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INTRODUCTION - PIXXEL v

® Pixxel is a startup that is building a health monitor for the
planet.

* This will be done through a constellation of Earth
Observation Satellites that capture hyperspectral data.

® Three technical demonstration satellites have been

launched and operated

- R . . George Savio
* The commercial ‘Firefly’ satellites are being launched soon Systegms Engineer
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BLUECEI

—SOLUTIONS—

INTRODUCTION - BLUEKEI SOLUTIONS

e Pioneering in systems engineering / transformation
through digital engineering in India and APAC

e Provides "Framework" for systematic and methodical
approach to solution development and a Tool agnostic Rahul Joseph

h Model Based Systems Engineer

approac . MSc in Automotive Systems

e Focused approach in Systems Engineering to make an . HAN University of Applied Sciences, NL
impact on business outcome

Tanmay Dube
Systems Engineer
: Mtech in Aerospace(Guided missiles)
ﬁi 4‘. Defense Institute of Advance Technology, IN
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THE ELEMENTS OF SATELLITE CONSTELLATION

e Satellite
o Sensor: Collects data from Earth's surface using
electromagnetic radiation.
o Transmission: Sends the collected data to ground
stations.

e Ground Station: Receives, stores, and processes the data.

e Data Use: Processed data is used for applications like
mapping and environmental monitoring.
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THE INTERACTING TEAMS

Mission Design Engineers, Mission Operations Engineers

Wa Systems Engineering - System Architects

“{ Mechanical Engineering - Structural ,Thermal, Mechanism Propulsion Engineers

Electrical Engineering - Power Systems, Electronics, RF , Harness Engineers
™M Control Engineering - Attitude Control, GNC Engineers

Software Engineering - Software, Firmware Engineers

¢  Testing
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PROBLEM

® Fragmented Information Storage: requirements, design decisions are scattered across multiple locations.

® Lack of a Holistic View: Due to the satellite's complexity, understanding the full scope of the system is

difficult.

® Siloed Multidisciplinary Teams: Different teams, each focused on specific disciplines, often work in isolation.

® Traceability: A traceable link from high-level business decisions through to downstream engineering.
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APPROACH
WHY MBSE !

e Provides a centralized, model-driven environment where everything can be stored.
e Adopting MBSE while designing is a first step to get an entire project in a digital thread.

e '"big picture" view helps in recognizing dependencies, interactions, and potential conflicts
across the entire system.

WHY ARCADIA/CAPELLA?

e Open source.

e The methodology and tool allow for the representation of systems quickly and is more
friendly to be consumed by non SE engineers.
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Specialty
engineering:

Mission Design _ -

. Functions Sofory Securty, ...
Engineers j% A Testing
Securty
MG Product Line, Cost.
ViewPoints _ /
. Product Line 3 :.g Systems Engineering

Manager, Etc by ')
Evaluation Rules

Solution Architecture

Engineering - Software,
Mechanical, Controls
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PHASES OF A SATELLITE PROJECT

Operational
Analysis |
Verif Fatlon
énd §
Validation ©
Analysis
it Detailed
Archigocture Design \] f/
Implementation
Physical
Architecture N

Time
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FORMULATION STAGE - PHASE A

Mission Analysis
Mission Analysts perform a detailed assessment of the
potential orbits. \
the mission ,
/

(]
satellite’s
e They determines how best to fulfil
objectives in terms of, achievable orbits, launch-vehicle
[ o
- OGWIJIH"II*"")U'I
:?I”&WJH‘KA

capacity, available ground stations, operations
The output is a Reference Mission
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REFERENCE MISSION PROFILE - CONT.

e The outputs of these analysis drive the requirements and design of the spacecraft.

® In order to derive requirements top down and in order to have the digital thread start as early as
possible, these need to be inputted into the Capella Model

e The System of Interest is the Satellite

e Hence we start our analysis at the System Analysis Level and input the Reference Mission Profile at

this level

12
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INPUTTING THE REFERENCE MISSION
PRO FI LE Imaging Downlinking Command & Monitoring Orbit Control

The main Satellite operations are formalized as
system capabilities

Ground Segment

SA
e Ground Pass
e Stationkeeping )
) Down link % Semantic Browser 2
. {9 (System Component) System
e Imaglng Referencing Elements
v i Involving Capabilities

@ Imaging
@ Downlinking
@ Orbit Control
@ Command & Monitoring
v {# Realizing Logical Components
Logical System

13
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INPUTTING THE REFERENCE MISSION
PROFILE - CONT. . e

Send Handshake

Acknowledgement Signal

Handshake Acknowledgement Signal

e Break the Reference Mission Profile into

smaller segments based on the Satellite

Operation — “

e Make a Sequence Diagram out of the small

I
|
|
|
|
|
|
|
|
|
[
Receive Quaternion
Profile for Imaging

segments and link it to the Capability

Send Imaging Operation
Specifications

14
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FORMULATION STAGE - PHASE B

Given what the satellite as a system has to achieve - how does development move forward ?

Define What the Create the Basic
System Must Do Design
e Break down requirements for each part e  Outline the overall satellite layout

of the satellite
e Document how parts connect and
e Define how different parts work communicate
together
e  Plan how the satellite will be operated
e  Specify how well each part must
perform

15
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REQU'REMENTS IN EXCEL o Followed INCOSE writing guidelines for

requirement correctness & completeness

X Systems Requirement writing ® Helps technical team to write structured

template & data model .
requirements

BLUECEI AR

Copyright Bluekei Solutions Pt Ltd

dance [accordance [upon
ERFACE |with INTERFACE |EVENT System

: : m INPUT) TRIGGER |Requirement
D |~ i 7 |Name |~ |Primary Tent [to WHAT] | HOW WELL ] [Under what Conditions] [Duration] | hd |~ |Rationale |~ |Category | ¥
System FUNCTION with PERFORMANCE while in CONDITION Functional
with
System eshibit DESIGN CONSTRAINTS PERFORMANCE/Contraints |while in CONDITION A NA Design
System eshibit CHARACTERSTIC i N NA
ith
System exhibit CHARACTERSTIC PERFORMANCE/Contraints | while in CONDITION NA |na ities
By T= 2minutes, the 3
shall establish a
communicationlink to
downlink Payload Images with establish communication link to atlby 2
the Ground Station Satellte shall downlink payload images with GS (T80] minutes Functional

From T = 2minutesto T=10
minutes, the satellite shall
downlink 8 Acls to the Ground
Station with aBER of 107-3ts | Satellite shall downlink 5 Acls tothe GC. with a BER of 107-3is from T = 2minutes to T = 10 minutes Functional
The satellite shall have a
Payload Data Link with the

Ground Station between 8000 between 8000 MHz and
MHz and 8400 Mhz in the RF have a Payload Data Link withthe 8400 Mhz in the RF
Spectium Satelie shall Ground Station Spectium Design

The satelie shall packetize
the PagloadImagery as per the,
CFDS standard beofre

dounlinking Satellie shall packetize the payload imagery a5 per the CFDS standards _ before downlinking Functional

16
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REQUIREMENTS MODELLING IN CAPELLA

o

Esystem
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- System Functions_1

Handshake Signal

©, Reiee

DSlHandsfave Soral

BT 2 minutes, he el snal ol s ommuniaton
ik o donnlink Payioad Inages with ine Ground Staton
Estaolstement

Send ancihake
@ e

Hcrouna segment

Use Trace

j manager to

Recene Handshake.
© Adconledgement

define Incoming

Signal

Rt

& Outgoing

links

sore b Receive
stemion SES @ custemion

@
® ‘Profile for ‘Profile for
Imaging Imaging
s
imagn
Operin e maging
o Gperstons
icaiiicl Speciications”

; \,

Dicustemicn{profile

n Speifications.

track

5
o
7 o e Groung Saon i  ER 10732
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~The sateliteshall e a Payiosd Data Link with te Go.

o beteen 8000 Wiz and 8400 Mhz I the RF Spectrum

Traces
Requirements
w/ Model
elements

EE New 1 52 B New
Name RequirementId  Summary ~Description Verification Method  Verification Phase
v & g1 91
a SNFIR Child Requirement 101_1 SubSys Fun The sub system shall... Test
o X

== Traceability Management Wizard

Traceabililty links for : Parent Requirement

Incoming traceability link [ Cument | Outgoing traceabilty link Targel
7’| element elements

+ X
|Outgoing traceability links
Requirement trace
> i Trace] to Child Requi
[E& 101_1 - Child Requirement

LR
Incoming traceability links

Trace types Al traces

Tracetypes Alltraces

Cancel

®
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CONSISTENT SUBSYSTEM SPECIFIC VIEWS EXAMPLE

Given the System Functions - how shall the downstream domain engineers design their components?

How do things get implemented at the lowest level ?

®  What components are involved ?

®  What functions must these components perform to achieve the capability
®  What are the performance parameters for the functions?
S

How are the components interfaced?

We highlight this with the example. One logical capability within Guidance, Navigation and Control is
‘Determine the Orbit’.

There will be GNC algorithms engineers, GNC hardware engineers, embedded engineers, software
engineers, harness design engineers etc - WE NEED A CONSISTENT SET OFVIEWS THAT SHOW THE
EMERGENCE OF THE SYSTEM FUNCTION
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SUBSYSTEM SPECIFIC VIEWS EXAMPLE

What Components?

(R)
- Orbit Determination Accuracy - The system shall be capable of determining the position to an accuracy of 1 meter
/
" {EIGPS Antenna #1
§ Performance ?
/ =
R -M‘R‘F"/ 1P1 GPS Signal Relay
Cable
£F] Command ang/bata Handling Unit §F] GPS Receiver < D=1 GPS RF Cabl ] Relay GPS
" D=l Harness Bl~~. Signal [

7 T D=1 GPS Signal AL

1P| Orbjt Determination "W’/
4 Data Cable ]

‘D Measure Orbita
asured Orbital State 1 .

Determine
Orbit State ¢

§F] GPS Antenna #2

1P| GPS Signal Relay

Relay GPS
~Signal_1
.v

Functions and

allocations? Interfaces?

19

Copyright © 2024 BLUEKEI SOLUTIONS - Pixxel



SUBSYSTEM SPECIFIC VIEWS EXAMPLE

=T

@ Determine Orbit

Relay
® GPS
Signal

Relay
® GPS
Signal_1

Measure
Orbital
State

Measurg
Orbital

State_1

Select
= 24
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Determi

ne
© Orbit

State

SJ GPS Antenna #2

’ . GPS Receiver 2

’ 4, C&DH Package
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oLUTIONS

. GPS Antenna #1 ‘ ‘ > GPS Receiver

Loopr

Relay GPS Signal_1

GPS Signal

Measured Orbital State 2

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Relay GPS Signal

GPS Signal

ol

Measure Orbital State

|
|
[
|
|
|
|
I

Measured Orbital State 1

®Select 24

L

I

Determine Orbit
State

U 20 ms

|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
T
|
|

|
4
|
|
|
|
|
|
|
|
I
|
T
I
|
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Subsystem Specific Views - Monitoring and Commanding

Monitoring and Commanding is crucial for the operation of a satellite. They involve Telmetries and Telecommands

Telemetry
What is it? :Real-time data collected from satellite sensors and subsystems

Why is it needed? : Monitor satellite health, performance, and mission progress
Examples: Power levels, temperature, attitude, payload status

Telecommand
What is it? :Instructions sent to the satellite to control its operations

Why is it needed? :Adjust satellite parameters, initiate actions, manage payload

Examples: Adjust orbit, capture image, update software
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FORMALIZING TELEMETRIES AND TELECOMMANDS

Why should the System Model formalize telemetry?

There are many engineers/stakeholders that will have to deal with telemetry such as

Engineers responsible for component/process
Engineers doing software interfacing of component

Engineer working on ground systems for managing data

Operators on ground

Wi ith so many documents, there has to be consistency ! Formalizing them in the model
ensures consistency

Copyright © 2024 BLUEKEI SOLUTIONS - Pixxel
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ENGINEERING INTERACTIONS REQUIRED

Component Product Manager

Document Set #1

Component Design & Implementation

Compo

Component Hardware Epgineer

pi>xel

BLUECE!

LuTioNS

Component Product Manager

Document Set #2

Component Design & Implementation

Compol oftware Engineer
Component Hardware Epgiheer

oftware Engineer

Spacecraft Systems Engineer

Component Com

nding Requirements

Operatioffs Engineer

Spacecraft Systems Engineer

Document Set #3

Component Commanding Requirements

Operatioffs Engineer

Commading Software Desi

Software Architect SOHATE-AFChItEC

Document Set #4

Commading Softwal esign and Implementation

n and Implementation

Ground Software Implementation

Flight Software Engineers ah

Ground Software Engifieer

Document Set #5

Operational Ground Software Requirements

Operations Team

@

d Softwarwe Architect

y
A
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TELEMETRY AND TELECOMMAND DEFINITION

[ Orbital State

-
1
'

1
ExchangeltémElement 1
|
1
1
1

v

H orbital State

5 X Position : Position (Meter)

5 Y Position : Position (Meter)

5 Z Position : Position (Meter)

— X Velocity : Velocity
(Meter/Second)

— Y Velocity : Velocity
(Meter/Second)

— Z Velocity : Velocity
(Meter/Second)

Position (Meter

U Meter

Velocity (Meter/Second

T Meter/Second

Every Telemetry is modelled as an Exchange Element

Copyright © 2024 BLUEKEI SOLUTIONS - Pixxel

¥ imaging Telecommand

'

|
ExchangeftemElement 1

W
H Class 3
Image ID : Unsignedinteger

Latitude : Float
Start Time : Unsignedinteger

bl bl &l

The arguments and attributes relevant for the execution of the
telecommand are defined using the data modelling feature of
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TELEMETRY AND TELECOMMAND INTERFACE DEFINITION

__Data Rate = —_Bit Error Rate = 1.0
—
500.0 E-4
B

i satellite System Satellite - Grouhd Seg meft TM Interface

_________________________ Q )

Satellite Ground Segment TC Interface _ __ - -~
................ //" e P
A CEl diagram can be used

to formalize the Telemetry

~

and Telecommand Interfaces __Data Rate = N Error & [CDB] Imaing Telcommand Definition
— —
250.0 Rate = 1.0E-

25
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EXCHANGE ELEMENT ALLOCATION

The Exchange Element is then allocated to the Satellite-Ground Segment TM Interface and TC
Interfaces

§F] satellite System e . T
A Ground Segment
CUSWRTE e 1
........................ v ACCESS
------- N

B Orbital State[”

Satellite Ground Segment TC Interface

,,,,,,,,,,,,, : Y f %A Ground Segment
e AR P e
ey ACQUIRE V. mme
RACeE STRANSMIT
Imaging | .
7 Telecommande"

§F] satellite System

26
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COMPLETE LIST OF TCS == propertes T

{Interface) o
Editing of the properties of a Interface

Capella ™. Management| Description| Extensions

Since all TCs will be defined in this manner,
we will have a consistent list of TCs as well

as their imPIementationS- Name : Satellite Ground TC Interface
Summary :
All of these can be found by double clicking Visibility :

) OUNSET  OPUBLC  (OPROTECTED OPRIVATE () PACKAGE
the TC interface element

Super: <undefined> oo [ K3

Exchange Items : EUIE T I

M Target Aol Capture Details

[®Set Downlink Operations Details

¥ Set Propulsion Operations Details

¥ Commence Real Time Telemetry Stream
[ Set Beacon Mode

B Downlink STM

¥ Set Perinheral 1 Statiig

®

27
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Telecommand Usage by
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]

® |n this example we can see how the ‘Imaging
CO Onents Telecommand’ is used in between Ground and
n lp Space.
® Double Clicking FE. allows us to find the involved
Exchange Items to get formal definition
& NIN D QD 1 NS e &
=2 Properties O X 5
E
{Functional Exchange) m,
£ Ground Segment system Editing of the properties of a Functional Exchange E
g
Generate List of
D Target Aols v e —
Target Aols 8 Target Aok Capture Dethil 4 e Capella . Management| Description| Extensions |
Send Target % Receive Isl: Aols Capture
Aols Capture |_| ﬂ_[] Details
Details : :, Capture DEL.W Name : Target Aols Capture Details
% 4 Summary :
". ‘ ®Monitor Slew to Monitor Imaging [T
\ o . Aol Start Time = Start Time
& . . |
Dﬂslewm_—hol Trigger Exchanged ltems : aging Telecommand
£7 .
@ Slew to Aol Exchange Categories: <undefined>
- Realized Exchanges : <undefined>
i B Follow
‘:‘ @ Reference Image
| / | Pointing Proﬁle
: @ Finish Cancel
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PHASE C

The model now contains information on the different system components and what functions they must perform.This is
the basis for detailed design and then manufacturing by the different groups
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PHASE D —VALIDATION AND TESTING

Model used as reference for, Test cases planning,

Handsnake Signt

|
Receie randihae Sonst

Sena nansonske
Acknowleggement Signal

Harsnake Ao jedgement Srsl

Receive Hangshake
Ackmowiecgement Signst

|
'
|
|
|
|

Fayesa et

1

Receive Paosd Dats

Send Guaternion Pofie
torieagng

Quatermion prorse.

Recene Quetemion Fratle
for imaging

. s
Recere imsging Operstions
Spectcations

pnutes

Fault analysis, trade study etc.
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Name Last change date G d
. rount
Clone of [ES] 2024-06-13 17:16:46  system Tester -, simulator Segment
GroundStationPass
Test case 101 Test Details (DOE) ! ! ! EntCrit: Satellite is within
[C} communication range of Ground
Functional testing of Brief of scenario - test the successful ! ! : ! il Bt
‘Hanshake signal’ exchange of Handshake signal to [ | | |
establish comunication link
1 1 L |
o] |
Test Setup Test environment "

Ground station
communication
equipment.

Satellite communication
module (simulated or
actual hardware).
Simulator to mimic space
conditions

simulated space environment,
ground station control system.
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SCOPE

| |

| Handshake ﬁcknowledgsg!ent Signal
|

|

1

|

| Send Handshake
| ignal

|

|

Handshake Signal |

T

Func:tio ns &

Performance To be

[0.5 - 1.25]Seconds

|

| Receive
Handshake

| Acknowledgeme...

|

|

Exit; Entry
Criteria's

ExtCrit: Successful handshake signal
{c} exchange or failure due to timeout/no
response.

|
I
|
|
|
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CONCLUSION

e Capella model acting as Single Source of Truth (SSOT) to build, change & maintain Satellite’s data

®  Model semantics helping to define standard definition & relationships between satellite’s data forcing a degree of
consistency.

s

Esystem & Ground Segment
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CONCLUSION

e  Multiple views created & managed in single model for multiple team to consume.
® Modelling interfaces with relevant details complements ICDs & have handshake agreement between technical

teams. AOCS

GGGGG view mw;\t‘mmmz Exchange
‘ element
definition

a (CON Ot St
oeiiton
B8 velocity (avs] 5 oston ]
e — B9 Positon (m]
—

. EEE Interface
definition

et -Grou
Satellite Sy .»“"" -n-n"*».,
Lz i - oo @HGround segment

\‘Q&wﬂ: Ground Segment TC Intertace

Ao Tere
Dution

58itError Rate = 1.054
Data Rate = 2500

32
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Benefits realized

The complex system has been modelled systematically that helped to break the complexity.
Supplementary visual diagrams through Capella enabled teams to have a better understanding visually.

MBRE : Modeling requirements helped in writing precise and concise requirements.

The establishment of SE processes ensures that the impact of changes and decisions are understood by the teams

involved.

®  Reusability artefacts reduces the lead time in product development.

33
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FUTURE SCOPE

e  Enables multiple architectures decisions for future programs
e  For designing bigger satellites, same artefacts can be used and they become the baseline to start the work with.
e Trade space analysis For future, trade space analysis for different architecture of satellites (parametrized capella
model).
e Functional architecture availability leads to System of systems capability definition.
e Enhancing the right side of V model
- Supporting with Integration ,Verification and Verification

34
Copyright © 2024 BLUEKEI SOLUTIONS - Pixxel



Copyright © 2024 BLUEKEI SOLUTIONS - Pixxel

THANKYOU

Questions!?
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