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Dear Readers,

We gladly inform you that PILOTING has success-
fully achieved 36 months of progression on the 
project, and we would like to invite you to read the 
6th issue of our newsletter. 

PILOTING is a four-year project funded under the 
Horizon 2020 programme of the European Com-
mission, which focuses on developing robotic 
solutions (at scale) in the domain of Inspection 
and Maintenance (I&M).

In contrast to the previous ones, in this sixth news-
letter, and now facing the last year of the project, 
we present exclusively the results of the first 
large-scale experiments carried out in this past 
period.

These demonstrations have been carried out with 
the aim of testing the integration of the PILOTING 
I&M platform and services with all the robotic solu-
tions in each of the pilot scenarios (refinery, 
viaduct and tunnel). 

The first development and experimentation cycle 
of the project will serve as a landmark to finish 
defining and outlining the results in the last phase 
of the project. You can check out the full descrip-
tion of the First Pilot Experiments Results and 
Evaluation at:
https://zenodo.org/record/7477172#.Y6W1RHb-
MKM8 

For further information and news about the PILO-
TING project, please visit our website: 
www.piloting-project.eu 

We hope you enjoy reading this 6th 
PILOTING Newsletter. 

Your feedback and comments are always welco-
me!

Yours faithfully,

The Consortium

https://zenodo.org/record/7477172#.Y6W1RHbMKM8

www.piloting-project.eu
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Refinery Experiments and Results

1. The tank farm offered access to 
a large storage tank to conduct 
UT inspection at height.

2. The water treatment plant with 
two distinct work areas:

a. A ground-level pipe rack to conduct UT 
inspection on pipe work.

b. Pipelines in constant use for the IoT vibration 
sensors for leak detection.

3. A decommissioned process module 
with three distinct work areas:

Experiments in the refinery scenario have 
been carried out at Chevron Oronite. This 
plant is located in the north of France in Gon-
freville L’Orcher near the port of Le Havre, 
and it is Europe’s largest additive manufac-
turing facility.

Although some areas of the plant are rated 
as explosive atmosphere (ATEX) zones, for 
the purpose of the experiments as part of 
this project, all testing were carried out in 
safe zones with no ATEX regulations.

The tests performed were divided into 
three main areas of the plant:

a. A pressure vessel for internal inspection 
purposes.

b. A congested facility for ground monitoring 
work scopes (navigation and manipulation).

c. An area for inspection imagery at height for 
AI defect recognition (corrosion) work scopes.

All the necessary authorisations to perform the experiments inside the refinery were requested and 
approved on time. 

Here you can find the demonstrations that took place related to this scenario:
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Chevron's main requirement in this experi-
ment is to reduce the danger of a person 
performing work at height while reducing 
the time and cost of accessing such structu-
res. The platform selected to carry out these 
inspections was the AeroX. This UAV compri-
ses two different platforms: the aerial plat-
form and the Robotic Mobile Contact Plat-
form (RMCP), which will be in charge of the 
UT inspection. The RMCP is attached at the 
end of the contact device of the aerial plat-
form. The tank where the experiments were 
performed was made of carbon steel.

Over its time spent at Chevron’s Oronite 
plant, the AeroX system performed seven
tests in total (ranging approximately from 10 to 15 minutes in duration), all of which related to two unique 
experiment profiles. The first of them consisted of a longitudinal ultrasonic scan along the vertical axis, 
covering almost all the way up to the tank’s top. The second involved following a path that traversed an area 
defined by a singular rectangle, which surrounded the numerical markings by a margin of a few meters. 
Altogether, three and four trials were done for the first and second experiment profiles, respectively. Howe-
ver, just one iteration of each type was accomplished seamlessly and without any interruption due to factors 
like loss of tracking by the total station or RMCP performing issues.

Refinery structures suffer continuous corrosion due to the natural characteristics of petroleum products. 
Corrosion may lead to equipment failure, which can provoke significant accidents and explosions in such 
critical infrastructures. Then, the measurement of wall thickness, linked to corrosion level, is vital to the 
safe operation of Oil & Gas refineries.

Right after the storage tanks, the following essential structures in a refinery environment are pipes and 
pipe racks. For these structures, the primary inspection requirement is wall thickness measurements 
using ultrasonic sensors in the parts of the structure where corrosion is most prevalent such as bends, 
elbows, T-sections and reducers.

Refinery Large Structure (Tank) Inspection

Refinery Pipe Inspection

HYBRID was the platform chosen for the pipe’s inspection operation. This UAV comprises two different 
platforms: the aerial platform and the crawler robot, or satellite, which is in charge of the UT inspection. 
However, the consortium agreed not to fly the HYBRID due to safety considerations with the landing 
procedure and instead chose to focus on the UT satellite crawler robot.

The AeroX platform at the upmost part of the tank
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Pressure Vessel is the last use case of the inspections in the refinery scenario. Inspection of confined 
spaces, such as the Pressure Vessel used during the site testing for PILOTING, is a significant concern for 
refinery owners as end-users. The associated risks for inspections doing confined space entry are high due 
to cramped and dirty conditions and are typically lengthy jobs involving a lot of preparation and speciali-
sed training. The use of a ‘camera on a stick’ avoids entry using inspectors but only offers a limited view of 
the structures and is an entirely manual process.

This operation was carried out by the BIKE robot, which is a magnetic crawler designed for such a task. The 
BIKE was tested by a pre-defined sequence of validation tests.

This platform was equipped with VT (Visual Testing Camera) and UT (Ultrasonic Testing) module equip-
ment. Both the camera and the ultrasonic sensor could be verified before and after any automated deplo-
yments and consistently produced correct measurements.
 

The robotic platform was manually placed 
where sufficient landing clearance would be 
available. From there, the satellite was deplo-
yed from its bay by manual remote control 
based on a video feed from the two naviga-
tion cameras on the satellite. A pilot 
manoeuvred the crawler successively to 
each previously defined inspection location. 
The area selected was in the process piping 
area of the plant and was performed on 
pipes at or close to ground level. 

The results showed that the satellite UT had 
great performed well in the congested pipe 
rack areas tested. A significant success was 
the ability of the UT crawler to navigate 
across rough weld seams on the pipework.

The UT crawler was tested extensively on a section of piping with an Elbow and a T-section and was able 
to navigate sufficiently throughout, only limited by its tether length to the aerial platform.

Another success of the UT crawler was that experiments were effectively conducted under BVLOS 
(Beyond Visual Line Of Sight) conditions, with the crawler being teleoperated from the central operator 
control station at some distance from the pipework inspected.

Refinery Pressure Vessel Inspection

The inspection demonstration consisted of an inspection plan containing a representative set of points of 
interest. The program included several visual inspections, ultrasonic spot measurements and one ultraso-
nic raster scan inspection.

HYBRID set up on the pipe section with the UT crawler 
deployed and taking UT measurements
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The inspection demonstration consisted of an inspection plan containing a representative set of points of 
interest. The program included several visual inspections, ultrasonic spot measurements and one ultraso-
nic raster scan inspection.

Once deployed in the asset, the inspection 
was performed according to procedures for 
visual and ultrasonic testing. The robot was 
moving autonomously, and assessments 
were performed and recorded at the points 
of interest while time was automatically trac-
ked in the mission data. From this data, cost, 
savings and other information can be direct-
ly derived.

The next scenario presented is viaducts. Ferrovial 
is the end user representing Viaduct Inspection 
operations. In this respect, the tests were mainly 
focused on verifying whether the flying devices 
were capable of carrying out the three expected 
use cases from a technical point of view. The loca-
tion selected was Álora, a small village in the inte-
rior of Málaga, through which the Spanish 

In the inspection of viaducts, the first step is to start with a visual inspection to assess the condition of the 
infrastructure. This visual inspection is currently performed entirely manually, posing difficulties due to the 
wide variety of viaducts that exist. On the one hand, the work at height prevents a visual inspection of the 
entire viaduct without specialised machinery or climbers. On the other hand, the size of the infrastructure 
can make a simple general visual inspection require much time to be performed manually.

high-speed train runs. Specifically, it is the Arroyo del 
Espinazo viaduct.

The test area belongs to one of Ferrovial's main 
clients; it is a recently built viaduct over which Spani-
sh High-Speed trains run with a high frequency. To 
make it clear, in terms of dimensions, the viaduct is 
more than 300 metres long and has an average 
height of about 40 metres.

Vessel Inspection Demostration

Viaducts Experiments and Results

Viaduct Visual Inspection

Within the PILOTING Project framework, the procedure for the visual inspection of the viaducts includes a 
general inspection in which photographs are taken of the complete infrastructure to locate possible 
defects with artificial intelligence. The AERO-CAM platform has been used for this task. Once an area of 
interest is located, the VIAD-DRONE platform is used to place a surveying target of known geometry to 
obtain more detail. Once placed, AERO-CAM performs a more detailed visual inspection of the target to 
complete the information.
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1. General Visual Inspection. For the 
first step of the visual inspection, an impor-
tant number of complete inspection 
missions were successfully performed. All 
flights were performed completely autono-
mously, from take-off, waypoint navigation, 
picture capturing and landing. In order to 
perform these inspection missions autono-
mously, a LIDAR-based GNSS-free localisa-
tion system was implemented. Also, an auto-
matic obstacle detection system was used as 
well in order to facilitate the supervision of 
the mission by the operator in BVLOS condi-
tions.

2. Survey Target Installation. 
Following the inspection plan designed in 
the PILOTING project, once the general 
visual inspection was performed, the 
VIAD-DRONE robot placed some surveying 
targets near the inspection locations. These 
targets are small devices with a millimetric 
pattern used as a reference to improve the 
accuracy of visual inspections, which is the 
main goal of the target installation task.

Álora general inspection post-mission data visualisation

The demonstration consisted of three different experiments:

3. Specific Visual Inspection. With the surveying 
target in place, a specific inspection was carried out with 
the AERO-CAM platform. In this case, the goal was to 
obtain photographs around the surveying target, not the 
entire viaduct. 

Example of 4 photographs of the same 
location of a specific inspection in 4 
different flights with AERO-CAM in Álora.

VIAD-DRONE in the approach point for the target 
installation mission and performing the surveying 
installation
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Regarding the viaduct bearing inspection use 
case, the objective of the first pilot experiments 
was to perform a visual bearing inspection of a 
real viaduct using an aerial robot. The robot 
should be able to take high-quality pictures close 
to the bearings from different angles. The experi-
ments were conducted in the same span of the 
Álora viaduct where the general visual inspection 
was performed, described in the last section.

The aerial robot used for the viaduct bearing 
inspection use case is the VIAD-DRONE. This plat-
form carries a gimbal device for image stabilisa-
tion and an inspection camera on board. The plat-
form is also equipped with a caterpillar system 
that allows it to establish contact with the bottom 
part of the viaduct’s deck.

As a result of these experiments, high-quality 
images of the two bearings were taken by the 
onboard inspection camera. At the bottom, an 
image of the two bearings captured in the experi-
ments is shown. 

At the top, images of the bearings taken from the 
capture point while VIAD-DRONE was in contact 
with the deck are shown. Based on the results 
and performance of the experiments, it was 
demonstrated that the aerial robot could perform 
bearing visual inspection with robustness and 
reliability, properly and autonomously taking 
high-quality pictures of the inspection locations 
while it was in contact with the deck of the 
viaduct.

Viaduct Bearing Inspection

Bearing visual inspection results were obtained 
in the first pilot experiments.

Viaduct Sensor Installation

VIAD-DRONE robot performing the designed inspection plan for the sensor box installation 
in the first pilot experiments.
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In the last use case of the viaduct scenario, the 
objective was the installation of a sensor box on 
top of a viaduct pillar close to the bearings, using 
an aerial robot with advanced capabilities. These 
use case inspections involve additional risks due 
to the difficulty to access and considerably 
narrow locations where the aerial platform 
should navigate to perform the installation.

The aerial robot was autonomously commanded 
by the gRCS to drop the sensor box at the starting 
point of the inspection. The manipulation capabi-
lities of the aerial robot were validated. In the 
second stage of the project, a suitable location for 
the sensor box installation on top of the pillars 
must be found and provided by the end-user in 
order to perform more realistic inspection 
missions.

Tunnels Experiments and Results

Finally, the tunnel scenario was also addres-
sed. Two different tunnels were used by the 
consortium as the first deployment and inte-
gration exercises. The event was fully organi-
sed by the EOAE and INLECOM personnel.

The environments selected for the develop-
ment of the demonstrations were: the 
tunnel of Metsovo (in Ioannina) and a draina-
ge tunnel very close to this one.

These two tunnels were selected as follows:

The Metsovo tunnel indicates some interesting 
inspection points while in full traffic and can 
represent traffic scenarios and realistic tunnel 
inspections, and

The drainage tunnel  used as a reference tunnel 
without any traffic indicates a concrete tunnel 
without internal lining that could represent tunnels 
under construction.

1
2
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In order to perform the inspections in the tunnel scenario, two robotic platforms were developed 
in the framework of the PILOTING Project: CART and TTDRONE.

Experiment on various robotic missions execution.

Test procedures, mechanisms, and configurations

in real settings.

Validate the system, create feedback and 

measure KPIs.

General inspection experiments were performed on both tunnels. The first tests were performed in 
the drainage tunnel since the preparation of the experiments was easier, and also the lack of traffic 
facilitated the execution of initial tests. Then, the general inspection experiments were performed on 
a 60 metres distance area inside the road tunnel at Metsovo with real traffic.

There were various scenarios used, which are detailed 
below, that focused on the following issues:

Robot capabilities and function verification 

Autonomous navigation 

Inspection mission (Image capturing) 

Inspection mission (3D laser scanning)

General Tunnel inspection
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For the tunnel inspection, we need to consider 
that similar tests were conducted for both Gene-
ral and Local inspections when it comes to the 
main ground robot CART. CART is a ground auto-
nomous robotic vehicle developed to carry the 
TTDRONE into the tunnels to perform inspection 
operations.

For both tunnels, and in relation to the General 
tunnel inspection, the following experiments 
were performed:

Inspection mission (Image capturing) 

Inspection mission (3D laser scanning)

The objective of this use case is to perform a more thorough inspection of the tunnel using two robo-
tic systems: one ground robot and one aerial robot. The ground robot stops at some points of interest 
where potential defects have been previously detected. Then, the aerial robot takes accurate measu-
rements of these defects, even detecting new ones, and inspects those difficult to access locations 
for the ground robot. Since the ground robot part is very similar to the general inspection, this section 
will be focused on the drone part.

The procedure performed by the aerial robot in the tunnel local inspection missions is explained 
below:  

The aerial robot takes off 
from the starting point, 
located on the ground robot, 
and navigates to some 
approach points close to the 
tunnel walls. 

Local Tunnel inspection

Here, the aerial robot takes 
pictures of some detected 
defects (inspection points), 
which allows a detailed visual 
assessment of the tunnel. 

The images are captured at a 
specific distance from the 
defects, which is estimated in 
order to provide an appro-
priate level of detail for the 
best performance of the AI 
detection algorithms. Finally, 
the robot comes back to the 
start point and lands on the 
UGV.

Regarding the local inspection conducted by the aerial robot, two different scenarios were designed 
for the first pilot experiments:

Robot capabilities and function verification 

Autonomous navigation 

CART robotic vehicle in drainage tunnel
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Spallation. Rebar exposure. Cracks. Efflorescence.

As a result of the operation in the 
second scenario, it was demons-
trated the ability of TTDRONE to 
fly tethered from the ground 
robot. Moreover, the flights were 
reliable and robust. For the 
second pilot experiment, the 
aerial robot will be powered by 
the tether system and also the 
platform will comprise only one 
hardware setup. The objective of 
the first pilots, the validation of 
all the functionalities of the 
system, was reached.

Bridges and tunnels are the critical nodes on the transport infras-
tructure networks which are vital for the functioning and growth of 
European and regional economy. This infrastructure is ageing and 
often inadequate to cope with the increasing traffic demands and 
resilience threats. Such a condition brings high safety risks.
The main objectives of IM-SAFE are to support the European Com-
mission and the European Committee for Standardization in prepa-
ring new standards in monitoring, maintenance and safety of trans-
port infrastructure, and to accelerate the process for enabling 
public authorities and supply-chain stakeholders in transport 
infrastructure to commit to the development and adoption of the 
new standards.

Scenario 1: Aerial robot inspection mission. In this mission, the aerial robot performs 
the local visual inspection of the drainage tunnel without being tethered from the 
ground robot. The objective is to test the inspection functionality and the safe autono-
mous GNSS-denied navigation.

Preliminary results from using the AI-based defect identification system in scenario 1 are encou-
raging. The system is able to detect and extract defective areas of the tunnel. The identified 
defects are:

Scenario 2: Tethering tests.  The aerial robot flights tethered from the ground 
robot, visiting some inspection locations but without taking images. The main objecti-
ve is to test the tether system. 

The TTDRONE performing a local inspection experiment 
tethered to the UGV

INVITED PROJECT

https://im-safe-project.eu/
https://im-safe-project.eu/



NEWSLETTER #6

This project has received funding from the European
Union’s Horizon 2020 research and innovation pro-
gramme under grant agreement No 871542
Contract ICT-09-2019-2020 12/12

CONTACT

Project Coordinator

CONSORTIUM

If you are interested in the PILOTING project, please send an email to piloting-project@catec.aero 
to become a member PILOTING User Group.

Email: piloting-project@catec.aero 

Antidio Viguria
Advance CentRE for Aerospace Technologies

H2020 PILOTING Project www.piloting-project.eu Listen the
PILOTING

Podcast on iVoox

@piloting_eu

RVIS

https://twitter.com/PILOTING_EU https://www.linkedin.com/company/h2020-piloting-project/
https://piloting-project.eu/ https://www.ivoox.com/podcast-piloting-inspection-gadget_sq_f11186343_1.html 

http://www.catec.aero https://www.sintef.no https://www.ferrovial.com/en/ https://www.applus.com
http://www.egnatia.gr https://quasset.com https://www.robotnik.eu https://www.inlecom.eu

https://www.asl.ethz.chhttps://i-sense.iccs.gr/ https://www.chevron.com https://grvc.us.es https://www.inspection-robotics.com


