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Motion Capture (MC) Indoor Positioning Systems (Positioning Detector External
Components)

Lighthouse IR light sweep

Photodiodes
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Sensors For Absolute Positioning with Precisions
An indoor position system to measure precise
position, orientation and speed of equipment in
the CAVERN. It can be used to automatically
control objects motion.

Video Credit:
8 https://www.youtube.com/watch?v=1hiXof6UAew
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Suitable to Measure Small Capacitive sensors

Distances, cm range

Example of Product
Available on the Market
[4]

Mature Technology to Be
Customized for CERN
Purposes

Example of Product
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Sensors For
Relative

P05|t|on|ng with Cofocal Sensors Fiber Optic or Capaator.s.Grlds For Distances and /
P Positions
Precisions
Monochromatisches

These sensors may Lol Example of Product
be used to know — Available on the Market [5]
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respect to another.

Grid of capacitors or optic fibers could precisely locate one object with respect to another

the position of one

Distance Sensors



https://mtiinstruments.com/technology-principles/fiber-optic-sensors/
https://www.micro-epsilon.com/displacement-position-sensors/capacitive-sensor/
https://www.micro-epsilon.com/displacement-position-sensors/confocal-sensor/
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Example of Intelligent
BLIMP developed at Geor
Tech University [6]

.

Source: From every angle - CERN Bulletin

3D Environment
Reconstruction
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Blimps Characteristics:

* Failure tolerant (in case of failure a blimp remains in its
: place without falling)

* Easy to control

* Not compact

* No interest in industry, mainly focused on drones.

* How do they react to magnetic field or radiation?
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https://cds.cern.ch/journal/CERNBulletin/2013/47/News%20Articles/1624340?ln=en
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Concepts of Drone fleet
X Inspecting the Detector

EXAMPLE: ALICE Visual Inspection

Accumulated Dose
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Radiation Dose Mapping [8]

Source: From every angle - CERN Bullet

Drones are expected to carry autonomous inspections of the detector
environment:

e Visually

* With Radiation Sensors

* With Magnetic Field Sensors

* Any Other Sensors

Open questions (to be investigated with industry):

Can drones withstand the radiation environment?

How do they interact with the magnetic field?

Can they be used with the magnetic field on?

Can drone swarms help in inspecting particle detectors?

R&D



https://cds.cern.ch/journal/CERNBulletin/2013/47/News%20Articles/1624340?ln=en
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CERN has large experience with wheeled robots! PETOI
However, they are limited by stairs, while quadruped PROTOTYPE
robots should not have this problem. QUADRUPED
Collaboration with industries are needed to FOR CERN EP-
understand how do the latter behave in radioactive

environment and how the magnetic field affect R&D
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THE HANDS-ON SYSTEM:
WHAT ROBOTS CAN DO
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MAGNETIC FIELD AT THE CMS CAVERN GROUND (mT) From o to 200 mT
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: A POSSIBLE CHALLENGE: THE

1§ MAGNETIC FIELD ENVIRONMENT

Investigation on the magnetic field effects on electric motors
for the CERN experimental physics department R&D project
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Electric motors are the
most spread actuators in
robotics

They may not work
correctly with the strong
background magnetic field
of the experiments

Strong constant
background magnetic
fields are used in few
sectors, industry is not
interested in developing
systems capable to work in
those conditions

11



ECFA 15 b2 INSPEGTIONS IN CRYOGENIC ENVIRONMENT:
European Committee for Ators: . .': : : "“ THE CURIOUS CRYOGENIC FISH

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Sanford Underground
Research Facility
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The need for an autonomous inspection device

A diagnostic autonomous device to carry out inspections (and at a later
stage effect repairs) in the DUNE large cryostats would simplify the
maintenance tasks. In this context, The Curious Cryogenic Fish project aims

at developing a device that integrates the functionalities and performance
of a diagnostic station with the flexibility of an autonomous, remotely
controlled vehicle.

17 kton module
(10 kton active volume)
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Public deliverable for the ATTRACT Final Conference ATTRACT

The Curious Cryogenic Fish - CCF

Christophe Bault,! Francesco Becchi,” Matteo Cavo,® Luigi Iannelli,* Giovanna Lehmann Miotto,'* Alfonso Madera,'*
Francesco Pietropaolo,' Xavier Pons,' Stephen Pordes,’ Filippo Resnati,' Alberto Traverso®

Technology Operations Development

. .
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16152 Genova, Italy; * TPG-DIME, Universita degli Studi di Genova. Via Montallegro 1. 16145 Genova, Italy: #Universita del Sannio L

di Benevento, Piazza Roma 21. 82100 Benevento. Italy: “Fermilab, Wilson Street and Kirk Road. Batavia IL 60510-5011. United
States of America
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The Radiation Tolerant Cameras (refer to The Crvo-Tolerant Cameras
CRHCOP, edms n. 2263542 ) Y

Mature technology, different models are Industrial Solution YoungKook

available on the market

NiCYE

Cryogenic Solutions
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(a) PTZ620 (h) PTZ480 (e) Z630 (d) N29F
1
Phase at 160 degrees below zero Collaboration with
1 ey =" @ industry, R&D.
Two market solutions were found.
(e) PTZ140 (f) N35HR (g) N64HR (h) RCo11

Research topic: develop a case to use commercial, inexpensive cameras in cryogenic environment.
l Development of a camera casing suited for
= = cryogenic and vacuum applications

/4
(i) RC720 (j) RC913 (k) R942 (1) CID8712D1M

S. C. Delaquis; R. Gornea, S. Janos, M. Lithi, Ch. Rudolf von Rohr, M. Schenk, and
J.-L. Vuilleumier

Albert Einstein Center for Fundamental Physics,
Laboratory for High Energy Physics,
University of Bern,
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Work in-situ will have tight limitations for future hh detectors. Simplify and minimize the services connections is a priority

Some detectors have 1 connector per module at the — | . ]
patch panel very difficult manlpulatlons
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Best Practices for the Design of High Energy Physics : : : —— -
Detectors to be Operated by Robotic and :
Automated Systems
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Remote maintenance code of practice

For inspection and Telemanipulation
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CONCLUSIONS

* Integration of systems of heavy mass movements,
(R&D required for specific interface development for HEP
with commercial solution)

* Positioning Systems and Sensors (Control System to be developed, R&D required):
* Motion Capture Systems for absolute positioning
(Mature technology to be customized by collaboration with industry)
* Fiber optic and capacitive sensors (and others) for relative positioning
(Mature technology to be customized by collaboration with industry)
* Grids of fiber optic and capacitive sensors (and others) for relative positioning
(Products not available on the market, R&D required)

* Survey of Detectors
* Blimps and Drones for survey (Magnetic field mapping, radiation mapping, 3D environment
reconstruction) (drones technology to be customized by collaboration with industry, blimps technology at
early development stage, for both an R&D is required to assess the system behavior in magnetic field and
radiation environment)

17
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* Survey of Detectors
* Use of unmanned ground vehicles, wheeled or quadruped robots, to move
in difficult environment
(Technology to be customized by collaboration with industry,
R&D on magnetic field and radiation tolerant robots optimized
to perform tasks required in particle detectors)

* Actuators in Magnetic field
* The common and inexpensive electric actuators may not work well in a
magnetic field environment
(R&D electric actuator behavior in magnetic field,
possible substitutive actuators for autonomous robots)

* Robotics and Survey in Cryogenic Environment
* Development of a cryogenic autonomous survey system
(Not available solutions on the market, R&D on camera, power system,
propulsion system and communication)

* Development and testing of fast connection mechanisms and procedures to maintain and
operate the detectors

(R&D on new detector layout and
qualification of components in HEP environment for fast connection )

18
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