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A Who are we? What we do?

A Our Capella-based systems engineering
workflow

Summary

A Which softwares are we integrating with
Capella?
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Synchrotron Laboratories

In essence, gian and powerful microscopes!

A Large scientific infrastructure that produces a broadspectrum light, used to
investigate the structure of materials and their interactions in high resolution

A Recently upgraded to 4 generation, granting better imaging capabilities at its

beamlines
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4™ Generation Synchrotron Labs

Recent greenfield or upgraded facilities

A Upgraded magnet arrangement for granting better light properties through better electron

focalization and trajectory stability (~1001000x gain from previous generations!!)
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A Not the Obeo Eclipse tool, but a particle
accelerator instead! J

A 2nd Synchrotron Laboratory in Brazil,
replacing the 1st one (UVX: 1989-2019)

CNPEM/Sirius A One of the brightest lightsources in the
world, having only 3 other comparable at
the moment (all in Northern Hemisphere)

A Researchfacility open to usersworldwide
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CNPEM

A CNPEM

A # 3 J BNatigrial Center for Researchin
Energy and Materials B CNPEM

A 4+1 National Labs

A LNLS/Sirius B Synchrotron Lightsource

A LNBRDBio-renewables

A LNBio B Biosciences

A LNNano B Nanotechnology

A LNPP/Orion BMax. Biosafety (construction)

A Beamline Eng. Division (DEL)

A MArE Group B Modeling and Architecture of
Experimental Systems

BRAZILIAN GOVERNMENT

MINISTRY OF
SCIENCE TECHNOLOGY MIL
AND INNOVATION
UNITING AND REBUILDING




Sirius/LNLS People

Divisions and Groups
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Electronic Instrument .
Fernando Cardoso
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Optical Systems
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A Scientific groups work together to create
experiments that meet industry and
scientific comunity needs

A Engineering groups work together to
create instruments that meet
scientific/experimental needs

Beamline Design A Synchrotron Beamlines are custom-built to
addressa specific group of techniques,
designedto extract specific information
from the analyzed materials

A A synchrotron lab may host dozens of
Beamlines, all working simultaneously
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Sirius Beamlines &
Phase | beamlines (2019D 2023)

CARCARX | EXTERNAL USER$

-

A 15 beamlinesbuilt in ~4 years!

A 11 currently open to users ‘
| '}
A ~

A 2 in commissioning phase

A 2in assemblyand installation phase ’
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Sirlus Beamlines
Phase Il beamlines (2024D2028)
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Beamline concept and complexity




What Is a beamline?

Common System decomposition

SOS Beamline

Systems

M Od U I eS Detectors

Experimental

Front-End St

Infrastructure

Sample
Enviroment

Sample
Loader

Microfluidics Heat

Components Cryogenics

PartS Sensors
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SIRIUS: 3GeV, 4tgen |
Brazilian Synchrotron *
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SIRIUS: 3GeV, 4tgen A
Brazilian Synchrotron %\\\
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What IS a & i . KB Fluorescence
beamline?

) Transmitted
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SIRIUS: 3GeV, 4then
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SIRIUS: 3GeV, 4tgen |
Brazilian Synchrotron *

What |S a & . | KB Fluorescence
beamline? |

Ry Auxiliary Transmitted

Rotary Stage Luminescence

Scattered &
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Sample manipulation System
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SIRIUS: 3GeV, 4tgen (17
Brazilian Synchrotron

What IS a ' S - KB Fluorescence
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TARUMA Station =

S in situ, in operando, in vivo
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TARUMA Station

Cryogenic Setup

A 2Ja°cKX ©oXxaexsJoAsx ©°]

A Thermal variations must cause minimal
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MOGNO beamline

Micro and Nano tomography

A Zoom from 50 to 0.1 £m resolution — BCDIPOLE

A In-situ experiments with rocks in pre-
salt reservoir conditions

A Various tomography experiments

HORIZONTAL FOCUSING MIRROR

ATTENUATOR KBS MSRROR
FAST SHUTTER
s _“-m_'
Secondary Source Nano-focus &.‘{
0.3 (H) x 800 (Vjrm? 120 (H) x 120 (V) nix &

3/:)03::) 22 keV M1 30000 2000 / MOVING SAMPLE
X FWHM = 0.30; 20000 {oad J .

‘ ‘ 10000 3

400

[N
(=3
o

s DETECTOR

§ T
0 = 0.0 =
fod N
.g
-200 > -0.1
-400 g

BRAZILIAN GOVERNMENT

10 0 -10 =05 00 05 1.0 2000 1000 0 —-0.30 ~0.15 0.00 0.15 0.30 MINISTRY OF 4
Horizontal [um] X [um) 24 SCIENCE TECHNOLOGY | |
AND INNOVATION |




Why Systems

Engineering for
Synchrotrons?

@ ") enPem

LNLS

A Beamlines are Complex Systems:
A Highlyconnected:;
A Performanceis highly sensitive to more than one module;
A Often present competing requirements (i.e. temporal
resolution vs. Spatial resolution vs. Environment
conditions);

A Many different stakeholders often involved

A Different languages
A Different points of view;
A Different restrictions and needs;

A # X J 2 K lifeccyde often includes upgrades
to keep up with scientific community demands

A Many Beamlines areyet to be built (~25)
A Reusabilityopportunities;
A Technologicalheritage opportunities;
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A First institutional application of formal SE
and MBSE started in 2023

A Better capabilities demands better
performance, and pushesfor technological
advancement

First steps in SE and
MBSE implementation! A Many collaborations starting inside and

outside Braazil

A Goal: to start showing value in improving
future projects with quick-and-easy
application of SEand MBSE concepts
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Systems engineering workflow for
Sirius
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Motivation
According to INCOSE

' Feasibility Stud
s.ystem /Concept
FCiEEe) Exploration
-\

Lifecycle Processes

Operations Changes - 2
and and ::;;im
Maintenance grades

| System
" Validation

System VerificationPlan
(System Acceptance)

Subsystem

VerificationPlan  /
- {Subsystem Acceptance) :
High Level ), Toom 7eesertd / Subsystem
Design Verificatio
2, . Unit / Device
-] Detailed '\ TestPlan nit/ Device
2. Design - Testing
Z ‘
%

Software IHéMW Document/Approval
Implementation
Time Line Development Processes
fo

Ref. www.ppi-int.com

Systems engineering
promotes structured
processes and
interdisciplinary
collaboration, leading to
more efficient project
execution and clearer
communication  across
teams.

A Fast Growing

A Experience

A Complexity

MINISTRY OF
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System Engineering Workflow

Overview

2
-
©

System Interfaces
& Capabilities

Functional Analysis +
Solution Generation

Raw requirements &
Stakeholder needs

Trade-off analysis

E— - )
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. TraceCloud
Reﬂb Scenarios diagrams
—— ===
(St SYS OO,
O O O O
O O /' }[
f s:bs;ste_mZ_ o \I
O O O
O O j'

Modularization

Concept documentation +
requirements

We propose an (ideal)
Systems  Engineering
workflow for CNPEM,
to gather and manage
requirements and
architect our systems.

The proposal is a fusion
of our current design

workflow and the
traditional one
proposed in ES Each
step is described in the

following slides.
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System Engineering Workflow
Problem Domain B System Interfaces & Capabilities

Define Use Case
Scenarios (how our
Top Level Use Cases system interacts with
s Use Case Scenario external actors). The
definition of interactions
between users and
{ systems could be done
femline Staff / User here to clarify roles and
responsibilities. Identify
technology gaps to
explore

: Input experiment
parameters

Select Operating
Crystal

Polarize Beam /
O Send Information

Detectors

A Stakeholders

Beamline

A Interfaces
A Benchmark




System Engineering Workflow — [RGRS Saa

Problem Domain B Requirements Engineering =

Gather raw requirements
from stakeholders and
refine them into more
descriptive and detailed
ones. If needed, break
down raw requirements
Into more than one
refined requirement.

A Rewording

A Rationals
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System Engineering Workflow

Problem Domain B Requirements Engineering

E Gather raw requirements
! from stakeholders and
refine them Into more

:0":"'03‘: . e ———————— descriptive and detailed

e ' | o e ones. If needed, break
mm———eieen nestdetmdie a1 alyariey ottt down raw requirements
T o AL 1T~ . : iInto more than one
.l ey e o ' refined requirement.
LI 1Tt . I1L L BN uS .
— R - :

\
Y

A Functional vs Nonfunctional




System Engineering Workﬂow

Problem Domain b Experiment Structure

Actor

System

Actor

System

mmmmm

Action 3 -Report 3 —pp

Action 3 -Report 3 —pp

Action

4

Report 4

Report 4

i
ERE

EXP 1

SYS U

Activity Diagram

Function A

Function B

Function C

Function N

% O CNPEM

Map the possible uses
of the system,
experiments, safety
procedures, and
maintenance. In-depth
understanding of what
the system  should
accomplish. Try to keep

the problem solution
neutral and identify the

critical steps and
interfaces In the
expected workflow .

A Mission and capabilities
A Actors and Entities
A Abstractions




System Engineering Workfi
Solution Domain b Solution Proposal R

S S\/Stem functions.
: Bo, 4 - . Propose different

[ suncions J—{ runceens | P y 4 . Il solutions set to explore

! el ~ : interfaces between
components. Define
possible spin-offs of sub-
systemsfor internal P&D.
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System Engineering Workflow

@ O CNPEMm
Solution Domain b Trade-off Analysis

Confront different
solutions {o] the
expected functions and
o T different sets  of
o solutions to compose
_ the system. Model the
E solutions to perform a
3 trade-off analysis
%89
2 A Performance
A Cost
005

A Schedule

A Low-fidelity models

35
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System Engineering Workflow R O ereen

Solution Domain  Modularization oo] Identify Subsystemsand

Mogno Modules DSM QOQC)O their related

possson requirements and
functions. Minimize

interfaces between

LR LIk subsystems Aggregate

similar functions and
e . consider LNLS

Baroe I}

17| Estigio Ry 0 74| 1 1 I
T - organlzatlona structure
517] Estigio XZ () EE
&17] Matrologi 100} ¥
&i7] bickes Tarmice (1) 11.0} and Workg roups .
17| Slig Ring ()
&17] UniSic Ratetiva {f} 13.4)
20| Barca {5) 14,0}
20| Estigio Ry (5} 154}
Estigic Ry Ausciiar (5] 1.0}
20| Estigic XL (5] ;
20 Estigio XZ (5] 12}
20| Estagic ZL (5] 13,0}
20| Micko Térmics (5) 20

A DSM

A Interfaces

A LNLS teams

Cenjurte da troca Infericr
Cznjurts de ez Suparir
Basa da Transfarancia
&6 Plataforma de i Bl MINISTRY OF
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System Engineering Workflow R
Solution Domain P Sub-system Consolidation |~
F — - i — Create = documentation
L s O | T ="l ond  models  from
| © = A== requirements,
| Spmineces Mewreamenas  fefped T See— subsystems, and physical
| i modules and share them
: S : with other teams (DEL

—————— I
I == 1 and/or MATE).
: - :
: Functional Analysis + Modularization Concept d?cumentation + |
I Solution Generation requirements I
—————————————————————————————— N [ |

\

\

\

¥

4[ Documentation/Model A Model x Document
. A Interfaces

MArE

A Solution Concept
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Systems engineering software workflow
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System Engineering Workflow

Solution Domain - Model Federation Integration

1 U Raw requirements compilation
X U 1st rewording U Functional analysis,Documentation
U Understanding of rationales U Function and requirement connection

U Solutions alternatives
U Conceptual design

=: Capella
.=H=.

U Physical Models connections
U Trade-off, sensitive and robustness
U Solutions results vs requirements

tracecloud c... s
) . . o PVINIT
U Requirements rewording and IS Py4Capella
management S M2Doc
U Functional vs non-functional Qg,c‘? Reg. \Wiewpoint
U Requirement parameters target values $
&L Ansys IMCr Capella Connector

U Documentation

‘e |:|| g U Groups interface
kqm U Agreements

U Translation from .csv to reqif
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Spec Collection

Requiremement
Rationale

Status

Stakeholder
Responsability
Derived from

Type

Stakeholder Need
Stakeholder Constraint
System Reuireement
System Constraint
Verification

Test

Analysis

ACRONYMS
Brazilian Synchrotron Light Laboratory

Model to list and manage requirements for the TIMBO beamline, part of the ORION project.

Stakeholder
Brazilian Center for Research in Energy and Materials Approved CNPEM Direction
Soft and Biological Matter Division Denied LNLS Direction
Deputy Direction of Technology TBC DMB Direction
Brazilian Biosciences National Laboratory TBD LNBio

Ministry of Health DAT

Ministry of Science, Technology and Innovation Federal Government

To be confirmed Ms
To be defined MCTI

To be specified Engineering Team

Scientific Community

GLOSSARY

INTRODUCTION

AFTER (implementation objectives)

A Documentation of Design Rationales (Requirement Tracking)

&

LNLS

A Impact analysis for design changes or subcomponents

A Repurposing common requirements in similar projects

Concernment

Qrion project

QOrion project

Orion beamlines
Applications and Biosecurity
Orion building

Project funding

Project funding and Biosecurity
Project funding

Project Design

Applications

Stakehalder Constraint
System Requirement

Verification Priority Good practices
Test 1 Yes

Analysis 2 No

Inspection 3 TBC
Demonstration TBD TBD

MVP

Simulation

Modeling

Metrology

TBD

r ' CNPEM
(S

Spreadsheets for requirements and restrictions managementMArEgroup)
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