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Abstract: In this paper, simulation and experimental tests are reported for a hybrid robot being
used for indoor and outdoor inspections. Automatic or tele-operated surveys can be performed by
mobile robots, which represent the most efficient solution in terms of power consumption, control,
robustness, and overall costs. In the context of structures and infrastructure inspection, robots must be
able to move on horizontal or sloped surfaces and overpass obstacles. In this paper, the mechatronic
design, simulations, and experimental activity are proposed for a hybrid robot being used for indoor
and outdoor inspections, when the environmental conditions do not allow autonomous navigation.
In particular, the hybrid robot is equipped with external and internal sensors to acquire information
on the main structural elements, avoiding the need for experienced personnel being directly inside
the inspection site, taking information from the environment and aiding the pilot to understand the
best maneuvers/decisions to take. Given the current state of research and shortcomings worldwide,
this paper discusses inspection robots taking into account the main issues in their use, functionality
and standard systems, and how internal sensors can be set in order to improve inspection robots’
performances. On this basis, an illustrative study case is proposed.

Keywords: mobile robots; robotic infrastructure inspection; simulation; experimental tests

1. Introduction

Robotics has been developed for a large variety of applications in recent decades.
Mobile robots represent an interesting field of research due to their great potentialities and
wide possible applications, including inspection [1,2], service [3,4], search and rescue [5,6],
manufacturing [7], cleaning, remote exploration [8,9], entertainment, and agriculture [10].
In particular, the search and rescue application is related to events, such as earthquakes,
hurricanes, tsunamis, typhoons, avalanches, landslides and floods. Since they may affect
huge territory including buildings and infrastructures, it is important to involve robots in
this type of task because a natural disaster usually affects a large number of individuals,
who can survive up to about 72 h. Therefore, it is advisable to have multiple teams
composed of operators and robots to maximize the search and reduce the risks for the
personnel, who must interact with debris, damaged buildings, or infrastructures with
serious risks of collapse.

In recent decades, the use of unmanned aerial vehicles (UAV) has enormously in-
creased because of their features, such as rapid and cost-effective deployment, reliable
wireless transmission of information, and an increased level of autonomy [11,12]. Un-
fortunately, the limited energy supply decreases the flight distance and operation range.
The possibility of equipping UAVs with cameras and suitable sensors has allowed the
use of these robots for survey and inspections [13]. Although they are actually used, in
some specific circumstances, which are not a narrow area, it is still necessary to refer to
unmanned ground vehicles (UGV), namely in the case of indoor inspections, confined
areas, box girder bridges, pipelines, and harsh environmental conditions.
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The most common type of mobile robot is the wheeled solution. It can perform a fast
and robust motion on smooth surfaces, with low energy consumption and relatively easy
control. It is less effective in obstacle overpassing when the dimensions are similar to or
greater than the wheel radius dimension. However, for the inspection of structures and
infrastructures, when the access and survey can be performed from the ground, wheeled
solutions are the most used. Several prototypes and commercial solutions have been
reported in the literature, such as those in [13,14].

Tracked solutions are a robust alternative, which is greatly adopted in the case of
locomotion in a harsh environment [15]. The solution is mostly adopted because wheeled
motion is robust, and the most efficient in terms of power consumption, overall costs,
control complexity, design, and travelling speed.

Although it has inherent advantages, the presence of obstacles that inevitably could be
greater than the wheel radius may occur. In these cases, the adoption of other solutions can
be of great importance. Legged robots are developed for such problems; the use of multiple
legs allows them to overpass obstacles, or change locomotion strategy, or gait [16,17]. The
well-known limits in their application in inspection tasks are related to their extremely
complex mechanical design and coordination control, high costs in purchase, and power
consumption. These factors affect their possible application to inspection, although some
solutions are commercially available [18,19].

In order to overcome the disadvantages of wheeled and legged robots, hybrid mobile
robots have been developed by combining the design philosophy of the two locomotion
types to exploit and maximize their advantages. Indeed, hybrid solutions are designed as
a combination of wheels and legs, or tracks, [20–23], for a better adaptability on uneven
terrains, while also considering the combination of wheels and reconfigurable legs [24].
Hybrid solutions seem to be suited to the inspection of confined areas and sites; one
paradigmatic example can be box girder bridges or water distribution systems, in which
there is a relatively large area to inspect that is difficult to access.

The inspection of confined areas in infrastructure can be taken into account for sim-
ulation purposes, as a possible practical application of robotics inspection, which is an
area of growing interest. In fact, the general objective of an inspection robot is to use
developed technology to minimize the exposure of maintenance and inspection personnel
to potentially hazardous conditions by eliminating the need for them to enter the structure
or infrastructure to be inspected.

Box girders are commonly adopted for large span bridges, because they possess
excellent high torsional stiffness and are well suited when the self-weight of the bridge
needs to be minimized. The clean lines of box girder bridges, usually with no visible
external stiffening, are generally taken into account in order to provide good appearance
and durability, because there are no traps for dirt and moisture. Box girders are usually
adopted for footbridges, highway bridges, and railway bridges. The selection of a box
girder shape usually results in relatively thin plate panels in terms of thickness to width
ratio for the webs and bottom flanges, and for top flanges, in all-steel boxes. Avoidance of
local buckling in compression zones and in shear requires appropriate stiffening; indeed,
longitudinal stiffeners are often required. Although box sections offer high torsional
stiffness, internal cross frames are usually needed to prevent distortion when one web is
subject to greater shear than the other, or when one diagonal dimension across the cell
increases and the other decreases.

Oil and gas/water distribution is another sector which has experienced a rapid growth
in the use of autonomous or tele-operated robots. Bearing in mind that a pipeline is the
major tool of transportation for that specific area, serpentine/snake robots are used [25–28]
to analyze the main problems that occur, which are due to aging, corrosion, and cracks in
the pipe walls [29]. Moreover, modularity and scalability for such a kind of robot is the key
issue [30].

In this paper, a hybrid rover is simulated and tested for use for inspection purposes,
such as those reported previously. More specifically, simulation and experimental tests will
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be detailed in the paper. The type and number of sensors on board have been limited to
those required to improve the robot’s performance during the motion; nevertheless, the
robot can perform an outdoor inspection carrying suitable instrumentation according to
the information being acquired.

In this respect, the rover can be further considered as a mobile platform for integrating
UAVs for advanced solutions, as proposed in [31] in which a legged mobile robot is
proposed for search and rescue applications.

2. Mechatronics of the Hybrid Rover

Inspection robots use mechatronic systems, meaning the integration of mechanical
systems, control, communications, and sensors. In the following section, the overall
mechatronic architecture will be described.

2.1. 3D Model and Prototype

Mechanical systems are the core technology of inspection robots. Considering the
application of a survey, the mechanical system should possess the following requirements.

• From the kinematic point of view, the mechanical system should be able to move
and avoid and/or overpass obstacles during the survey, being able to make as many
adaptations related to the environment as possible.

• The mechanical architecture must have a certain load capacity, in order that tools and
equipment can be installed as needed during the application.

• The architecture should be light and compact, being easy to carry/transport/operate.

Bearing in mind the flexibility in overpassing/circumnavigating obstacles and com-
plexity, as well as taking into account that control and lightweight structure are antagonistic
features, a compromise is always the best solution. Synthesis procedures are often required
when designing a desired motion, and suitable techniques are reported in [32,33]. Con-
sidering that a large number of DOFs (Degrees of Freedom), as for example in legged
robots, requires a complex structure, complex control, and poor load capacity and power
autonomy, a compromise among requirements is represented by a hybrid robot having
three DOFs, such as the one reported in this paper.

A 3D view of the robot design (named the hybrid rover) and main views are given in
Figure 1. The hybrid rover is designed having tracks with two DOFs and two legs that are
controlled by a single motor. As a future development of the rover design, it is planned to
decouple the two legs introducing an additional motor in order to achieve asymmetrical
motion and have more flexibility in overpassing obstacles. The rover has two operational
modes, namely (1) a rover-like motion on flat or smooth terrain, which is the most efficient
and less power-consuming type of locomotion under these environmental conditions; (2) a
hybrid motion when approaching and overcoming an obstacle, where the use of the track is
not sufficient for overpassing it. It is well known that if an obstacle size is greater than the
radius of the track, it is not possible to overpass it. Therefore, the rover has been provided
with rear or front legs for stabilization (depending on the direction of the motion) during
the obstacle crossing. In particular, the legs can be used as either a propulsive element in
overpassing the obstacle or for approaching it, as will be detailed in the simulation and
experimental tests sections.
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Figure 1. 3D model of the hybrid robot: (a) 3D view; (b) front view; (c) side view. 

As it is possible to note from Figure 2, the chassis, which contains the actuation and 
transmission systems, together with the power supply, is the main element of the mechan-
ical design, together with the battery pack. A chain transmission system is used to trans-
mit the motion to the axes. 

In the current design, a single motor with suitable transmission actuates the two legs, 
as is shown in Figure 1. The design philosophy, which has been used, is to keep the basic 
components, and direct drive, in order to have a robust and less expensive solution. Two 
independent direct-driving wheels move the tracks of the robot. The battery is located on 
board. 

Tables 1 and 2 show the robot and sensor specifications. 

 
Figure 2. Overall scheme of the mechatronic system: (1) robot; (2) objects on the path; (3) RC con-
troller; (4) HMI interface; (5) view of the camera on board; (6) internal view of the robot-control 
boards; (7) zoom-in view of the actuator and lithium battery pack; (8) Spektrum Receiver Mk610; (9) 
electronic board for motor control ; (10) front camera for vision. 

  

Figure 1. 3D model of the hybrid robot: (a) 3D view; (b) front view; (c) side view.

As it is possible to note from Figure 2, the chassis, which contains the actuation
and transmission systems, together with the power supply, is the main element of the
mechanical design, together with the battery pack. A chain transmission system is used to
transmit the motion to the axes.
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Figure 2. Overall scheme of the mechatronic system: (1) robot; (2) objects on the path; (3) RC
controller; (4) HMI interface; (5) view of the camera on board; (6) internal view of the robot-control
boards; (7) zoom-in view of the actuator and lithium battery pack; (8) Spektrum Receiver Mk610;
(9) electronic board for motor control; (10) front camera for vision.

In the current design, a single motor with suitable transmission actuates the two legs,
as is shown in Figure 1. The design philosophy, which has been used, is to keep the basic
components, and direct drive, in order to have a robust and less expensive solution. Two
independent direct-driving wheels move the tracks of the robot. The battery is located
on board.

Tables 1 and 2 show the robot and sensor specifications.
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Table 1. Hybrid rover specifications.

Item Description Specification

Robot system
hybrid robot

Size (LxHxW) 355 × 300 × 407 mm
Mass 7.5 kg

Max speed Up to 0.6 m/s
Actuation

(tracks)
24VDC 122 rpm

torque = 1.47 Nm
Actuation

(legs)
24VDC 47 rpm

torque = 1.96 Nm
DOFs 3 (4)

Payload up to 7 kg

Table 2. Sensor specifications.

Internal Sensor

Item Description Specification
Type of sensor Model type Resolution Max peak Power cons.
Accelerometer QTI Ver.2 0.002 m/s2 156 m/2 1.2 mA

Gyroscope sensor BMI160-Bosh 0.00106 rad/s 17.45 rad/s 0.9
Gravity sensor QTI Ver.2 0.00239 m/2 156.9 m/2 1.07 mA
Magnetometer AKM-09918-Ver1 0.149 µT 4911.99 µT 1.1 mA

Lin. accel. sensor QTI Ver.2 0.00239 m/2 156.9 m/2 1.07 mA
External Sensor

Item description Specification
Thermal camera (FLIR) 48MP + 5MP Thermal Imagery FLIR

Front–rear camera (Sony) 48MP + 19MP type
Communication

Item description Specification
WiFi router (Ethernet/Lan) TP-LINK Model TL-WN821N

AR6210 DSMX Spektrum Receiver Mk610
Control station

Item description Specification
HMI interface/Remote-controller Tablet 10” -Samsung

2.2. Actuation, Sensorization and Control

Inspection robots are often used in complex and harsh environmental conditions;
therefore, they may have extremely high requirements for the operation of the system.
The main issue, additionally from the control point of view, is the ability in designing the
inspection robot, such as overpassing the largest number possible of obstacles.

Considering the great variability of obstacle types even in the same type of scenario, spe-
cific movement planning or strategies may be required to ensure the success of the operation.

Inspection robots are often used in an industrial environment. In this case, the robotic
system itself may be affected by strong electric and magnetic fields. Therefore, high
technical requirements for automatic navigation sensors may be required.

In terms of the current development, the application of visual navigation technology
is commonly adopted, additionally because of the great variability of scenarios.

Very often, vision-based systems based on a camera and or an infrared camera must
be used together with other sensors; they have been called internal [21] because they can
be used to aid the control system (if autonomous navigation is pursued), or the personnel
that operates the robot (if tele-operated navigation is used).

From the actuation point of view, the rover has three DOFs, two DC motors with
122 rpm and a torque = 1.47 Nm that are used for the tracks; one single motor is for
the legs, allowing symmetrical motion, with characteristics of 24VDC 47 rpm and a
torque = 1.96 Nm. The leg end-tips are equipped with rollers, which facilitate the op-
eration of the robot in overpassing obstacles. The overall mechatronic scheme of the robot
is shown in Figure 2.
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The hybrid rover is commanded by a remote controller and the HMI interface is used
for monitoring the sensors on board.

A front camera is mounted, and is used for robot vision and motion into the environ-
ment; additional sensors may be used for inspection purposes or for aiding the robot’s
operations (Figure 3).
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Figure 3. Scheme for the internal sensor suite composed of a front camera, led lights, an accelerometer,
a linear accelerometer, a sensor for orientation and rotation, a gyroscope, and a gravity sensor. The
reference system is given in the scheme.

To increase the stability during negotiation with obstacles, motors are strategically
placed in order to mitigate the risk of back flipping. The rover can be equipped with
internal and external sensors, according to the classification reported in [21]. The internal
sensor suite is detailed in Figure 3.

The internal sensor suite is devoted to aiding the pilot with navigation; if environmen-
tal conditions cause the vision system to be insufficient for understanding the environment,
i.e., if the inclination of the robot chassis is close to the limit, it may be at risk of overthrow-
ing, and therefore this information can be directly used as an alert signal. The camera is a
commercial solution of the type EZVIZ C4W; it allows infrared vision, WiFi connection, a
long range (up to 30 m) and full HD video streaming. The RC controller is a Spektrum DXe
6 Channel 2.4 GHz coupled with a Spektrum Receiver Mk610 2.4 GHz 6 Channel.

More information is provided in Table 2.
For many applications, such as environmental monitoring, infrastructure inspec-

tion [34], heritage management and preservation, the use of multiple sensors has been
introduced in the past decade. In particular, several studies have been proposed to integrate
multisource data into a unique 3D model. In fact, thermal imaging can be used for the
diagnosis of energy losses in a cultural heritage through non-destructive measurement
methods [35].

A cost-effective sensor realized by smartphones and a low-cost thermal camera has
been proposed in [36] for a 3D thermal model reconstruction based on image-based model-
ing. According to the inspection and monitoring tasks, the so-called external sensor suite
can be composed of numerous sensors, according to the type of application: it can be a cam-
era, LIDAR, a thermal camera, gas/smoke/light/oxygen/humidity/ultrasound sensors;
the choice is related to the specific variable(s) to be sensed. In many cases, image-based
information is combined with thermal images to detect the spectral radiances of objects
under a certain temperature based on the blackbody radiation theory. The thermal image is
digitalized and records the information into a two-dimensional array.
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In current applications, the overall external sensor suite constituting the onboard
equipment for the hybrid rover is composed of a thermal imaging camera. The thermo-
graphic analysis, which belongs to the non-destructive tests (NDT), allows the identification
of different materials returning raster images with color on the scale with a different value
of the transmittance of the various materials. In civil engineering, it can be used to detect
cracks or discontinuities in the pattern of the material, or inspect the electrical system. It
has been chosen to limit the external sensor suite’s thermal camera, also related to the
compact size of the robot, in order to maintain good maneuverability in confined spaces
and energy efficiency; nevertheless, the chassis has been designed to include more sensors
according to needs.

Figure 4 shows the overall set-up with the external sensor suite. The mechatronic
control scheme has been built according to design principles reported in [37–39].
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Figure 4. Scheme for the external sensor suite: (a) overall set-up 1 rover, 2 remote controller, 3 objects,
4 thermal imaging camera with zoomed view of the display; (b) indoor tests; (c) view from the
onboard camera; (d) display of the thermal camera.

3. Simulation and Experimental Tests

Simulations are carried out to test the engineering feasibility and application of any
mechatronic or automatic systems, which are also related to the main topic of the paper.
Simulation is effective especially when the large dimensions of the systems do not allow
the realization of prototypes, as in the case reported in [40,41].

In the context of testing robot performances and preparing robust and repeatable tests
to be done both numerically and experimentally, the concept of the stepfield pallet can
be introduced [42]. This method is important for revealing unexpected inconsistencies
between the simulation and real behavior of the mechatronic system because it is repeatable
and deterministic, and one can then identify the problem with the physics of the model [43].
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Moreover, simulation parameters can be compared with physical parameters, i.e., to (I)
verify the correctness of the model; (II) use the simulation to obtain results in different
scenarios; (III) use the real data together with simulation models to create alert systems in
order to correct the operation of the system, as will be reported in the following sections.
Once the 3D models have been verified, experienced personnel in charge of operating the
system can develop the software and integrate it into a physical system.

One of the most used test methods for mobile robotics is the stepfield pallet, which
has been introduced for testing the mobility performances of the robots.

Mobile robots must negotiate specific obstacles on a path, or the total distance tra-
versed, to give a measure of the robot’s mobility performance. Stepfield pallets are made of
an array of wooden cubes or bricks differently arranged according to the type, the size and
the kind of performance to be tested. The idea is to create a repeatable terrain. The stepfield
pallets are repeatable surface topologies with different levels of ”aggressiveness” [43]. The
realization of the stepfield pallet in Figure 5 allows the repetition of the test reported in
Figure 6 experimentally, as is shown in the snapshots in Figure 7.
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Stepfield pallets can be realized randomly or with regular grids or steps, according to
the application. In this context, we created a symmetrical step filed pallet, because the main
purpose of its use is to verify the 3D model of the robot and create a set of alarm signals,
according to the on-board sensors.

The dimensions of the stepfield pallet are 0 = ground level, 1 = 150 mm. The box
is 1200 mm × 100 mm with an overall length of 1000 mm. The numerical results report
a simulated motion overpassing the obstacle, which is evidently higher than the track’s
height; therefore, it is obliged to use its legs for overpassing the obstacle, which may be
normal during the survey. The simulations show the robot overpassing the obstacle, which
is representative of rails, the internal stiffeners, or any other structural element that can be
included in the context of a structure inspection. In particular, Figure 6a shows the robot
approaching the obstacles: in (b) the legs are employed to raise the obstacle; in (c) tracks
start the contact with the obstacle. In Figure 6d, the hybrid robot climbs the obstacle until
(e) when the operation is complete. The robot moves on the stepfield pallet until Figure 6f
when the descending operation occurs at (g) to end at (h).

The same operation has been tested experimentally, as reported in Figure 7.
Simulation tools are very effective when dealing with large-scale systems being de-

signed and tested to operate in an urban environment, as is reported in [39,40]. Simulations
are therefore very important to verify the robot’s capabilities, additionally in terms of mo-
tion and carriage of suitable sensors [44]. In addition, they are useful tools for overthrowing
verification. Referring to the experimental tests, the robot has been equipped with an
internal sensor suite, but not with a thermal camera, because the main issue reported here
is not related to the experimental activity, but the use of internal sensor suite for obtaining
additional information other than vision. Indeed, the robot is moved to climb and overpass
the stepfield pallet described in Figure 5. Legs and tracks are moved in an almost identical
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manner in order to replicate the motion, as can be appreciated by considering the motion
sequence in Figure 6.
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4. Discussion about the Results

The development of an on-site application of automation and robotics for inspection is
related to the concept of smart buildings, smart sensors, and cyber-physical systems. In the
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future, the use of robotic maintenance can reduce energy consumption by up to 95% and
carbon dioxide emissions by replacing helicopters with suspended robots for inspecting
transmission lines [45]. The environmental sustainability of construction logistics and waste
management can also benefit from robotic technologies, e.g., by using automated systems
able to process on-site material and in that way automate the construction of entire utility
structures, especially in places that are potentially dangerous or difficult to access [46].
Realistic on-site applications of robotics and automation still face some limitations, mostly
related to implementation costs, inflexibility and technological immaturity [46]. This
includes measurement accuracy, sensor miniaturization, wireless communication, smart
sensor availability, and long-term powering for durability issues. This is quite important
for structural health monitoring, as for example for the detection of earthquakes [39].

The introduction of Cyber-Physical Systems (CPS) has raised issues related to secu-
rity and stability, which may affect automated solutions. Without proper experimental
validation of the CPS, they are of no use and can potentially cause critical damage to the
infrastructure rather than benefits. Additionally, the lack of a supporting infrastructure
such as ICT, especially in harsh environments or remote areas, is also a great limitation on
real-time monitoring. All these factors make the introduction of robotics and automation in
the inspection of structures and infrastructures only apparently easy to use and manage,
while hiding drawbacks such as high purchase and maintenance costs, significant financial
commitment for data management and processing to turn raw data into usable information,
or the possibility of managing the system in a complex scenario.

The last is the motivation of the research proposed here; it turns out to be useful
having a realistic model to be used to manage the real prototype, helping the end-user not
only to understand the signals and measurements of the internal sensor suite, but also to
anticipate possible failures using these measurements or signals as alerts. In this respect, a
realistic dynamic model of a rover was developed in [47] for planetary exploration. Data
available from sensors can be used for autonomous navigation as well as for the agriculture
sector, as was reported in [48].

In order to validate the 3D model proposed in the previous section, experimental
activity was carried out replicating the same scenario and recording information by the
sensors on board. In particular, as representative of the results, the COG (center of gravity)
velocity is displayed in Figure 8 with the eight phases highlighted and schematically
represented, as follows

• Phase 1: 0 ÷ 4 s, approach to the obstacle, the tracks only are active;
• Phase 2: 4 ÷ 9 s, the legs rotate clockwise to lift the robot;
• Phase 3: 9 ÷ 13 s, the robot moves forward until the tracks begin contact with the pallet;
• Phase 4; 13 ÷ 24 s, the legs rotate counterclockwise to lift the robot. The robot lifts and

move a little bit forward;
• Phase 5; 24 ÷ 31.5 s, the robot advances with its legs lowered and climbs completely

onto the pallet;
• Phase 6; 31 ÷ 36 s, the robot negotiates with the five slopes that can be recognized by

the five peaks;
• Phase 7; 36 ÷ 38 s, the robot moves forward and descends from the pallet;
• Phase 8; 38 ÷ 39.5 s, the robot descends completely from the pallet.
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Figure 8. Experimental/numerical tests of the behavior of the robot in Figures 6 and 7 in negotiating
with stepfield pallet. 1: approach to the obstacle, 2: activation of the legs and the hybrid robot inclines,
3: robot moves forward next to the stepfield pallet, 4: legs rotating clockwise to touch the ground and
lift the robot, 5: tracks are activated to move the robot forward, 6: motion on the pallet, 7: descending
phase, 8: the robot is completely out of the obstacle.

According to the eight phases, also visible in Figures 7 and 8, the numerical vs.
experimental tests are given in Figures 9–11. Of course, it is possible to obtain more
data from simulation, but we have included only the data that can be compared with
experimental results. In particular, Figure 9 reports the roll, pitch, and yaw of the robot;
the comparison shows a good overlapping of the results, taking into consideration that the
robot is tele-operated and not preprogrammed. In Figure 10, the linear acceleration can
be useful, together with the inclination of the robot in Figure 9, to detect the presence of
obstacles to create alert functions.

It is worth noting that the different behavior experienced during phase 6 is related
to the negotiation with the five slopes on the pallet, which gives differences related to the
tension/slackness of the tracks during the motion and results in different accelerations.
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This fact additionally illustrates the need to have other information than vision only,
and multiple sources, such as inclination sensors, acceleration, and velocity, as reported in
Figure 11. The information obtained by the internal and external sensor suite can be used
to build an alert system, giving an HMI such as the one depicted in Figure 12.
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The use of internal sensor suite is the validation of the 3D model of the robot, and the
creation of suitable mathematical models for allowing the pilot of the mobile robot—in the
case of respective teleoperation—or robot controller algorithm—in the case of autonomous
behavior—to improve the performances. The method and used approach can be adopted
for mobile robots in similar situations; types of obstacles and data from sensors must be
handled with a similar approach.

5. Conclusions

In this paper, we proposed the simulation and experimental tests of a hybrid robot
being used for structure and infrastructure inspection. In particular, a suitable 3D multibody
model permits the development of the simulation of a realistic scenario and operation
planning for a mechatronic survey. Comparison between simulations and experimental
tests shows a good behavior of the robot in allowing the planning of operations that are
more complex. The main contribution of the research proposed here is to develop and test
realistic models being used to manage the real prototype, acting as a digital twin of the
real system, helping the end-user not only to understand the signals and measurements
of the internal sensor suite, but additionally anticipating possible failures using these
measurements or signals as alerts, which may be deployed in the future to build a control
system for mitigating failures The ongoing work with the proposed robot involves the
integration of the sensor suite with thermal cameras and experimental tests on the real site
of interest.
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