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“Beatriz Galindo” Distinguished Senior Investigator

Aerospace Engineering Department

Universidad Carlos III de Madrid (UC3M)

Personal 5-year talent-attraction award from Spanish Government to:

▪ Coordinate activities in academic-industry chair ST3LLAR

▪ Establish CubeSat development program at UC3M

▪ Develop advanced control & AI/ML techniques for aerospace systems

Expert on application & transfer of robust control techniques to aerospace systems

      Education (9 years): Aerospace Eng.: BSc’97 (St. Louis U., USA) , MSc’01 & PhD’04 (U. of Minnesota, USA)

      Academic Experience (13 years): 2 yrs as Post-Doctoral RA (University Leicester, UK, 2004-2006)

                                                            7 yrs as Senior Lecturer (University of Bristol, UK, 2013-2020)

                                                            4 yrs as Distinguished Investigator / Chair of Excellence (Universidad Carlos III de Madrid, ES, 2021→)

      Industrial Experience (12 years):  6 months as Industrial Research Fellow (Honeywell Labs, USA, 2003)

                                                             8 yrs from Senior Engineer to R&D Leader (Deimos Space, Spain, 2006-2013)

                                                             3 yrs as SME founder & scientific director (TASC Ltd, UK, 2020→2023)

25+ years’ experience leading aerospace control R&D

Jul 2009-Oct 2012 Jan 2013-Jun 2016 

My PhD thesis 
was on 

aircraft 
FDI/FTC

Jan 2001-Feb 2004

I proposed & led 
first two EU coordination projects 

at Deimos Space (Industry)

Andrés Marcos

Current position

VEGA

Euclid

LISA

From TRL 3 ➔ industry-developed, 
high-fidelity, nonlinear, simulators

To TRL 6/8 ➔ flight tests: 
piloted & remotely operated

Past projects

Airbus a ircraft

With high-impact results

Director of UC3M’s: 

   Master in Space Engineering,   MISE

   Center of Satellite Technology, CSAT

   CubeSat Program,  ST3LLARsat



TRIVIA TIME
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https://docs.google.com/forms/d/1YFIqm2bbIGh56ufmIn0I2JBUDRjfBgYRyUj2UrMp2M4/edit


Q1. What is the name of the first satellite sent up by humanity?

TRIVIA TIME
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Q2. Name at least one company in Spain that makes CubeSats?

Q3. Name at least one Spanish University that has launched a CubeSat?



TRIVIA TIME
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A. < 1 Kg

B. 1-10 Kg

C. 10-50 Kg

D. >100 Kg 

Q5. How long can be the side of a CubeSat?

A. 5 cms

B. 10 cms

C. 30 cms

D. 80  cms 

Q4. How much is the (typical) weight of a CubeSat? 



TRIVIA TIME
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Q6. What is the (typical) orbit altitude for a CubeSat?

A. 10-100 Km

B. 100-300 Km 

C. 300-600 Km

D. 600-900 Km 

A. 300 km/h

B. 3,0000 km/h

C. 30,000  km/h

D. 300,000 km/h 

Q7. What is the (typical) maximum travelling speed of a CubeSat?



TRIVIA TIME
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Q8. How many CubeSats have been launched into space?

A. <1,000

B. 1,000-3,000

C. 3,000-6,000

D. >6,000

A. < 30 %

B. 30-50 %

C. 50-70 %

D. > 70 %

Q9. What is the success rate of a CubeSat program/launch?



What is a CubeSat?
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What is a CubeSat? Some nice videos
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Canadian Space Agency (CSA) – What is a CubeSat? [1m15s]

https://www.youtube.com/watch?v=x7MmleXu7Dc 

https://www.asc-csa.gc.ca/eng/multimedia/search/video/18450?search=cubesat

European Space Agency (ESA) Euronews [8m30s]

– CubeSat, a satellite in a shoe box:

https://www.youtube.com/watch?v=w-7gkInt3JI 

NASA – What is a CubeSat [59s]

https://www.youtube.com/watch?v=HZMiJ_Q47qk

https://plus.nasa.gov/video/what-is-a-cubesat-2/ 

https://www.youtube.com/watch?v=x7MmleXu7Dc
https://www.asc-csa.gc.ca/eng/multimedia/search/video/18450?search=cubesat
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https://www.youtube.com/watch?v=w-7gkInt3JI
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What is a CubeSat? Definitions

https://www.nanosats.eu/cubesat 
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https://en.wikipedia.org/wiki/CubeSat 

https://www.nanosats.eu/cubesat
https://en.wikipedia.org/wiki/CubeSat


What is a CubeSat? Classifications
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A CubeSat is any picosat < nanosat < microsat of up to ~50kg / 27U 

https://en.wikipedia.org/wiki/Small_satellite https://www.nanosats.eu/cubesat 

https://en.wikipedia.org/wiki/Small_satellite
https://www.nanosats.eu/cubesat


What is a CubeSat? Spanish 1st Pocket/Nano/Micro-Sats
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University of Vigo’s 1st NanoSat:  XaTcobeo  (1U, <1Kg) 

Launched 13th Feb 2012:  https://www.xatcobeo.com/ 

https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission 

FOSSA Systems’ 1st OS PocketQube: 

FOSSAsat1 (0.5U, <0.5Kg)

Launched 6th Dec 2019

https://fossa.systems/our-history/

Polytechnic University of Madrid’s 1st MicroSat: UPM-SAT 1 (100U, 47Kg) 

Launched 7th July 1995: https://www.idr.upm.es/en/upmsat-1 

A CubeSat is any picosat < nanosat < microsat of up to ~50kg / 27U 

UPM-SAT 1 is not a CubeSat:   45x45x55 cms / 47Kg

while a CubeSat is maximum of: 30x30x30 cms / 50Kg

The CubeSat definition might seem arbitrary, 

but it is driven by capacity of CubeSat deployers (currently up to 27U).

https://www.xatcobeo.com/
https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission
https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission
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https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission
https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission
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https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission
https://hackaday.com/2019/08/15/spains-first-open-source-satellite/
https://hackaday.com/2019/08/15/spains-first-open-source-satellite/
https://hackaday.com/2019/08/15/spains-first-open-source-satellite/
https://www.idr.upm.es/en/upmsat-1
https://www.idr.upm.es/en/upmsat-1
https://www.idr.upm.es/en/upmsat-1


What is a CubeSat? Beginnings

▪ The CubeSat standard was created in 1999 by 

     California Polytechnic State University, San Luis Obispo (prof. Jordi Puig-Suari)

    and Stanford University's Space Systems Development Lab (prof. Bob Twiggs)

     to facilitate access to space for university students. 

▪ Since then, it has become a worldwide standard. 

▪ CubeSat developers include not only universities and educational institutions,     

but also private firms and government organizations.

▪ The CubeSat-SmallSat segment is one of

    the fastest growing segments in the 

    aerospace industry (NewSpace).
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Nanosats’ companies:  https://www.nanosats.eu/  

Aerospace / Mechanical engineer

Electronics engineer

https://www.nanosats.eu/


▪ The CubeSat is a standardized satellite characterized by:

▪ Cube Modular Size: 10cmX10cmX10cm cube (known as 1U)

▪ Mass per cube: of not more than 1.33 kg (but sometimes defined as <2Kg)

▪ Functionalities: all basic functionalities for a research satellite 

              STR, EPS, OBC, SW/OBDH, TT&C   +   ADCS, THR, PAY  +  AIVT, MGT, BDGT, LAW  

▪ CubeSats are scalable 

    by grouping multiple 1U frames

    into larger configurations:

    3U:   10x10x30 cms

    6U:   10x20x30 cms

    12U: 20x20x30 cms

    27U: 30x30x30 cms 

What is a CubeSat? A Standard Description
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https://www.nasa.gov/what-are-smallsats-and-cubesats/ 

https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/


▪ Two ways:

1. Direct Launcher deployment: Piggyback on launcher within a CubeSat Deployer

2. From ISS: taken to ISS and released via CubeSat Deployer (or by hand, not often) 

▪ CubeSats Deployers are special containers designed to carry CubeSats:

o CalPoly’s P-Pod: up to 3U (i.e. 3x1U, 1x1U+1x2U, 1x3U)

o ISIS’ ISIPOD: tailored for 1U, 2U, or 3U

o NanoRacks CubeSat Deployer (NRCSD): for ISS, up to16U payloads

What is a CubeSat? How are they launched?
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https://www.nanosats.eu/ecosystem#dispenser/ 

https://www.eoportal.org/other-space-activities/cubesat-
concept#CubeSatDeployers.html.33 

Distribuidor

https://www.nanosats.eu/ecosystem#dispenser/
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
https://www.eoportal.org/other-space-activities/cubesat-concept#CubeSatDeployers.html.33
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▪ Two ways:

1. Direct Launcher deployment: Piggyback on launcher within a CubeSat Deployer

2. From ISS: taken to ISS and released via CubeSat Deployer (or by hand, not often) 

What is a CubeSat? How are they launched?
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CubeSat hits space station solar array 

'mildly' after spacewalker deploys it [2m28s]

https://www.youtube.com/watch?v=zfl42B3nWr0 

ESA CubeSats deployed from the ISS [1m9s]

https://www.youtube.com/watch?v=-m4iNiNFFto 

NASA - How Do CubeSats Get Into Orbit? [1m]

https://www.youtube.com/watch?v=pnRdIyIWI0k 

https://www.youtube.com/watch?v=zfl42B3nWr0
https://www.youtube.com/watch?v=-m4iNiNFFto
https://www.youtube.com/watch?v=-m4iNiNFFto
https://www.youtube.com/watch?v=-m4iNiNFFto
https://www.youtube.com/watch?v=-m4iNiNFFto
https://www.youtube.com/watch?v=pnRdIyIWI0k
https://www.youtube.com/watch?v=pnRdIyIWI0k
https://www.youtube.com/watch?v=zfl42B3nWr0


What is a CubeSat? How many are out there?

17

▪ Depending how you count, between 4,000-5,000 as of May 2024 (since 1999)

https://www.nanosats.eu/

https://www.nanosats.eu/


▪ Most CubeSats are deployed in mid of Low-Earth-Orbit (LEO):

o Period of <128 minutes & Eccentricity of <0.25

o Mean altitude of ~800 Km (maximum of 2,000 Km = 1/3 Earth radius)

o Mean orbital speed to maintain a stable LEO orbit is about 7.8 km/s (~28,000 km/h)  

What is a CubeSat? What are the typical orbits?
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https://www.nanosats.eu/

510-650 Km360-480 Km

Notice that majority are at 

an inclination of: 97-98 deg

https://www.nanosats.eu/


What is a CubeSat? How difficult is it to do one?
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Since 1999:

▪ Of an estimated 29,000 universities in the World, only ~200 have launched one. 

▪ ~50% 1st time CubeSats fail (to reach orbit, cancelled during development, do not respond). 

▪ It is a learning experience (failure rate for 2nd attempt of a school/university is 20-25%).

▪ Average time range for developing a 1st CubeSat program is 5-7 years.

References: 

A. Marcos, A. Ponche “ST3LLARsat1 “BOIRA”: Establishing the first student CubeSat program at UC3M,” EDULEARN’23, Palma (Spain) 

https://library.iated.org/view/MARCOS2023ST3

M Betancourt “Half of All First-Time CubeSat Projects End in Failure,”  Smithsonian’s Air & Space Magazine 

https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/

S.A. Jacklin “Small-Satellite Mission Failure Rates,” NASA/TM-2018-220034 

    https://ntrs.nasa.gov/api/citations/20190002705/downloads/20190002705.pdf  

https://www.nanosats.eu/

https://library.iated.org/view/MARCOS2023ST3
https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/
https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/
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https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/
https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/
https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745/
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What is a CubeSat? What can we do with it?
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▪ Almost anything:

o Earth monitoring o  Astrophysics

o Telecommunications o  Commercial

o Technology demonstration

https://www.jpl.nasa.gov/missions/?mission_type=CubeSat/SmallSat

6U, 14Kg, launched Dec’22

Six 6U, to be launched 2026

6U, launched May’18

6U, 6Kg, launched May’18

6U, launched Jul’18

https://www.jpl.nasa.gov/missions/?mission_type=CubeSat/SmallSat


What is a CubeSat? A Visual Summary - ESA
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https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/CubeSats

https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/CubeSats


What is a CubeSat? A Visual Summary - CSA
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https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat

https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat
https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat
https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat


CubeSat Programmes
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CubeSat Programmes: First & Institutional

The Original Idea, CalPoly   https://www.cubesat.org/

NASA https://www.nasa.gov/directorates/heo/home/CubeSats_initiative

ESA https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite! 

 

24

https://www.cubesat.org/
https://www.nasa.gov/directorates/heo/home/CubeSats_initiative
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite


CubeSat Programmes: ESA Education – FYS program
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Uvigo: XaTcobeo (1U, Feb’12), HumSat-D (1U, Nov’13), BIXO (2U, started  Nov’20 / expected end-26)                

UPC: 3CAT-2 (2U, Aug’16), 3CAT-1 (1U, Nov’18), FSSCat (6U, Sept’20), 3CAT-4 (1U, started 2017 / Jul’24)

UPM: Qbito (2U, Apr’18)

UCadiz: UCAnFLy (1U, started 2018 / expected 2025)                          

UValencia: Polytech.1 (3U, started 2016? or Jan’22, cancelled)

UC3M: ST3LLARsat1 “BOIRA” (2U, started Sept’22 / expected mid-27)



CubeSat Programmes: ESA Education – FYS program
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https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility 

https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.youtube.com/watch?v=y-_y8SjOWWA
https://dlmultimedia.esa.int/download/public/videos/2023/03/008/2303_008_AR_EN.mp4


CubeSat Programmes: Universities

From the “Resources” at NASA SSRO Knowledge Base: https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
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Of about ~29,000 universities in the World 

193 has succeeded in launching a CubeSat,
including 3 Spanish Universities (by Jan’19)

https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
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▪ Several databases available listing all missions/platforms:

https://www.nanosats.eu/

https://space.skyrocket.de/ (Gunter’s Space Page)

https://www.eoportal.org/

CubeSat Programmes: Databases

https://www.nanosats.eu/
https://space.skyrocket.de/
https://www.eoportal.org/
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https://www.nanosats.eu/ecosystem#platforms 

CubeSat Programmes: Platforms & Mission Services

Platforms:     Alen Space, EMXYS, Hydra Space, SATLANTIS

Subsystems: Aistech, Alter Tech., Anteral, Arquimea, Balamis, BHDynamics, Comet Ingeniería, 

                      Compoxi, DHV Tech., FOSSA Systems, IENAI Space, Karten Space, Kreios Space, 

                       Prosix Eng., Radian Systems, Sateliot, SLIMOp Space, UARX, VALAR, Xiroi

https://www.nanosats.eu/ecosystem#platforms


CubeSat Basics

30
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▪ The most well-known and detailed are:

o CalPoly’s: 
DesignSpecification_CalPoly_rev13_final.pdf    

DesignSpecification_CalPoly_rev14_July2020.pdf

CubesatInterfaceFitProcedure_CalPoly_rev02W_2020.pdf

o NASA’s 101: 
DesignSpecification_Cubesat101_NASA2017.pdf

o ESA (https://emits.sso.esa.int > emits-doc > ESTEC >): 
AO8352_AD1_IOD_CubeSat_ECSS_Eng_Tailoring_Iss1_Rev1-2.pdf

IOD_CubeSat_ECSS_Eng_Tailoring_Iss1_Rev3-2.pdf (24/11/2016)

See also other docs at: https://www.cubesat.org/cubesatinfo

CubeSat Basics: Design Specification Documents

Always, always, always read & refer to the CubeSat spec-docs.

https://www.cubesat.org/cds-announcement
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/61427114e437672c6d7ae677/1631744277134/CP-CIFP-2.0W+%28Public+Version%29.pdf
https://www.nasa.gov/sites/default/files/atoms/files/nasa_csli_cubesat_101_508.pdf
https://www.cubesat.org/cubesatinfo
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https://www.nasa.gov/wp-
content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf

https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-
to-understanding-satellite-technology/

CubeSat Basics: Functionalities

STR  – structure

EPS  – power (battery, solar panels, powerboard)

OBC – onboard computer

SW/OBDH – software / onboard data handling

TT&C – telecommunication

▪ Functionalities: all basic functionalities of a standard satellite 
     STR, EPS, OBC, SW/OBDH, TT&C   +   ADCS, THR, PAY  +  AIVT, MGT, BDGT, LAW

ADCS – attitude determination & control system

THR – thermal 

PAY – payload (science and/or technology)

AIVT – assembly, integration, validation, and testing

MGT, BDGT, LAW – management, budget, regulations

Battery

https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
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https://www.orcasat.ca/design

CubeSat Basics: Subsystems

▪ Functionalities: all basic functionalities of a standard satellite 
     STR, EPS, OBC, SW/OBDH, TT&C   +   ADCS, THR, PAY  +  AIVT, MGT, BDGT, LAW

https://www.orcasat.ca/design
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Kiril A. Dontchev, Kartik Ghorakavi, Cameron E. Haag, Thomas M. 
Liu., Rafael Ramos, “M-Cubed: University of Michigan 
Multipurpose MiniSatellite with Optical Imager Payload,” 1999 
ASEE Annual Conference

https://www.researchgate.net/publication/240615366_M-
Cubed_University_of_Michigan_Multipurpose_MiniSatellite_with_Optical_Im
ager_Payload

CubeSat Basics: Team Roles

Bruce C. Chesley, Michael J. Caylor, “Developing an 
Integrated Curriculum for Small Satellite Engineering” 
1999 ASEE Annual Conference

https://s3vi.ndc.nasa.gov/ssri-kb/static/resources/developing-an-integrated-
curriculum-for-small-satellite-engineering.pdf 

▪ Functionalities: all basic functionalities of a standard satellite 
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CubeSat Basics: Typical Development Process

▪ Functionalities: all basic functionalities of a standard satellite 
     STR, EPS, OBC, SW/OBDH, TT&C   +   ADCS, THR, PAY  +  AIVT, MGT, BDGT, LAW

NASA CubeSat 101: Basic Concepts and Processess for First-Time CubeSat Developers
https://www.esa.int/Education/CubeSats_-
_Fly_Your_Satellite/Current_programme_Phases 

https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
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https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
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CubeSat Basics: General Advice

▪ Functionalities: all basic functionalities of a standard satellite 
     STR, EPS, OBC, SW/OBDH, TT&C   +   ADCS, THR, PAY  +  AIVT, MGT, BDGT, LAW

NASA CubeSat 101: Basic Concepts and Processess for First-Time CubeSat Developers

https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
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https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf?emrc=05d3e2


CubeSat Basics: And to finish 1st part of the class …
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University of Victoria (Canada) – ORCASat Final Assembly:

https://www.orcasat.ca/updates/final-assembly-time-lapse 

RG SAT – Building a CubeSat for less than $1000 

                   Part 1 -- It should be possible

https://www.youtube.com/watch?v=m8TSiKHZbC8 

https://www.orcasat.ca/updates/final-assembly-time-lapse
https://www.orcasat.ca/updates/final-assembly-time-lapse
https://www.orcasat.ca/updates/final-assembly-time-lapse
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https://www.orcasat.ca/updates/final-assembly-time-lapse
https://www.youtube.com/watch?v=m8TSiKHZbC8
https://www.youtube.com/watch?v=m8TSiKHZbC8
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