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Overview Satellite Network
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Return Service

LEOGEO

GS

Forward 

Service

LEOGEO 

GS

Sentinel 1,

Sentinel

2,...

(Alphasat)

EDRS-A

EDRS-C, 

...

EDTE

(EDRS Data 

Term. 

Equip.)
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System Overview – Data Handling Basics
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LEO Satellite
(Sentinel 1/2 only with 600 Mbps

and without OISL-Forward)

Source Source

LIAU

LCT-LEO
Ka-TX

LCT-GEO

DPU

Ka-TX

Ka-RX

Anti-DPU

Ka-RX

EDRS-AdvMode
1800 Mbps (info rate)

4*600 Mbps (encoded)
EDRS-SenMode

600 Mbps (info rate)
2*600 Mbps (encoded)

Alphasat
1*600 Mbps (uncoded)

no DPU

GEO Relay Satellite
(Alphasat, EDRS-A/C)

Ground
Segment

600 Mbps

2 x 280 Mbps

2 x 280 Mbps

Anti-LIAU

OISL-Return
600 / 1800 Mbps

1 / 2 / 4
Ka-Band

DL

X-Band
DL

Ground
Segment

Ka-Band
UL

Anti-
DRAU

DRAU

OBC

OBC
OISL-Forward

37.5 / 112.5 Mbps

TTC
(~4 kbps)

Ka-Band ISL
(EDRS-A)

Note: DPU and DRAU only
present for EDRS

LIAU = LCT Interface Adaptation Unit (Rtn)
DPU = Data Processing Unit (Rtn)
DRAU = Data Rate Adaptation Unit (Fwd)
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System Overview – Reference Points & Error Rates
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LEO Satellite

Ground Segment

MM
RS
Enc

LIAU

Anti-LIAU

RS
Enc

Inter-
leaver

Rep. 
Enc

En-
cryption

RS
Enc

Inter-
leaver

CC
Enc

CC
Dec

De-
Inter-
leaver

RS
Dec

De-
cryption

Rep.
Dec.

MM
RS

Dec

RS
Dec

De-
Inter-
leaver

EDRS

Ka-Band DL
2/4 channels

BER5

SER5

Pw,5

FER5,LIAU

FHER5,LIAU

BER4

SER4

FER4,GEO

BER1

Pw,1

BER2

FER2,LIAU

FER6,CADU
BER3

(via SNRDL=Ecs /N0)

LIAU
framing

Mux

GEO 
framing

&
Split

Mod

GEO De-
framing

&
Ass.

Demod
Frame 
search

Demux
&

LIAU
defram.

FER5,CADU

= 10-7

= minimum performance

FER4,LIAU

2*A0 2*A 2*B1 2*B3 C C1 C2‘ C‘ n*D n*D1 n*E n*E1

2*A0‘ 2*A‘ C‘‘‘‘ C‘‘ n*D‘ n*D1‘ n*E‘ n*E1‘

GEO 
frames

CADU 
source frames

LIAU 
frames

2*B2

C‘‘C‘‘C‘‘‘

2*280 Mbps 2*299.56 
Mbps

600 
Mbps

600 Mbps600 Mbps2*280 Mbps

1800
Mbps

600 
Mbps

600 Mbps

n*D2

n*D2‘

2*600 Mbps

2*600 Mbps

DPU

Anti-DPU

BER3v

OISL User View 
(1800 Mbps)

C2 C1‘

BER0

FER0,LIAU

(via SNROISL=Ec /N0)

OISL
2812.5 Mbps

Line
Dec.

Line 
Enc

1800 
Mbps

BER4e

SER4e

Pw,4e

FER4e,GEO

FHER4e,GEO

BER1p

Pw,1p
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DPU Architecture ... signal processing and clock 

view
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Block BuilderLCT-RX
GEO

Splitter

Encryption
RS 

Encoder

Interleaving
Scrambling
Add ASM

Terminated 
CC  Enc.

QPSK
Modulator

Encryption
RS 

Encoder

Interleaving
Scrambling
Add ASM

Terminated 
CC  Enc.

QPSK
Modulator

RS 
Encoder

Interleaving
Scrambling
Add ASM

Terminated 
CC  Enc.

QPSK
Modulator

RS 
Encoder

Interleaving
Scrambling
Add ASM

Terminated 
CC  Enc.

QPSK
Modulator

Add header

Add header

Add header

Add header

DPU

Clock distribution (virtual)
Internal

clock
generator

Notes: 
• A=SenMode, C=AdvMode
• All operations are terminated (AES-CBC/IV, RS, CC)
• Encryption for 2 channels only

744.477 (A)
1862.104 (C)

2*372.238 (A)
4*465.526 (C)

2*372.238 (A)
4*465.526 (C)

2*373.803 (A)
4*467.482 (C)

2*398.827 (A)
4*498.778 (C)

2*399.609 (A)
4*499.756 (C)

2*600 (A)
4*600 (C)

Mux

idle data

Prio 1

Prio 2

LCT-TX

DRAU

Fwd

Rtn

Data
rates
[Mbps]

600 (A)
1800 (C)
Mbps

37.5 (A)
112.5 (C)
Mbps

LCT received clock DPU local clock

DPU local clock
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Legend 
Mk = k-th plaintext block (128 bit);    M1...M119 = content of frame before encryption (1904 
byte)

Ck = k-th ciphertext block (128 bit);    C1...C119 = content of frame after encryption (1904 
byte)

B = AES block encipher

B-1 = AES block decipher

Ks = symmetric key (256 bit)

IV = C0 = initialization vector (128 bit)

T = delay by one block (of 128 bit)

Errors during transmission
A single error in a received frame implies about 65 errors after decryption
(proof: a single error in Ck implies 50% error rate in Mk and another error in Mk+1)

Bit slip does not occur in frame-based systems (otherwise catastrophic error 
propagation)

DPU Encryption – AES-CBC Mode

7
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DPU Interleaving Schemes
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Interleaver De-interleaver Remaining errors
after RS decoderC

o
n

ve
n

tio
n

al sch
e

m
e

A
lte

rn
ative sch

e
m

e

1912 information 
bytes

128 check 
bytes

1912 transmitted
information bytes

128 transmitted
check bytes

1912 information bytes
after RS decoder

H
ead

er

HeaderHeader

H
ead

er

H
ead

er
Header

Input

Output

compute
RS checks
row-wise

error 
correction
row-wise

compute
RS checks
row-wise

error 
correction
row-wise

Output

Input

Input

Input

Output

Output

B
u

rst erro
r p

rio
t

to
 d

eco
d

er
B

u
rst erro

r p
rio

r to
 d

eco
d

er

remaining
errors

remaining
errors

Sequence
order

Sequence order

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

Conventional scheme 

implemented in LIAU and 

DPU,

CCSDS recommendation
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GEO Frame Structure
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ASM
4

Content after  Interleaving & Scrambling
2040

ASM
4

Superframe
2040

Interleaving & Scrambling

LIAU Superframes
at output of LCT-RX

ASM
4

Superframe
2040

Division into blocks of length 1904 
(LIAU superframe structure ignored
or not present)

GEO frame data ciphertext
1904 

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

Encryption via 119*AES-CBC
(assumption of no overhead for key 
management, header not included)Header

8

Content after convolutional coding
2046*3/2 = 3069

GEO hyperframes
(2044 bytes without 
termination)

EDRS-SenMode
Convolutional code, R=2/3
User data rate = 300*3069/1904 = 483.561 Mbps

GEO frame data plaintext
1904 = 119*16

Encoding via RS(255,239)
(8+1904 = 8*239)

Numbers denote 
lengths in bytes

Term.
2 (Sen)
1 (Adv)

Content after convolutional coding
2045*6/5 = 2454

EDRS-AdvMode
Convolutional code, R=5/6
User data rate = 450*2454/1904 = 579.989 Mbps
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Ground Station (EDTE) – Functional Architecture

10

LIAU frame 
detection

Re-
Assembly

+ Idle frame
deletion

+ Header
removal

+ PN removal
in mixed
frames

Decryption
AES-CBC

De-Scramb.
De-Interleav

GEO frame
detection

CC
Decoder

QPSK
Demod

RS
Decoder

De-Scramb.
De-Interleav

RS
Decoder

LIAU 
deframing

+ Idle frame
deletion

+ Header
removal

+ PN remov.
in mixed
frames

De-Scramb.
De-Interleav

GEO frame
detection

CC
Decoder

QPSK
Demod

RS
Decoder

De-Scramb.
De-Interleav

GEO frame
detection

CC
Decoder

QPSK
Demod

RS
Decoder

Decryption
AES-CBC

De-Scramb.
De-Interleav

GEO frame
detection

CC
Decoder

QPSK
Demod

RS
Decoder

Anti-DPU

Anti-LIAU
(only for  SenMode)

GEO hyperframes 
after decryption

Bit stream
(600 Mbps SenMode,
1800 Mbps AdvMode) 

LIAU superframes
prior to decoding

LIAU superframes
considered as bit 

stream, containing 
source CADU frames

(2*280 Mbps)

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

loop required for 
termination

perhaps loop
to resolve phase 

ambiguity
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System Overview – 9 Coding Schemes & 2 Framing 

Schemes

11

LEO Satellite

Ground Segment

MM
RS
Enc

LIAU

Anti-LIAU

RS
Enc

Inter-
leaver

Rep. 
Enc

En-
cryption

RS
Enc

Inter-
leaver

CC
Enc

CC
Dec

De-
Inter-
leaver

RS
Dec

De-
cryption

Rep.
Dec.

MM
RS

Dec

RS
Dec

De-
Inter-
leaver

EDRS

Ka-Band DL
2/4 channels

LIAU
framing

Mux

GEO 
framing

&
Split

Mod

GEO De-
framing

&
Ass.

Demod
Frame 
search

Demux
&

LIAU
defram.

DPU

Anti-DPU

OISL
2812.5 Mbps

Line
Dec.

Line 
Enc

1.
RS(1)

2.
RS(2)

3. Rep.

6.
CBC
Enc.

7.
RS(3)

9.
Gray

8.
CC

En
ca

p
su

la
ti

o
n

4. Diff.

5. Prod.

En
ca

p
su

la
ti

o
n

CADU frame streams
one for MM1
one for MM2
(asynchronous) 

LIAU frame stream, each frame carries 
either MM1 
or MM2 
or is idle

GEO frame stream, distributed to 2 or 4 DL channels,
each frame carries 
either a mix of MM1 and MM2
or is idle
(Note: no alignment between MMs and DL channels)

The 9 coding schemes were selected 
• regarding technology independence: LEO shall not leave any footprint on GEO 
• regarding existing technology (MM, LCT)
• BUT NOT as result of a joint overall optimization!
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Data Rates for Sentinel Mode
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LCT Product Code
900 Mbps

MM Data
560 Mbps

MM out
(2*280 Mbps)

Repetition Code
1200 Mbps

RS*CC

MM Data

Header

RS Code

Stuffing LIAU Data
Rep.Code
Prod.Code
Ctrl.Ch.

H

CC
112.5

LIAU out
(600 Mbps)

LCT out = OISL
(2812.5 Mbps)

DPU codes
(967 Mbps)

DPU out
(1200 Mbps
=2*300 MBaud)

MM Data
560 Mbps

LIAU Data
600 Mbps

LIAU Data
600 Mbps

LIAU Data
600 Mbps

H Stuffing

RS S

LIAU Data

Header

RS*CC

Stuffing
Stuffing by
idle frames

19.41%

Stuffing by
idle frames

0.12%

DPU

LCT

LIAU

Notes: pie charts with true scale
but horizontal bars without true scale

“user data rate” is an ambiguous 
term since depending on ref.point

MM in
(2*261 Mbps)

MM in = TM data
522 Mbps
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Performance Assessment – Simulation Approach
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LEO 
with
LIAU

Tracking simulator
depending on:

LCT-TX & LCT-RX
environments

GEO 
with
DPU

Ground
(ideal RX)

OISL-Rtn
as 

Discrete Channel

Ka-Band DL
as 

AWGN

Link budget
depending on:

DL transmission effects 
and RF distortions

(e.g. Antennas, Coverage 
zone, Pointing accuracy, 

Transmit power, 
Bandwidth, Filters, 

Availability, Margins, 
etc.)

SNR

White noise
random

generator

Noise 
samples

Interpolation

SNR pattern
(periodic rep.)

Binary
random

generator

+ +

Error
patterns

Approach covers:
- time-variant noise
- time-variant signal
Not occuring:
- colored noise

SNR pattern
see next slide
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LCT – External View

14
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LCT Block Diagram
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Optical beamwidth = 7µrad (compensation of µvibs)
LEO flies 2km = 50µrad per round trip (pointing ahead)
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OISL Link Budget  OISL Model
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GTX=109.0 dB
(eta=0.5)

Trans-
mitter

TX
Tele-
scope

RX
Tele-
scope

OISL
free space

Optical
Processing

(TX, RX loss)

Coherent 
detector

(homodyne 
BPSK)

fcfDoppler

Electrical
Processing

Line
Dec.

A           
D

PTX =2 W = 33 dBm
fc = 281 THz

Lfreeloss

=293.5 dB
(40000 km)

GRX=109.0 dB
(eta=0.5)

PRX = -42.5 dBm

2.2 dB min loss
(due to
Q=10% (Carrier)
Q=33% (FASSA)

BER0 BER1

C2‘ C1‘

SNROISL = 13.5 dB
(w/o µvibs) 

committed value

Nphoton/bit=15
⇔ PRX,elec = -51.1 dBm
⇔ SNR= 17.8 dB

(= 4⋅Nphoton/bit)PRX,opt

Relation available from theory:
PRX = PTX + GTX – Lfreeloss + GRX

Relation  SNROISL BER 
was determined in E2E Sim
(e.g. SNROISL= 10 dB

BER0=4⋅10-6,  BER1=10-9)

Hardware measurements
(e.g. BERx=10-4 @ Py = -51 dBm)

Line
Enc.

C2C1

Abstract model: BSC (independent errors)  ⇔ AWGN (white noise):   )2(0 OISLSNRQBER 

1800
Mbps

2812.5
Mbps
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01_SNR Pattern (over time of 7850 ms)
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Conclusions: 

Pattern is not long enough to be fully representative (periodic repetition)

enlarged on next slide
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01_SNR Pattern (zoom to time of 50 ms)
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Conclusions: none  

enlarged on next slide

2.7 ms = 100 LIAU frames
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01_SNR Pattern (zoom to time of 3.5 ms)
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Conclusions: 

SNR pattern resolution Tsamp=40 µs (fsamp=25 kHz) is sufficient

OISL is slowly time-variant (almost time-invariant wrt LIAU frame duration)

270 µs = 10 LIAU frames

400 µs = 10 SNR samples
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Simulation Results (1 of 3) –
BER and FER over SNROISL (DL perfect, Sentinel Mode)

20

0 1 2 3 4 5 6 7 8 9
10

-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

SNR
OISL

 in dB

e
rr

o
r-

ra
te

s

Mode: Sentinel; Encryption: irrelevant; DPU interleaving: conventional

 

 

BER
0

BER
2

BER
5

FER
2,LIAU

FER
5,LIAU

FER
5,CADU

BER0 (uncoded OISL)

BER2 (after LCT-RX)

BER5 (after Anti-LIAU)

FER2 (after LCT-RX)
FER5 (after 
Anti-LIAU)

The validation concept is 

based on (among other 

methods):

1) Matlab code checks

2) Considerations of 

relations between 

different error rates at 

same reference point  

same error rate at 

different reference 

points

Analytical results can be 

derived for many of these 

relations, but not for all.
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Simulation Results (2 of 3) –
FER over SNRDL (OISL perfect, Sentinel & Advanced Mode)
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3 3.5 4 4.5 5 5.5 6 6.5
10

-5

10
-4

10
-3

10
-2

10
-1

10
0

SNR
DL

 in dB

F
E

R
5
, 
L
IA

U

 

 

Case 2a

Case 2b

Case 3a

Case 3b

Case 4

Advanced mode

Encryption on
(interl. alternatives w/o impact)

Encryption off
Conv. interl.
Altern. interl.

Sentinel mode
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Simulation Results (3 of 3) –
FER over SNROISL and SNRDL (Sentinel Mode)
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3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5
10

-4

10
-3

10
-2

10
-1

10
0

SNR
DL

 in dB
F

E
R

5
, 
L
IA

U

Mode: Sentinel; Encryption: on; DPU interleaving: conventional

 

 

SNR
OISL

 = 2.4dB

SNR
OISL

 = 2.6dB

SNR
OISL

 = 2.8dB

SNR
OISL

 = 12.5dB

OISL error-free

2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
10

-4

10
-3

10
-2

10
-1

10
0

SNR
OISL

 in dB

F
E

R
5
, 
L
IA

U

Mode: Sentinel; Encryption: on; DPU interleaving: conventional

 

 

SNR
DL

 = 3.8dB

SNR
DL

 = 3.9dB

SNR
DL

 = 4dB

DL error-free

Example:   FER5,LIAU = 0.005 
@ SNROISL=2.8 dB  &  SNRDL=4.0 dB
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Link Budgets Summary (Required SNR @ target-FER for 

Sentinel/Advanced mode)
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LEO Satellite

Ground Segment

MM
RS
Enc

LIAU

Anti-LIAU

RS
Enc

Inter-
leaver

Rep. 
Enc

En-
cryption

RS
Enc

Inter-
leaver

CC
Enc

CC
Dec

De-
Inter-
leaver

RS
Dec

De-
cryption

Rep.
Dec.

MM
RS

Dec

RS
Dec

De-
Inter-
leaver

EDRS

LIAU
framing

Mux

GEO 
framing

&
Split

Mod

GEO De-
framing

&
Ass.

Demod
Frame 
search

Demux
&

LIAU
defram.

DPU

Anti-DPU

OISL
2812.5 Mbps

Line
Dec.

Line 
Enc

Ka-Band DL
2 channels

req SNROISL = 8.5 / 11.5 dB
margin = 4.0 / 1.0 dB

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

real SNRDL = n/a

req SNROISL = 3.5 / 5.5 dB
margin = 9.0 / 7.0 dB

FER-steepness  10 / 0.1dB
Gain by LIAU RS  5.0 dB (OISL),  0.1 dB (DL w/o Encr)

req SNRDL = 4.3 / 6.5 dB
margin = n/a

FER-steepness  10 / 0.1dB

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

Review of Error-Correction-Code Capabilities

24

LEO Satellite AlphaSat Ground Segment

MM
RS
Enc

LIAU
framing

LIAU
RS
Enc

LCT
TX

LCT
RX

LIAU
RS

Dec

LIAU
De-

framing

MM
RS

Dec

LIAU
RS

Dec

LIAU
De-

framing

MM
RS

Dec

EDRS

LCT
RX

DL protected
OISL not protected

DL somewhat protected
OISL protected

Ka-Band DL

OISL

DL and OISL 
both protected

Limited
efficiency

Ka-Band DL

LIAU

Anti-LIAU

Anti-LIAU

Ground Segment

LCT
RX

GEO
framing

GEO
Encrypt

GEO
RS
Enc

GEO
CC
Enc

GEO
CC
Dec

GEO
RS 

Dec

GEO
De-

crypt

GEO
De-

framing

LIAU
RS

Dec

LIAU
De-

framing

MM
RS

Dec

EDRS withdrawn

only DL protectedonly ISL protected

Ka-Band DL

Anti-LIAU
„Separate RS for OISL and DL“

„RS on RS“ „RS on RS on RS“

„Transparent“

GEO
CC
Dec

GEO
RS 

Dec

GEO
De-

crypt

GEO
De-

framing

Anti-DPU

GEO
framing

GEO
Encrypt

GEO
RS
Enc

GEO
CC
Enc

DPU

Limited
efficiency

Limited
efficiency
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DPU Modes – Switching State Diagram
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DPU Side A/B On

Silent
mode

TcDataHandling...
ConfigurationCmdOff

Advanced
nominal

mode

Sentinel
nominal

mode

Sentinel
local

mode

Advanced
local

mode

TcDataHandling...
ConfigurationCmd

TcOperation...
ModeCmd

TcOperation...
ModeCmd

further sub-states 
and further TC 

not shown

DPU Side A/B Off
(from any state)

TcDataHandling...
ConfigurationCmd

TcOperation...
ModeCmd

TcOperation...
ModeCmd

TcEnforceSilentMode
(from all states other than Off)
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DPU-Related Messages required for Return 

Service

26

TcDataHandlingConfigurationCmd
(ModeID/2, Key/256, IV/128, SessionID/8)

Ground DPU

Check ModeID
Reset and apply

(if check was OK, otherwise ignore)
Valid till next TcDataHandlingConfigurationCmd
Default: Encryption=normal
Default: State=nominal

TmDataHandlingConfigurationAck
(binary status info/2 {check OK, check not OK, void})

Wait for Ack

TcEncryptionCmd
(ternary status info/2 {off, normal, only idle}) Apply

Valid till next TcEncryptionCmd
or till next TcDataHandlingConfigurationCmd

TcOperationModeCmd
(binary status info/1 {use, ignore}) Apply

Valid till next TcOperationModeCmd
or till next TcDataHandlingConfigurationCmd

Select encryption mode
{off, normal, only idle all encryp.}

Prepare new session

Select operation  mode
{use or ignore input from LCT,
i.e. nominal or local state}

TmDataAvailableFromLct (regularly TM)
(quaternary status info/2 

{600Mbps, 1800Mbps, unrecog., unavail.})

Monitor input from LCT

Up-to-date info 
on OISL status available

 

 

 

Legend: field/x means x=length of field
{a,b,..} denotes attained values of field
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PowerOn Hyperstate = (RtnModeState, …, FwdOutputState)

Rtn Mode States

Rtn
Output
States

Fwd
Output
States

Fwd
Test

StatesFwd Buffer States

One
State
„Fwd“
from User
Point-of-View

Nominal
Sentinel

Encr: Idle_only

Local
Advanced

Local
Sentinel

Encr: Normal

Nominal
Sentinel

Encr: Normal

Local
Sentinel

Encr: Idle_only

Tx OK,
No new

data

Fwd
Output
Enabled

Empty

Fwd
Output

Disabled

(1,2)

(3,2)

(1,3)

Fwd
Test

Disabled

Fwd
Test

Enabled

Rejected, if
OISL==N/A

Silent

Local
Sentinel
Encr: Off

Nominal
Sentinel
Encr: Off

Tc
R

tn
O

u
tp

u
tC

m
d

Tc
Fw

d
-

B
lo

ck
C

m
d

Tc
Te

st
-

In
te

rf
ac

e
C

m
d

from any Fwd Buffer State

Data
Available

Tx OK,
New data
available

Tx FAIL,
Restore
all data

TcDataHandlingConfigurationCmd TcEncrpytionCmd

TcOperationModeC

md

TcTransmitBufferCmd
TxOut==TxEnd
OISL==N/A

DPU_Side_A_OFFDPU_Side_A_ON

DPU Architecture ... state machine and protocol 

view

27

PowerOff State

From any Rtn Mode State

FwdInputData
TcResetBufferC

md

TcEnforceSilent

Cmd

Nominal
Advanced

2x
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EDRS-A Architecture
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EDRS-A External Configuration
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EDRS Ka Feeder Link Antenna

Ka ISL Antenna

LCT

Figure by ASTRIUM 

Satellites
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EDRS – Contractual Setup
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Allgemeine Architektur einer Kommunikations-

Nutzlast

31

SWA

Electr. Power 
Conditioner

TWTA/SSPA

Leistungs-
verstärker

OMUX

Sende-
Antenne

Ausgangs-
multiplexer

Schalter-
bank

Empfänger/
Umsetzer

IMUXRCV/CONV

Eingangs-
demultiplexer

SWA

Schalter-
bank

L/CAMP

Kanal-
verstärker

Empfangs-
Antenne

ANT RX DEMOD MOD

Equipment)

OBP

Bordprozessor
(Vermittlungs-

einrichtung)

transparent transparentregenerativ

EPC

EPC

Elektronikteil

OISL

Optischer Kopf

LCT (Opt. Terminal)

ANT TX
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LNA

LNA

Medusa-RX

120 W Flex MPMs

Control

CFK Reflektor from 

HPS

Medusa Feedsystem from 

Astrium

Flex INET 

from Tesat

Global Horn

S
w

it
c
h

 M
a

tr
ix

 (
1

3
 i
n

p
u

ts
, 
1

3
 o

u
tp

u
ts

)

(r
e

d
u

c
e

d
 c

o
n

n
e

c
ti
v
it
y
)

Beacon

Generator

Beacon

Generator

IOV Equipment

IOV Equipment not designed 

for 15 years

Equipment which has to be 

developed

Spot 1

Spot 2

Spot 3

Spot 4

Input FilterTest Coupler

Channel Filter

Harmonic Filter

Global Horn

GeReLEO (Bidirectional)

Medusa-TX

Medusa Feedsystem from 

Astrium

CFK Reflektor 

from HPS

Frequency Converter

26 / 20 GHz

LISA
23 – 27 GHz

APME

LISA Antenna 

from TU 

München

RX

TX

LNA

LNA

LNA

LNA

LNA

LNA

MPA, Sissi, Mixer (Keramis 

Program) from IMST, KT

Docon

fix

Gateway-Spot1 (C5)

Spot 1

Gateway

Docon

fix

Spot1/2-Gateway

Docon

fix

Spot1/2-Gateway

Docon

fix

Spotx-Spotx

Docon

fix

Spotx-Spotx

Docon

fix

Spotx-Spotx

Docon

fix

Spotx-Spotx

FhG

SSU

(Internally 

redundant)

DAC from KT

Frequency Converter

Frequency Converter

OBP

DAC from KT OBP for 

NEXT

Frequency Converter

20 / 26 GHz

26 GHz

GeReLEO (Bidirectional)

TWT

EPC

CAMP

TWT

EPC

CAMP

TWT

EPC

CAMP

Frequency Converter

20 GHz/IF Switch Matrix

Processing Unit

Frequency Converter

IF/20 GHz

Pol

Gateway -> Spot 1

Gateway -> Spot 2

Spot 1 -> 

Gateway

Spot 2 -> 

Gateway

GeReLEO A (ISL)

LISA (ISL)

OBP 1

OBP 2

Spot 1 -> Gateway

Spot 2 -> Gateway

Spot 1

Spot 2

Spot 3

Spot 4

GeReLEO A (ISL)

GeReLEO A (Feeder)

LISA (Feeder)

OBP 1

OBP 2

OBP 3

Spot 1

Spot 2

Spot 3

Spot 4

LNA

LNA

Frequency Converter

26 / 20 GHz

19720/1650  MHz

19780/1650 MHz

19760/1650 MHz

1650/19760 MHz

1650/20000 MHz

1650/19720 MHz

1650/20000 MHz

Spot 3

ISL

Spot 1

Liquida from 

IMST

30/20 GHz Section

26 GHz Section + OBP

Dynamic Switch

Ka-Band Beacon

Legende

Spot 2

Spot 3

Spot 4

Spot 5

4
 x

 4
 S

w
it
c
h
 M

o
d
u
le

Gateway

Spot 1

Spot 2

Spot 3

Spot 4

Ansteuerung

Abstimmbarer OMUX

Flex ONET 

von Tesat

TWTLCAMP

EPC

FPM

TWTLCAMP

EPC

FPM

Phase

Shifter

Phase

Shifter

200 W TWT 

from Thales

Power Combining

200 W MPM 

from TESAT

Docon

fix

Spot1/2-Gateway

Docon

fix

Spot1-Spot2

Docon

fix

Spot2-Spot1

Switch Module 

from KERAMIS

Test cable

ISL

Docon fix

Gateway-Spot2 (C5)

Gateway-Horn (C6)

Docon fix

Gateway-Spot2 (C5)

Gateway-Horn (C6)

Docon fix

Gateway-Spot2 (C5)

Gateway-Horn (C6)

C5

C5

C6

Gateway -> 

GeReLEO A (ISL)

LISA (ISL)

TWT

LCAMP

Dual-EPC

TWT

LCAMP

Dual MPM 

from Tesat

TWT

LCAMP

Dual-EPC

TWT

LCAMP

Beispiel 

H2Sat IOV-Nutzlast
(Stand 2010)
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Fazit
- reguläre Struktur im mittleren Bereich,
- insgesamt aber variantenreiche Nutzlast
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ReSAT-Konfiguration (Basis)

33

Referenzzweig

+
Datenquelle
Modulator

Rauschquelle
Antenne 

& LNA

Demodulator

IMUX

CAMP HPA

OMUX

MC

MC

TX-Filter
Impuls-

formung

EVM
Statistische

Verteilungen

RX-Filter
Matched

Filter
+

Rauschquelle
Antenne 

& LNA
MC

RepeaterBodensegment Bodensegment

DL-Subsystem Bodensegment

Zeit Frequenz Zeit Frequenz Zeit

ReSAT

IBO OBO

Nyquist-Pulse
Optimale Abtastung
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ReSAT-Konfiguration (Erweitert)
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Referenzzweig

+

Datenquelle
Modulator

Rausch
quelle

Demodulator

IMUX

CAMP

OMUX

MC

MC

TX-Filter

EVM
Statistische

Verteilungen

+

Datenquelle
Modulator

TX-Filter

+

MC

HPA

Rausch
quelleMC

RX-Filter

RX-Filter Demodulator

+

Datenquelle
Modulator

Rausch
quelle

Demodulator

CAMP

MC

MC

TX-Filter

+

Datenquelle
Modulator

TX-Filter

+

MC

HPA

Rausch
quelle

MC

RX-Filter

RX-Filter Demodulator

IMUX

UL & Antennen DL & Antennen

Multispotbeam-
Antenne

MP MP

ACS ACLR
OOB

MP = Multipath
ACLR = Adjacent Channel Leakage Ratio
OOB = Out of Band Emissions
ACS = Adjacent Channel Selectivity

Nutzkanal

Nachbarkanal
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Beispiel eines Frequenz-Zeit Übergangs
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z.B. IMUX z.B. HPA

|·|

<(·)

AM/AM
LUT

AM/PM
LUT

+
|·|

<(·)

IDFT

s(t)S(f)

|·|

<(·)

|·|

<(·)

|H(f)|
LUT

<(H(f))
LUT

s(t)

S(f)

LUT=Look-up table

Betrag AM/AM

AM/PMPhase

Inverse Diskrete
Fourier Transformation



PIONEERING WITH PASSION

©Tesat-Spacecom GmbH & Co.KG 

2010

Conclusions, Types of Satellites
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Payload type Input Output Remarks

Repeater

(Ka, Ku bands)

UL = n*RF DL = n*RF - Main application: TV broadcasting

- 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 freqs)

- OBP (regeneration of data) tbd.

Relay (EDRS)

(Ka band)

Data stream 

via OISL

n*RF

(via LCT tbd)

- Main application: Serving EO (and UAV)

- Hybrid payload (Tesat leading position)

- Future trends: Efficient ACM (Adaptive Coding & Modulation), 

Usage of Memory, Forward Services, OISL between GEOs, Routing

Earth Observation (EO)

(X, Ka bands)

Onboard 

generated data

1...n*RF - Numerous applications (monitoring, environmental, SAR, military)

- 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
• 1250 Mitarbeiter, Umsatz ~227 M€ in 2011, selbstständige Tochter der EADS Astrium GmbH
•  Kapazität von 1500 Geräten und 75 Programmen pro Jahr
•  Internationale Kundenbasis in Industrie, Wissenschaft & Militär
 Weiterer Aufbau von Mitarbeitern in 2013


