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Brief introduction of Kvutech satellite projects
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CURTIS overview K12

CURTIS project: FXE
> Technology demonstration satellite Curtis

of payloads developed by Panasonic gsee...

» Missions: |
» In-orbit thermal exchange experiments |
using surface-coated graphite materials
for their use in space applications,
» Demonstration a highly integrated
BUS comprised of an OBC, EPS, and ~
UHF transceiver in a single board
> Mid-resolution imaging by an in- e
vehicle analog camera

» Deployed into ISS orbit

f
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CURTIS overview

CURTIS
project

Cumns

Satellite

development
Kyutech

Satellite BUS:

Structure

OoBC

EPS

Transceivers (UHF/S-band)
Thermal payload control board
Access boards

Frequency

coordination

Panasonic/Infostellar

Launch

coordination

Kyutech/Panasonic

MBA/JAXA

Satellite integration

Panasonic

Environmental test

Kyutech

Vibration test

Thermal vacuum test

Panasonic

EMC test
Radiation test

Satellite payloads:
In-vechicle camera payload
Thermal mission payload
Panasonic bus

Satellite components:
S-band patch antenna

Camera payload control board
Panasonic access board
Batteries

Thermal insulation materials

EMC test
Operations
Kyutech/Panasonic
UHF Ground station || Infostellar S-band Ground station network
*  GS software »  Compatibility coordination

*  GSequipment

»  GS software

Kyushu Institute of Technology




CURTIS overview

SPACE SEGMENT

Thermal MamBUS

payload EPS, ADCS,
TLM &TC BPB, PCIB

TLM&TC

Camera COM
payload (UHF, S-Band)

Structure

Panasonic
BUS

COM OBC
(UHF) EPS

A

GROUND SEGMENT TEM&TC TLM&TC

UHF2
TLM&TC

Infostellar ground station network (S-band):
» Uplink: KHI Gifu, Japan

» Downlink: ff‘
« KHI Gifu, Japan
* Azercosmos, Azerbaijan (AN

* AWS Bahrain

Kyutech
ground station
(UHF)
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CURTIS overview
Kyutech team: —

Academic staff

« Management and system
engineering

« OBC

« ADCS

 Environmental test

« Safety review and launch
coordination

Students
B4 students
 Graduate students

e Mentors
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CURTIS overview

Satellite BUS and external panels

BUS payload
Thermal payload |

S-band patch antennas

ADCS iMTQ — /
6x Solar panels iii;;i: - Jl g ip— == ——"" Camera payloa

o LJ
.,::..
L]
Yo

External panels includes:

6 sun sensors

1 GPS module

1 external magnetometer

2 deployable dipole antennas
2 S-band patch antennas

Satellite BUS

Kyushu Institute of Technology




Concept of operations and missions

Initial mode after Nominal mode: UHF Tx Mode S-band Tx Mode Thermal mode: Camera mode:
deployment from ISS: -S-band Rx ON (during ground pass) (during ground pass) (~*10 minutes duration) | (duration determined by
-Photo capture of ISS ) Bféggaters ONON Activated when Activated when Activated when the image capturing
-Antenna deployment - SESOS : . e

Eonfirm power - CW OFF (upon telemetry is downloaded | telemetry is thermal mission is process)

_Confirm UHF CW/Rx request) through UHF downloaded through executed Activated when camera
-Confirm S-band Rx - ADCS sensors ON S-Band - ADCS ON (Sun tracking) mission is executed

-ADCS sensors ON - Batt Heater OFF - ADCS sensors ON - Batt Heater OFF - ADCS ON (Nadir pointing)

-CW ON - CW OFF (upon request) - Batt Heater OFF - CW OFF (upon request) - Batt Heater OFF

- CW OFF (upon request) - CW OFF (upon request)

i | ToSUN i

aing - 2
., I‘ - - e B
W

Sun tracking mode:
Assure the power
generation and storage

Power-saving mode:
Activated when power
generation is low

S-band OFF - ADCS ON (Sun tracking)
Batt heater OFF - S-Band OFF
ADCS OFF - Batt heaters OFF

CW OFF (upon request) - CW OFF (upon request)




Concept of operations and missions

Tumbling
Detumbling @ g ) @
Nadir — S-band /‘ —

Nadir - Camera
Thermal (eclipse)

Sl o

§ ECLIPSE

L%

SUN PHASE
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Satellite system architecture

|Deployrnent of antenna PanaBUS |<—

Panasonic BUS

Simplified system
1 loyment of Camera
architecture of CURTIS: Derlovmen Y
] MainBUS [ UHF Board
= KyUteCh BUS IS S-Band Cz;ME‘li{A <
-»1 Transceiver
adapted for CURTIS T TTe —
m i SS i 0ONS |_ PCIB | _ | control board
COMPIC Memory
- Back-plane board X \ e s \
serves as an interface gutn- I
board among =, i o
7 I EPS
subsystems o (]

- Dedicated control ——L " apes [
boards operate the e |ACapter boardle-..

payloads )

Batteries

Data lines Power lines I

Satellite BUS |l Payloads

Kyushu Institute of Technology 11




Satellite BUS - Structure

v" Slot type structure designed to “insert” the subsystems at their assigned slot
v Back-plane board served as the interface of the subsystems and payloads

ADCS adapter board
Features: OBC-EPS board

EPS1 board
Battery box (6 Li-ion cells)

ISISpace
e The subsystems are ;

inserted USing d SEt Mission board 1 (camera)
of spacers Mission board 2 (thermal)

S-band transceiver

SUbSyStemS are Access board 2
standardized, except  oBc-EPs-UHF board
fOl‘ Oversized Back-plane board
components

Areda, E.E.; Cordova-Alarcon, J.R.; Masui, H.; Cho, M. -
Development of Innovative CubeSat Platform for Mass <5 /
Production. Appl. Sci. 2022, 12, 9087. LBk
https://doi.org/10.3390/app12189087 Kyushu

N
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Satellite BUS - Structure

v Mass producible design approach
v Simplified assembly procedure

Key parameters:
 Tolerances

management
« BPB-subsystem
« Subsystem-slot
 Slot-spacer
 Standardization of the
PCB design
* Harness management

\‘I\

Areda, E.E.; Cordova-Alarcon, J.R.; Masui, H.; Cho, M.
Development of Innovative CubeSat Platform for Mass
Production. Appl. Sci. 2022, 12, 9087.
https://doi.org/10.3390/app12189087 Kyushu Institute of Technology 13




Satellite BUS — OBC/EPS board

v" Flight heritage from BIRDS and
KITSUNE satellite projects

v Execute commands from Ground Station
through UHF and S-band transceivers.

v’ Execute mission using scheduled
commands with tunable parameters.

v" Manage and transmit Housekeeping data
and Mission data.

Microcontroller Part No. Function
Com PIC PIC16F1789 | Interface with the UHF transceiver.

Fault recovery, HK data collection

Reset PIC PICIGFL789 1 from EPS power lines.

Mission control, data handling,
command scheduling.

Kyushu Institute of Technology 14
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Satellite BUS — OBC/EPS bhoard

OBC

URHF Flash
Transceiver COM [T | memory RESET

PIC | PIC Camera payload
5 control board

S

A 4

EPS1 board

Flash Flash
Flash 4’,@ memory memory
memory
Thermal 1 S-band

payload /J N\ transceiver

A A

control board
MAIN
PIC

ADCS

A

A

VVYY

A A

a
p—

\ 4

Access board
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Satellite BUS — EPS Subsystem Inhibits

Type of . .
L Sign Location
] Inhibit g
é la Sep Swi
Dep SW1 Overcharge | 2a Sep Sw4
(deployment
I switch) / 3a DC/DC converter
External Power D 1b Sep Sw4
2b Sep Sw2
il s Sep Sep Sep _Over_ 3b Sep Sw3
ill Switch SW1 DC/DC SW2 SW3 discharge
converter Unregulated 4b Sep Swi
—/—| —/:'_ :I__—/—l PWR 5b Diodes
| Tl sl z]|= —J L2 ] 1c Double Insulator
— E — — —
=l A ElE|E 1a [4b[4c | External 2c Sep Swé
== “==— "==— Battery
Ngps = 0.99 Cells
z |l & :
= E =) =
2 [LEHENE [2a[1b[2¢
& & = | 1= E RBF
21 % _/_I N Sep
gt et e _/ T Dopswe | oW
(deployment
switch) 1

<+
2
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Satellite BUS — EPS Subsystem

—] DC/DC 3.3V JH RESET PIC | Panasonic BUS

L bcpcsav] A omal COMPIC
A IMAIN PIC
QOCP2A

. .
—IDG C3.3V 2'r Ao : .
 UEC PN o - PanaBUS board is powered

Ext UIREG PWR#2 _J oceas Switch orly [ Bumer cireur2_| by th e raw p ower I | ne fr om

Ext. UnREG PWR #3 /ocp SA

1
oo s oo} e | Ui iy
—I DC/DC 12V : /!'ocpzA

Ext UIREG PWVR 71 *OCP4A= DC/DC 3.3V H UHF transceiver | MAIN BUS

Ext. UnREG PWR #2 *OCP{A OCPEAI/ S-Band Tx

Ext. UIREG PWR #3 ‘:Iocp SA Switch only / I—|—' S-Band Rx

Burner circuit 1 |

OCP0.52A |

] DC/DC 3.3V JH RESET PIC | ’ S | Mission board 1|

Cnrequiated LTDODC5 3V A ] COMPIC ] : q OCP circuits were added at
OCP 2A(x2)

o [ MAIN PIC )
POy e ! the power lines of each
[ Sonc | ,:(ocm L,lr ' ocpoa Amj/?gé

' ,«)i device of the satellite to
] J'|__ A R— | increase the robustness of the
| =m |

e oSS Gl power lines

! QLR 032, STM32 MCU
I ocp 0,33:_5', | N

DC/DC 3.3V #1 2223 EPS1 board . GPS

OCP 1A ..
L/ Mission board 2 |




Satellite BUS — EPS Subsystem

Solar cell parameters Solar cell parameters
Triple Junction (TJ) Solar Cell assembly 3G30A |[Monocrystalline (MC) Solar Cell IXOLARTM
V max power per cell [V] 2.409||V max power per cell [V] 4.46 TJ solar cells Monocrystalline cells
I max power per cell [A] 0.503||1 max power per cell [A] 0.0059 : " —
efficiency 0.293||efficiency 0.17
area [m2] 0.003018(|area [m2] 0.000122
Panel No. of Cells Connection Max'[y/(]) ltage  Max. [%lirrent

+X 5 (TJ solar cells) 5S1P 12.1 0.5

-X 5 (TJ solar cells) 5S1P 12.1 0.5

+Y 5 (TJsolar cells) 5S1P 121 0.63

-Y 15 (MC cells) 3S5P 13.4 0.031

+Z 30 (MC cells) 3S10P 13.4 0.063

-Z 27 (MC cells) 3S9P 13.4 0.057

Batteries parameters

Capacity per cell [mAh] 3350
Voltage avg. per cell [V] 3.6
weight per cell [g] 49.5
size per cell [mm] 18.3x65.3
configuration 2s53p
Voltage total 7.2
Total capacity [mAh] 10050
Energy capacity [Wh] 72.36

Kyushu Institute of Technology 18



Satellite BUS — COM Subsystem

Specifications EEEEET] - 14494

_ HHH -

UHF transmitter: 400.96MHz, 4800bps N —
MainBUS = 5 PanaBUS

UHF UHF receiver: 450.00MHz, 4800bps 1 /B UHE antenna |

UHF antenna

1 UHF dipole antenna bl e e e

S-band transmitter: 2276MHz, 64kbps
S-band S-band receiver: 2096MHz, 4kbps
Dual S-band patch antenna

UHF dipole antenna — Folded o= g

Kyushu Institute of Technology


https://addnics.co.jp/

Satellite BUS — ADCS Subsystem

Specifications
Actuator ISISpace IMTQ (3 magnetic torquers, 1 magnetometer and a control board)
ADCS adapter board: (1 PIC MCU, 1 STM32 MCU, 1 gyroscope)
2 external magnetometers
6 coarse sun sensors
1 GPS module
Attitude control | Attitude/orbit acquisition, Detumbling, Sun tracking, Nadir pointing
modes (S-band comms), Nadir pointing (Camera)

ADCS adapter board

ADCS hardware

TR E 1|II]IHII“‘1

" SAIESENE A ) 3 ‘: "y veBL i‘:,‘. \ : A Olarspy F
'. 1 ﬂIIHIHIIIIIIHIHHIHHHHHH B i R A ; e M )



Satellite BUS — ADCS Subsystem

Calibration of sensors and hardware-in-the-loop test in Kyutech facilities

Kyushu Institute of Technology
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Satellite payloads

CURTIS missions:
 Earth imagery using an in-vehicle camera module

« CMOS sensor with a resolution of 2.6Mpix and camera lens fleld of view

ADCS adapter board

angle of 62. 5deg [ OBC-EPS board |

EPS1 board
Battery box (6 Li-ion cells)

[SISpace
IMTQ

ansceiver
Mission board 1 (camera

Mission board 2 (thermal)

®  UHF transceiver
Access board 1 (PCIB)

. 3| Back-plane board

https://digitalcommons.usu.edu/smallsat/2023/all2023/198/

22
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https://digitalcommons.usu.edu/smallsat/2023/all2023/198/

Satellite payloads

CURTIS missions:
* Thermal conductivity experiments of surface-coated graphite materials

— = ADCS adapter board
T, o — | OBC-EPS board

EPS1 board
Battery box (6 Li-ion cells)

ISISpace
iIMTQ

S-band transceiver

Mission board 1 (camera)

Mission board 2 (thermal)

UHF transceiver
Access board 1 (PCIB)

Access board 2
OBC-EPS-UHF board
Back-plane board

HEAT TRANSFER

https://digitalcommons.usu.edu/smallsat/2023/al12023/198/

Kyushu Institute of Technoloy 23
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Satellite payloads

CURTIS missions:
« Demonstration of a highly integratec

OBC-EPS-UHF board based on

EPS1 board

Kyutech BUS design 5 o™

Battery box (6 Li-ion cells)

ISISpace

S-band transceiver

iIMTQ

Mission board 1 (camera)

Mission board 2 (thermal)

Access board 2

UHF transceiver
Access board 1 (PCIB l

OBC-EPS-UHF board

Back-plane board

https://digitalcommons.usu.edu/smallsat/2023/all2023/198/

Kyushu Institute of Technoloy
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Kick-off
meeting
(Apr “21)

Definition of
the missions,
team and
schedule

MDR meeting
(October “21)

Project lifetime — Lean development

______________________

Delays in the

CDR meeting (,/
project /

(Apr ©22)

FRR meeting
(Aug 23)

Delivery
(Dec ¢23)

LLaunch
(Mar “24)

Design, manufacture and test
of the engineering model

Verification of the mechanical
and system interfaces

Definition of system architecture
based on Kyutech BUS and flight
heritage components

Design and test of the
slot-type based structure

FM manufacture, integration
and environmental test
|

Integration of FM
satellite (Apr ‘23)

\erification of operations of
the BUS and payloads

Identification of issues and
solutions implemented in FM

Kyushu Institute of Technology

< Preparations of the GS operations >




Project lifetime — Lean development

S
Power supply
for battery

Programming board

Satellite and

Log notebook its stand

- *M‘Q——“M‘




Project lifetime — Environmental tests

Vibration test picture

EMC test picture

Fit-check
test

Kyushu Institute of Technology 27



Release from ISS
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VJ-SSOD#28

Ist Deployment
Apr 11, 2024 (Thu)
17:45 - 18:20 (JST)

ellite: CURTIS

e

X\ ®

=
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Ground station and UHF operations

The EM satellite was used as testbed for
mission planning, debugging and testing
of commands

UHF ground station setup

29



Preliminary operation results

From LEOP to Nominal operations

A k

( Confirm upllnk of UHF J

1 : : \
Confirm uplmk of S-band ¢ )

) ; \

Confirm downlink CW over Japan was tested and confirmed by the OBC IogV
Confirm downlink through S-band
through UHF \

Set satellite for . . .
inal operations 1 Set satellite for nominal operations 2
hominal op (Confirm MainBUS health through TLM, confirm

(';‘dJ“StJ"“Ie' St°pt ADCS TLM, Set S-band duty cycle, uplink TLE,
antenna deploymen command ADCS, confirm CW over Japan functions)

attempts)
\ : :
(_ Downlink of MainBUS TLM s ( ADCS modes of operation test )
( Downlink of ADCS TLM ' '
’ %‘ Conduct camera missions
( Downllnk of Thermal Payload TL
/ ) \ Conduct thermal missions
( Download ISS picture V
\
| | \
Confirm MainBUS and PanaBUS health JSZ : :
(battery status, temperature, solar panels, all subsystems operational, attitude) Nom I nal Operatlons >
\ ! ! ! ! ! — !
Release | | | | | | I
from ISS > I o %v ,§3 &o -
Nid i J J i id LEOP: Launch and Early operations phase

Kyushu Institute of Technology 30



Preliminary operation results

Battery status after deployment into orbit:

- Battery voltages and current information were nominal

- Temperature of the battery and the satellite is cold generally

- Power generation were confirmed.

From CW message, we confirmed that all subsystems were operational

CW #1 data

[E—
o

0
W

Battery Voltage (V)
o0

[\ NN
- o
- o
s}
[ ]
o3
s
[ ]
wn
S
W o
Absolute Beta

o
(7S]
O

Absolute Beta
angle (degree)

1
wn
e
[\
n

TN
S S
S S

—_
o

=~
W

Battery Current (mA)
Battery Temperature (°C)
o

2 + 6 2 4 6
Time (day) Time (day) Time (day)

O

Kyushu Institute of Technology

angle (degree)

(|
)



Preliminary operation results

Picture taken at
12 seconds after
the release from
ISS

Vi

\ S &\
l/ \
\ Ol

_" (
- S-band O*
downlink ad , B 43,1
J ,/' D .
/ I R
‘.v%-';;f.
- v A
/ / VN - gl Y
- l i W A
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Preliminary operation results

Pictures taken
during Nadir
pointing
maneuvers
(patch antenna
facing towards
Earth)

Patch antenna side

Patch antenna side

Kyushu Institute of Technology

Patch antenna side

Patch antenna side
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Preliminary operatlon results
4 GERE ~
S

RN
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|_essons learned — Teamwork

» Understand the system architecture of the satellite i1s a must

* Understand mechanical interfaces Is essential to ensure the
correct design of electronic boards

* Understand electrical interfaces Is essential to ensure correct
operation of the subsystems and avoid any short circuits

» Understand the overall schedule of the project
» Keep the workplace organized




Lessons learned — Integration and test

System architecture
serves as a
reference to:

-Verify the interfaces
of the satellite

- Complete all the
functional tests to
ensure the operations
of the payloads during

|Deployrnent of antenna PanaBUS |<—

Panasonic BUS

Deployment
antenna
MainBUS

of

S-Band

(Rx/Tx)

Camera
Y payload
Nl UHF Board

Q -»] Transceiver

PCIB

Relay PIC

RFi3

External
MGM

SPI Memory

ADCS §8
+Y Exter .
MGM <
S ISISpace | E
MTQ i
<-|-’ VY
- ADCS
€ Adapter board

all the project lifetime

Data lines Power lines
Satellite BUS |l Payloads

Kyushu Institute of Technology

TLM PIC
‘ S
Batteries




Lessons learned — Integration and test

* Slot-type based was very useful during the test of individual
subsystems since they can be easily removed from the satellite

* Mechanical tolerances were important to keep when fabricating
the spacers for the subsystems

* Fully functional EM was essential during the development and
test of the FM.

 Extensive test Is essential for the development of an FM:
 Extensive functional tests
* Long duration test to find any software bug
 End-to-end test to understand the operations of the satellite



Thank you!

Rodrigo Cordova, Ph.D.

Laboratory of Lean Satellite Enterprises and In-Orbit Experiments
(LaSEINE)
Kyushu Institute of Technology
cordova.rodrigo207@mail.kyutech.jp



mailto:cordova.rodrigo207@mail.kyutech.jp

	Slide 1: Development and Operational Insights from the CURTIS CubeSat
	Slide 2: Brief introduction of Kyutech satellite projects
	Slide 3: Brief introduction of Kyutech satellite projects
	Slide 4: CURTIS overview
	Slide 5: CURTIS overview
	Slide 6: CURTIS overview
	Slide 7: CURTIS overview
	Slide 8: CURTIS overview
	Slide 9: Concept of operations and missions
	Slide 10: Concept of operations and missions
	Slide 11: Satellite system architecture
	Slide 12: Satellite BUS - Structure
	Slide 13: Satellite BUS - Structure
	Slide 14: Satellite BUS – OBC/EPS board
	Slide 15: Satellite BUS – OBC/EPS board
	Slide 16: Satellite BUS – EPS Subsystem
	Slide 17: Satellite BUS – EPS Subsystem
	Slide 18: Satellite BUS – EPS Subsystem
	Slide 19: Satellite BUS – COM Subsystem
	Slide 20: Satellite BUS – ADCS Subsystem
	Slide 21: Satellite BUS – ADCS Subsystem
	Slide 22: Satellite payloads
	Slide 23: Satellite payloads
	Slide 24: Satellite payloads
	Slide 25: Project lifetime – Lean development
	Slide 26: Project lifetime – Lean development
	Slide 27: Project lifetime – Environmental tests
	Slide 28: Release from ISS
	Slide 29: Ground station and UHF operations
	Slide 30: Preliminary operation results
	Slide 31: Preliminary operation results
	Slide 32: Preliminary operation results
	Slide 33: Preliminary operation results
	Slide 34: Preliminary operation results
	Slide 35: Lessons learned – Teamwork
	Slide 36: Lessons learned – Integration and test
	Slide 37: Lessons learned – Integration and test
	Slide 38

