
EP R&D DAY 2021
Working Package 4: Detector mechanics

CERN 
11th November  2021

Activity 2: 
Interfaces of future detectors 

for Robotic and Automatic 
Systems

Lorenzo Teofili

On behalf of WP4

https://indico.cern.ch/event/1063927/



2

GOAL OF THE ACTIVITY

GOALS OF THE ACTIVITY
• Developments of guidelines for the design of interfaces between future 

detector and robotic/automation systems 
• Conceptualization of the robotic/automated systems to make them work into 

the detector environment (with radiation and magnetic field background).

TWO BENEFITS OF AUTOMATION AND ROBOTIZATION:

• TIME OPTIMIZATION, less time is spent for maintenance more time 
available for physics

• SAFETY, reduced need to send personnel in radiative environment, dose 
saving

More detail on EDMS documents 2588887 and 2632093 
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Potential use-cases requiring design on the detector-robot 
interfaces:

Automated detector opening and insertion of radiation shields 
Robotized service disconnection 

Tracking detector Insertion and extraction
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Courtesy of  KUKA

https://www.kuka.com/en-de/industries/solutions-database/2016/07/solution-robotics-airbus


ROBOTIZED SERVICE DISCONNECTION

Optimization of the connector design to be manipulated by a robot
Tests on the effective manipulation (both kinematics and dynamics)
Tests on cable disposition in patch panel for optimal robotic manipulation, 
cable direction, gripping orientation.

Simulation of 
robotic operation 
on a patch panel

Tests on cable 
disposition in patch 
panel for optimal 
robotic manipulation

Experimenting with QR 
codes for plug recognition

Robot view

Lateral view

QR code

Recognized
QR code
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Potential use-cases of robotics platforms:
regular inspections and fault detection also in very 

confined, inaccessible, highly radioactive detectors’ areas



QUADRUPED
ROBOTS FOR DETECTOR’S CAVERN INSPECTION

TOOLS TO CARRY FOR 
RADIATION SURVEY

RADIATION 
MEASUREMENTS

AUTOMATIC 
INSPECTIONS

TOOLS TO MEASURE RADIATIONS

Courtesy of 
Boston DYNAMICS

ANYbotics, ANYMAL C 
MOVING 

AUTONOMOUSLY ON 
STAIRS

Boston Dynamics 
SPOT

ANYbotics Visit in the ALICE 
experiment, ANYmal D in the 

CAVERN

CERN Visit at the 
ANYbotics Zurich 

Headquarters

RADIATION 
MEASUREMENTS

SPOT
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https://www.anybotics.com/
https://www.bostondynamics.com/spot#:~:text=Spot%20is%20an%20agile%20mobile,safely%2C%20accurately%2C%20and%20frequently.


MINI QUADRUPED 
ROBOTS FOR INSPECTION IN CONFINED SPACE

BITTLE TESTS

ASSEMBLY 
PROCESS

CERN 
Network

Control Room

Commands

COMMUNICATION

3 items bought 
in January 2021
assembled and 
partially 
programmed 
at CERN

Network Bridge Configuration: 
Commands travel the various robots to 

reach the last one that executes the 
commands. Implemented at CERN
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10 cm
The main 

application:
Inspection of 

Confined Spaces

https://create.arduino.cc/projecthub/RzLi/petoi-bittle-bbfb96


BLIMP SYSTEM FOR 
ENVIRONMENT MAPPING

FCC-hh simulated detector magnetic field map

Concepts of BLIMPS 
inspecting a detector

Two commercial Blimps 
available at CERN.

Dynamics and control of 
the Blimps under 
investigation In 
Collaboration with the 
University of Rome la 
Sapienza

Blimp Control Analysis performed 
with arbitrary blimp dynamic 
parameters, measurements of 
the actual parameters on going 

FCC-hh
Detector

811/11/2021 EP R&D WP4 | Activity 2: Interfaces of future detectors for Robotics | Lorenzo Teofili

Example of simulated desired and controlled trajectory of a blimp 
considering the FCC-hh magnetic field

Blimps dynamical model building

The main application:
Environmental 

Mapping

Blimp Trajectories

https://link.springer.com/content/pdf/10.1140/epjst/e2019-900087-0.pdf


Testing Electric Motors 
in Magnetic Fields

EC MAX 283840

A POSSIBLE CHALLENGE: THE 
MAGNETIC FIELD ENVIRONMENT FOR MOTORS

Investigation on the magnetic field effects on 
electric motors for the CERN experimental 

physics department R&D project

Set-up
Magnet provided by 
EP-DT-DI

Magnet

Feeding Voltage 12 V Feeding Voltage 24 V 

Zoom

Robot Motion Analysis Under 
Magnetic field

n5
Target

n6
Target

Electric motors works up to a certain value of the 
external magnetic field

Maximum magnetic field in CMS at 
points reachable by blimps
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There is no major variation on the  targets’  motion 
for  magnetic field values between 9 and 300 mT

1 pixel = 0.33 mm



Blimp payload design

Improve motion and view capabilities 
test of the network bridge 
communication

FUTURE WORK

ROBOTIC SYSTEMS

CERN Network

Tests in the CERN 

Environment

INTERFACES
Implement a motion capture 
positioning system

Implement an automated system for 
tracker extraction (Concrete example 
ALICE3tracker)

Implement techniques for 
designing optimal 
robotic/automation interface 
components on components to be 
built as the ALICE3Patch Panel

ROBOTIC SYSTEMS
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THANK YOU FOR YOUR ATTENTION
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