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SULEIL Collision Avoidance Systems
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How to handle collision risks with
motorised systems — violated/overlapping
workspaces
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SLEIL

Collision Avoidance Systems

Static-CAS: Proximity- or touch- based

A
y

sensors (with PLC-controller configurations

Dynamic-CAS: Combining 3D-models

and encoder feedback to avoid collisons
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Collision Avoidance Systems in SOLEIL
‘Dynamic-CAS In the MARS Beamline
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SULEIL Contenu

SYNCHROTRON

* Introduction
— [MARS] 2D Detector Support
— Control Configuration

* Dynamic-CAS at MARS Beamline
— Principle & Implementation

« Results
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SULEIL Introduction
[MARS] 2D Detector Support

2018, MARS Beamline
(Extract from ‘D. Menut — Jouvence support motorisé CX3 — 05/09/2018)

« ... Concevoir & Realiser un systeme d’axes motorises
codés pour le support et le positionnement des
détecteurs 2D exploités sur le poste d’analyse CX3 de
la ligne MARS ... pour la réalisation d’expériences de
XRD (poudres et monocristaux), SAXS et GISAXS ... »
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SULEIL Introduction
[MARS] 2D Detector Support

Incident X-ray beam

SAXS: Small-Angle X-ray Scattering
GISAXS: Grazing-Incidence X-ray Scattering
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SULEIL Introduction

_ _ _ [MARS] 2D Detector Support
« Significant increase Iin the

measured angular range
(with 2D detectors)

2D Detectors

Sample

Aceau de RX incident

H=620 mm

Ts . 680 mm

L A

F 3

320 mm
Table CX3
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Introduction
[MARS] 2D Detector Support




SOLEIL Introduction

[MARS] 2D Detector Support

MOtorlsed AxeS RX « Guillotine »
. TX air pressured activated visiere
Detector Support to protect detector

TS Big movements ( 260 deg, >0,9m) :
Heavy weight(-> ~50kg) At ‘ DeteFtors
R X High resolution : With SUPPerted mass
of up until 50 kg

TX-Beamstop

Beam-Blockin
TZ-Beamstop &

s
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> Introduction
CO ntrol Configuration

e |

TANG: 3. Control System ‘

« Controller / amplifier selection criteria

— [TX, TS, TX-Beamstop, TS-Beamstop]
4 stepper motors (standard)

— [RX] (High-speed, High-torque)
1 brushless motor (Current++, Voltage++)

— Capable of continuous anti-collision avoidance
calculations

Controller: Powerbrick LV
Driver: GeoMACRO
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* Introduction
— [MARS] 2D Detector Support
— Control Configuration

* Dynamic-CAS at MARS Beamline
— Principle & Implementation

« Results
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SULEIL Contenu

SYNCHROTRON

* Introduction
— [MARS] 2D Detector Support
— Control Configuration

* Dynamic-CAS at MARS Beamline
— Principle & Implementation

« Results
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SULEIL Dynamlc CAS at MARS Beamline

SYNCHROTRON

system 3D-Mode| —peed Principle & Implementation

e '“The Dynamic-CAS project is part of a
7' comprehensive approach to global
. collision avoidance:

e Static (ex: PUMA, NANOSCOPIUM)
* Dynamic (ex: MARS, ANTARES)

;Col IISIon Avoldance System:-:; ~
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SULEIL Dynamlc CAS at MARS Beamline

' system 3D Model Principle & Implementation

echanical
Engineerin



SOLEIL Dynamlc CAS at MARS Beamline

o System 3D_Model — Principle & Implementation

e v
4/ Simulations & Collision Detections

@ Anticollision equation generation)
g

@ Controller algorithm integration >

_@
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SOLEIL
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aklc: CAS at MARS Beamline

Principle & Implementation

System 3D-Mode|

| =
@ Controller algorithm integration ) SolidWorks

@ R
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SOLEIL Dynamlc -CAS at MARS Beamline

SYNCHROTRON

" system 3D-Mode| Principle & Implementation
o e e ‘

Isolated Files

@ Anticollision equation generation )
@ Controller algorithm integration )

i > Bt R

.ﬁif'f:_CO"ISlon Avmdance System e



SULEIL Dynamlc CAS at MARS Beamline

-, e Principle & Implementatlon

@ Anticollision equation generation

@ Controller algorithm integration

@

e e s ETREE
s Jn.ﬁ et

T < -

Lolluswn Avoldance System T



SOLEIL Dynamic- CAS at MARS Beamline

e System 3D_Model ——— Principle & Implementation

— - — - MATLAB: Calculating all collision-points
@ Anticollision equation generation> using 3D-Files and kinematics

~ —

- N2

@ Controller algorithm integration )
V
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SOLEIL Dynamlc CAS at MARS Beamline

Phcey System 3D-Mode| — Principle & Implementation

MATLAB: Calculating collision
boundaries from point-cloud data

Eqatuons in the form:

Ay + a1x1 + arx, + -+ apx, <0

by + bix1 + byxy, + -+ byx,, <0

Co+ C1xX1 +Crxp + -+ cpx,, <0
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- 5 Principle & Implementation

SOLEIL Dynamlc CAS at MARS Beamline

Ensemble d’équations de la forme :

Ag + a1x1 + arx, + -+ apx, <0
bo + b1x1 + bzXz + -4 bnxn <0

| v CO+C1X1+C2x2+"'+Cnxn<O
~ Simulations & Collision Detections

&
@ Anticollision equation generation)

Algorithme intégré au contrbleur
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SULEIL Contenu

4
/" SYNCHROTRON

* Introduction
— [MARS] 2D Detector Support
— Control Configuration

* Dynamic-CAS at MARS Beamline
— Principle & Implementation

 Results
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SULEIL Results
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MARS Support Detecteur

2021-02-12: Tests anti-collission (Video 3X)
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SULEIL Results

SYNCHROTRON

MARS Support Detecteur
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e
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SULEIL MARS Dynamic-CAS: Results & Conclusion

SYNCHROTRON

« The MARS Dynamic-CAS is functional, proving consistency
from 3D-model environment to real-world controller
Implementation

— Complements static-CAS systems (as those which are installed
in PUMA and NANOSCOPIUM beamlines)

« Project prompts close collaboration between:
Mechanical Engineering/Motion Control- Engineering

» Areas for improving the method: How to improve collision
detection algorithm (and scale it with number of axes),
equations simplification, etc...
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