasingly being deployed on construction sites [9].
However, for practical on-site deployment, robots must
guarantee safety, accuracy, and efficiency while navigat-
ing through highly cluttered environments [3].

In the navigation literature, motion planning algorithms
are commonly categorized into local and global planners.
Local planners (e.g., APF and DWA) enable real-time ob-
stacle avoidance but may suffer from local minima. Global
planners (e.g., A★ and RRT) generate collision-free paths
when a map is available. In visibility-graph approaches,
graph construction is typically performed using ray cast-
ing or rotational sweep, followed by shortest-path search
(e.g., A★). However, feasibility during execution depends
on the robot controller [3].

These methods typically have high computational cost.
In our previous work, a fast visibility-graph-based planner
(VESHP) was proposed to compute shortest paths using
precomputed visibility polygons [10], reducing graph con-
struction cost and enabling faster online computation.

While the VESHP visibility-graph planning method
provides globally optimal paths, safely executing such
paths based solely on a pre-planned trajectory is challeng-
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ing in practice. In real-world construction environments,
mobile robots must continuously satisfy state, input, and
collision-avoidance constraints during motion, which ne-
cessitates enforcing these requirements also at the control
level rather than relying exclusively on high-level plan-
ning [11]. Constraint enforcement can be addressed us-
ing Model Predictive Control (MPC) or Reference Gov-
ernor (RG) schemes. MPC provides systematic constraint
handling but is computationally demanding due to online
optimization [12], whereas ERG does not require online
optimization, making it suitable for real-time implemen-
tation [11]. However, as pointed out in [11, 13] both may
suffer from local minima in complex scenes with multiple
obstacles.

To address these limitations, this work proposes a frame-
work combining a fast global shortest-path planner with a
constraint-aware control layer. The trajectory-based ERG
is adapted for mobile robots to enforce state, input, and
collision-avoidance constraints in real time. In addition,
the VESHP planner is extended to account for the robot’s
dimensions while preserving shortest paths and guiding
the ERG to avoid local minima. The resulting framework
enables fast replanning through VESHP and efficient con-
straint enforcement through ERG, avoiding online opti-
mization and remaining computationally lightweight com-
pared to other hierarchical navigation stacks.

Through numerical simulations and real-world experi-
ments, we demonstrate that the proposed framework en-
ables efficient and safe mobile robot navigation in highly
cluttered construction environments.

1.1 Notations

Throughout this paper, bold lowercase letters (e.g.,
𝒗) denote vectors, bold uppercase letters (e.g., 𝑴) de-
note matrices, italic letters (e.g., 𝑡, 𝑚, 𝐿) denote scalars,
and calligraphic letters (e.g., S,W) denote frames and
sets. Round brackets indicate functional dependencies
(e.g., 𝒙(𝑠, 𝜃), 𝒙(𝑡)). Square brackets denote concatenation
(e.g., 𝒗𝑖:𝑘 = [𝒗𝑇

𝑖
, . . . , 𝒗𝑇

𝑘
]𝑇 ) or element extraction (e.g.,

𝒗 [𝑖 : 𝑗]). For a single element, we write 𝒗 [𝑖] or equiva-
lently 𝒗𝑖 . An ordered collection of elements is denoted as a
sequence. Given elements 𝑠1, . . . , 𝑠𝑁 , 𝑁 ∈ N, the notation
(𝑠𝑖)𝑁𝑖=1 is used as shorthand for the sequence (𝑠1, . . . , 𝑠𝑁 ),
while {𝑠𝑖}𝑁𝑖=1 denotes the corresponding set {𝑠1, . . . , 𝑠𝑁 }.
Any operation applied to (·) or {·} is understood element-
wise. For a set 𝐴 ⊂ R2, its interior is denoted by int(𝐴).

2 Problem formulation
Consider a two-dimensional workspace R ⊂ R2 in

which a mobile robot operates. The environment con-
tains a finite set of static obstacles {O𝑖}𝑁

𝑖=1 ⊂ R, where
each obstacle O𝑖 is a compact convex set. The free space

is defined as

R := R \
𝑁⋃
𝑗=1

int
(
O 𝑗

)
. (1)

For the purpose of global path planning, each obstacle
O𝑖 is associated with a polygonal outer approximation Õ𝑖

such that
O𝑖 ⊆ Õ𝑖 , ∀𝑖 ∈ {1, . . . , 𝑁}. (2)

The goal of this paper is to address the following problem:

Problem 1. Given an initial position 𝑝0 ∈ R̃ and a goal
position 𝑝𝑔 ∈ R̃, compute a globally shortest collision-
free path in the polygonal free space R̃, using the VESHP
visibility-graph planning method. Then, execute the com-
puted path safely on the robot while considering its the
nonlinear model of the mobile robot using the ERG con-
strained control scheme, ensuring real-time satisfaction
of state, input, and collision-avoidance constraints during
motion.

In this paper, the following assumptions are considered.

Assumption 1. The mobile robot operates in a flat planar
workspace R ⊂ R2.

Assumption 2. All obstacles in the environment are static
and a priori known. For global planning purposes, ob-
stacles are represented using polygonal approximations,
while their exact geometric models are used for constraint
enforcement during execution.

3 Global motion planning
As a global shortest-path planning algorithm, we con-

sider the recently proposed visibility-based Euclidean
shortest path (VESHP) computation method based on pre-
computed visibility polygons [10]. This approach exploits
the polygonal representation of the environment to com-
pute an admissible shortest path from the initial point 𝑥0
to the final point 𝑥 𝑓 , entirely contained in the free space
R.

Formally, a path defined by the sequence of waypoints
(𝑥𝑖)𝑀𝑖=1 is admissible if

�𝜆 : 𝜆𝑥𝑖 + (1 − 𝜆)𝑥𝑖+1 ∉ R, ∀𝑖 ∈ {1, . . . , 𝑀 − 1},
𝜆 ∈ [0, 1] .

(3)

Among all admissible paths connecting 𝑥0 and 𝑥 𝑓 , the
VESHP algorithm computes the one minimizing the total
Euclidean length

∑𝑀−1
𝑖=1 ∥𝑥𝑖+1 − 𝑥𝑖 ∥.

The VESHP algorithm exploits the static nature of
the environment to reduce the computational burden of
shortest-path planning. In particular, since obstacles are
assumed to be static, only the connections between the
initial and final positions and the rest of the visibility
graph need to be updated online. This leads to a de-
composition of the visibility graph into two components:
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i) a static sub-graph, encoding the visibility relationships
among obstacle vertices and computed offline, and ii) a
dynamic sub-graph, which connects the initial and goal
positions to the static structure. The dynamic connections
are efficiently determined using a geometric construction
based on visibility polygons, while a subdivision of the
environment into sub-regions further reduces the online
search space.

Classical algorithms such as A★ and Dijkstra operate
on a precomputed graph, whereas VESHP reduces the
graph in the dynamic phase. As a result, VESHP enables
fast computation of globally optimal paths by avoiding
reconstruction of the full visibility graph when a new target
is requested. Details can be found in [10], where the
method reduces online computation time by one order of
magnitude compared to rotational sweep line and by two
orders compared to ray casting.

Unlike [10], which considers a point mobile agent, this
work extends the applicability of the VESHP framework
to robots with finite dimensions by inflating the environ-
ment accordingly. The VESHP algorithm is then applied
unchanged in this inflated space, thereby preserving both
admissibility and global optimality of the resulting path.

4 Constrained control
The control objective is to steer the mobile robot to-

wards a sequence of reference goal points computed by the
VESHP algorithm while ensuring satisfaction of state, in-
put, and collision-avoidance constraints. The global plan-
ner provides a finite sequence of discrete waypoints, with-
out imposing any time-parameterized trajectory between
them.

A waypoint selector passes one waypoint at a time to
the ERG, which treats it as as a local goal, and the motion
between successive waypoints is autonomously generated
by the constrained control layer while enforcing the con-
straints. The overall planning and control framework is
illustrated in Figure 2.

For the mobile system, the following constraints are
considered.

• Constraints on the operation region:

𝒑min ≤ 𝒑 ≤ 𝒑max. (4)

• Constraints on the input:

𝒖min,𝑖 ≤ 𝒖𝑖 ≤ 𝒖max,𝑖 . (5)

• Constraint on obstacle avoidance:

∥ 𝒑 − 𝒑𝑜∥ ≥ max(𝑟, 𝛿wall) . (6)

Since ERG is an add-on constrained control scheme, it
requires a pre-stabilized system [11]. Therefore, we first
present the robot model and stabilizing control law, and
then introduce the proposed ERG formulation.

4.1 Stabilizing control law

In this subsection, we present the nonlinear kinematic
model and a stabilizing control law for a differential-drive
mobile robot. The following assumptions are adopted.
Assumption 3. The mobile robot is rigid and subject
to nonholonomic constraints typical of differential-drive
robots, with no lateral slip [12].
Assumption 4. The robot states are estimated using an
Extended Kalman Filter (EKF) with intermittent observa-
tions [14].

For mobile platforms that are controlled through com-
manded velocities, such as the robot considered in this
work (see Figure. 1), and under Assumption (3), the
differential-drive robot is described by the following kine-
matic model [12]:

¤𝑥
¤𝑦
¤𝜃

 =

cos 𝜃
sin 𝜃

0

 𝑣 +

0
0
1

 𝜔 =


cos 𝜃 0
sin 𝜃 0

0 1

 u, (7)

where the robot configuration is described by its planar
pose 𝒒 = [𝑥 𝑦 𝜃]⊤ ∈ R3, 𝒑 = [𝑥 𝑦]⊤ ∈ R2 denotes the
planar position in the world frame W, 𝜃 its orientation,
and 𝑢 = [𝑣 𝜔]⊤ is the commanded velocity input.

Let the desired posture be 𝑞𝑣 = [𝑥𝑣 𝑦𝑣 𝜃𝑣]⊤. A conve-
nient way is to formulate the problem in the polar coordi-
nates [15] as follows

𝜌 =
√︁
(𝑥𝑣 − 𝑥)2 + (𝑦𝑣 − 𝑦)2, (8)

𝛾 = Atan2(𝑦𝑣 − 𝑦, 𝑥𝑣 − 𝑥) − 𝜃𝑣 , (9)

𝛿 = 𝛾 + (𝜃𝑣 − 𝜃). (10)

A well-stablished nonlinear control law is proposed to
be used [15]. For readability, the proofs are also reported
in the following proposition.
Proposition 1. Consider the differential drive robot model
(7) and let 𝑞𝑣 = [𝑥𝑣 𝑦𝑣 𝜃𝑣]⊤ denote the desired posture.
Then, under the nonlinear feedback law

𝑣 = 𝑘1 𝜌 cos 𝛾, (11)

𝜔 = 𝑘2𝛾 + 𝑘1
sin 𝛾
𝛾

cos 𝛾 (𝛾 + 𝑘3𝛿) , (12)

with gains 𝑘1 > 0, 𝑘2 > 0, and 𝑘3 > 0, the equilibrium is
asymptotically stable.
Proof. The result follows from a classical Lyapunov anal-
ysis (see [15]), which is reported here for completeness.
Consider the Lyapunov candidate

𝑉 =
1
2

(
𝜌2 + 𝛾2 + 𝑘3𝛿

2
)
, (13)

Differentiating (13) along the closed-loop trajectories and
substituting (11)–(12) yields

¤𝑉 = −𝑘1𝜌
2 cos2 𝛾 − 𝑘2𝛾

2 ≤ 0. (14)
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Since ¤𝑉 (𝑡) is negative semi-definite, only stability can be
concluded. However, using Barbalat lemma as shown in
[15], the system is Asymptotically Stable (AS) for the
equilibrium point. □

4.2 Governing unit
As discussed in the previous section, the ERG governing

unit modifies the applied reference to ensure continuous
satisfaction of the constraints. In this work, we adopt the
trajectory-based ERG formulation [11]. The trajectory-
based ERG updates the reference as the product of two
components: the Navigation Field (NF) 𝜂(𝑞𝑣 , 𝑟) and the
Dynamic Safety Margin (DSM) Δ(𝑞, ¤𝑞, 𝑞𝑣).

The navigation field 𝜌(𝑞𝑣 , 𝑟) defines a vector field that
generates a desired steady-state admissible direction to-
ward the reference goal. The DSM Δ(𝑞, ¤𝑞, 𝑞𝑣) is a scalar
function that regulates the rate of change of the applied
reference based on the distance between the predicted tran-
sient of the pre-stabilized system and the constraint bound-
aries. The DSM is strictly positive when all constraints are
predicted to be satisfied over the future evolution starting
from the current state 𝑞 and ¤𝑞, and it becomes zero when
at least one constraint is violated.

The ERG update law is formally defined as

¤𝑞𝑣 = 𝜌(𝑞𝑣 , 𝑟)Δ(𝑞, ¤𝑞, 𝑞𝑣). (15)

The following subsections provide a detailed descrip-
tion of the navigation field and the dynamic safety margin.

4.2.1 Navigation field

The navigation field can be designed in operational
space using an attraction and repulsion field

𝜌(𝑞𝑣 , 𝑟) = 𝜌𝑎𝑡𝑡 + 𝜌𝑟𝑒𝑝 . (16)

Let us consider the following attraction field

𝜌𝑎𝑡𝑡 =
𝑟 − 𝑞𝑣

max( | |𝑟 − 𝑞𝑣 | |, 𝜂)
, (17)

where 𝜂 > 0 is a smoothing parameter ensuring that the
attraction field is a class 𝐶1 function.

To ensure safe navigation in the presence of obstacles,
a repulsive field is incorporated into the update law. It
consists of two complementary components

𝜌𝑟𝑒𝑝 = 𝜌𝑟𝑎𝑑 + 𝜌𝑟𝑜𝑡 . (18)

The repulsion term acts exclusively on the positional
part of the robot state. Let 𝑝𝑣 = [ 𝑥𝑣 𝑦𝑣 ]⊤ and
𝑝𝑜 = [ 𝑥𝑜 𝑦𝑜 ]⊤ denote respectively the robot and ob-
stacle positions, and define 𝑑 = ∥𝑝𝑣 − 𝑝𝑜∥. The radial
repulsive field is given by

𝜌𝑟𝑎𝑑 = − 𝑝𝑣 − 𝑝𝑜

∥𝑝𝑣 − 𝑝𝑜∥
𝑏(𝑑, 𝜖), (19)

where 𝑏(𝑑, 𝜖) : R → R is the magnitude of the repulsion

𝑏(𝑑, 𝜖) = max
(
𝜖 − 𝑑

𝜖 − 𝛿
, 0

)
, (20)

where 𝜖 > 0 is the influence margin and 𝛿 is the safety
margin.

As reported in [16], radial repulsion can lead to local
minima when it cancels the attractive field. To avoid con-
vergence to such configurations, a rotational (vortex) field
is introduced to generate an artificial field perpendicular to
the line connecting the robot and the obstacle, encourag-
ing the robot to move around the obstacle. The rotational
component is defined as

𝜌rot = − sgn(𝛼) 𝑏𝑟𝑜𝑡 (𝑑, 𝜖
★)

∥𝑝𝑣 − 𝑝𝑜∥

[
−(𝑦𝑣 − 𝑦𝑜)
(𝑥𝑣 − 𝑥𝑜)

]
, (21)

where 𝛼 is the signed angle between the attractive field
and the obstacle radial direction, defined following [16],
and 𝜖★ ∈ (0, 𝜖) determines the activation region of the
rotational field, and the activation function is

𝑏𝑟𝑜𝑡 (𝑑, 𝜖★) = max
(
𝜖★ − 𝑑

𝜖★ − 𝛿𝑚
, 0

)
, (22)

where 𝛿𝑚 denotes the distance at which radial-attractive
cancellation occurs.

The two repulsive components act on non-overlapping
intervals of the distance, therefore we have

𝜌rep =


𝜌rot if 𝑑 < 𝜖★,

𝜌rad if 𝜖★ ≤ 𝑑 < 𝜖,

0 if 𝑑 ≥ 𝜖 .

(23)

When (23) is active, the robot is first pushed away from
the obstacle through a radial field and, when approaching
the region where radial-attractive cancellation occurs, a
tangential repulsion takes over. This mechanism ensures
smooth and reliable navigation even in scenarios where
classical artificial potential fields suffer from local minima.

4.2.2 Dynamic safety margin

First, we initialize the predicted state at the current time
𝑡 as

𝑞𝑡 ′=𝑡 = 𝑞(𝑡). (24)

Since the considered mobile robot is velocity-controlled,
the forward evolution required for the DSM computation
is predicted using the kinematic model of the system

𝑞𝑡 ′+Δ𝑡 = 𝑞𝑡 ′ +

cos 𝜃𝑡 ′ 0
sin 𝜃𝑡 ′ 0

0 1

 𝑢̂𝑡 ′ Δ𝑡,
𝑢̂𝑡 ′ = 𝑢(𝑞𝑡 ′ , 𝑞𝑣) ,

(25)
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Pose estimation 50 Hz

EKF

X

Pre-stabilized mobile robot

Trajectory-based ERG

Stabilizing control law

40 Hz

50 Hz

Figure 2. The proposed navigation framework. The mobile robot is pre-stabilized, and the applied position
reference 𝑞𝑣 is generated online by the ERG at 40 Hz. The VESHP planner computes a globally shortest
geometric path given an initial position 𝑝0 and a final position 𝑝 𝑓 and provides a finite sequence of waypoints
𝑝𝑖 . A waypoint is selected and passed as a set-point reference to the ERG, which autonomously generates and
executes a motion while enforcing constraints. The VESHP visibility graph is pre-computed offline based on
the map of the environment, and shortest-path computation is triggered only when a new desired position is
requested (online). The wheel velocities are denoted by ¤𝜙𝑟 and ¤𝜙𝑙 . An EKF with intermittent observations is
used to estimate the robot states 𝑞 and ¤𝑞.

with Δ𝑡 the prediction sampling time.
The DSM on position is evaluated over the predicted

motion. For each prediction step, the position 𝑝 is com-
pared against its admissible bounds 𝑝min and 𝑝max:

Δ𝑝min = min
𝑡∈[0,𝑇 ]

{
𝑝pred,𝑖 − (1 + 𝛿𝑝) 𝑝min,𝑖

}
, (24)

Δ𝑝max = min
𝑡∈[0,𝑇 ]

{
(1 − 𝛿𝑝) 𝑝max,𝑖 − 𝑝pred,𝑖

}
, (25)

with 𝛿𝑝 ∈ [0, 1]. The position safety margin is

Δ𝑝 = min(Δ𝑝min, Δ𝑝max). (26)

Similarly for the inputs:

Δ𝑢min = min
𝑡∈[0,𝑇 ]

{
𝑢(𝑞pred) − (1 + 𝛿𝑢) 𝑢min,𝑖

}
, (27)

Δ𝑢max = min
𝑡∈[0,𝑇 ]

{
(1 − 𝛿𝑢) 𝑢max,𝑖 − 𝑢(𝑞pred)

}
, (28)

and
Δ𝑢 = min(Δ𝑢min, Δ𝑢max). (29)

The DSMs for obstacle avoidance of cylindrical obstacles,
and polygonal obstacles are given as

Δ𝑝
cyl
obs = min

𝑡∈[0,𝑇 ]

(
∥𝑝pred − 𝑝𝑜∥ − 𝑟 𝑗

)
, (30)

Δ𝑝
poly
obs = min

𝑡∈[0,𝑇 ]

(
∥𝑝pred − 𝑝𝑜∥ − 𝛿𝑤𝑎𝑙𝑙

)
, (31)

Combining the two obstacle DSMs, yields

Δ𝑝𝑜𝑏𝑠 = min{Δ𝑝cyl
obs, Δ𝑝

poly
obs }. (32)

Finally, the total DSM is

Δ𝑇 = min
(
𝜅𝑝 Δ𝑝, 𝜅𝑢 Δ𝑢, 𝜅o Δ𝑝obs

)
, (33)

where 𝜅𝑞 , 𝜅𝑢, and 𝜅o are positive scaling coefficients.

5 Results

In this section, we report the results obtained with the
proposed framework. Specifically, i) experimental re-
sults obtained with a mobile robot in a laboratory setting,
and ii) numerical simulations conducted in a more com-
plex construction-like environment. Simulations are used
to complement the experimental results by investigating
more complex scenarios that cannot be reproduced in the
laboratory due to space constraints. Videos of the experi-
ments are available as supplementary material 1.

For both cases, Assumption 2 is adopted, and a two-
dimensional map of the environment is assumed to be
available, either from Building Information Modeling
(BIM) data or obtained through a prior mapping phase
using onboard sensors such as LiDAR [17]. Based on this
map, a global shortest path is computed using the VESHP
algorithm and then through a waypoint selector is provided
to the ERG for safe execution.

Throughout the experiments, the following controller
gains are used 𝑘1 = 0.8, 𝑘2 = 2.5, and 𝑘3 = 3. Position
limits considered are 𝑃min = [−10,−10] m and 𝑃max =

[10, 10] m, and the control input is 𝑢 = [𝑣 𝜔]⊤, with 𝑣 ∈
[−1, 1] m/s and 𝜔 ∈ [−2, 2] rad/s. The ERG parameters
are 𝜂 = 0.005, 𝜖 = 0.7, 𝜖★ = 0.9, 𝜅𝑝 = 1.5, 𝜅𝑢 = 1,
𝜅𝑜 = 1, with robustness margins 𝛿𝑝 = 0.1 and 𝛿𝑢 = 0.1.

1https://drive.google.com/drive/folders/
1wc2hIBlPFVrUdD3QjWGsw3Mh2MVrDbK8?usp=sharing
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Figure 3. Trajectory of the system in 𝑥 and 𝑦 axes.

5.1 Experimental validation

Experimental validation is conducted using a Husky
A200 differential-drive mobile robot. The robot pose is es-
timated using an intermittent Kalman filter [14], with mea-
surements obtained from an Intel RealSense D456 camera
operating at 60 fps, with AprilTags as visual markers.

Two representative scenarios are considered: i) avoid-
ance of a single obstacle in a configuration that typically
leads to a local minimum for standard ERG formulations
[11], and ii) navigation in a laboratory environment with
two obstacles.

In the first experiment (see, Figure 3), a cubic obstacle
(0.9×0.9 m) is placed directly in front of the robot while the
desired goal lies beyond it. This configuration is a typical
local minima for conventional ERG, causing the robot to
stop in front of the obstacle. As shown in Figures 3-4, the
robot with the proposed ERG successfully reaches the goal
𝑝𝑣 = [−4, 0]⊤ without getting stuck. After reaching the
target, the reference is switched back to the initial position
𝑝𝑣 = 𝑝0 = [0, 0]⊤. Since only one obstacle is present, for
this experiment we only use the ERG layer.
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Figure 4. Position in 𝑥 and 𝑦 w.r.t. time.
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Figure 5. Dynamic safety margins (DSMs).

Figure 6. Trajectory of the system in 𝑥 and 𝑦 axes.

This behavior is achieved through the combined action
of the radial 𝜌𝑟𝑎𝑑 and rotational 𝜌𝑟𝑜𝑡 components of the
repulsive field, which continuously reshape the navigation
field toward an admissible path around the obstacle. Fig-
ure 5 reports the evolution of the DSMs during the maneu-
ver, showing that only the velocity constraint Δ𝑢 becomes
active (i.e., reaches zero) during the task. These results
show that the ERG with the proposed repulsion field is
capable of guiding the robot around obstacles while effec-
tively avoiding local minima and satisfying the constraints.

In the second experiment (see Figure 1), two cubes and
the walls are considered as obstacles, resulting in a more
challenging navigation scenario to assess the proposed
framework in the presence of multiple obstacles.

The mobile robot is assigned a desired position refer-
ence 𝑝𝑣 = [−5.5, −1.5]⊤ that requires autonomous nav-
igation across the obstacles. As shown in Figures 6-7,
the proposed framework ensures executing a feasible path
online, enabling the robot to avoid the obstacles and reach
the destination while satisfying all constraints. The corre-
sponding evolution of the DSMs is reported in Figure 8.
Despite the increased complexity, the ERG successfully
guides the robot around obstacles and toward the target.

5.2 Numerical simulation

Simulations are conducted in a planar environment with
several static obstacles (Fig. 9). All obstacles are polyg-
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onal except the cylindrical obstacle in orange, which is
excluded from the VESHP planner and handled only by
ERG, illustrating its ability to avoid unforeseen obstacles.

The blue points denote the VESHP waypoints and the
red curve the robot trajectory under ERG control. VESHP
computes a globally shortest path around known obstacles,
while ERG drives the robot between waypoints enforcing
collision avoidance and system constraints. When en-
countering the cylindrical obstacle, ERG locally deviates
the robot before returning it to the VESHP path.

Table 1 compares the navigation strategies. ERG avoids
collisions but yields longer paths, while PD leads to col-
lisions and VESHP+PD produces shorter paths but fails
with unmodelled obstacles. The proposed VESHP+ERG
framework combines both advantages, providing global
guidance through VESHP and safe execution through ERG
while avoiding all the obstacles.

6 Conclusion

This paper presented a navigation framework for mobile
robots in cluttered construction environments that com-
bines global shortest-path planning with real-time con-
straint control. The VESHP planner provides globally op-
timal waypoints, while the ERG ensures continuous satis-
faction of state, input, and collision-avoidance constraints
during execution. Simulation and experimental results
show that the proposed VESHP–ERG framework enables
safe, efficient navigation while avoiding local minima.
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