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Editorial

Welcome to this ROBO-SPECT's second newsletter.

ROBO-SPECT is a European 7th Framework project funded under the ICT
programme on Robotics Use Cases (contract No. 611145), implemented by PROJECT FACT
10 partners from 6 European countries.

Duration:
The main objective of the project consortium is to provide an automated, 1 October 2013 —
speedy and reliable tunnel inspection and assessment solution that can 30 September 2016
combine in one pass both inspection and detailed structural assessment
and that only minimally interfere with tunnel traffic. The proposed robotic Total Cost:
system will be evaluated at the research infrastructure of VSH in Switzer- 4.592.196,00€
land, at London Underground and at the tunnels of Egnatia Motorway in
Greece. EU contribution:
The project officially launched its activities in October 2013. During the first 3.306.599,00€
year of the project the partners indentified an extended group of end-users,
derived user requirements and specifications and based on these designed www.robo-spect.eu

the first prototypes of all components of the proposed robotic system.

Inside this issue you will find the work that was carried out in regards to a
prototype of the robotic vehicle, crane and arm and the devices integrated
into this arm in order to measure (a) the depth of cracks or the depth of the
opening of horizontal joints with an accuracy of 1 mm and (b) the width of
these cracks and openings with an accuracy of 0.1 mm. Additionally, in this .
issue you will find details of the consortium's participation in conferences In ThIS Issue
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System Overview

The RGPECT robotic platform is based on a mect
dustri al el evating platform able to run both ¢
with recent research results in intelligent <co
enhanced wiutplervemied and active continuous | ea
provide input to a structural assessment t ool
whole in terms of structur al evaluati on. Il n th
ul es are being described.

The Robotic Vehicle and Crane

The robotic vehicle will be based on an industrial elevating plat-
form .The vehicle chosen is the “Genie Z30/20 ” (see figure next), a
10 meters height articulated electric crane vehicle. This platform will
be sensorized in order to get information from each axis and locate
and position each joint accurately. To enable collision avoidance and
localization and navigation, the mobile robot will incorporate different
vision and 2D/3D laser systems. The control software for the plat-
form will be based on ROS.

The Robotic Arm

The Mitsubishi PA-10 robotic arm will be mounted on the crane plat-
form along with the servo driver controller. To cover all the possible
geometry of any fissure, the robotic arm has seven degrees of free- L
dom (DOF). This configuration will provide obstacle avoidance and
correct sensor orientation capabilities. The ultrasonic sensors, along

with the stereo vision system will be mounted on the end effector of

the robot. A laser distance sensor is placed at the base of the robot

in order to provide the system with 3D information to perform the arm

trajectories. The robotic arm mounted on the crane platform and all

the attached sensors are shown in the next figure.

A processing PC will be used to run all the software needed to the
correct operation of the arm and will be placed inside the platform.

The control software is based on the ROS (Robot Operating System) Vision
sensors

architecture, just like the mobile vehicle, and internally some mod-

ules communicate themselves using YARP (Yet Another Robot Plat-  Visonsensos " Ultrasonic

= sensors
fO I"m ) . Ultrasonic sensor
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Communication

Using the information provided by the visual system and the mobile Power Supply
vehicle and crane system, the processing PC will calculate the final
position of the tip in the robotic arm coordinate frame, and a collision
-free trajectory will be executed. This final position will correspond to
the ultrasonic measurement point next to the detected crack. When
all the desired measurements are made using the sensors attached JEEEIeiTeR=Ti W3l NI=1F1 (=Y BTV o o o - Ted=To Mol
to the robot, the robotic arm returns to the previous position and pre- =W Z-11=) platform.

Robot Laser

pares to move again when requested.



Measuring
Devices on the
Robotic Arm for
the Width and
Depth of Cracks

Computer Vision
Methodologies for the
Detection of Cracks

Advanced computer vision ald

applied to detect cracks and lat i

The tools will be able to quickly identify ‘objects’ with a high accuracy (of
1mm) while meeting demanding time constraints. The work so far has
included first the data collection process from the ROBO-SPECT end-
users in order to collect training material for the computer vision algo-
rithms. The first round for data collection has concluded by 2 visits to EO-
AE (Egnatia Tunnels) and a second round of data collection will follow
with visits to VSH and LU tunnels. This has been followed by the data
annotation process that has been executed with the help of many con-
sortium partners. The first testing of the initial computer vision algorithms
towards the ROBO-SPECT requirements has been concluded indicating
the potential of the technology as well as some preliminary results.

Ultrasonic
Crack fransducers

The datasets created for testing stereo algorithms have been derived
from the collected actual data. Until this moment, no data have been
gathered for explicit use in stereo, however, cases of cracks, along with
leakage, spalling etc., have been selected from the multiview set of imag-
es.

Tunnel wall

Datasets collected include representative images of all tunnel anomalies U

To robot manipulators

derived in the ROBO-SPECT specifications. Special attention has been
given for cases that need particular attention such as the “ceiling, of the RAECECIIRUEEENICINENIS
tunnels that is more prone to defects, as the stresses are greater there.
There is also quite different texture in images, because of the different
surface materials and painting of the tunnel interior surface.




Slice from the point cloud with and without photo texture.

Data were collected also from 3D laser scanners, in or-
der to evaluate their accuracy and precision in the spe-
cific scene. The robot inspector will scan a slice of the
tunnel, where a defect is detected and, after the noise is
automatically removed, the surface will provide the engi-
neers with the silhouette of the tunnel slice; this will ac-
tually be a 2D section of the tunnel. Simultaneously, this
approach provides the researcher with the necessary
3D data to monitor the tunnel for potential deformations
in time (spatio-temporal reconstruction). The actual laser
scanner was eventually selected for this task, as it
meets the accuracy and precision needs of the project
and, on the other hand, it is light flexible and program-
mable through its dedicated SDK. A series of tests was
performed in the calibration lab of the Laboratory of
Photogrammetry (NTUA) and on real conditions in
Egnatia tunnels to make certain that the noise of the
data, the accuracy and the repeatability of the measures
are enough for meeting the project requirements.

The activity of image screening and annotation was car-
ried out by structural engineers to avoid misinterpreta-
tions of the nature and extension of the surveyed materi-
als defect. It includes the following steps for each of the
images processed:

The image is analysed in order to verify if it is useful to
clearly define the defect. The output of such analysis
could lead to a rejection of the image. The experimented
reasons for rejection are: low quality of the image, dark
image, point of view not consistent with robotic survey,

the subject is not structural lining, there is not any clear- R

ly identifiable defect in the image, the defect is partially
hidden by tunnel equipment and/or installations. In the
example a dark image.

The selected images are then analysed by structural
engineers in order to identify the type of the surveyed
defect, to relate it to one of the list of defects, to define
the perimeter of the degraded material. All this infor-

mation are annotated in the picture following the above
described rules. In the example the image shows an
area of spalling with the relevant perimeter.
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Spalling

After the training on the dataset, we tested its perfor-
mance on actual Egnatia tunnel images. The system
achieved 71% of right classifications. Classification re-
sults are visually presented in the figure below. Regions
that probably present defections are shown by color that
ranges from blue to red. The blue color represents re-
gions that have been classified as defections, but the
probability to actually locate a defection on these areas
is lower compared to the regions colored red. Non col-
ored regions are classified as no defection regions.
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Output of the binary classifier when tested with a picture
from Egnatia tunnel.



News and Events

ROBGPECT presentation during the I SARC 20114

The ROBO-SPECT project has been described in the key note speech by
C. Balaguer (UC3M) in the ISARC 2014 conference: C. Balaguer et al., "Towards
Fully Automated Tunnel Inspection: A Survey and Future Trends,' 31st International
Symposium on Automation and Robotics in Construction (ISARC), Sydney, Austral-

¢ ia, July 9-11, 2014.
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European Researchers’ Night 2014
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2014 event

"K. Loupos, A. Amditis, C. Stentoumis, P. Chrobocinski, J. Victores, M. Wietek, P.
Panetsos, A. Roncaglia, S. Camarinopoulos, V. Kallidromitis, D. Bairaktaris,
N. Komodakis, R. Lopez - ROBOTIC INTELLIGENT VISION AND CONTROL FOR
TUNNEL INSPECTION AND EVALUATION - THE ROBO-SPECT EC PROJECT,
2014 |IEEE International Symposium on Robotic and Sensors Environments, 16-18
October, 2014. Timisoara, Romania. Project leaflets were also disseminated to the
symposium participants. For more information please visit: http://rose2014.ieee-
ims.org/

ticipation into AResearchersdé Nigh

The “researchers’ night” is an international celebration organized once a year in
more than 300 countries in Europe. In Greece, in 2014, the event was organized in
9 cities. ICCS participated into the Athens event (26 September 2014 at the NTUA
premises) disseminating the project to the research audience. The event was
funded by the European Commission's Research and Innovation Framework
Programme H2020 (2014-2020) by the Marie Sktodowska-Curie actions. Directorate
-General for Education and Culture. European Commission under Grant Agreement
No. 633303 and 633335".

t he Worl d Tunnel Congress 2015

Robo-spect is organising a special session at the 2015 World Tunnel Congress in
Dubrovnik, Croatia, on "Emerging Technologies for Tunnel Inspection.' During this
session the project main concept, objectives and expected outcome will be present-
ed via various presentations from the project partners. The attendees will have the
opportunity to learn more about the project and exchange knowledge on current
robotic systems for structural assessment, computer vision methodologies, as well
as the general structural assessment framework in tunnels.

The World Tunnel congress is a great opportunity to present the ROBO-SPECT
project among the expert community as this event will bring together public
managers, designers, builders, equipment suppliers, engineering service
companies, professors, professionals and students.
For more information please visit: http:/wtc15.com/
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Consortium

\ 33‘15 J Institute of Communications and Computer Systems (ICCS)

@ CASSIDIAN (CAS)

University Carlos Ill, Madrid Dpto. De Ingeniera de Sistemas y Automatica Robotics

Laboratory(UC3M)
% VSH Hagerbach Test Gallery Ltd. (VSH)
7B EGVATIA 0DOSw. Egnatia Motorway S.A. (EOAE)

<"_ llMM Institute of Microelectronics and Microsystems, National Research Council of Italy (CNR)
RiSA

Sicturhsitsansiysen G RISA Sicherheitsanalysen GmbH (RISA)

TEB“IB Techniche e Consulenze Nell’ Ingegneria Civile S.p.A - Consulting Engineers S.p.A
C E E_) D. Bairaktaris & Associates Structural Design Office Ltd. (DBA)
& Ecole des Ponts ParisTech (ENPC)

ParisTech

*¢Robotnik ROBOTNIK (ROB)

END USERS End users that participate as partners, associate partners, subcontractors or members of an
IN THE extended users' group that has been formed are: EUROTUNNEL, London Underground,
GROUP RATP (Parisian metro), Attico Metro (Athinean metro), Harcrow Group Ltd., Egnatia Metorway
S.A., Aegean Motorway S.A., SITAF, and CETU (in the French Public Roads Administration).
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Visit us on the web at www.robo-spect.eu
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