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& Assists government in shaping French space policy
% Represents France at Esa and in international actions
% Develops centres of excellence in technology and space systems

- to provide technical and mission analysis expertise for
the scientific community

* to bear the burden of risk to help industry develop certain
advanced technologies

% Promotes and encourages uptake of space applications

% Provides the capacity to conduct operations for customers

% Accomplishes prestige missions
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. The programmes

Galileo




Sciences of the
Universe

ROSETTA mMission

Launched, March 3 2004

Lander to be dropped on Churyumov-Gerasimenko
To Study the comet ’s nucleus

Cnes / Esa/ Nasa

Corot mission

Launch scheduled at the end of 2005
Stellar seismology and search for exoplanets

Partnership: Austria, Belgium, Esa, Italy,
Estec, SSD Germany




Earth observation operational program:: The future : PLEIADES
over 15 year’s uninterrupted service small satellite constellation

SPOT 1 (86), SPOT 2 (90), SPOT 3 (93) : 10-metre Dual-use programme :

resolution i e - ' ; - ngh -resolution optlcal and radar satellites
SPOT 4 (98) : - : . aly.

New spectral band and Vegetatlon mstrument ot o EE ©
SPOT 5: May 4, 2002 . " . . e -
3-metre resolution . e : : : 4 (¢ .ox SBELN

(+ HRS and VGT2 mstruments)

‘Military programmes:

o
cnes
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- Satellite Telecommunications
~ Keeping the space industry cogipeti

« New plans Telecom "'I"C"S_2'1'.-I'(2C')O7_ - 2010)
et System testbeds for pfirrr_1e_' gc_)ntract and operators
- — Development of new breaking thrdligh technologies => 7t-10t

. Dévelop emerging technologig

- AGORA programme |
— high’-épee_d Internet acceg

«  Future @sat and @bus prepgiiati
— (@bus to keep our spa ndustry competitive

— (@sat at european lev




.. SATELLITE NAVIGATION
Joint initiative of European Commissig

« Phase 1 - EGNOS :
— The Esa/Cnes/European CAA team#Pased at the Toulouse
space centre = .

B The Toulouse space c_enfré_wil dst the Egnos system testbed and
technical coordination centre jpartnership with DNA/STNA, the
French air navigation directgli@ite and technical services

« Phase 2 --GALILEO
~ 21 satellites in medium-
— 3 geostationary satellitg
« Strategic and commercial J88
— Independent. Europefill capability
— Commercial service®and terminals market




The information pa‘rﬁ from sensor fo users

Source

- ) _-'O‘n-board data
On-board | .. processing

- receiver : = 3

Transmission

Extraction of
information

=1 Reception




On Boar'd DaTa Processing (1/ 2)

- Source Coding :

Intra-band codihg
_

e
Scalal
. Scalar |

St
Scalar

__--> Intra-band Codec

MU|'|'I -or hyper- spectr‘al

codlng &, ' . Intra-band Codec-

Intra-band Codec---->|;

= Intra-band Codec -->

Intra-band Compressor :
exploitation of spatial correlation

Multispectral Compressor :
exploitation of spectral & spatial correlatio




On- Boar'd Da’ra Pr'ocessmg (2/2)

- Selective Codrng To enhance the image quality in regions of
interest (ROT) such as non- -cloudy areas, specific targets, ..

Specification(if necessary)

Selection / Detection Y Control Algorithm

Interest

Compressed data

N
W, D{ Compression Algorithm —
ot ks =

Joint Source -Channel _Cdding

Shannon's separation theorem

Source Coding |— Channel Coding |— Modulation

Joint Source Channel'. Cod lng : ‘Source and Channel Coding | —— Modulation




The information path from sensor to users

Source

i On:-board data
/i _processing

Transmission

3 type of links with different .
constraints and optimization criteria

Extraction of
information

| Reception




TeleMetry/ TeleCé‘anand (TM/TC) I_i nks

Channel Shaping | DemodulationiS . )

Turbo-codes GMSK ' ;
. LConv.+RS Filtered OQPSK.F

Modulation & channel coding are standardized by CCSDS
(cross-support between space agencies for TM/TC operations)

New €CSDS standards for modulation provide
- Better spectrum efficiency (waveform shaping)
- Better power efficiency (quasi-constant enveloppe)

Our research axis

- Efficient turbo demodulation and decodmg under' high Doppler
constraints

- Modulation & demodulation of GMSK and filtered OQPSK




Pay_load__Tele'Me’rr")-/’""and Telecom forward links

Channel Shaping

D dulati i - i
coding Modulation Channel emodulatiorge  Decoding g De-framing

MTCM/RS SPSK'SRC.
LDPCC (DVB-S2) 16APSK SRC

Mary CPM -
-+ ~Very high data rq‘r_ééff'lO Mbps up to 500 Mbps
Very high spectral efficiency required
= CNES development : RS / MTCM 8PSK -
- DVB-52: BCH/LDPCC with BICM scheme on 8PSK and 16/32APSK
Our research axis ' -

Spectrally efficient waveform shaping for MTCM 8PSK with
constraint of constant enveloppe

Robust M-PSK continuous demodulation (M>4) with low.SNR

SIHO Reed Solomon decoder to improve conca‘rena‘red decoding
schemes (MTCM/RS) |

Tterative demodulation and decoding wn‘rh CPM/turbocodes or
LDPCC (EG or IRA)




- Telecom satellite return links

User; Data Concatenatec_l 7 _ _ '. Ay Received
Channel coding; C'I_hanneli Single or Remodula Mule Data
Shaplng,_ U, or Ka bands, | Multi
Modulation GEO satellites -
7 Whi_t'e'_a'_n'd . —»| Elements
Uselrj Data |Concatenated Gaussian '
' | Channel coding| Rain fading’.’ = On Board Decoding

Shaping; Routing —} Antenna
. » : Channel
|Modulation Antenna : i
« Turbo » iterative Increasing number

Adaptive Coding rate S band, GEO (or LEO) satellites :  processing and of beams on ground
and Modulation Doppler, Rice/Rayleigh decoding
v hybridation with Terrestrial networks

ST or MIMO Elements

Processing
DeModulation Remodula |— On Board
tion

\AA A A /

— Improve capacity in term of number of users (satellite links from 64 kb/s to

« Active antenna with. DBF. (b’igi'ral Beam Forming) and flexibility
* minimize the Interference degradation and Channel effects (propagation)
by using fully adaptive coding rate and modulation

satellite specific SIMO or MIMO « turbo » processing on small bursts
(evolution of Digital BeamForming to reduce antenna beams size) -

efficient Anti-Jamming Processing (frequency spectrum overcrowded)
comparison between WCDMA and COFDM and even UWB, Chaotic Modulatio
Space-Time Codes for satellites (2*2 and more ?)




Than_.ks'_for your attention




