UNIVERSITAT POLITECNICA

DE CATALUNYA N A N @ 8 AT I_ A B

BARCELONATECH

“2007-2024: Misiones CubeSat del NanoSatLab de la
Universitat Politécnica de Catalunya, de la Idea al Espacio”

Adriano Camps
CommSensLab-UPC, Dept. of Signal Theory and Communications, Universitat Politécnica de Catalunya
Institut d’Estudis Espacials de Catalunya
ASPIRE Visiting International Professor, UAE University

E-mail: adriano.jose.camps@upc.edu

Special thanks to all the UPC NanoSatLabbers for their enthusiastic hard work!

© A.Camps, UPC 2024

11/29/2024

Outline @

I. How SmallSats are making a revolution in our way to access to space

1.1. Introduction to Small Satellites
1.2. Applications of Small Satellites

Il. CubeSats missions at the UPC NanoSatLab: from the idea to the space

2.1. History
2.2. Facilities
2.3. Missions

IIl. Two success stories of CubeSat missions developed at UPC NanoSatLab
3.1. FSSCat
3.2.3Cat-4

IV. Conclusions

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 2




11/29/2024

. How SmallSats are making a revolution
in our way to access to space

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps, UPC 2024 3

1.1. Introduction to Small Satellites (i)

* At the beginning of the space age all satellites were “small.”

=
Sputnik-1 Explorer-1 Vanguard-1
*  Well... not really!

KH-11 KENNEN

Ty -— Conceptual drawing of KH-11:
F: i * Spy satellite collecting 10 cm

resolution images

— * ~19,600 kg
O R * > 10 m longitude,
] y >3 m diameter (2.4 m mirror)
el ¢ Launched since 1976
- — s,
aaaaa P — “like a Hubble telescope”
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1.1. Introduction to Small Satellites (ii)

* 1sttwo decades of the space age: each satellite had its own design.
* Standard spacecraft buses practically unknown until end of ‘70s.

* Early ‘80s micro-satellites emerged and adopted a radically different design approach to
reduce costs, focusing on available and existing technologies, and using COTS
components.

* “Small satellite mission philosophy”: design-to-cost approach, with strict cost and
schedule constraints, mostly combined with a single mission objective, to reduce
complexity.

[From “2019 Nano/Microsatellite
Market Forecast, 9th Edition”, SpaceWorks
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1.1. Introduction to Small Satellites (iii)

e “CubeSat standard” (1999) profs. J. Puig-Suari of CalPoly and Bob Twiggs of Stanford Univ.

* Goal: to allow graduate students to conceive, design, implement, test and operate in space
a complete spacecraft, often using COTS components.

* Because of the simplicity of the CubeSat “standard”, ;
it became a “de facto” standard.

* Includes ALL subsystems as in large satellites 5

bus SLAUGLUNES  srar trackers

/ /uen:m whecls

» On Board Computer

Electrical Power Supply

» Attitude Determination and
Control System

%

15t CubeSats launched on a
Russian Eurockot in June 2003:

WO processor

»> Communications ook et S Japanese Cubesat and CUTE-1, the
- Thermal control Canadian Can X-1, the Danish AAU
> Payload(s) S .
@ Power Supply @ Mission Payload 0 Thermal Control Cubesat and DTUsat, the US Quakesat
29/1172024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 ¢




1.1. Introduction to Small Satellites (iv)

11/29/2024

* Current CubeSat Design Specification defines the envelopes for 1U to 12U (rev 14).

* Also there is a standard for “PocketQubes” (Cube of 5 cm side)

?::—

rTrE

1P
IP=5cmx5cmx5cm

Weight: <250 g i
3V 6U

1u
1U 10cm x 10 cm x 10 cm

Weight: < 1.3 kg
Average power : ~1 W, peak power: ~2-3 W

P-PODs
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1.1. Introduction to Small Satellites (v)

* Today 3U CubeSats are dominating the scene, and they will over the next decade.
* Next wave of growth will be based on 6U and 12U CubeSats:
right balance between very capable payloads, and limited manufacturing and launch costs.

Number of CubeSats launched per year e w

as of January 1, 2024

Nanosatellite launches by types

600 | [WE Picosats (0.1-1 kg)
M Other nanosals (1-10 kg)
550 | (MEEM Other CubeSats
(I 16U CubeSat
500 | (NN 12U CubeSat
M 6U CubeSat
450 | [W93U CubeSat
2U CubeSat
400 1U CubeSat
0.25U CubeSa
[ Announced laurich year
Nanosats 2022 prediction |

°i T8

@
i
©

Nanasalellles
=]

SRR

=
S RS P S N g e T s S S s S P
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1.1. Introduction to Small Satellites (vi)

Constellations Form Factors

newspace.im
| I Retired
Aot . 1 - | I Launches completed
0.25U | I Launched & replenishing
I Launches ongoing
0.33U Prototype(s) launched
U Prototype development
Early stage / Concept
3u

6U
8u

- 26 I Dormant / Unknown
- - I Cancelled / Bankrupt

12U
16U
CubeSat I 64
Hosted
e . m 55-
Smallsat _ 54
Satelite N ::
Unknown — 51
0 10 20 30 40 50 60
Number of Constellations
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1.1. Introduction to Small Satellites (vii)

Launched nanosatellites

5

us 550
Russia ., 98
China , 94
Japan * 82*

WK . 68
Germany "54
Spain 52
Italy 31
France 30
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1.2. Applications of Small Satellites (i): to Earth Observation

e First wave of CubeSats were Techdemos and Passive Earth Observation
*  Most CubeSats originally performed Optical and Passive Microwave EO missions
due to power (and bandwidth) limitations

Frequency
. \ .
Microwaves jman Q Optical
Active: RADAR ) LIDAR
[http://www.srh.noaa.gov/srh/sod/ X X
. . [http://web.physik.uni-rostock.de/
. . radar/rad\r:fo/radmfohtm\] cluster/students/fp3/lidar_en.html[]
Passive: Microwave Radiometers

Blackbody Radiation

Luminosiy

LCOGT ‘Wavalengih (Mot 1o scale)

29/11/2024 2007-2024: Misic

1.2. Applications of Small Satellites (ii): to Earth Observation

* Science mission feasibility based on nanosatellites: from 2012 to 2017 huge change in just 5 years!
Huge investments in P/L developements, deployable solar panels and improved downlinks

PICASSO, IR sounders

-
JPL RainCube demo
SERB, RAVAN

No demo mission
Feasible Planet

Ka-Band 12U design
AstroDigital
TEMPEST

DIAL laser occultation
-

InSPIRE

HARP Polarimeter
SeaHawk

CanX-4.and -5
Bistatic LEO-GEO
CYGNSS (GNSS-R)

[adapted from “Deep Space cubesats and nanosats at JPL,” T. Freeman, May 2017]
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e

Using Signals of Opportunity

B -

© A.Camps,UPC 2024 11

© A.Camps,UPC 2024 12




11/29/2024

1.2. Applications of Small Satellites (iii): to Earth Observation

followed by GNSS-RO.

Earth Observation C

SatRev (STORK / REC) 9/1024 Launches ongoir

Efir / Sfera (Skif)
Quantum Generative Materials (GenMat)
Planet Labs (Flock, Dove, SuperDove)

1/640 Prototype(s) faunched
1/600 Prototypa(s) launched

592/ 150 Launched & replenishing

07500 Cancelied

Spacety 22/ 480 Protolype(s) launched
Chang Guang EJ:;n-‘!; o Pvzu- 300 [’mmn:mlcwljnmq Multispectral:
uu / rototype(s) launched
* PlanetlLabs: 592/150

17200 Dormant?, Protolype(s) launched
e Chang Guang: 129/300

15/182 Launches ongoing
47150 Prototype(s) launched

ZeroG Lab (Lingque, Magpie, Golden Bauhinia) 77132 Prototype(s) launched Hyperspectral:
EnduroSat| 07120 Prototype(s) launched . Satellogic’ 43/90
Alya Space (Alya 1) 07108 Prototype development « BlackSky: 20/60

EllipSpace (Starpool (Xingchi-1)) 4/100 Prototype(s) launched
Kuva Space 3/100 Prototype(s) launched
Nara Space 1/100 Prototype(s) launched
Canon 1/100 Prototype(s) launched
China Electronics (Tianxian)| 1/96 Prototype(s) launched — F’Ianned
PredaSAR 0/96 Cancelled
Satellogic 43/90 Launches ongoing e Launched
1] 200 400 600 800 1000 1200
Number of Satellites
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1.2. Applications of Small Satellites (iv): to Earth Observation

Weather Constellations e

Spire (Lemur) — 182/ 150 Launches ongoing
Acme AtronOmatic (HORIS) I /150 Prototype(s) launched
OroraTech (FOREST, Walker-Star) | 2/ 100 Froiotype(s) launched  GNSS.RO:

Yunyao Yunang | 250 Frototype(s) aunched - Spire: 1821150

GeoOptics (ClCERO)_ 9/50 Launches ongoing +  Xiyong Microelectronics Park: 18/?
care Weather | 2/ 50 Prototype(s) launched *  GeoOptics: 9/50

Climavision _ 0/50 Prototype development *  PlanetiQ: 4/20

Orbital Micro Systems _ 1/40 Unknown, Prototype(s) launched

Tomorrow.io | 2/30 Prototype(s) launched GNSS'R:
Planeti (GNOMES) Il 4720 Launches ongoing ° piteEallE
Xiyong Microelectronics Park (Tianmu-1) - 18/ ? Prototype(s) launched TIR:
L3Harris - 1/12 Cancelled?, Proiotype(s) launched «  OroraTech: 2/100
RAL Space § 0/7 Unknown
Tropical Weather Analytics (Hurricane Hunter) § 0/7 Prototype development MWR:
Psionic § 0/? Prototype development *  Orbital MicroSystems: /40
SR Space || 0/? Early stage m
406 Aerospace l 0/? Cancelled s L aunched
0 50 100 150 200 250
Number of Satellites
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1.2. Applications of (not that) Small Satellites (v): to EO

Actually these are MicroSatellites (~100 kg)

SAR (Synthetic Aperture Radar) Constellations nowspaceim

Alya Space (alya 1) |, 0 108 Protolype development
China Electronics (Tianxian) [ NG ' 55 Prototype(s) launched
predasAR [ /96 Cancelied
Spacety (SAR) NG :/ 56 Frototype(s) launched
Trident Space | NG 0/ 45 Cancelled
Capella Space (Acadia, Whitney) I 2/ /0 Launches ongoing
iars [N /35 Lounches ongoing
Tianjin Satcom (36 Tiangang) NG ©/ 5 Prototype development
IcevE I 3:/ 18 Launches ongoing
PierSight |G ¢/ 32 Protwotype development
synspective (StriX) I 3/30 Lounches ongoing
umbra NI &/ 24 Frotolype(s) launched
UrTheCast (UrtheDaily / OptiSar) [ MMl </ 24 Cancelled, Bankrupt
QianSheng [ /20 Prototypers) launched
sARrsat I o/ 18 Eary stage
Smart Sateliite [l 1772 Prototype(s) launched
£0s (EosAgriSat) Il 1/ 12 Prototype(s) launched
metrea (XR) Il 0/8 Early stage

Orbital Astronautics (Guardian) Jll 6/7 Prototype(s) launched — E;aur:‘r;i ’
Spacety o)l 2/6 P launched =
0 20 40 60 80 100 120 140 160

Number of Satellites
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1.2. Applications of (not so) Small Satellites (vi): to Communication@

* Telecom is coming fast! (also to support EO constellations — Inter-Satellite Links)
e >10% of all nano/microsatellites launched in 2018 were for communications

Actually these are MiniSatellites!! (Starlink v1 ~230-300 kg, Starlink v2 ~730-1250 kg)

Broadband Internet Constellations

newspace.im
Astra 0/13620 Cancelled?, Unknown %
Guo Wang 0/12992 Prototype development
SpaceX (Starlink V2) 0/7500 (29988) Prototype development
SpaceX (Starlink Gen1) 4714 /4408 (41493) Launches ongoing
Amazon (Project Kuiper) 2/3236 Prototype(s) launched
Stellar 0/2464 Prototype development
Hanwha Systems 0/2000 Unknown
ughes 0/ 1440 Early stage
Genesat (G60) 0/1296 (12000) Prototype development
Galaxy Space (Yinhe) 8/1000 Prototype(s) launched

E-Space

UNIO

Xingwang (Chuangxin-20, CX-20)
SpaceX (Starlink V2 Mini)

3/1000 (350000) Prototype(s) launched
0/1000 Prototype development

12/966 Prototype(s) launched
Mangata Networks

936/ ? Prototype(s) launched :
0/791 Prototype development Planned
OneWeb (Gen 1) 620/648 (6372) Launches completed ==L aunched |

0 4000 8000 12000 16000 20000
Number of Satellites
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1.2. Applications of Small Satellites (vii): to Communications

loT / M2M Constellations newspace.im

E-Space 3/1000 (350000) Prototype(s) launched
Sky and ipaoe 3/400 Cancelled, Prototype(s) launched
LEO N 2 /300 Unknown, Prototype(s) launched
Hubble Network NN © /300 Prototype development
NSLComm I >/ 264 Prototype(s) launched
Sateliot (GroundBreaker) NN 5/ 250 Prototype(s) launched
Lacuna Space I G /240 Launches ongoing
Omnispace I 2 /200 Prototype(s) launched
Space JLTZ (Gemini) I 1 /200 Dormant?, Prototype(s) launched
Swarm Technologies I 189/ 150 (600) Launched & replenishing
Inmarsat (ORGHESTIRA) NN 0175 Prototype dovelopment Swarm: 0.25 U (SpaceBEE)
Kepler Communications (GEN1) NI 13/ 140 (360) Launches ongoing
Fleet Space (Alpha) INEEEEM 7 /140 Launches ongoing

Orbitare (Spaceloop) IEMM 2/126 Profotype(s) launched Kepler:3U > 6U
Innova Space (Libertadores de América) Il 6/ 100 Prototype(s) launched P
EllipSpace (Starpool (Xingchi-1)) 4/100 Prototype(s) launched
ONDCH o I/ 700Nl pé chvsionrsnt Fossa Systems: 2P, Ferrox 1/3x6U
&5

Shanghai Lizheng Salellite Il 1/90 Prototype(s) launched
Fossa Systems Ml 21/80 Launches ongoing
Astrocast Bl 20/ 80 Launches ongoing
Hongyun / Xingyun (Xingyun-2) Il 4 /80 Launches ongoing
Hello Space Il 3/80 Prototype(s) launched
Iridium (NEXT) Bl 75/75 Launches completed
Commsat (Ladybug / Ladybird) 8/72 Cancelled?, Prolotype(s) launched
NanoAvionics 3/72 Cancelled, Prototype(s) launched
Ingenu (AFNIO) 0/72 Prototype development
0Q Technology Il 7 /60 Prototype(s) launched
Orbcomm (OG2) MM 51/52 Launched & replenishing
Mgriuta Il 3/50 Prototype(s) launched
Sternula (MARIOT) Bl 1/50 Prototype(s) launched
HEAD Aerospace (Skywalker) lll 14/48 Launches ongoing
Hiber Il 4 /48 Cancelled, Launches ongoing
Globalstar (Second-Generation) Bl 25/ 42 (53) Launched & replenishing
Guindian Ganke (Anncahmss) B 17 /38 | aunchas nnaninag

1] 200 400 600 800 1000 1200 1400 1600
Number of Satellites

isiones CubeSat del UPC NanoSatLab © A Camps, UPC 2024 17
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1.2. Applications of Small Satellites (viii): to Communications

Y
“°© @ FOSSA

Lacuﬁas Source: Lacuna Space
Lacuna Space: 1% satellite launch Apr. 2019 Fossa Systems: 15t satellite launch Dec. 2019)
*LoRaWAN Payload *LoRa transceiver used for telemetry
*1Q PocketQube (5x5x5 cm)

*6U CubeSat (30x20x10 cm) from Nanoavionics
*Semtech SX126x transceiver
*Quadrifilar helix antenna

*Commercial LoRa transceiver
*Monopole antenna

Plant-powered sensors send signal to space
[https://artes.esa.int/news/plantpowered-sensor-
sends-signal-space; 15 January 2020 ]

29/11/2024 iones CubeSat PC NanoSatLab © A.Camps,UPC 2024 18
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1.2. Applications of Small Satellites (ix): to Communications

RF Spectrum Monitoring / Geolocation Constellations newspace.im
HawkEye 360 21/60 Launches ongoing
Kleos Space 16 /40 Bankrupt, Launches ongoing
Unseenlabs 11/25 Launches ongoing
Umbra 8/24 Prototype(s) launched
Horizon Technologies (Amber) 1/20 Prototype(s) launched
Aurora Insight 3/12 Prototype(s) launched
Ningxia / Zhongzi 10/ ? Prototype(s) launched
Sierra Space (SNC) (Vindler) 4/4 Prototype(s) launched
LatConnect 60 0/3 Prototype development : fl:ur:]ncii "
0 10 20 30 40 50 60 70 80 90
Number of Satellites
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1.2. Applications of Small Satellites (x): to positioning

ADS-B Constellations

Skykraft (Foundation)
Spire (Lemur) I_ 182/ 150 Launches ongoing
Aerial & Maritime 0/100 Cancelled, Prototype doveiopment
Aireon 75/75 Launches complted
HEAD Aerospace (Skywa\km)_ 14748 Launches ongoing
Aistech (Guardian, DANU, HYORA) Il 4720 (120) Prototypas) iaunchod
Tekever [l 012 Unknown

St _ 1180 froshpet tuncted
LusoSpace - 0/12 Prototypa develapment

Auen Space I 047 Unknown

Number of Satellites.

29/11/2024 2007-2024:

8/210 Profolype(s) launched |

! HEAD Aerospace (Skywaiker) [N 1+ 46 Lsunches ongoicg s Planined
Startical I 0/7 Prototype development s arbad Kieos Space I ¢/ 40 Baninipt. Launches ongoing = Launched
! unched
0 50 100 1 200 250 300 L3 o 1o (s G o

14100 Prototype(s) louglned

eso naesoce v [ <200 ADS-B, AI1S/VDES, DCS

=—Planned Aquarian Space (SOLNET) | 047 Prototype development —Pianned
~——Launched = Launched
0 50 100 150 [ 50 100 150 200 250 300 350 400 450

isiones CubeSat del UPC NanoSatLab

PR AIS Constellations oy

Spire (Lomur) [ 72/ 750 Launches cogaing
saab [N 1 (00 Frotoiype(s) launched
Herial & Maritime | o/ (00 Caoncelied. Prototype development

‘Commsat (adybug / Ladybird) | /72 Canceied?. Prototype(s) leunched

giwonics (SITRO-AIS) NG G/ 70 Lounches ongoing
EacEartn [ 65/ 67 Launches compieted
Orbeomm (062) I 51 /52 Lounched & roplenishing
Stenula (MARIOT) I : /50 Prototype(s) launched

Number of Satellites

PPNT (Position, Navigation, Timing) / GNSS Constellations.

s syt 0 e
Future Navigation (CentiSpace/Xangrikui) _ 67120 Prototypes) ksunchod G
EllipSpace (Staool (Xingehi-1)) _ 47300 Profoiype(s) isunched
Shanghai Lizheng Satellite _ 1/80 Profotypafs) launchod
Satelles. - 66/66 Lounches completed

PP — Py —

Hosted payload in
Iridium satellites

TrustPoint | 2/7 Prototpets) ounchod

Number of Satellites

© A.Camps,UPC2024 20

10



11/29/2024

1.2. Applications of Small Satellites (xi): to Astrophysics @

* NASA Science Mission Directorate sponsored SmallSat/CubeSat missions in operation or under development
Mars Cubg One

¢ ASTERIA - exoplanets
*  PicSat - giant planet B Pictoris b

NASA astronomy missions

¢ HaloSat - soft X-ray emission from
Milky Way hot halo

e CUTE - exoplanet transit
spectroscopy in near-UvV

*  SPARCS - far- and near-UV low-
mass stars

° BurstCube gamma ray transients

b [E. Shkolnik, “On the verge of an

OPERATING & FUTURE astronomy CubeSat revolution”, Nature

Y SmallSat/CubeSat FLEET )

ot cuuomet

*  From 2003-2018, only 14 nano/microsatellites intended for destinations outside of LEO:
MARCO 1%t interplanetary cubesat mission (launch May 2018)
* Four nano/microsatellites made their way beyond Earth Orbit in 2018, more than in the past 5 years combined.

29/11/2024 200° b © A.Camps,UPC 2024 21

1.2. Applications of Small Satellites (xii)

ESA fleet of Technology Demonstrators, EO and Astrophysics missions

- PRETTY (3U)
studying stmosphere \ demonstrating GNSS
re-entry reflectometry

in-situ resources

demonstrating rendezvous
BA [ and docking
monitoring climate

demonstrating new [T

platform measuring space

technologies. radiation and magnetic
id

in-situ resources

studying the atmosphere 20

www esaint —.ESA'S TECHNOLOGY CUBESAT FLEET European Space/Agen

Funded in GSTP Fly

29/11/2024 ) b © A.Camps,UPC 2024 22
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Il. CubeSats missions at the
UPC NanoSatLab:
from the idea to the space

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps, UPC 2024 23

2.1. History (i)

» Kicking off the UPC NanoSat-Lab facilities:
* 2007: a slow beginning at UPC Omega building (TVAC + Sun Simulator)
* 2013: moving to B3 building basement (shaker)
* 2018: moving to C4 building (clean room)

* And the ground station:
* 2012: first ground station at B3 (VHF+UHF) [#2]
* 2016: ground station upgrade at D3 (addition of S-band dish)
* 2018: moving to Observatori Astronomic del Montsec

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 24
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2.1. History (ii)

» After Bologna process started ETSETB-UPC identified the Conceive-Design-Implement-Operate
. (CDIO) initiative as the most complete and coherent model.
* Inthe new curricula, the CDIO initiative is implemented with four subjects:
* Introduction to Information and Communication Technologies (ICT) engineering (or ENTIC),
* Basic Engineering Project (or PBE),
e Advanced Engineering Project (or PAE, the capstone project), and
* Final Degree Project.

« A PAE subject called “3Cat-NXT” offered to students for more than 6 years: 11 h tutorial + team work
trying to follow methodology as in company (weekly meeting + PDR+CDR+FRM).

» Topics change every semester, but typically they are connected along 3-4 semesters.
 Since 3Cat-NXT PAE subject started, 400+ students have followed this class, and many have continue...

» Lab not restricted to students from the ETSETB-UPC, students from other UPC Schools or from different
countries are welcome to join an international multi-disciplinary, and “multi-generation” (from freshmen
to post-docs) working environment.

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 25

2.2. Facilities

Class 8 Clean Room with TVAC and Shaker Helmholtz coils during ADCS testing of FOSSA SAT-1 PocketQube
a 6U CubeSat [courtesy of NanoAvionics] being tested at UPC NanoSat-Lab

R

2017-2021
@ ~ #3B5GSAT nanosatellite (Enxaneta) fro
Sateliot received at Montsec S-band
ground station designed and operated
by UPC NanoSat Lab students, while

downloading data to Svalbard.

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps, UPC 2024 26
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2.3. Missions (i)

Activities started in 3/2007
Launch: PSLV 29 Nov.2018 Launch: LMD2, |5 August 2016 Multispectral imager (standby)
7 small P/Ls PYCARO: GNSS-R P/L: L1+L2, R&LHCP Customer: ICGC

Flight model Artist view

Flight model NORAD ID: 43728
NORAD ID: 41732 =

@ r1eecy

P,

esa

(opernicus
masters

https://www.esa.int/Enainng_Support/Space_Transpo;(ation/ .
29/112024  Ariane/ESA _selects_payloads_for_Ariane_6_first_flight 2001M55t del UPC NanoSatLab © A.Camps, UPC 2024 27

2.3. Missions (ii)

Launch: Q1-2025 Launch: TBC

© A.Camps, UPC 2024
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2.3. Missions (iii)

@ Mission concept & development
GNSS-RO scintillation P/L

IEEC? 3Cat-Gea: Optical P/L

imii2ealt PoCat’s constellations Federated
Satellite Systems experiemnt

29/1112024 iy 2007-2024; Misiones CubeSatdel UPC NanoSatlab © A.Camps,UPC 2024 29
R —

2.3. Missions (iv)

 IEEE Open PocketQube Kit:
> 3 x 1P PocketQubes developed (VGA camera, L-band RFI monitoring, Ka-band RFI monitoring
» All designs will be open to anyone, including software, EGSE and MGSE
» Reception using TinyGS network of ground stations (~1500 worldwide)

[https://nanosatlab.upc.edu/en/academy]

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps, UPC 2024 30
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I1l. Two success stories of CubeSat
missions developed at

UPC NanoSatLab

29/1112024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 31

3.1. FSSCat Mission (i)

FSSCat in a nutshell:
* Innovative mission consisting of two federated 6U Cubesats
*  Winner of 2017 ESA Sentinel Small Satellite challenge
and Copernicus Masters overall winner C)\pernicus
* Payloads: masters
» FMPL-2: microwave radiometer + GNSS-Reflectometer
» HyperScout-2: hyperspectral + TIR imager enhanced with PhiSat-1 Al
experiment
> Radio & optical inter-satellite links.
¢ Goals: to measure soil moisture, ice extent and thickness, and
to test novel techniques for future satellite federations.
* Potential precursor of scalable constellation of federated small EO satellites.

* First CubeSat-based mission contributing to the Copernicus program:
https://catalogue.nextgeoss.eu/
https://earth.esa.int/eogateway/news/introducing-the-newest-esa-third-party-missions

3Cat-5/A (NORAD ID: 46292) and 3Cat-5/B (NORAD ID: 46293)
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3.1. FSSCat Mission (ii)

e Mission proposer and provider of the FMPL-2 (L-band Radiometer, the
3P oancelonATecH GNSS Reflectometer) and the Radio Inter-Satellite link

RN ] Provider of Hyperscout (VNIR Hyperspectral + TIR imager) —
> To be used for pixel downscallng as in SMOS

¢ iertaces

Not in the original proposal Phisat-1 " m ETaW , ,

experiment
* HyperScout-2 e \
- Hyperspectral VNIR, Multispectral TIR

- 300 km swath

- 1st Al processor for in orbit processing " Lake Tharthar (Irak), 15t hyperspectral VNIR-TIR fully
(Myriad-2) co-registered image (image credit: cosine remote sensing B.V.)
[https://eoportal.org/web/eoportal/satellite-missions/p/phisat-1] [https://www.cosine.nl/hyperscout-2-delivers-spectacular-images-during-commissioning-phase/]
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3.1. FSSCat Mission (ii

i)

-
deImOS DPGS provider and prime contractor of FSSCAT
grupo eleanor

- —— s Processors

Products publicly available ™ Reused expertise from previous MWR and GNSS-R P/Ls
https: tal . t . d - -

ataprovidersfeseat o = Tailored to FSSCAT (FMPL-2) instrument and products
User Manual requirements

http://deimos.pt/FSSCAT- . ) .

ProductsUsersGuide.pdf = 24 Product Types / Collections, including

Copernicus free and open e GRF: L1B, L1C
data products . ’

distribution policy applies * MWR:L1B, L1C, L2ATB
* SIT, SM, ... (excl. NNP)

b G LTl /] Platform provider, system integrator,
A Terran Orbital Corporation
operations, Cubesat Deployer provider and

Not in the original proposal launch interface

esa Technical and programmatic advise and expertise, funding scheme, ESA facilities &

ESA Small Satellite Challenge initiator
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3.1. FSSCat Mission (iv)

First CubeSat-based mission contributing to the Copernicus program:
* ECVs derived from MWR, GNSS-R, detecting/mitigating RFI

... using neural networks + Al (PhiSat-1 experiment on 3Cat-5/B) to discard cloud-covered images
https://earth.esa.int/eogateway/news/introducing-the-newest-esa-third-party-missions

Y
3 o~
PR "
[https://youtube’;?(;&i:?.UPluA ]\' Data freely available at: https://catalogue.nextgeoss.eu/

50 o

e Lony -_15 = G T . 2
Soil Moistuure 13 product Sea Ice Extent/Coverage L4 product using GNSS-R and MWR maps
P
Ao resut (pu) A resat (pa) : 202010.02 - 20201005 PSS aemlos 4
J‘ 5 4 ' ) - l SN g..:‘ 06 7T~ fgos
. 4 = 0sE | 05E
0.3; a3
I . vl 02y “b o 4028
t " s
012 ! D‘l.,g
:'Ja: -e ‘ O.Om e e s [
' a - & 120%

e [
Sea Surface Salinity L4 product using GNSS-R and MWR maps  Sea Ice Thickness L4 product using MWR maps
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3.2. 3Cat-4 Mission (i)

- 1-Unit CubeSat = ISISpace 1U Structure
= Dimensions: 100 x 100 x 113,5 mm
= Mass: 950 g — 1050 g

- Subsystems
= On-Board Computer: GomSpace NanoMind A3200
= Electrical Power System: GomSpace NanoPower P31u
GaAs based Solar Panels

= Custom UHF Half Duplex Communications (435-438 MHz)
¢ NanoSat Lab UHF Transceiver
* |SISpace Deployable UHF Antenna

= Attitude Determination & Control System
* Active control with magnetorquers
* Passive control with gravity boom
* Determination: magnetometer, gyro, sun sensors

- Payload
= GNSS Reflectometer
= L-Band Radiometer
= AIS Receiver
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3.2. 3Cat-4 Mission (ii)

* 1U Cubesat in stowed configuration

ISIS 1U structure

121.50 mm x 100 mm x 100 mm dimensions
Launch Campaign

Launch and Early Orbit Phase (LEOP)

VYV V VYV

» Deployed configuration
595.75 mm x 150 mm x 150 mm dim|
Deployment by stages
All antennas deployed
Operational phase

nsions

YV VYV

COMP
ZADS AOCS
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EPS board

(] H‘“ o)
OBC and I/F boards
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3.2. 3Cat-4 Mission (iv)

Solar panels FMPL- | payload

NADS board and deployable antenna

29/11/2024 2007-2024: Misiones CubeSat del UPC NanoSatLab © A.Camps,UPC 2024 39

3.2. 3Cat-4 Mission (vii): surviving covid...
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3.2. 3Cat-4 Mission (viii)
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3.2. 3Cat-4 Mission (ix)
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3.2. 3Cat-4 Mission (x) @

\
N\

[credit ESA]
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3.2. 3Cat-4 Mission (xi)

[credit ESA]

29/11/2024 © A.Camps, UPC 2024
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3.2. 3Cat-4 Mission (xii)

[credit ESA]
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3.2. 3Cat-4 Mission (xiii)

[credit ESA]
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3.2. 3Cat-4 Mission (xiv)

[credit ESA]
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3.2. 3Cat-4 Mission (xv)

| [credit ESA]
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3.2. 3Cat-4 Mission (xvi)

[credit ESA]
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4. Conclusions (i)

* CubeSats have produced a “disruptive innovation,” and are displacing some established
competitors.

* Early CubeSats typically had short lifetimes (a few months), but now it has increased
significantly.

* CubeSats cannot displace all large space missions, but they are finding their own niche in
many EO, Astrophysics, and Communications (loT and M2M) applications where NRT or
even continuous monitoring are required.

« Still many new technologies to be developed: large deployable antennas, high precision
attitude control systems (OISL...), Improved RF ISLs to stablish satellite federations and
constellations, Al on-board processing to reduce the amount of data to be downloaded or
for situational awareness

... and also administrative regulations should be streamlined.
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5. Conclusions (ii)

* Massive constellations of EO + communications will be the newest space revolution

* This is just the begining, there are endless possibilities to “imagine a future where Al, 5G
...” can play a major role in space!

* Small Satellites are a real opportunity for many nations, but for students and YPs too!!

* “Challenging” projects like FSSCat and 3Cat-4 would be imposible without a
“dream team” of dedicated and competent students!!

* You can also be part of this adventure !!

* To know more:
https://www.intechopen.com/online-first/nanosatellites-and-applications-to-commercial-and-scientific-missions]
https://doi.org/10.1016/B978-0-12-824541-5.00027-3
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Thank you!

NANQ SAT LAB
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