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“Hacer realidad y promover la cooperacion entre los
Estados europeos en investigacion, tecnologiay
aplicaciones espaciales para usos exclusivamente

pacificos.”

Articulo 2 de la Convencion de la ESA
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- Mas de 50 anos de experiencia
« 22 Estados Miembros

» Ocho establecimientos en
Europa, con unos 2.200
trabajadores en plantilla

= 5200 millones de euros de
presupuesto (2016)

- Mas de 80 satélites disenados,
probados y lanzados

= Mas de 230 lanzamientos del
cohete Ariane
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Lanzamiento VA 234 de un cohete
Ariane (21 de Diciembre de 2016)

El lanzamiento 90 del cohete
Ariane 5 (76 seguidos con éxito)

Este ultimo lanzamiento llevaba a
bordo los satélites de
telecomunicaciones Star One-D1
and JCSat-15 (10.722 Toneladas de
carga en total)




La ESA cuenta con 22
Estados Miembros: 20 de

la UE (AT, BE, CZ, DE, DK,
EE, ES, FI, FR, IT, GR, HU,
IE, LU, NL, PT, PL, RO, SE,
UK) mas Noruega y Suiza.

Espana es uno de los 10
paises fundadores de la
Agencia Espacial Europea.
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Moscow

ECSAT (Harwell)

Salmijaervi (Kiruna)

ESTEC (Noordwijk)

Washington

Houston Maspalomas

ESA HQ (Paris)

EAC (Cologne)
ESOC (Darmstadt)

[ |
Santa Maria

Kourou

Toulouse

Oberpfaffenhofen

, New Norcia

Perth

Malargue

B Establecimientos de la ESA
® Oficinas B Estaciones de seguimiento + Oficinas
E Estaciones de seguimiento B Establecimientos de la ESA + Estaciones de seguimiento
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ESAC (Madrid)

ESRIN
Cebreros (Rome)
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Puerto Espacial Europeo
Kouroru (Guayana Francesa)
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LA GUAYANA FRANCESA: UNA POSICION

PRIVILEGIADA PARA LANZAMIENTOS

A Quicker Launch

Location of selected space ports in relation to the equator
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\| The Russian "Soyuz" rocket will launch from a space port in Kourou, French Guiana,
rather than from its usual one in Baikonur, Kazakhstan. Launching from a site near the

| equator allows the launch take maximum advantage of the centrifugal force caused

\ by the earth's rotation. The rocket will blast off more quickly from Kourou and be

1allowed to transport a 75 percent larger load than one launching from Baikonur.
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Lanzamiento del M
satelite espanol de
telecomunicaciones

Hisapsat 36W-1, el
28 de Enero del

gt B NSOSg .
2017, desde la 5 2
Guayana Francesa ' & " -
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usando el cohete
Soyuz 2.1b
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La familia de Cohetes/Lanzadores Europea

VEGA soyuz ARIANE 5 ES/ GALILEO ARIANE 5 ECA






Ariane 6 Future Launcher
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' ESTACION DE ESPACIO PROFUNDO DE LA ESA
| EN CEBREROS (AVILA)

Cebreros' station allows X-band
transmission and X- and Ka-Band
reception




New Norcia
DSA1

Malargue
DSA3

Malarglie DSA-3, inaugurada en Diciembre de 2012, completa la cobertura de 360
grados de la red de estaciones de la ESA de espacio profundo, asegurando
comunicacion con sus misiones sientificas en todo momento.
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La ESA es una de las pocas Agencias espaciales del mundo que tiene
responsabilidades en practicamente todas las areas de actividad espacial

Ciencia - Navegacion por satélite
Vuelos tripulados - Telecomunicacion espacial
Tecnologia - Observacion de la tierra

Cohetes Lanzadores
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Basic Activities
4.4%, 232.1 ME

Technology support*
1.9%, 99.5 M€

Scientific Programme
9.7%, 507.9 ME

Robotic Exploration &
Prodex
3.7%, 192.8 ME
Associated with General
Budget
4.1%, 214.8 ME

Navigation*
6.8%, 359.3 M€

Telecom & Integrated
Applications*
6.8%, 359.3 ME

Earth Observation*
30.5%, 1,603.5 M€

Human Spaceflight
7.0%, 365.1 M€

Launchers
20.0%, 1,051.2 M€

M€: Million Euro

*includes Programmes
implemented for other
Institutional Partners
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Eesa

El coste completo del programa espacial de la ESA es

Equivalente a una entrada de cine (~10 Euros) por
ciudadano al afno




Fuente TEDAE/ Comision PROESPACIO

ArQUIMEA
Q.‘\S.'!'!Y".
Crisa

—
a—
elecnor

O hisdeSAT
a lLr\:.'i;.:.j.:aUU
J.“;»; indra

P, |

ThalesAlenia
7.4 € &

www.tedae.org

La actividad espacial en Espana se

concentra, principalmente, en cinco
areas geograficas.
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grandes regiones espaciales del mundo

Centro de Ciencia la Agencia Espacial Europea, ESAC, Villanueva de la Canada

Estacidn de espacio Profundo de la NASA, Robledo de Chavela

El 90% de la actividad industrial espacial de Espafa (quinta potencia Europea
en el sector) - Airbus, CRISA, Deimos, GMV, INDRA, SENER, Thales Alenia, ...

Sede del Operador Hispasat, tercer operador de satélites Europeo

Centro Europeo de Satélites de la UE, EUSC, Torrejon

ESA Business Incubator Centre (BIC), Madri+d

Miultiples Universidades ofrecen estudios espaciales (UPM, UC3M, UAH, etc)
Sede del Centro de Astrobiologia (CAB), INTA/CSIC

Sede del Instituto Nacional de Técnica Aeroespacial, INTA, en Torrejon

Acoge el centro “"Galileo Service Centre” (GNNS Service Centre)

|- Etc, etc
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.Como ha evolucionado y como
Evolucionara en el futuro el universo?

¢,Cuales son las leyes fundamentales de la fisica?
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.CoOmo surgio el sistema s

J\ .

surgio la vida?




: Facing the Sun ' 2

UQHUS EXPFESS

.Studying Venus atmosphere “mars ex pre SS

Trvestigating the Red Planet
. proba-2
Technology and -
. ‘ . *

Epicolombo
ploring Mercury

cassigiehuygens
Studying the Saturnian system
and landing on Titan

; - rosetta
. Chasmg a mmet

> ESA'S FLEET IN THE SOLAR S STEM

®  The Solar: System is a natural IabOratory that allows scientists to-explore thé nature of planets. ESA's missions to our planetary neighbours have transfor-
: 1 med our view of the celestial neighbourhood. The planets that exist today are the resultof 4.6 billior years of formation and subsequent development. .
www.esa.int Studying how they appear now allows us to unlock the mystenes of their past and to predlct how they will change in the future " European Space Agency

Measuring Earth's magnetic shield s T, 9 &




HUYGENS

En el afo 2005, la sonda Huygens de la ESA
aterrizo en Titan, el mayor satélite de Saturno a
unos 1300 millones de Km de la tierra.

Huygens se convirtid en el objeto realizado por
el hombre que mas lejos de la tierra se ha
posado en un cuerpo celeste




1270 km
21600 km/h












Mars Express 13,years in orbit
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Parte central del Valles Marineris, Marte
Resoluci‘on de 100m por pixel
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Schiaparelli enters atmosphere

Time: 0 sec
Altitude: 121

Heatshield protection during
atmospheric deceleration

Www.esa.int

o

Parachute deploys

s . . .
§ Parachute jettisoned with rear cover S

Front shield separates, radar turns on

Time: 5 min 22 sec st e : — ?
Altitude: 1.2 km ; e

Speed: 240 km/h
]

Time: 5 min 23 sec
Altitude: 1.1 km

Speed: 250 km/h @
Thrusters off; freefall

Time: 5 min 52 sec
Altitude: 2 m
: Speed: 4 km/h . § Touchdown|
e - 3 = & Time:5 min 53 sec
: = : Altitude; 0 m
P Speed: 10 km/h

A =
European Space Agency

Credits: ESA/ATG medialob

European Space Agency

am =2 I+l




0n
(o))
=
n
I
—
(o))
=
)
(o))
=
M
-
)
)|
N




Oxia Planumiti = o‘ \ Mawrth Vallis

Hypanis Valhs/ B, Ve o/ ESECAram Dorsum

- Elevation is acceptable e Elevation is too high - Too much dust
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La mision ROSETTA /Philae

El paradigma de la execelencia
cientifica y tecnologica de Europa
y de la cooperacion en el sector
Espacial



El cometa 67-P Chryumov-Gerasimenko

-~

.
-

,

b S b-:.?‘ -
.‘\‘tl '

d....
- (


http://www.esa.int/ESA_Multimedia/Images/2014/08/Comet_on_3_August_2014
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12 de Noviembre 2014




2 de Septiembre 2016
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Eesa

2 COMET 67P/CHURYUMOV-GERASIMENKO'S VITAL STATISTICS

_21.4 km? ” Rotation period
- ' 12.4043 ..
. g $

Mass Spin axis:

470 kg/m? - 69.3°

Density \ Right Ascension

70-80% / i %

Porosity 3.3 km Declination

<‘ 52°

Obliquity of the
comet’s rotational axis

D A
3 \ Dust/gas ratio -.'«s:wm axes
' o.— 5.3 x 10-“
e D/H ratio

.
N
2

- o— Average water vapour production : .
" — -93'C to -43°C
Zgg m:;s el Surface temperature
. mi/s - July 2014 -2h3°c o _113"(

1200 ml/s » August 2014 Subsurface temperature

f Average albedo

: MIRO; O/ ROSINA;
mages: Navlam
Evropean Space Agency



» ROSETTA'S COMET CONTAINS INGREDIENTS FOR LIFE

TRosina-DFMS
“/ l

# of particles / 20s

7490 7495 7500 75 7510 7545
mlz

Spectrum in.dltatlng‘ glycine (C,H,NO,) detecthn.on 9 July 2015. The simple
amino acid glycine is & biologically important organic compound commonly
found in proteins. !

The measurerhents were made with the Rosetta Orbiter Spectrometer
for Ton and Neutral Analysis D_nuble-Fu(usmg Mass Spectrometer
(ROSINA-DFMS). :

Phosphorus detection

# of particles / 20s

Orbit of Comet 67P/CG

The data were collected between August 2014 and August 2015. The measurements+were made when Rosetta was between 10 and 200 km from the comet. Spectrum indicating phosphorus (P) detection, along with other gases,

» on 26 October 2014. Phosphorus is a key element in all living organisms.
It is found in DNA, RNA and in cell membranes, and it is used in transporting
chemical energy withifi cells for metabolism. :

www.esa.int . Spacecraft: ESA/ATG medialab; Comet: ESA/Rosetta/NavCam — CC BY-SA IGO 3.0; Data: Altwegg et ol. (2016) European Space Agency
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29 September
/ Collision manoeuvre

P

P \
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24 September
N Post flyover manoeuvre
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30 September /w
Impact on comet ’
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26 September
Transfer manoeuvre



Comet from 15.5 km — wide-angle camera
30 Sept, 02:17 GMT, 1.56 m/pixel — 3.2 Km across










Rosetta's last image from 20 m

Wide- Angle camera
10:39 GMT, 5 mm/pixel — 2,4 m across



+ ROSETTA IN NUMBERS
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1St spacecraft to or
and land a probe on a comet

s 218.25

Science data collected

19

billion km travelled

16 650+

Navigation Camera images

+266

New Norcia orbital correction manoeuvres
4635 hours in 592 contacts

3969 hours in 612 contacts
Cebreros

1694 hours in 318 contacts

+1000-1500

individual science observations

5.23

10.80

0.19

0.19

0.20

0.07

0.77

4602 hours in 961 contacts commands executed per day at the comet
www.esa.int Ground station times opplicable 6 August 2014 - 30 September 2016; Novigation Camera images 20 January 2014 - 20 September 2016; Orbital correction manoeuvres May 2014 ~ September 2016;

Science dato: 6 August 2014 - 20 September 2016; Science observations: 20 January 2014 ~ 30 September 2016

European Space Agency



« Una mision de la Agencia Espacial Europea,
representando el esfuerzo de sus 22 paises
miembros

« Una mision resultado de la contribucion de 5
Agencias espaciales: ESA, NASA, DLR, ASly
CNES con el apoyo del Instituto Max Planck
(MPS)

« Construida por un total de 50 empresas
europeas de 14 paises Europeos

« 21 instrumentos asociados a universidades y
centros de investigacion de Europa y EEUU

« El esfuerzo de un equipo international de mas
de 2000 personas

 Una mision de la humanidad
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http://www.esa.int/ESA_Multimedia/Images/2008/08/Rosetta_spacecraft2
http://www.esa.int/ESA_Multimedia/Images/2013/12/Philae_on_the_comet_Front_view
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-), ESA'S FLEET AC.ROSS THE SPECTRUM Cesa

Than‘ks to. cuttlng edge technolbgy,‘!Stronomy is today unveﬂmg.a new unNEr?around us. Wlth ESA‘s fleet of spatecraft, scienice @n explore the full
. spectruF of light, see-mto the hlﬂden |nfrared unlverse, V|slt the qntarhed and violent unlverse hart our galaxy and even Iook ban:k at the dawn nf time.
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Infrared & X-rays

Infrared

X-rays 5




LA MISION PLANCK DE LA ESA




O
NUESTRO UNIVERSO HACE 13.800
MILLONES DE ANOS
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éDe quéeé esta hecho el Universo?
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LISA PATHFINDER
Demostrando la tecnologla para la deteccion
.de ondas ; avitacionales en el espacio
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Launch:
- Vega from French Guiana
— Launch mass: 1910 kg

Orbit:
— Large orbit around L1
= 1.5 million km from Eart

After launch:

— Elliptical orbit around Earth

— Six apogee-raising manoeuvres with the spacecraft's
own propulsion module (two weeks)

Propulsion module
will be jettisoned a month
after the last burn

Ground station:

~ Cebreros (Spain) 35 m-diameter antenna Bssbonich wdsaid

after last burn: six weeks

Operations:
— Mission operations from ESOC
— Science operations from ESAC






ILTIMOS AST&Q NAUTAS
LE€CIONADOS POR-EA ESA







Contribuciones de la ESA a la ISS

é€-esa
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Se ha observado que el sistema
inmunologico funciona peor en
condiciones de microgravedad que
en tierra. La busqueda de
respuestas a esta cuestion ha sido ’
uno de los principales motores de la
investigacion en oOrbita

Recienfementg, se ﬁa descubierto que
existe un enzima (el 5-LOX) que se vuelve
mas activo en condiciones de
microgravedad y podria ser al responsable
del debilitamiento del sistema
iInmunoldgico. Esta investigacion podria
ayudar a mejorar la salud humana en un

futuro muy cercano
— i1 = == e Il





















— am W . ) W= B Il = 2= B S I+
—Ilh-- E L] — EEE s *









¢ Cuantos automoviles hay ¢ Cuantos receptores de Navegacién por
aproximadamente en el mundo? Satélite hay en el mundo?

"'/




maxima importancia comercial y estrategica

\=CSc

1. Se estima que existen hoy hay mas
5000 millones de receptores de
navegacion por satélite en todo el
mundo y la cifra se estima superara a
los 8000 millones en 2020 (Fuente:
GNSS Market Report GSA, issue 4,
March 2015)

Nota: Se estima que actualmente existen
unos 1200 millones de coches y que se
podrian alcanzar los 2000 millones de
coches en 2035.
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(2023)

2023
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samsung

1.0km 1523steps ; MENU

The Eiffel Tower 150m Bs

LesmingtoGeotag.com
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http://www.google.es/url?url=http://www.gpssmartsole.com/pre-order.php&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBgQwW4wAWoVChMIlI7j8dSXyAIVQbQaCh3B9Q1S&usg=AFQjCNHxkfr6DM0c_N1mQvMVlmqJi6hR1w
http://www.google.es/url?url=http://kncifm.cbslocal.com/2014/07/25/gps-smart-shoes-coming-to-your-feet/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CDoQwW4wEWoVChMIx_bY_9SXyAIVSzkaCh0ovA3Q&usg=AFQjCNGt02naMx4-1xovTbAIxWsaY1tHig
http://www.google.es/url?url=http://www.telovation.com/articles/gps-keyring-keeps-track-your-car.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCQQwW4wBmoVChMIwPXp7tWXyAIVwl0aCh1edgvk&usg=AFQjCNEHO_SleyexKvF0NdgjcE3ywxRtBQ
https://www.google.es/url?url=https://screen.yahoo.com/voice-controlled-gps-helmet-help-152642169.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CDYQwW4wEDgoahUKEwjM-OKW1pfIAhVE1hoKHbnWBnA&usg=AFQjCNE_wiPxeE3I7H3txwrdA8izfqy8sw
http://www.google.es/url?url=http://shop.gps-speedsurfing.com/p/62/gps-speedsurfing-t-shirt-short-arm&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCIQwW4wBjg8ahUKEwiX-Y371pfIAhXIuhoKHQu3BkQ&usg=AFQjCNFysLYtvsJ-ZA8T2I8B3YMdTJWsww
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http://www.gpsworld.com.cn/wp-content/uploads/2012/03/broadcom-bcm4752.jpg
http://m2mworldnews.com/WordPress/wp-content/uploads/2012/10/u-blox-max-7-neo-7-lea-7.jpg



http://www.tiendapcline.com/catalog/images/pda.jpg
http://images.google.es/imgres?imgurl=http://www.panoramio.com/photos/original/7882389.jpg&imgrefurl=http://www.panoramio.com/photo/7882389&usg=__3Zaqfwx5TmmE7bv1bwtqawqd1Ow=&h=740&w=494&sz=230&hl=es&start=126&tbnid=teiuXkMpTbAUPM:&tbnh=141&tbnw=94&prev=/images?q=dep%C3%B3sito+de+gas&start=120&ndsp=20&hl=es&sa=N
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http://images.google.es/imgres?imgurl=http://www.slipperybrick.com/wp-content/uploads/2006/12/lg-ke850-mobile-phone.jpg&imgrefurl=http://www.slipperybrick.com/2006/12/lg-ke850-touch-screen-mobile-phone/&usg=__0M2ofMCYVgOM2pFVabBckDhxiOA=&h=527&w=500&sz=104&hl=es&start=3&tbnid=ADXoirgTyvWbWM:&tbnh=132&tbnw=125&prev=/images?q=mobile+phone&hl=es&sa=X
http://intermediarybank.com/wp-content/uploads/2014/02/Intermediary-bank-fees.png

LA CONSTELACION GALILEO




Walker 24./3/ 17

+ 6 spare satellites
Q!fitude 23222 km

o

n 56 degrees

Galileo Constellation

Walker 24/3/1 constellation
plus 6 in-orbit spares
Semi-major axis

“ 29600.318 km
Inclination 56 deg

Period: 14h 4m 42s

Ground track repeat cycle

10 days / 17 orbits

THE GALILEO CONSTELLATION



GALILEO : - =< GLONASS

Orbital planes

Number of Satellites 30 24 (32) 24 (29)

(nominal satellites)

) 23222 Km 20160 Km 19100 Km
Altitude

Orbit inclination

56 degrees 55 degrees 65 degrees

Accuracy (95%) < 4 metros ~ 5-10 metros | ~10-15 metros
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FOC Satellites '.ANA_TOMIA DE UN.SATELITE.GALILEO

Over"al.l Spacecraft

Mass at Launch " 733kg : !’) e
Power Consumption 1990w | e L

Dimensions: 2.5x 1.1 x 14.7 m wing span
Lifetime s AT
12 years -SRI

Orbit Injection : N \\\\
ra Direct into MEO otbit = |

; E i el

. SIC Prime Confractor OHB
Systems GmbH '

AN ‘\‘&0““’ ‘ .
“‘i\““““\“ P/L Prime Contractor
"N “‘\\““\\“ SSTL Ltd

- WO1 + WO2 =22 satellites .
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FOC-M5 launched on 24 May
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Crlosfera
Biosfera
% “Interior de la‘'tierra
Efectos humanos
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* 1980 . - - 1990.

2000

Qproba-1

envisat

2010

O proba-v.

meteosat
second :
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Meteorological Missions -Sentinel Missions diven by user needs Earth Explorer Missions diven by scientiic Data from

driven mainly by Weather forecasting and Climate to contribute to European Copernicus initiative. These satellite needs to‘advance our understanding of how the ocean, atmosphere, non-ESA
monitoring needs. These missions d'eveloped-in missions developed n Pa'rtnership with the EU include C-band hydrosphere, cryosphere and Earth’s interior operaté and interact Missions
partnership with EUMETSAT include the Meteorological imaging'radar (Sentinel-1), high-resolution optical (Sentinel-2), as part of an interconnected System. These Research missions,

Operational satellite programn;e (MetOp), forming the * optical and infrared radiome.ter (Sentinel-3) and atmospheric ~ * exbloitjng Europe"s excellence in technological innovation,

space segment of EUMETSAT's Polar System (EPS), .:'omposin'on monitoring capgility (Sentinel-4 & Sentinel-5 on pave the way towards new development of futufe E0-applications.

and the new generation of Geostationary Meteosat board Met missions MTG and EPS-SG respectively).
satellites (MSG & MTG satellites). R i .
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