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Capella for Modelling CubeSat:

BLUE CE

Tailored SE Process for Leveraging Model-Based Systems Engineering
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Speakers BLUECEL

About BlueKei Solutions
BlueKei Solutions offers consultancy services for Enterprises and Startups, specializing in establishing Digital
Engineering practices in organizations through Systems Engineering methodologies and MBSE.
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BLUECEI
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CubeSats today, in a nutshell BLUECEI

“small but clever”

Recent Developments:

Swarm Missions

Interplanetary Missions
Commercialization and Standardization

Application: Design & operation of a CubeSat with weekly Picture Credit: NASA
revisits to City A, City B, City C having a downlink station
in City D.

» Weekly Revisits to each location

* Collect images for the region of interest for 40min
* Discontinuous Coverage

* No onboard intelligence
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BLUECEI

Where lies the complexity?
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Where lies the complexity?

CubeSat Mission

» Mission Objectives

* Launch & Deployment

* Operations & Data Management

« Autonomy and Error Handling

« Communication and Ground Stations

« Safety and Compliance

BLUECEI

CubeSat as a ‘System’

* Subsystem Integration

* Miniaturization

* Resource Constraints

» Testing and Verification

« Standardization and Compliance

« Multidisciplinary Team Coordination

To name a few..



Common Challenges

Regulatory
Budget Compliance
Requirements &
Constraints

Rapid Development
Timelines Reliable Ground

Communication

Limited
Resources Integration &
Compatibility
Risk Management

Software
Development Testing &
Verification
Project
Management Launch
Opportunities
Power
Management

BLUECEI
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BLUECEI

How does SE and MBSE help manage complexity?
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Common Challenges —-SE Approach

TECHNICAL CHALLENGES

Budget
Requirements &
Constraints

Testing &
Verification
Limited
Resources
Integration &
Power Compatibility
Management
Software

Development

Reliable Ground
Communication

Launch
Opportunities

Regulatory
Compliance

BLUECEI

MANAGEMENT CHALLENGES

Project
Management

Rapid Development
Timelines

Risk Management

Configuration
Management
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Vee Model BLUECEI

Mission
Analysis MRO
Engineering
Architecture Integrated and Model
Development driven Testing Tools
- Unit Testing Tools
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BLUECEI

Digital Thread- Traceability

Operational Scenarios M Stakeholders Stakeholders Req Ml System Req Logical Archf \ Logical Arch2 Physical Arch m
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Scope of Modeling BLUECEI

/Mission

Operational Analysis | Analysis - - MRO
System Analysis Requirements - - Commissioning
Engineering
Integrated and Model
/ driven Testing Tools
- Unit Testing Tools

Architecture
Development

FLP Architecture \
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BLUECEI

How does system model contribute to dealing
with the technical-management challenges?
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Common Challenges BLUECEI

TECHNICAL CHALLENGES MANAGEMENT CHALLENGES
EUdg?t ts & : Project
equirements Reliable Qrognd Management
Sl , Communication
Testing &
Verification
Limited F\’_apid_ Development
Resources L aunch Timelines
Opportunities
Integration &
Power Compatibility Risk Management
Management
Regulatory
Software Compliance Configuration
Development Management
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Operational Analysis

BLUECEI
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Provides:
v High-level operational activities
v Sequence of operational
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Provides:

v Operational Context
Diagram

v Breakdown of relevant
external entities

v Assurance of no external
entities missed
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Common Challenges BLUECEI

TECHNICAL CHALLENGES MANAGEMENT CHALLENGES
Budg_et _ Project
Requirements Reliable Qrognd Management
& Constralnts Communication
Testing &
Verification
Limited Rapid Development
Timelines
Resources Launch
Opportunities
Integration &
Power Compatibility Risk Management
Management
Regulatory
Compliance
Software Configuration
Development Management
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System Analysis

ject Manager fec

Proi
Deploy Service Provider X
fequlatory Agencies

Concept of
Operations
External Entities

Environment

Lifecycle Stages
of SOI

Provides:

v Stakeholders for the
system of interest

v Standards & Regulations
to be considered for

providing requirements for
S0l

BLUECEI

" Stakeholder
Needs

D Requirement

1. The project shall gather daily

pholographs of the earth

Mission
Requirements

Operational
Scenarios )
-oc

L LEY v BE

Provides:

v' Capabilities related to
each mission

¥v' Capabilities traced with
concerned Stakeholders

v' Capabilities traced with
requirements

3

Stakeholder
Requirements

Conceptual
Design

Standards &

Regulations

-

Provides:

v’ External Interfaces on System
Boundary

v System-External Systems
Functional Architecture

¥’ System Functions and Interactions

4

1. Thg project shall gather
photographs of the earth

11 The spacecraft shall be capable of
transmitting at least one image per
day on orbit

111 The COM system shall transmit
image data at a minimum of TED
bps
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Common Challenges BLUECEI

TECHNICAL CHALLENGES MANAGEMENT CHALLENGES
Budget .
Requirements & Reliable Ground mr’;gemem
Constraints Communication
Testing &
Verification :
Limited R_apld_ Development
Resources Launch Timelines
Opportunities
Integration &
Power Compatibility Risk Management
Management
Regulatory
Compliance
Software Configuration
Development Management
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Architecture BLUECEI

System
Aiur?f:tm? - R Provides:
el i . p— . v Logical Functions
: - - ¥ Logical Components/ Actors
= ==t ey ¥ Component Interactions
=} T v Data Flow

Logical
Components

System
Actors

1]

Logical

Functions Provides:
¥' Physical Components/
’ Actors
Logical v Interfaces Definition
Components/

¥ Physical Data Flow

2

Actors
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System Model- Observations BLUEKEI

ul{
8, telemetry "l,"teiemetry data Read 8% read telemetry Procecs 8% processed telemetry T
@" Read Telemetry @" Setnc_ereIemetry @" Housekeeping @'{ Hosekeeping @" Telemetry Data
o Trasceiver Telemetry Telemetry to Ground

V';; elemetry

i Receive
@ Telemetry from
Space Segment|

Vl)"telemetry fron space segment

* Functional chain for impact on dependent functions
« Impact of functions from operational scale

» Development Assurance Planning based on impact of functions g e
« Mitigation and redundancy planning

"_)"teleme ry to MOC

¥ Receive
© Telemetry

Analyse the

@& Housekeeping
telemetry
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System Model- Observations BLUECEI

Model File

Interface Control Document Of

{m:self.name} DocumentS

Template
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Conclusion BLUEKEI

 Modeling approach from mission operations objectives to initial architecture for analysis using

Capella: Common challenges in CubeSat development identified.

« Observed added rigor and precision to SE activities as well as effective complexity management with

the use of Capella’s systematic methodology : Tailored SE process for CubeSat development.

« Up to date effective system models, could further enable knowledge sharing and consistent
documentation while reducing the time and efforts invested when concluding project phases : Use of

Capella models in conjunction with SE process.



BLUECEI

Thank You
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