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System Overview — Data Handling Basics

LIAU = LCT Interface Adaptation Unit (Rtn) GEO REIBY Satellite
DPU = Data Processing Unit (Rtn)
DRAU = Data Rate Adaptation Unit (Fwd) (Alphasat' EDRS_A/C)
Note: DPU and DRAU only
present for EDRS
OISL-Return LCT-GEO
LEO Satellite 600 / 1800 Mbps % !
(Senticr;el -1{12 onIOyI\SNLitp 600 I\él)bps DRAU DPU
and without -Forwar
A
’6I;L F d I ‘ ‘
- -Forwar L
-7 375/1125Mbps . v [OBC || KaTX Ka-TX EDRS-AdvMode
LCT-LEO Vg S e o 2 1800 Mbps (info rate)
— T ! 4*600 Mbps (encoded)
600 Mb e )
1 P y J EDRS-SenMode
LIAU Anti- | e ! 1/2/4 600 Mbps (info rate)
=L L ::r:kb g Ka-Band 2*600 Mbps (encoded)
Tz x 280 Mbps T ' a ~Ka-Band ISL . P DL Alphasat
. . e (EDRS-A) v v 1*600 Mbps (uncoded)
ource ource K
! Ka-RX Ka-RX no DPU
Anti-DPU
X-Band . " Ka-Band ‘
DL , .,.”. UL
Anti-LIAU Ground
“ Segment
Ground 2 x 280 Mbps
Segment
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System Overview — Reference Points & Error Rates

BER,
FER,uay  BER, BER,
CADU Liau (via SNRo 5 =E. /No) Puwi  FER; LAy GEO
source frames frames frames
BER
1p
LEO Satellite Pyip EDRS
LIAU * v DPU
—_—p| MM » GEO
RS ”| uau Rs | inter- [ M | Rep-|_lLine| JI OISL |, Line Rep.| o |framing[®] En- [P| Rs [inter- [P cc [ Mod
»| Enc plframin Enc |leaver] )] w | Enc Enc 2812.5 Mbps Dec. “|Dec.| 7| & [y lcryption] o f Enc [leaver| yf Enc [
Split
2%280 Mbps 2%299.56 600 1800 1800 600 2600 Mbps
Mbps Mbps Mbps Mbps Mbps
A
A, A cC c’ C E n'E,
Ka-Band DL
2/4 channels
‘ ‘ “ “« ‘ ‘
A, A C C E n'E,
* *
2*280 Mbps 600 Mbps AT 600 Mbps Ground Segment 600 Mbps - 2*600 Mbps
, |Pemux GEO De-
¢ MM < & RS De- Frame| framing<_ De- al RS De- 14 ccC il
RS LIAU M Dec Inter- B search| " & cryption Dec Inter- Dec Demod
4— Dec [@ l4efram leaver Ass ] CYPHON e leaver [ nEE <
FERG,CADU BERg FER4,L|AU BER, BER,, BERs, BE.R3
SER, SER,  SER,, (via SNRp=E; /No)
PW5 Pw,4e
FEI:\‘5,LIAU FER4,GEO FER4e,GEO
FERs capu  FHER FHER,. cro
=107

= minimum performance

©Tesat-Spacecom GmbH & Co.KG
010



STESAT

PIONEERING WITH PASSION [ SPACECOM |

| B B
LCT received clock DPU local clock
Interleaving .
Prio2 | Encryption | Add header — RS P Scrambling » Terminated > Qapsk
idle data > Encoder Add ASM CC Enc. Modulator
Interleaving .
600 (A) »| Encryption P»| Add header — EncRosder P»| Scrambling > Teé?lg:zed > lVIoC:iF;SI:tor
1800 (C Add ASM )
Rtn Mbps Prio 1
—»| LCT-RX P Block Builder Mux > GFO
Splitter
Interleaving .
P Add header —» EncRoSder P Scrambling » Teé?'g:éw > Mt)c?jzslrtor
Add ASM )
<4+— LCT-TX |4
Fwd
Interleaving .
P Add header —» EncRoSder P Scrambling > Teé?'E:EEd > Mc%ﬁ;(tor
37.5(A) Add ASM '
112.5(C) 4
Mbps
744.477 (A) A2*372.238 (A) 2*372.238 (A) 2*373.803 (A) 2*398.827 (A) 2*399.609 (A) 2*600 (A) Data
1862.104 (C) 4*465.526 (C) 4*465.526 (C) 4*467.482 (C) 4*498.778 (C) 4*499.756 (C) 4*600 (C) rates
Internal [Mbps]
clock P Clock distribution (virtual)
DRAU generator

DPU local clock

Notes:

* A=SenMode, C=AdvMode

» All operations are terminated (AES-CBC/IV, RS, CC)
* Encryption for 2 channels only
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DPU Encryption — AES-CBC Mode

T T CBC(Cipher Block Chaining Mode)
Encipher:C, =B(M, +C,,), C,=1IV
B | B Decipher:M, = C, , + B'(C,), C, =1V
M, + C, * M,
K. K,
@ Legend
@ M, = k-th plaintext block (128 bit); M,...M;;4 = content of frame before encryption (1904
byte)
@ C, = k-th ciphertext block (128 bit); C,...C,,4 = content of frame after encryption (1904
byte)
@ B = AES block encipher
@ B'1 = AES block decipher
@ = symmetric key (256 bit)
@ IV C, = initialization vector (128 bit)

@ T =delay by one block (of 128 bit)
@ Errors during transmission

@ Asingle error in a received frame implies about 65 errors after decryption
(proof: a single error in C, implies 50% error rate in M, and another error in M, ,)
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DPU Interleaving Schemes

Remaining errors

Interleaver &+ De-interleaver
()
& after RS decoder
0 o,
S
< Input Input &
') 4 Sequence
o
=4 <+ 3 Output | €= order
6' I compute T i error I rema@inin
=1 = RS checks = = correction = 5
Q 2 row-wise 2 ot row-wise o crrors
a 2
= a
o Output )
o o
L
Q
&
%5,
> I I I
= Header Header ® Header
g Input &
3 | -« -
ot npu compute = error
g > RS checks g- correction FEEITIg
s row-wise 8- row-wise errors
(@] (%
o é
g Output 8 Output Sequence order
(1]
L J\ J L J\ J L
Y Y Y
1912 information 128 check 1912 transmitted 128 transmitted 1912 information bytes
bytes bytes information bytes check bytes after RS decoder

Conventional scheme

implemented in LIAU and
DPU,

CCSDS recommendation

Alternative scheme

IS superior since

@ FHER reduced by a
factor of 8

@ Interaction with LIAU RS
code saves 0.2 dB
(if encryption off)

Withdrawn since delay of

DPU program too risky
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GEO Frame Structure

ASM Superframe ASM Superframe LIAU Superframes
4 2040 4 2040 at output of LCT-RX
{ J
|
I Division into blocks of length 1904
Numbers denote 3 (LIAU superframe structure ignored
. GEO frame data plaintext *
lengths in bytes 1904 = 119*16 or not present)
| Encryption via 119*AES-CBC
( | (assumption of no overhead for key
Header GEO frame data ciphertext * management, header not included)
8 1904
J
X Encoding via RS(255,239)

Vv (8+1904 = 8*239)

Content after RS encoding
1904+8+128 = 8*255 = 2040

X v Interleaving & Scrambling
ASM Content after Interleaving & Scrambling zle;'m. GEO hyperframes
4 2040 : {(Air\‘,{ (2044 bytes without
’ RN termination)
EDRS-SenMode EDRS-AdvMode
Convolutional code, R=2/3 Convolutional code, R=5/6
User data rate = 300*3069/1904 = 483.561 MBps User data rate = 450*%2454/1904 = 579.989 Mbps

Content after convolutional coding
2046*3/2 = 3069

Content after convolutional coding
2045*6/5 = 2454
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Ground Station (EDTE) — Functional Architecture

Anti-DPU
| |Decryption] RS | |De-Scramb. | GEO frame | cC > QPSK
P~ AES-CBC [ Decoder [~ |De-Interleav| " detection | Decoder | Demod
LIAU Anti-LIAU Re-
deframing (only for SenMode) Assembly | |Decryption| RS De-Scramb. | , | GEO frame cC QPSK l
dle f ™ AES-CBC [ Decoder [ |De-Interleav|™ detection | Decoder | Demod
¢ + Idle frame +Idle frame
deletion RS De-Scramb. LIAU frame| deletion
+ Header Ea Decoder Enl De-Interleav| detection | + Header
<— removal removal [ RS |. |pe-scramb.|. |GEOframe | cc | Pk | o
+PN remov. +.PN r.emova < Decoder [~ |De-Interleav| detection | Decoder | Demod
in mixed in mixed
frames frames
L RS | | De-Scramb. | GEO frame | cc > QPSK
I Decoder [~ |De-Interleav|™ detection | Decoder | Demod
LIAU superframes LIAU superframes - -
considered as bit prior to decoding
stream, containing )
source CADU frames Bit stream GEO hyperframes loop required for perhaps loop
600 Mbps SenMode, after decryption termination to resolve phase
(2*280 MbpS) ( P ! yp ambiguity

1800 Mbps AdvMode)

Alternatives for interface Demodulator / Anti-DPU

* 4*600 .000 MSoftSample/s as shown for “standard” approach

* 4*499.756 Mbps if CC decoding shifted from Anti-DPU into Demod
* 4*467.482 Mbps if CC and RS decoding shifted from Anti-DPU into Demod
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SYSIEM OVErview — 9 Coding scnemes & 2 Framing

Schemes

CADU frame streams: LIAU frame stream, each frame carries : GEO frame stream, distributed to 2 or 4 DL channels,
one for MM1 : either MM1 : each frame carries
one for MM?2 : or MM?2 : eltheré n:jllx of MM1 and MM2
(asynchronous) I or is idle 1 & 151 ej
: : (Note: no alignment between MMs and DL channels)
I LEO Satellite : EDRS
1 1
H LIAU H DPU
GEO
> '\gs'v' LIAU rRs | inter- [ M p|Rep.| | Line| || OISL | Line Rep.| | framing[®] En- [®] Rs |[mter- [P cc [ Mod
> Enc 5 [framin Enc [leaver| T Enc Enc |~ |2812.5 Mbps| | Dec. Dec.| = ss;.t |y lcryptionf | Enc |leaver [ o) Enc [ o
[ [
o) T 5. Prod. T o y
1. 2 2. = - e 6. 7. 8. 9. S
RS(1) |Z | Rs(2) 4. Diff > feec |Rs(3) cc| Gray | [Ka-Ban
3 a 2/4 channels
© 3. Rep. © Enc.
O O
o c
(NN] L
Anti-LIAU Anti-D
. Demux GEO De-
MM < & RS De- Frame| framing<_ De- aE RS De- 14 cc Nl
RS LIAU ~m D Inter- [€— nl® 2 i D Inter- b Demod
< Dec < ofram ec leaver searc Ao <_cryp |on<_ ec leaver <_ ec <« :

Ground Segment

The 9 coding schemes were selected

* regarding technology independence: LEO shall not leave any footprint on GEO
* regarding existing technology (MM, LCT)

e BUT NOT as result of a joint overall optimization!
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Data Rates for Sentinel Mode

Notes: pie charts with true scale

MM in MM in = TM data i but horizontal bars without true scale
(2*261 Mbps) 522 Mbps |
| l LIAU “user data rate” is an ambiguous
| . . .
MM out T : \ ‘ MM Data term since depending on ref.point
* 560 Mb
(2*280 Mbps) ps | = Header
LIAU out MM Data I s s RS Code LCT
(600 Mbps) S0 AL m Stuffing m LIAU Data
: y : B Rep.Code
: .Stu ing by : Prod.Code
| idle frames | Ctrl.Ch
l 0.12% | gy
| |
LCT out = OISL LIAU Data LCT Product Code cc
(2812.5 Mbps) 600 Mbps 900 Mbps 112.5
| |
| |
| |
| |
: :
DPU codes LIAU Data DPU
(967 Mbps) 600 Mbps ® LIAU Data
| M Header
LIAU Data " . RS*CC
DPU out 600 Mbps I RS*CC Stuffing o St
(1200 Mbps | , P uffing
=2*300 MBaud) .tu Ing by
idle frames
19.41%
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Performance Assessment — Simulation Approach

OISL-Rtn
as
Discrete Channel

Approach covers:
- time-variant noise
- time-variant signal

Not occuring:
- colored noise

{k

Interpolation

A

SNR pattern
(periodic rep.)

{k

Tracking simulator
depending on:

LCT-TX & LCT-RX
environments

Ka-Band DL
as
AWGN

]

LEO GEO
with ='T| »  with
LIAU DPU
Error
patterns
Binary
random
generator

SNR pattern
see next slide

Noise
samples

White noise
random

generator
A

SNR

> (ideal RX)

Ground

Link budget
depending on:

DL transmission effects
and RF distortions
(e.g. Antennas, Coverage
zone, Pointing accuracy,
Transmit power,
Bandwidth, Filters,
Availability, Margins,
etc.)
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LCT — External View

e v—,
»

T~
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LCT Block Diagram
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Optical beamwidth = 7purad (compensation of pvibs)
LEO flies 2km = 50urad per round trip (pointing ahead)

Coarse
Painting Mirror
_ Telescope
Coherent Receiver Controller  Data Elggtronics \
PES —1 1 Qwe
Coherent P .
anere Fine Pointing
LO Laser *  paceiver 4 - Mirtor
TX Seed Phase Optical Point Ahead o
Laser Madul atar Power Ampl. | | -'4‘ Mirror Telesco P 5'
T & PAT Unjt
Optics Unit
Modul ator
Driver
Data Electrical Harness
Electronics

!

Transmitter

Fiber Harness

I
SiC DatallF
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OISL Link Budget = OISL Model

Abstract model: BSC (independent errors) < AWGN (white noise): BER, =Q( /Z'SNROISL)

Nphoton/bitz:l'5
& Ppy elec = -51.1 dBm

SNRys, = 13.5 dB
& SNR=17.8 dB

Prx=2 W =33 dBm (w/o pvibs)

f. =281 THz s s Prx,opt (= 4-Nonotonybie committed value

Coherent

C . C X RX Optical detector . ¢l . c.

—> Line > Tr'ans- » Tele- > OISL » Tele- » Processing » (homodyne > EIectr|(:.aI A > Line >
Enc. mitter S free space . (TX, RX loss) BPSK) Processing D Dec.

. BER BER

. f £f 0 1
'\1/'1005 2,31,2'55 G,=109.0 dB Lyopioee Gpy=109.0 dB 2.2 dB min loss L___Doeeler

P P (eta=0.5)  =293.5dB (eta=0.5) (due to
(40000 km) Q=10% (Carrier)
Q=33% (FASSA) Relation SNR, < BER

was determined in E2E Sim

(e.g. SNRoy,= 10 dB
Prx= Prx* Grx~ Lireeloss + Grx (] BER,=4-10°%, BER,=10")

Relation available from theory:

Hardware measurements
(e.g. BER,=10* @ P,=-51 dBm)

©Tesat-Spacecom GmbH & Co.KG
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01 SNR Pattern (over time of ~7850 ms)

file=Sterr_ShR%ector_DataB ASLtxt  max(SMR)=13. 49584

)
=
=
=
T
=3
]
=
il
=
o
=
£
SiR=N i
! ! ! | . enlarged on next slide
3 4 a = 7 8 9
time [s]
Conclusions:

@ Pattern is not long enough to be fully representative (periodic repetition)
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01 SNR Pattern (zoom to time of x50 ms)

file=5Sterr SNRYector Datad ASLtxt max(=NR)=13.4984

] \" |

03k

04k i

5 -

0B F -

=MR degradation [dB]

=] S R B L N i e e

09 2.7 ms =100 LIAU frames
. enIarged on next sllde : :
B’IE'E o2 8206 821 845 B2 82X B3 8235 824

time [s]

Conclusions: none
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01 SNR Pattern (zoom to time of 3.5 ms)

file=5terr SMNRYector Datad ASLtxt  max(SHRE1=13.4954

in)
=
=
B
=
=
]
=
(k)
=]
o
=

b 07k 400 ps = 10 SNR samples i

08¢ : ' -

270 ps = 10 LIAU frames
09r .
Tt 1 1 1 1 1 1 1 ]
g.2085  B.209 8.2095 8.21 82105 8211 8.2115
time [s]
Conclusions:

@ SNR pattern resolution Tg,,,,=40 ps (fs,,=25 kHz) Is sufficient
» OISL is slowly time-variant (almost time-invariant wrt LIAU frame duration)

&
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Simulation Results (1 of 3) —
BER and FER over SNROISL (DL perfect, Sentinel Mode)

0 ###b AN ###b ’

o
//////// _f//n; PRI

AN USNNNSNN NSNS SR R AAAAARARAAAXAARTS >

bu»n» Pirivivir v iviv v v i I VYV VY VY N

! Ant| LIAU) -

A FER, (after LCT-

......
SRRERRG

10-2 all e 1
#%06s. BER, (uncoded OISL)
10° . The validation concept is
" g & based on (among other
s, . Ty I methods):
: 10 S : ¥ = 1) Matlab code checks
& \ T 2) Considerations of
10° % BER relations between
= 2 @ different error rates at
10° & 777777 —&6— BER; same reference point
~ BER, (after LCT-RX)ﬁI}I | FER & same error rate at
R (afterAnti-LIAU)§ """ CH 2,LAU different reference
10 ° d % —4&— FER; | \y points
t FERS,CADU Anglytlcal results can be
10" r I ] ! I S - . derived for many of these
0 1 2 3 4 5 6 7 8 g relations, but not for all.
SNROISL in dB

©Tesat-Spacecom GmbH & Co.KG
010



PIONEERING WITH PASSION

Simulation Results (2 of 3) —
FER over SNRDL (OISL perfect, Sentinel & Advanced Mode)

STESAT
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\
X
\
) Sentinel mode 4
5 \ Advanced mode
10 \ \ ll
2 \
< \
|
; %
ﬁ Encryption on
L -3 (interl. alternatives w/o impact) \
10 \
- |
3 A
Encryption off \ —6—cCase?2a \ .
Conv. interl. — \ —B— Case 2b
Altern. interl. —— A | | o —
519 —90—Case3a ——
o —%—Case3b|
: —&— Case 4 | 1
10 ° : : : : :
3 3.5 4 4.5 5 5.5 6 6.5
SNRDL in dB
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Simulation Results (3 of 3) —
FER over SNRy 5. and SNRy, (Sentinel Mode)

S \
1 \\_ -1 ,—e\e\e/‘re_e\e/e
\
\
A\WAY|
N\
2 = =
3 5 i
s 10 A\
[ \
m
\ \ | —e— SNR_,q = 2.4dB / N )-
10'3: —— SNRDL = 3.8dB \ \‘ 10‘3: —8— SNROISL = 2.6dB \

L \ N i

-| —8— SNR, =3.9dB ‘:\_’ \\ f ——6— SNRg, = 2.8d

~ —6— SNR,, = 4dB ’ | —5— SNR¢, = 1/5dB

. i

.| L ¥ DL error-free \ Al —A—r OISI_r erro,r ree _ _
10 : r r d 10
2 22 24 26 28 3 32 \ 36 38 4 3 32 34/ 36 38 4 42 44 46 48 5
- SNR., in dB
SNROISL indB DL

Example:  FER; 5, = 0.005
@ SNRy;,=2.8dB & SNR, =4.0dB
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Link BUdgetS Summary (Required SNR @ target-FER for

Sentinel/Advanced mode)

real SNRy =12.5...13.5dB
(time-variance is small and slow)

LEO Satellite EDRS
LIAU DPU
MM GEO
T LIAU RS | Inter- > | Rep.| .| Line OISL Line Rep.| o framing_’ En- g RS | Inter- B cc —>
RS framin, Enc |leaver Mux | Enc Enc K ] Dec. " | Dec & cryption Enc | leaver Enc Mod
—»| Enc | 2812.5 Mbps : - Split | CrYP N = =Y
req SNRy = 8.5/ 11.5 dB
[J margin=4.0/1.0dB real SNRp, =n/a
v_V
req SNRPL =43/6.5dB Ka-Band DL
req SNRq, =3.5/5.5dB [l margin=n/a 2 channels
(] margin=9.0/7.0dB FER-steepness ~ 10/ 0.1dB
FER-steepness ~ 10/ 0.1dB r
Gain by LIAU RS ~ 5.0 dB (OISL), ~ 0.1 dB (DL w/o Encr)
1Anti-LIAU Ground Segment Anti-DPU
Demux GEO De-
— '\ggﬂ + & — RS IDe- — Frame | framing<_ De- il RS IDe— al cc <_D d‘_
D - LIAU Dec nter- search| & <_cryption<_ Dec nter- P Dec ] emo
<4—— Dec [« liefram leaver Ass. leaver

1encryp.off saves 0.15 dB
encryp.off and impr.interl. saves 0.35 dB

©Tesat-Spacecom GmbH & Co.KG
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Review of Error-Correction-Code Capabilities

. Ground Segment
LEO Satellite AlphaSat une >eg
nti-LIAU
LIAU | LIAU MM
p| LT p RS | De- » RS —>
RX Ka-Band DL Dec framingl Dec
o" l
»fransparent DL and OISL Limited
both protected efficiency
LIAU EDRS DPU Anti-DPU Anti-LIAU
MM LIAU GEO | GEO GEO | GEO | GEO | GEO LIAU | LIAU MM
—»| RS =fL'AP RS > LTCXT > LRCXT > GEO EGEO | RS cc P CC RS | De- | De- » RS | De- » RS [—»
Enc raming g,c OISL ramingEneryPl ene Enc Dec Dec | crypt [framing] Dec [framin Dec
Ka-Band DL l l l
" " DL protected DL somewhat protected Limited
»RS on RS »RS on RS on RS OISL not protected OISL protected efficiency
EDRS withdrawn Ground Segment
. ,Separate RS for OISL and DL”
Anti-LIAU
LIAU | LIAU GEO | GEO GEO | GEO | GEO | GEO MM
> LRCXT » RS | De- > fraGri% EnGCEro d RS cc —»| cc RS | De- | De- » RS —»
Dec [framin, YPY Efic Enc Dec Dec | crypt [framin Dec
1 Ka-Band DL l #
v Limited
only ISL protected
ybLp only DL protected efficiency
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DPU Modes — Switching State Diagram

TcOperation...

ModeCmd
TcDataHandling... TcOperation... .
ConfigurationCmd ModeCmd TcOperation...

PR Advanced ModeCmd
4 \ .
DPU Side A/BOn | ! nominal -,
—— < ' mode _ e———
— ~ /
- <

- Silent TcDa.taHan_dIing... TberEliB
mode ConfigurationCmd Configurati
A A
\\ ‘\ Sentinel ' g—"
\ . \ nominal - >
I?CPU Side A/B Off \ q TcOperation...
\ (from any state) \\ 111200 ModeCmd
\
N
N
N

further sub-states
and further TC
not shown

TcEnforceSilentMode
(from all states other than Off)

Advanced
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DPU-ReaET VeSS a0 TeqUTa T Tor Raumm

Service

TmDataAvailableFromLct (regularly TM)
(quaternary status info/2
{600Mbps, 1800Mbps, unrecog., unavail.})

Monitor input from LCT

Up-to-date info
on OISL status available

Ground | | DPU
. I
Prepare new session I TcDataHandlingConfigurationCmd ‘!
| (ModelD/2, Key/256, IV/128, SessionlD/8) g Check ModelD
Wait for Ack : | Reset and apply
| TmDataHandlingConfigurationAck | (if check was OK, otherwise ignore)
™ (binary status info/2 {check OK, check not OK, void}) I Valid till next TcDataHandlingConfigurationCmd
: | Default: Encryption=normal
& L Default: State=nominal
IT/
| |
I
Select encryption mode | TeE fonCrmd I
{off, normal, only idle all encryp.} | c ncryptionCm ; )
I (ternary status info/2 {off, normal, only idle}) : Apply
: | Valid till next TcEncryptionCmd
| | ortill next TcDataHandlingConfigurationCmd
|
| 7 x
Select operation mode | I
.{use or |gnore input from LCT, : TcOperationModeCmd |
i.e. nominal or local state} | (binary status info/1 {use, ignore}) 1 Apply
: Valid till next TcOperationModeCmd
| or till next TcDataHandlingConfigurationCmd
=
I
I
1
I
I

Legend: field/x means x=length of field
{a,b,..} denotes attained values of field
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PowerOff State

DPU_Side_A_ON

A 4

A

A

DPU_Side_A_OFF

(

Silent }

From any Rtn Mode State

PowerOn Hyperstate = (RtnModeState, ..., FwdOutputState)

—

=P-TcEnforceSilent

Nominal Nominal Nominal Nommal Fwd Fwd
iR Sentinel Sentinel Sentinel Test Output
Encr: Norma Encr: Off Encr: Idle_only K Disabled|| |(Enabled
I N o] A
] E T
1 4, 8
\ e 3$
\ ~ 0 o
Ty k]
eE o
\ 4 E \ 4
Local Local Local Local Fwd Fwd
Advancec Sentinel Sentinel Sentinel Test Output
Encr: Normal  (Encr: Off)  (Encr: Idle_only Enabled)| |(Disabled
"~ \«,[ TXFAIL,
from User Rﬁs;ore
[Point-of-View 2 ata )
Rtn Fwd Fwd
Output Test Output
Rtn Mode States States | Fwd Buffer States States States
\ ;\ ;\
{—chDataHandIingConfigurationCmd-»TcEncrpytionCrlnd {—pTCTransmitBufferCn:]_ T)igll_JEiI:\I-;,)D(\En&j

-->FwdInputData
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PIONEERING WITH PASSION

EDRS-A Architecture

MPRIE0W
2658 3E5E SHz

e _[;
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25785 MH2
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- E> @__% LCT-RTH 2
Ly =1
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N D:> ._-_% LCT-RTH &
3
CE > -—h@—
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OrvBoard
Receiver | 415MHz Compular

MIL-5TD 15538
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— Coax FSMAZD
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KeRTHA WRAZ
Ananna R FF " 25785 M KeRTH |
. 2700 biHz ‘ = STl WR3A
KadSL ; B
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Antanna T IF

FHCP TX [I] E

Double Converslon Recaiver
1 235 MiHZ) MPRA5%W
KeFWD1

|
: cor o E> =
Anenna RX IF 2THDE MHZ = zzzqu | Dubput Filler
1 "
CEVF | @I @
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System

Antanna T fF Test Coupler
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EDRS-A External Configuration

Ka ISL Antenna

LCT

EDRS Ka Feeder Link Antenna

Figure by ASTRIUM
Satellites
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PIONEERING WITH PASSION ‘TESAT

EDRS — Contractual Setup

Service Provider
ASV/Ottobrunn :

Spaée Segent
ASL/Friedrichshafen

-
EDRS C Satellite

EDRS-A Satellite
Prime/Toulouse

Figure: ESA

a SPACECOM i

EDRS-A/-C Payload
Receiver
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| SPACECOM |

ANgEmeme ATCHIeRur emer Rommuanrkaaons-
Nutzlast

ANTRX RCV/CONV IMUX SWA  DEMOD OBP MOD L/CAMP TWTA/SSPA SWA OMUX ANTTX

Equipment)

b, A—>— D>

|EPC =
Electr. Power =

|:> D || z — ->< Conditioner — |:>
Empfanger/ [ EEPC —

Umsetzer
Empfangs- B" "A [> D Sende-
Antenne Kanal- Leistungs- Antenne
Eingangs- Schalter- verstarker verstarker Schalter-  Ausgangs-
demultiplexer bank == { ]— bank multiplexer
Bordprozessor LCT (Opt. Terminal
(Vermittlungs- ( P ) "
einrichtung) OISL

Elektronikteil Optischer Kopf

transparent regenerativ transparent
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PIONEERING WITH PASSION

Beispiel

H2Sat IOV-Nutzlast

(Stand 2010)

20 GHIIF

S0 Y R Y

Dynamic Switch

IFI20 GHz

Legende

]
]
|

10V Equipment

10V Equipment not designed
for 15 years

Equipment which has to be
developed

STESAT

| SPACECOM |

CFK Reflektor from
HPS

Medusa-RX

MPA, Sissi, Mixer (Keramis
Program) from IMST, KT

Medusa Feedsystem from
Astrium

30/20 GHz Section

Flex INET
from Tesat

Liquida from
IMST

Switch Modul

lirom KER,

AMIS]

|

120 W Flex MPMs

Dual MPM
from Tesat

i

CFK Reflektor
from HPS

Medusa-TX

Ty

(@) (&

N H%

o

200 W TWT
from Thales

200 W MPM
from TESAT

[ [ [

Méﬂusa Feedsystem from
strium

Beacon
Generator

Ka-Band Beacon

Global Hom

" LISA Antenna
from TU
Minchen

26 GHz Section + OBP

DAC from KT

ssu
(Internally
redundant)

DAC from KT OBP for

20126 GHz

Bereich,
e Nutzlast




PIONEERING WITH PASSION ‘T
% Referenzzweig EVM
e e e i e > o ik =] Statistische
: Verteilungen
1
: Nyquist-PuIset
1 Optimale Abtastung:
! IBO 0BO
Datenquelle| ! TX-Filter ~~ RX-Filter
»1 Impuls- ~—~~— Matched »| Demodulator
Modulator i
formung /*, Filter
MC
OMUX
Rauschquelle Rauschquelle
Antenne Antenne
& LNA & LNA
Bodensegment Repeater Bodensegment
DL-Subsystem Bodensegment
Zeit Frequenz Zeit Frequenz Zeit

ReSAT
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PIONEERING WITH PASSION ‘ [ SPACECOM |
,._________________________________%_____________________________> EVM
: Referenzzweig Statistische
|
11 f A
: : UL & Antennen DL & Antennen g o !
Daten ueIIe . Nutzkanal
9 TX-Filter »1 RX-Filter »] Demodulator
Modula I
: : : —~— : :
Datenquelle ! * . . >
1 TX-Filter »1 RX-Filter »] Demodulator
Modulat |
Y[
Nachbarkanal
Datenquelle -~ .
Moduc:a g | LGS * »1 RX-Filter »1 Demodulator
5 5 = ?
Datenquelle »| TX-Filter »| RX-Filter »| Demodulator

Modulat
mMC

Rausch
quel

Rausch

Multispotbeam-
Antenne
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Beispiel eines Frequenz-Zeit Ubergangs

z.B. IMUX z.B. HPA
TR | S(f) s(t) AN/AN
—>1 wr /2 | [
Sth__, |1 Il p—> IDFT [—> 7 LUT
() —= <(H(f)) F——] <(") Inverse Diskrete <()
) . AM/PM
LUT Fourier Transformation
LUT
LUT=Look-up table I-]
s(t)
+ > <(-) —
bl Betrag | AM/AM
:: AM/PM
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PIONEERING WITH PASSION ‘TESAT
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Conclusions, Types of Satellites

Payload type Input Output Remarks
Repeater UL = n*RF DL =n*RF |- Main application: TV broadcasting
(Ka, Ku bands) - Every payload is individual (switching matrix, DOCON frequencies,

avoid harmonics in RX bands)

- Linearization of amplifiers (MPM) to master flexible FDM

- Strong requirements on IMUX/OMUX

- Future trends: flexibility (TX power, variable center frequency
and bandwidth for IMUX/OMUX, variable DOCON fregs)

- OBP (regeneration of data) tbhd.

Relay (EDRS) Data stream n*RF - Main application: Serving EO (and UAV)

(Ka band) via OISL (via LCT thd) |- Hybrid payload (Tesat leading position)

- Future trends: Efficient ACM (Adaptive Coding & Modulation),
Usage of Memory, Forward Services, OISL between GEOs, Routing

Earth Observation (EO) Onboard 1..n*RF - Numerous applications (monitoring, environmental, SAR, military)

(X, Ka bands) generated data - Operation at saturation (On/off keying, spectral regrowth, Nyquist
filter on ground) for QPSK

- Operation with some OBO for APSK

- Future trends: high data rates (>1 Gbps), up to 64 APSK, SCCC

Tesat Kennzahlen

e 1250 Mitarbeiter, Umsatz ~227 M€ in 2011, selbststandige Tochter der EADS Astrium GmbH
e Kapazitat von 1500 Geraten und 75 Programmen pro Jahr

¢ |nternationale Kundenbasis in Industrie, Wissenschaft & Militar

= Weiterer Aufbau von Mitarbeitern in 2013
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