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Specialization

✓ Complex electronics

✓ Safety Critical Systems

✓ Autonomous & software 

defined systems

Who are we?

System, safety and 

reliability experts

✓ Specialization in complying 

with the highest quality 

standards for safety/availability 

critical missions 

Digitalization of 

systems engineering

✓ Development and extension of 

model-based software tools for 

digitalization of the system & 

safety engineering process

The company

✓ Spanish SME - Founded in 2019 – ESA BIC Madrid

✓ Team of 30 system /RAMS /MBSE engineers

https://www.anzenengineering.com/sectors/
https://www.anzenengineering.com/
https://www.anzenengineering.com/innovation/


ESA Business Incubation Centre

Network of incubators supporting tech & space start-ups in Europe
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• Partnership between ESA and local institutions to 
support entrepreneurship

• Initial grant and commercial and technical 
assistance to launch the company

• Focus on technology transfer from space to other 
sectors (spin-off) and from other sectors to space 
(spin-in)

• Anzen joined ESA-BIC Madrid in 2019 with the 
mission of improving safety & reliability 
engineering in the space and advanced air mobility 
sectors



Outline

• Introduction to digital engineering
• The systems engineering process

• Framework and tools

• Safety and dependability analysis

• Wrap-up and future work
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Mission and 

system 

conceptual 

design

Detailed design Implementation

Integration 

and tests



The systems engineering process
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Model Based

Systems Engineering (MBSE)

Model 

Based 

Design 

(MBD)

Digital 

Twin

Model Based Safety Analysis

Mission 

concept

System 

design

Sub-system / 

components

Use of digital tools to support the systems engineering process

Requirement management 

tools

✓ Software data base

✓ Enhanced traceability

✓ Customization and reuse

Model Based System 

Engineering

✓ Interoperability with 

requirement tools

✓ Systems architecture

Model Based Design

✓ Interoperability with MBSE

✓ Systems prototyping and 

detailed definition

✓ Simulation

✓ Automatic code generation

Digital Twin

✓ Enhanced virtual 

representation of the 

system

✓ Multi-physics simulation

✓ Operational scenarios

Product Life cycle 

management

✓ Configuration 

management and version 

control

Model Based Safety 

Analysis

✓ Interoperability 

✓ Centralized source of 

information

✓ Semi-automated analysis 

and documentation



Framework and tools
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Model Based

Systems Engineering (MBSE)

Model 

Based 

Design 

(MBD)

Digital 

Twin

Mathworks

Simulink

Mathworks

SystemComposer

Mathworks

RequirementsToolbox

Mathworks

Simscape

IBM

DOORS

IBM

RHAPSODY

ANSYS

SCADE

CAMEO
Systems Modeler

SIEMENS

TEAMCENTER

SIEMENS

POLARION

CAPELLA

Model Based Safety Analysis

Use of digital tools to support the systems engineering process



Framework and tools
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Model Based

Systems Engineering (MBSE)

Model 

Based 

Design 

(MBD)

Digital 

Twin

Model Based Safety Analysis

ATICA Framework

ATICA 

@reqs

ATICA 

@mbsa
ATICA 

@fdir

ATICA @rpf

ATICA @dt

ATICA 

@mbd



ATICA Model Based Safety Analysis
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ATICA

MBSA

Safety & Reliability 

Analysis Backends

Requirements

Product Lifecycle 

Management

Model Based Systems 

Engineering

Model Based Design and 

Simulation

Atica4Capella

On going

On going

prospect

prospect

CAMEOCAPELLA

SIMULINK

SCADE

RHAPSODY
DOORS TEAM

CENTER JAMA

TEAM

CENTER
WIND
CHILL



Outline

• Introduction to digital engineering

• Safety and dependability analysis
• Model-based systems engineering and RAMS

• Systems analysis

• Logical and physical architectures

• Wrap-up and future work
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MBSE & RAMS framework
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Model-based 

systems engineering

(Arcadia)

Requirement 

management

Model-based 

safety analysis

(Atica)

Tailored to ECSS, 

INCOSE, etc.

Operational 

analysis

Systems 

analysis

Stakeholder 

needs

Functional 

requirements

Feared Events 

Analysis
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Physical 

architecture

Design and 

simulation

Implementation 

requirements

Fault Tree Analysis, 

FMEA / FMECA

Reliability 

PredictionV&V 

requirementsE
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Implementation in Capella
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FMEA & FMES



Implementation in Capella
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Failure of one OBC.PM & one RTU.Board

✓ Extended system model: logical architecture + failure specifications

✓    Fault Tree Analysis
Failure 

propagation 

model



Adaptation to ESA SysML Solution
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ATICA

Model-based

safety & 

dependability 

profile

ESA SysML solution



Implementation in Cameo
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Requirement diagram

Behavior diagrams

- Use case

- Activity diagrams

- Sequence 

diagrams

- …

State machine

Support to RAMS analysis

• Feared Events Analysis

• Functional Hazard Analysis



Implementation in Cameo
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✓ Menu actions

✓ Customized 
buttons

✓ New object 
stereotypes with 
custom properties



From models to formal specification
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.slim

Model parser: 
SysML (System Composer) 

to SLIM/AADL (TASTE/COMPASS)

Analysis backends
FMEA

Reliability Block Diagrams (RBD)

Fault tree analysis (COMPASS)

Model checking (COMPASS)



From models to formal specification
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Modelling viewpoint

Guard

Effects

Triggers

Transition 
specification

Transition condition specification
[ trigger when guard then effect ]

Implemented features:

✓ Mode/state declaration

✓ Mode/state transition

✓ Mode/state transition criteria (guard) and effects

AADL/SLIM file



Outline

• Introduction to digital engineering

• Safety and dependability analysis

• Wrap-up and future work
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Wrap-up and future work

Key takeaways

✓ ATICA is a model-based safety and dependability analysis framework

✓ ATICA could be adapted to multiple MBSE frameworks and modeling 
methodologies
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ATICA simplifies the job of systems and software 
architects by providing a consistent framework 

covering from conceptual design up to 
hardware & software implementation



Wrap-up and future work
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Future work

✓ Consolidate the framework and extend its functionalities towards 
software engineering
✓ Hardware and Software Integration Analysis (HSIA)

✓ System correctness (model checking and formal analysis)

✓ Dynamic and autonomous systems (FDIR)
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Pablo Lopez Negro

        Head of Innovation

pablolopez

@anzenengineering.com

María Alonso López

        PA & RAMS Lead

mariaalonso

@anzenengineering.com

mailto:pablolopez@anzenengineering.com
mailto:pablolopez@anzenengineering.com
https://www.anzenengineering.com/
mailto:pablolopez@anzenengineering.com
mailto:pablolopez@anzenengineering.com
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Backup slides



Model-Based Systems Engineering
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ECSS-E-ST-10C Rev1 – System Engineering General Requirements

tailoring

CAPELLA / ARCADIA - MBSE Framework



Model-Based Systems Engineering
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ECSS-E-ST-10C Rev1 – System Engineering General Requirements

Mathworks

SystemComposer (SysML)

tailoring

Adaptation to MBSE frameworks



Model-Based Systems Engineering
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Adaptation to MBSE frameworks

Software architecture System-Safety metamodel

Model-based

safety & dependability profile



Implementation in Capella
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