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Research and Project = CapellaDays
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¥ PRELUDE Satellite Project (will launch FY2025)
¥ Nanosatellite for observation of earthquake precursor
¥ Projects that integrate science and engineering through industry-academia-
government collaboration
¥ Neptune Satellite Project
¥ Nanosatellite for early tsunami prediction

$ HEPTA-Sat Training
¥ Capacity building program through CubeSat hands-on practice

» Modeling of satellite systems and satellite observation data
and solving social problems
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What are space systems? == CapellaDays
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¥ A system consists of various elements such as hardware, software, people, data,
and services, which work together appropriately to achieve a goal.
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What are space systems? == CapellaDays

» Developing a system means clarifying the boundaries of the system and
designing an operational, functional, and physical design that is consistent with

the requirements and constraints of the entire life cycle.
» Evaluated from a variety of perspectives, both numerically and experimentally.

Electric Power Control System

Orbit Control System
(Advanced)
A

Attitude Control System

Communication System

Command and Data Handling System

-

Thermal Control System

Structure and Mechanism System

Payloads do not operate by themselves but rather execute their roles in
combination with other on-board hardware, software, and interfaces.
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Sizes of Satellites: The definitions of satellite classes are slightly different from
country to country. Generally, large satellites are multi-purpose and use on high
accuracy missions. Pico/Nano/Micro satellites may perform similar missions as the
large satellites by forming a constellation.

a o %

Picosatellites Nanosatellites Microsatellites Small/Medium satellites
(0.1-0.99 kq) (1-10 kq) (10-100 kq) (100-1000 kg)

/\ A\ N A\

MEILY techpology Simple missions, Earth observation,
demonstration and ) A few T

: not so high : scientific missions,
education. special PR

. performance but . technology verification,
Best first challenge . missions L

cost-effective monitoring, etc.

for students.
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¥ The specific standards for CubeSats help reduce costs.
¥ A 1U CubeSat is a 10 cm cube with a mass of approximately 7 to 1.33 kg.
¥ CubeSats come in several sizes, which are based on the standard CubeSat unit

(called 1U).

100 My > e 400 o

1U CubeSat SEEDS-II W6U CubeSat PRELUDE

3U oU

© Nihon University © Nihon University Standard sizes of CubeSat
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¥ Nano-satellites that can be developed at low cost and in a short period of time.
¥ They are being used such as being utilized in education, business, and science.
¥ Not only replacing conventional technologies, but also complementary to them.
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What we hope to achieve with Capella == CapellaDays
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¥ In the real space project, it is sometimes hard to gain knowledge or experience of
the whole development process because the roles are divided among team
members.

Even if we belong to a specific
team and learn parts of it, there
are few opportunities to learn the

entire satellite system.

Everyone should know how the

IRl system is built from components,
understanding the relationship
between the entire system and its

elements.

Electrical Power

Supply
Subsystem

2 2441 °

m) MBSE provides a visual understanding of other subsystems and the
overall satellite system, leading to a design that optimizes the entire
satellite.

Structure
Subsystem

14



What we hope to achieve with Capella == CapellaDays
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¥ Not necessarily created by professionals, so design and verification omissions are

likely to occur.
¥ Many university students are not familiar with satellite design.
¥ Verification omissions can lead to the loss of the satellite.

m) Drawing and visualizing the model diagram makes it easier to notice
omissions.

¥ In a university institution, knowledge and technology losses occur due to

member turnover.
¥ High turnover rate (1/3 members graduate every year)

m) By leaving information on the model diagram, it is easier for new
members to understand the system.

¥ It is necessary to develop the system under severe constraints of time, budget,
and human resources.

m) We want to optimize satellite system design and development to
accomplish our mission with limited resources.

15
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Pre-Earthquake lonospheric Perturbation == CapellaDays
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¥ The small satellite DEMETER was developed by CNES (France) to investigate
earthquake precursor in the ionosphere in 2004.

VLF Radio Wave Intensity
Fluctuations (DEMETER)

DEMETER Sat:

'l -About 130kg

- Altitude 700km

-Sun Synchronous Orbit

E2

-4c -20 Oc 20 40
Normalized Probabilistic Intensity

I T S S S S |

Electric Wave's
Frequency [kHZz]
R

o

: @ 4__— About a 1.7kHz electric wave
R SR intensity decrease about 4hours before

40 -20 0 20 o e
: : rth k
Time Since Earthquake Happened earthquakes (statistically significant)
[hours] Namec et al., GRL, 2008, Nemec et al., JGR, 2009, Pisa et al,,JGR, 2013

¥ The mechanism behind these fluctuations remains unknown.

¥ Multi-aspect statistical evaluations are needed to identify any link with
earthquakes.

© There is a shortage of major earthquake cases with high-quality data.
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W6U CubeSat PRELUDE = CapellaDays

ONLINE 2024

To increase the number of ionospheric observation data and clarify the
mechanism of the phenomena, we are developing the PRELUDE satellite.

RBF pin Sun Sensor - 5NSS Recei
Launch state X L GNSS Receiver
Deployment hinge Zh z>1

PSEE
Electric Field and Plasma
Hybrid Sensor Probe

Patch Antenna _
Access port Extension boom

Deployment

Nadir sensor Extension Confirmation Camera HRM Magnetic Sensor

After deployment

S-band Patch

Antenna

Mass: 8kg

Electric Field and Plasma
Hybrid Sensor Probe -

| 366.0mm N Launch Vehicle:
/LA JAXA Epsilon S Rocket

5 m A :
- : Qf - Deloymert 2% x| Initial Altitude: 540km
“mcmreC“"“ Orbit: Sun Synchronous Orbit
e0c®
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Three Main Missions of PRELUDE == CapellaDays

— 1. Detection and statistical evaluation of earthquake precursor

v Observing the ionosphere
Orb‘it number34129 2019:11:16:17:30:53-18:03:58

B
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ONLINE 2024

— 2. Development of 3U size payload for electric fleld
and plasma hybrid observation

v Only 3U size
v Simple interface
v' It can also be equipped on other satellites

— 3. Development of CubeSat platform for
electromagnetic observation

v Reducing electromagnetic noise P
v" Constellation through international collaboration
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Mission Sequence and Overview == CapellaDays
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Time[month] lonospheric Observation

0 3 =27 By observing lightning and artificial

Electric Field and VLF waves, when the satellite passes

Plasma Probe over the epicenter, ionospheric
Deployment

change preceding earthquakes can
be detected.

s

GNSS Satellite

L . : About 500 km radius from the epicent. lonosphere

# Preseismic phenomenon
o increased electron density

TS Artificial VLF-band

a0 Wl electromagnetic waves
VLF band electromagnetic

waves
(from lightning)

D region (80~90km)

round Station Network GNSS Receiver

Epicenter VLF radio tower
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Arcadia method layers

== CapellaDays

Analysis is available at different levels of abstraction.

1)

Need understanding

A: Operational activity
F:Function

c
o
w
o
©
®
-
-]
-]
o
o
h—
=
v
=
]
c
o
=
-

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built

Arcadia Method Layers Overview?d

ONLINE 2024

Hélder Castro: MBSE with Arcadia method step-by-step, https://www.slideshare.net/slideshow/mbse-with-

arcadia-methodpdf-256664096/256664096, accessed November 7, 2024
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Our Capella models: Overview =z CapellaDays
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¥ Main developer of PRELUDE is Nihon University.
¥ We are responsible for all system design, development, and operation,
from overall satellite design to operation.

¥ We used Capella as shown in the table below.
¥ In our case, the satellite system was already designed before we started
using Capella.
¥ We used the logical layer and physical layer for verification of the
satellite system design and optimization of the software.
¥ We are still making models in physical layer.

Layer Objective

|dentifying stakeholders

Operational Layer Clarifying the boundaries of the system

Expression of functions required for the entire satellite

System Layer depending on the mission

Logical Layer Expression of functions required for subsystems

Physical Layer Expression of functions required for components




Our Capella models: Operational Layer

¥ Identifying stakeholders

¥ Clarifying the boundaries of the system

== CapellaDays
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[OCB] Operational Capabilities

Deliver Pavload to the taraet orbit

43 JAXA @

Rocket Launcher (oc)

LATMOS WEL Researct

$0E \iC

B able to communicate

Component Manufacture

|

Mission Control Center s

Analvse the mission dgta
Nihon Univ. University of Shizuoka
—

Desian the Space Seament

oC

Application for
a Radio License

©9

Infostellar <

Manaae mission ooera‘ior Maln Developer

C

Main Operator e Space Seament
C

O C) Provide the PS@§ Provide the Extension Boom Unit

Data Analysis

Space

Obtain Intensitv of VLA electromaanetiq Space
oOC $0E] lonosphere

Ground segment

Keep the sct e seament Safe

Provide Environmental Conditior]

A

T Ground Station

—

Provide the Earthauace Information

©o Lee

Send Commands fromReoéive data from space

@ J]@ Earthquake Information Provid

Access Earthauake information
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Our Capella models: Operational Layer =z CapellaDays
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¥ It gives an overall picture of the operation.
& Clarify the “objective” when operating the system.

FLATMOS LR [OAB] Operational Architecture Blank

ppsge  P¥extension boom Uit

@ Provide PSEE ® F‘rmg%% ;xtﬁ_:tsmn
;_Lm— Component Manufacture

Rocket Launcher | =Nihon Univ

. Give specification
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‘ & components Unit
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rou g
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D space information LR A AN @ Broadcast information S
% _ Develop space — from earth -
@ Conduct a revi W segmenlpas l 1 pace
L farmation constrained v earth informafions
@ Load computers witn| (g Manage sciencO-Ungemet . (eidii ki I &
! el
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=
lelomety dals 3 i @ Receive earth Record of intensity|
ommand timelines " information @ of VLF
i Dl h its D4 earth infomatic: electrc
@ Give launch aunch perm [
permits @ Cfe‘?};gﬁ:’:;"a"d ® Analyze telemetry S —
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. D31 Request D3lData @ Recieve space
@ Planning and information
@ Determine the L aun¢@da @ Hand over the schedule @ Report any problems
launch date space segment RCTCRITTE) i space information D49 spacqinfornfftion
Pl Anomaly
i @ Provide space data
Run any contingency|
@ procedures or other

special commanding|

@ Delivering scien
~ sensors to space el g,

ke segment

Ground Station

2] \o:%l launch D=l Science data
Application for
a Radio License

Release space| .
® segment o @ Submit AF]
space

| |
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@ Analyzg ?cience .P‘c Send earth information
ata

s Anayize science data

Llofifigation Information .Cb Develop and launch space segment to space

D AP Publication of
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Data Analysis
|

.
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Our Capella models: Operational Layer =z CapellaDays
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¥ It gives an overall picture of the operation.
& Clarify the “objective” when operating the system.

FLATMOS s AcLBesear [OAB] Operational Architecture Blank

ppsge  P¥extension boom Uit
@ Provide Extension

Provide PSEE Boom Unit
l——
D specification informatidn
N .
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pac Dl spacd information
D= Anomaly

Dl space segment

D8 jocHet launch 1 D8] Science data q c a
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Our Capella models: System Layer

mission

maintain the satellite are necessary.

[SAB] System Architecture Blank

A Earth

Ground segment

Mission Control Center

== CapellaDays
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Expression of functions required for the entire satellite depending on the

Not only the functions required for the mission, but also the functions to

Pl (nformation to

@ Process mission data %

4% PRELUDE

D] Electromagnetic wave data

Manage communication witl

space

® Broadcast information fromi

| D Wireless |

D=l |nformation to parth

Ground Station
Operator

i
D= Health data
Satellite control data
u
4

l @ Control satellite behaviou

D= Desired attitude

@ Change sateli te attitude

i D=l Electromagnetic wave data

?ﬂ Electromagnetic wave data
V) DRITEC data @& Observe TEC 4}
| @ Store mission data
ly!

Space

lonosphere

® Observe electrmagnetic
wave

Electromagnetic

aves

D3 Total electron copten

@ Keep satellite health

& Store satellite helath dat: J
3] D2 Health Batd

® Elgctromagneti(
field anomaly

Sun

D Diffuse light]

@ Absorb and store energ%\

D Ligh

Satellite

Space
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¥ Example of logical layer analysis with breakdown of system layer
requirements.

¥ The analysis stops at the subsystem level elements and does not
mention components.

[LFBD] Logical Function Breakdown Diagram

Requirement from
the System Layer | o

health
]

Keep

Monitor = Protect Protect Protect
(D satellite from from from
hea":'._ % any @ any ® any
K therma.. electric. attitud...
Transfer ] Renew Save Read @ et
HK Data © i Data © i dats] | © i dana ity
S
Get cet Get Requirement for
© ADCS © CoMm @ GNSsS @ o=t MB @ ¢! P q
HK data HK data HE data i chte HK deia EaCh Subsystem

By breaking down the necessary elements for the entire satellite, it is possible
to identify the necessary functions of the software without omissions, leading

to improved reliability. ”



Our Capella models: Logical Layer == CapellaDays
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¥ You can look at the model of the entire system, or you can focus on

individual parts. - -
[LAB] Logical Architecture Blank

Data Handling

Dcon TIaNSS Recelver TlaNss Antenna
o S et GNSS . Receive GNSS
K data GNSS data. adio waves
- Oeps oBc Dice
@ Get EPS HKZP"
b 0 ADCS Computer
@ Receive |
Eumsm(
@ Sena HK ==
| T actuators
@ Able to tum y Change:
i @ sattelite
attitude
1™ = O sensors
N Estimate
om
o oﬁdmlllib!
Galvanometar it
oﬁltz'l;lﬁ @ Handle MIS data
0] Temperature © Communicate to COH
! 2 y © Dispatch command
@ Gettemp
@ Hondie picture
g data
A0 Datisey yohsos @ Create telemetry packet
— Gt battery {camera Doployment panel
for
for
Take pictures. '@ Able to deploy panel
© Do space data Sleou
oo Pl 0 Transceiver D antenna
for GNSS GNSS
Send radio wave to
i L ground segments
regeaatar Receive radio wave from
v Hacaiie radio wave
== — Communication System
|
0 wav
P I R Nihon Univ.
ower upp y A 4 &8 mission Control Center
Monitor
th data, acddaly
eimﬂeﬂm
access
g (@ ST

Ground Segment
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Our Capella models: Logical Layer == CapellaDays
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¥ You can look at the model of the entire system, or you can focus on
individual parts.

[LAB] Logical Architecture Blank
Data Handling

e The Function
el imssee found in LFBD
| S
] — S
| ot - .
| oﬁas?tdlim
' n
ks s== e Communication System
|
Power Supply w e e
th data, - acddaly
- ] (@O e
Ground Segment 30




Keywords in CubeSat software =z CapellaDays

L

ONLINE 2024

We used Capella primarily for software design optimization.
We consider the following three keywords to be important as indicators of
optimization.

Reliability

¥ Once the satellite is deployed in orbit, only software can control its behavior.
¥ Therefore, reliability is needed in satellite software.

Flexibility

¥ To deal with unpredictable events in orbit.
¥ Some things you just don't know until you launch them.

Reusability

¥ Different satellites share the same basic functions.
$ If common parts can be used, development time can be shortened.



Software architecture of PRELUDE =z CapellaDays
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L

Layered architecture for reuse and maintainability.
Upper layers are abstracted so that they don’t need to change even if hardware

changes.

L

L

Application layer is a layer for what the user wants to do.
Driver layer is a layer for how to do it.

L

Layer Objective Example
Abblication Function satisfies requirements for | Execute command,
PP subsystem Monitor satellite health
Software Write data t devi
(S/W) | Driver Function to control components rite data to Memory devices,

Communication between other OBC

HAL Abstract hardware dependencies SPI transaction, GPIO




On-board software development using Capella

¢ Logical Analysis (LA)
¥ Compatible with application layer in software
¥ How the system behaves to meet demands
S Identify requirements for subsystems
& Physical Analysis (PA)
S Compatible with driver layer in software
¥ How the system will be built
S Identify requirements for components

Operational Application
System Driver
Logical HAL
Physical Hardware

Layers in Capella Layers in PRELUDE

== CapellaDays

ONLINE 2024

By hierarchizing software, there is no need to change the upper layers
even if the lower layers change, thereby improving reusability.
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Our Capella models: Logical Layer

== CapellaDays
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¥ Logical Architecture Blank Diagram focusing only on the acquisition of

HK data.
¥ A program with the same “Function” was created based on this diagram.

[LAB] Logical Architecture Blank

L] GNSS Receiver

D=1 GNSS HK data

EPS OBC Transceiver

Get EPS @

HK data

nd space

data
i

BAEPS HK data

D=l COM HK data

CDH Main OBC

Get GNSS %
© HK data

il
@ Monitor satellite health i
n

L] ADCS Unit

D= MIS HK data

MIS OB

A}
Get MIS HK
data

DHADCS HK data

o Get ADCS
HK data

monitor_satellite_health(
EPS_get_hk(&cdh_all_hk.eps);
ADCS_get_HK(&cdh_all_hk.adc);
GNSS_get_HK(&cdh_all_hk.gnss);

COM_get HK(&cdh_all_hk.com);
MIS_get_HK(&cdh_all_hk.mis);

The same functions as in the model are implemented in the software so
that we can understand the software visually.
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On-board software development using Capella =:capellaDays

ONLINE 2024

1. Single Command
¥ Command to control satellite movement

2. Macro Command
¥ A series of operations can be called up from a single command.

Function A H Function B M Function C H Function D
Capella Functional Chain
CMD A H CMD B M CMD C H CMD D

Macro Command

We find Capella and functional chain useful when designing macro
commands, reordering single commands, and considering what is optimal.
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Today’s contents =z CapellaDays

ONLINE 2024

LI

v
v
v

o
o
¥ Conclusion
¥ What we have achieved with Capella
¥ Future plans
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What we have achieved with Capella == CapellaDays

v

ONLINE 2024

By looking at the model and discussing it, we were able to clarify the
requirements for the system.

¥ We could logically derive criteria for success/failure of the system.

By deriving the software module partitioning from Capella, the logic of the
software design became clear.

¥ The team was able to share the concept of software design.
¥ Reliability and reusability of the software were improved.

¥ In the future, we would like to apply the Functional Chain concept to
software so that we can increase flexibility.
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Future plans == CapellaDays

ONLINE 2024

¥ Now, it is mainly used for software design and success criteria, but in the future, |
would like to use it for system design (e.g., for the next satellite).
¥ | would like to actively utilize Team for Capella, where everyone does the
modeling instead of just one person.
¥ We would like to make it a common language within the laboratory so that
all members can use it.

https://www.obeosoft.com/en/team-for-capella
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