NS

‘ Controls
\<e"'l\ Electronics & BI\EAMS

Digital Twins for Mechatronics and
Robotics in BE-CEM and some other
examples at CERN LTS

o 03

Mario DI CASTRO s 182

SERIY, EISEE group MOCRAF WORKSHOP, ICALEPCS23, 8" of October 2023, Cape Town



What Is a digital twin?




What is a digital twin? Bfw

“A virtual representation of a physical asset that uses real-time and/or historical data to>~

simulate and describe the behaviour, characteristics, and performance of its physical
counterpart.”

sompiexityaevel

Functional |
requirements |
\J

Inspections | —_—
(DT, NDT, MeDcha.mcaI
CMM) : esign
\J
“Faprication™ T - —
& \ Engineering |
« Assembling : simulations

Autonomou

- s Decision
[;eC|S|ort1 Making
| _ = : uppor
; ; NO Data

E— — T Integration

; : ' twin
Pool the existing capabilities of the Comple.xi’.[y Ievgls represent a progression of capabilities, and not all
group to develop a concept of digital twins need to reach the highest levels of maturity

Mechanical Digital Twin
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Digital Twin )

Nol A

“A digital twin is a digital clone/replica of a living or non-living
physical entity in the virtual world.”

It can be a virtual model of an asset, process, product, system or system of
systems.

A digital twin can exist simultaneously with its twin in the “real world”.
Benefits of a digital twin:

*  Quality control

* Improvement & Optimizations of systems

«  System diagnostics

*  Monitoring

*  Prediction of production outcomes

Slide from Nauman Latif, EN-CV 4



Google says more...

The three elements of a digital twin

Digital twin

THE DIGITAL TWIN MODEL
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A digital twin is a digital model of an intended or actual

real-world physical product, system, or process that

serves as the effectively indistinguishable digital

counterpart of it for practical purposes, such as

simulation, integration, testing, monitoring, and

maintenance. Wikipedia

. IBM

https://'www.ibm.com » topics » what-is-a-digital-twin

What is a digital twin?

.
.
-

A digital twin is a virtual model designed to accurately reflect a physical object. The object

being studied—for example, a wind turbine—is ouffitted with ...

How does a digital twin work? - Types of digital twins .
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Digital Twins: The 4 types
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Digital Twins in Robotics - Motivation

B

Sim-to-real gap
Enables development of
advanced control
strategies by reducing
the implementation time

Al training
A digital twin allows for
the collection of big
guantities of data in
short time

DIGITAL
TWINS

In Robotics

BEW
4
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Teleoperation

enhancement
Augmented reality
Interaction control

Safety
Produces a safe testing
environment for faster
control deployment
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CRANEBOt

DIGITAL TWIN

for

CRANEBot

using Gazebo
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CRANEBOt
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Realistic simulation

/\

Models are ideal Dynamic parameters
approximations are hard to be found

Identification
IS essential

!
OPTIMIZATION PROBLEM
Find the set of parameters

which maximize the similarity
between measurement and

KINEMATIC CHAIN simulation
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SPS Robot: MIRA )

DIGITAL TWIN

for

MIRA using > _
Gazebo & % o

Unity
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SPS Robot: MIRA

« Built from GIS data DXF files

* Asingle SPS map would amount for 1,68 GB
« Set of 16 maps of ~37 MB each

« Map is representing the ground truth for SLAM

« Merging of sensor and prior maps

@ (@ET\ 09/10/2023
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SPS Robot: MIRA &)

Lave [ WE DR 008 "
Press Escape to exit Follow mode}

ilPause  Synchronization: OFf :| ROSTime: [58.66  ROS Elapsed: 58.47 | Wall Time: 137915.61| Wall Elapsed: [126.71_
Reset 31fps

"
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Challenging Teleoperation

» LHC TDE inspection CERNDot v1.0 core

M. Di Castro, Robotic Solutions for Remote Maintenance and Quality Assurance




Challenging Teleoperation

» LHC TDE inspection

Instantaneous Dose: 0.83 Sv/h . .
Cumulative Dose : 0.14 mSv 00:00:04

=~
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Current HRI of the Robotic Service
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Next Generation Graphical User Interface o)

MIXED REALITY (MR
— (MR)———

REAL AUGMENTED AUGMENTED VIRTUAL
ENVIRONMENT REALITY (AR) VIRTUALITY (AV) ENVIRONMENT
Here
Are
We
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Interface type

2D, 3D, VR, AR, MR _
synergies s o R, T ,

_———m e ——
Y

___________________________________________________

:’ Visualization ‘:
Augmented Reality
: Computer screens HMD :
/ Input devices N
I keyboard/mouse or Hands and eyes
gamepad, or space tracking, and voice :
! mouse control input
f Networking of robot, interface server, (AR HMD) ‘:
5 4G Wi-Fi Cabled Wi-Fi :
: hotspot :
/ Robot type n
5 CERNBot LHC Train i
with omnidirectional Inspection Monorail |
! wheels base with robotic wagon
_,..—eeeeeeeeeeeeeeeeE————————_—_—_—_—___—__—_a ’
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Augmented Virtuality on screens

71 mm/s
3 degreels

Linear Speed Factor:
Angular Speed Factor:

Y
€

Active Control Mode: FABRIK Position Planning (F4)

Joints Enable: J4 J5 J6 J7 J8 J9

Save PLUX
OPERATOR

STATE:Standard
Skin Response:0

s
15 [brpm]

56 [bpm]

/ Bandwidth

Round Trip Time: 2.689 ms
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Full view of environment and robot: videos and ()

N A

point clouds

\ \/ 09/10/2023 Digital Twins for Mechatronics and Robotics at CERN 20






Multiuser 2D and AR GUI

* The operator can select
between different types of
interfaces (2D/3D, AR and
2D/3D + AR).

—————————————————————

Real Robot

« There are common modules
(code, 3D objects) for every
interface.

CPP Robotics
Framework

 The user can interact with the
other users through verbal
communication or gestures.

* Flexible and modular HRI
interface.

_—
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Examples Of Digital Twins in EN-MME group

Design and production followup Live Data +
Model
liraININgataset Opuputs
Visualization.
FEA Virtual Sensors
Untrained
Situations _
Anomalies | ° Pelynomial
° gaussian processes
* neural networks
Model o
Trainin 0O
g B )\ _0
Cro
Model Feed
REAL-TIMEM
| DAT
e Real Time
Data
Courtesy of Oscar De Frutos Acquisition




Examples Of Digital Twins in EN-IM group
Information management

Courtesy of Jugen De Jonghe



TECHNOLOGIES USED IN DIGITAL TWINS

loT sensors enable constant Due to its visualization

data transmission, which is used capabilities, XR allows to

to create a digital duplicate of digitally model physical objects
the physical object

Cloud computing allows to store As an advanced analytical tool,
gained data in the virtual cloud Al automatically analyze

and easily access them from any obtained data, provide valuable
location insights and make predictions

Digital twins -> Intelligent (Data, IoT, Cloud, Al) data model with advanced visualization capabilities




Data driven reliability and data
guality

» To understand how to execute, maintain and
improve machines, data are needed
v' Key aspect is to put together data scientist,
developers and equipment experts - cross
functional learning

» Predictive analytic model of machine components
could be extrapolated from data
v Failures could be anticipated, feedbacks
for operation and quality

» Every year, poor/bad data quality costs to
organizations an average of $13 millions
v" Right data / data quality is needed - Data
reliability engineering (DRE) approach to
data quality is needed. Treating data quality
like an engineering problem

Machine
Learning
Layer

Analytics
Layer

Training - Queries -
Monitoring

Dashboard

Operation Layer
Modeling — Quality — Big Data Layer tuning

Big Data Layer

Storage - Compute — Query proxy - Orchestration

Data stack based on Bigeye solutions

Question could be: how much money will it cost?

Answer could be: how much money could be
saved in prospective?
It’'s not only about money, about SAFETY.

=~
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CERN and wireless IoT

»CERN embraced the Wireless 10T for:

v" Ground application

See S. Danzeca talk “Radiation-Tolerant Multi-
Application Wireless 10T Platform for Harsh

Environments”, WE3AOO1 paper, Wednesday during
Hardware technology WE3A session

v" Underground application -> Radiation areas!

»LoRaWAN wireless network has been deployed in the LHC Underground Tunnel
»A radiation Tolerant IoT hardware platform allow to communicate to the loT world

»CERN is moving towards a “Smart |IoT accelerator”

aepem— e Cessy T iChavi
de A LHEPA S CMS 3‘/ 3
e X" ‘;o/; i
7l y o > o
A o S %
s !
) \
| N\,

LoRaWan Coverage

Radiation tolerant IoT hardware platform developed at CERN, courtesy of S. Danzeca

=~
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Use of data to improve process reliability

» Robotic CNC solution for machining of radioactive objects
v" Problem: Robot for fine machining moves in a non ideal way breaking many end effector tools
v Solution: real time data collection of several sensors, fusion and analysis with machine learning for anomalies detection
v Discovered: problem in online trajectory generation in particular robot poses

Spindle

Contact Sensor

Accelerometer

Cutter

M. Di Castro, Robotic Solutions for Remote Maintenance and Quality Assurance 29




Conclusions @)

\

Nodl
> Digital twins are widely used in industry for engineering and manufacturing
> In robotics, we use digital twins mainly to validate designs and to prepare interventions procedures and
tools
> Is this technology still accessible? Are the infrastructure needed to make digital twins efficient available?

> Simulation and reality are still too far?

> How reliable can be this technology to be used to improve the reliability of a process?
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exchange these apples then you and | will still each have
one apple. But if you have an idea and | have an idea and
we exchange these ideas, then each of us will have two
ideas.”

George Bernard Shaw Mario.Di.Castro@cern.ch
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